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Abstract

Coronary artery disease is the leading cause of death
in advanced countries and its prevalence is increasing
among the developing countries. Cardiac computed
tomography (CT) has been increasingly used in the
diagnosis of coronary artery disease due to its rapid
improvements in multislice CT scanners over the last
decade, and this less-invasive technique has become a
potentially effective alternative to invasive coronary an-
giography. Quantifying the amount of coronary artery
calcium with cardiac CT has been widely accepted as a
reliable non-invasive technique for predicting risk of fu-
ture cardiovascular events. However, the main question
that remains uncertain is whether routine, widespread
coronary artery calcium scoring in an individual patient
will result in an overall improvement in quality of care
and clinical outcomes. In this commentary, we discuss
a current issue of the clinical value of coronary artery
calcium scoring with regard to its value of predicting
adverse cardiac events. We also discuss the applica-
tions of coronary artery calcium scores in patients with
different risk groups.

© 2012 Baishideng. All rights reserved.
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INVITED COMMENTARY ON HOT
ARTICLES

We read Grayburn’s'! recent perspective on interpreting
the coronary artery calcium score with great enthusiasm,
and would like to discuss the potential value of using
coronary artery calcium (CAC) scoring in patients with
different risk factors of cardiovascular disease.

Grayburn"! presented a case vignette with a patient
having a low Framingham risk score (less than 10% risk
of a coronary event over the next 10 years); then high-
lighted a common clinical problem of how to utilize
CAC scoring in asymptomatic and symptomatic popu-
lations with suspected coronary artery disease (CAD).
Evidence supporting different strategies was presented,
followed by the authot’s clinical recommendations.

The first of the three comments in this commentary
is that CAC scoring should be wisely used by physicians.
CAC scoring is usually performed as a screening method
with the use of low radiation dose scanning techniques.
The purpose of the scan is to detect and calculate the
calcium density, volume or mass. The total coronary cal-
cium is used as a way of predicting and stratifying the risk

October 26, 2012 | Volume 4 | Issue 10 |



of CAD. The rationale behind it is that coronary artery
calcification is part of the atherosclerotic degeneration
of the arterial vessel wall, and coronary atherosclerosis is
the only disease associated with calcium in the coronary
arteries”. Thus, measurement of the amount of calcium
allows accurate estimation of the amount of coronary
atherosclerosis and therefore the risk of coronary artery
disease. Quantifying the amount of CAC scoring has
been widely accepted as a reliable non-invasive technique
for screening risk of future cardiac events, and is usually
quantified by using the Agatston score,

Clinical application of CAC has been supported by
evidence showing that the absence of calcium reliably
excludes obstructive coronary artery stenoses, and that
the amount of CAC is a robust predictor for risk assess-
ment of incident cardiovascular events, independent of
conventional coronary risk factors. However, the prog-
nostic value of CAC depends on the risk groups as to
whether patient risk is reclassified and patient manage-
ment can be changed based on CAC scotres when com-
pared to traditional risk assessments! .

The Framingham risk score is one of the most com-
monly used risk-estimation systems, which enables clini-
cians to estimate cardiovascular risk in asymptomatic
patients. It is calculated using traditional risk predictors,
including age, gender, total cholesterol, high-density li-
poprotein cholesterol, smoking status, and systolic blood
pressure, and is represented as a 10-year risk score for the
prediction of coronary artery disease events”. However,
there is growing evidence to show that these traditional
risk assessment methods, based on risk factor analysis,
have significant limitations when used to guide indi-
vidual patient therapy. CAC scoring by multislice CT has
been increasingly used as an additional assessment tool
to evaluate the risk of developing major cardiac events
in asymptomatic and symptomatic patients. Guidelines
vary on the question of whether CAC is indicated for
screening asymptomatic patients at intermediate risk for
CAD" however, CAC screening of symptomatic pa-
tients with known CAD is generally believed to be not
helpful”. As Grayburn pointed out in this article, it is im-
portant for physicians to evaluate the CAC score within
the clinical context before further tests are recommended
for patients.

The second comment is that CAC is added to tradi-
tional risk factors, and it leads to a significant improve-
ment in the classification of risk for the prediction of car-
diac events in an asymptomatic population. Since the CAC
score indicates the presence or absence and measures the
extent of coronary atherosclerosis, it is not unexpected
that a high CAC score is regarded as a marker for an in-
creased risk of coronary events. Thus, a CAC score of
zero is associated with a very low risk of subsequent cat-

10,11 . . .
101 whereas increasing CAC scores are associ-

diac events
ated with a step-wise increase in the risk of events.

The goal of CAC screening in asymptomatic persons
is to refine the risk assessment with the aim of determin-

ing whether preventive strategies should be intensified,
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not identifying persons with asymptomatic coronary
stenosis" . Polonsky e# al” in their multi-ethnic cohort
consisting of 5878 participants without known cardio-
vascular disease investigated the additional value of CAC
score to traditional cardiovascular risk factors with regard
to the potential role for risk stratification. Their results
showed that when CAC score was added to traditional
risk factors, it contributed to a significant improvement
in the classification of risk for the prediction of cardiac
events in an asymptomatic population.

In asymptomatic individuals, zero CAC is associated
with a very low (< 1% per year) risk of major cardiac
events over the next 3-5 years, whereas in asymptomatic
patients with extensive coronary calcification, the major
cardiac events have been reported to be increased by up
to 11-fold". The recent population-based multi-ethnic
study of atherosclerosis, conducted in 6722 asymptom-
atic patients belonging to four racial ethnic groups and
followed for 3.8 years, showed a significant difference in
the prevalence of CAC among different ethnic groups.
Nonetheless, CAC has demonstrated incremental prog-
nostic value over traditional risk factors, with a seven-
fold increase in the incidence of cardiac events for Ag-
atston scores > 100 when compared with patients with
zero CAC!™,

Other studies evaluating the prognostic value of the
measurement of CAC have shown that coronary calci-
fication is predictive of cardiac events in asymptomatic
patients with different age groups“sﬂ. In the Prospec-
tive Army Coronary Calcium Project among men and
women 40 to 45 years of age, Taylor e# al™ concluded
that the presence of coronary calcium was associated
with an increase in the risk of coronary events by a fac-
tor of 12 during 3 years of follow-up. LaMonte ez al' in
their study consisting of nearly 11 000 patients ranging
from 22 to 96 years of age who underwent a screening
medical examination, reported increased cardiac events
in patients with coronary calcium scores of 400 or more
during a mean follow-up of 3.5 years. Similarly, higher
calcium scores were found to be associated with the rela-
tive risks of coronary events in the population-based
Rotterdam Study of elderly asymptomatic patientsm

Although the association between CAC scores and
cardiovascular events has been well documented, a clini-
cal question arises regarding whether CAC scoring has
a favourable effect on clinical outcomes, and there are
concerns about the associated radiation exposure“M”.
The radiation dose associated with CAC scoring is small
but real, which ranges from 0.9 to 2.4 mSv with mul-
tislice CT™, and some cardiac CT imaging protocols are
associated with estimated radiation doses higher than
10 mSv"™***). This results in a small but measurable
increase in the risk of radiation-induced cancer!, thus,
this should be considered if CAC scoring (and repeated
testing) were used for widespread population screening;

The third comment is that CAC scoring is not rec-
ommended for screening of symptomatic patients. Cor-
onary calcification is considered only marginally related

October 26, 2012 | Volume 4 | Issue 10 |
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Figure 1 Coronary computed tomography angiography in a 43-year-old
male presenting with chest pain and raised cardiac enzymes shows non-
calcified plaque at the left main and left anterior descending arteries (ar-
rows) causing a complete total occlusion of these vessels.

to the degree of coronary stenosis and it is well known
that both obstructive and non-obstructive CAD can oc-
cur in the absence of calcification™”. Significantly, cor-
onary stenoses are frequently found to be non-calcified
(Figure 1), and highly calcified plaques are frequently
non-occlusive or obstructive (Figure 2). Thus, the value
of a zero or low calcium score in symptomatic patients
remains uncleat.

Several studies have reported the presence of ob-
structive non-calcified plaque in up to 8.7% of symp-
tomatic patients with zero or low calcium score™ The
question has been raised as to whether only using CAC
score is a reliable tool to determine the extent of CAD,
since non-calcified coronary artery plaque may not be
detected. Cheng ef al™ reported that low but detectable
CAC scores are less reliable in predicting plaque burden
due to their association with high overall non-calcified
coronary artery plaque. They concluded that low CAC
scores are significantly less predictive of prevalence or
severity of underlying non-calcified coronary plaque.

Villines e a/” in their recently published international
multi-centre study, concluded that in symptomatic pa-
tients with a CAC score of 0, obstructive CAD is possi-
ble and is associated with increased cardiovascular events.
Thus, low but detectable CAC scores are considered less
reliable in predicting disease burden due to the associa-
tion with high overall non-calcified coronary plaques.
Symptomatic patients should be referred for coronary CT
angiography to determine the extent of CAD and predict
disease outcomes, as there is no significant incremental
value of CAC scoring beyond the CCTA prognostic in-
formation in symptomatic patients

In summary, the author has raised an important is-
sue of whether CAC scoring should be widely used in
cardiovascular prevention strategies. There are many
limitations of applying CAC scoring as a screening tool
to broad populations and this has been systematically
reviewed"”. There is a lack of prospective randomized
controlled trials showing that an abnormal CAC score
impacts treatment decisions or clinical outcomes. How-
ever, an abnormal CAC score may be helpful in encour-
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Figure 2 Calcified plaques and stenosis of left anterior descending. A:
Extensive calcified plagues are noticed in the proximal and middle segments of
left anterior descending (LAD) on curved planar reformatted image, resulting in
significant stenosis or total lumen occlusion; B: A 50% stenosis of LAD is con-
firmed on invasive coronary angiography (arrows).

aging some patients to take their prescribed medications
and follow recommended lifestyle changesl&zg’m. Until
these data is available, CAC scoring should be judiciously
used by physicians in patients with different risk factors
of developing cardiovascular events.
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Abstract

In the last few years, the advent of next generation
sequencing (NGS) has revolutionized the approach to
genetic studies, making whole-genome sequencing a
possible way of obtaining global genomic information.
NGS has very recently been shown to be successful in
identifying novel causative mutations of rare or com-
mon Mendelian disorders. At the present time, it is
expected that NGS will be increasingly important in the
study of inherited and complex cardiovascular diseases
(CVDs). However, the NGS approach to the genetics of
CVDs represents a territory which has not been widely
investigated. The identification of rare and frequent
genetic variants can be very important in clinical prac-
tice to detect pathogenic mutations or to establish a
profile of risk for the development of pathology. The
purpose of this paper is to discuss the recent applica-
tion of NGS in the study of several CVDs such as inher-
ited cardiomyopathies, channelopathies, coronary ar-
tery disease and aortic aneurysm. We also discuss the
future utility and challenges related to NGS in studying
the genetic basis of CVDs in order to improve diagno-
sis, prevention, and treatment.
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INTRODUCTION

In the years after 2000, the completion of the Human
Genome Project (HGP) has completely changed the ap-
proach to many genetic research studies.

Indeed, the knowledge of the genome sequence has
been increasingly important in order to define the basis
of human biology and medicine, providing a single, es-
sential reference for all genetic information. Currently,
ten years after the HGP, a new technology, next-genera-
tion sequencing (NGS), has revolutionized the genomic
and transcriptomic approaches to biology reducing the
sequencing cost and significantly increasing the through-
put'!. Whole-genome sequencing has become a possible
and efficient way to obtain global genomic information®.

At present, Roche/454 (Roche), Solexa (Illumina)
and AB SOLID (Applied Biosystem) are the NGS tech-
nologies predominantly used in genetics. In all NGS
platforms, a whole genome, or targeted regions of the
genome, are randomly digested into small fragments (or
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short reads) which are sequenced and are then, either
aligned to a reference genome or assembled” (Figure
1). The unique combination of specific protocols dis-
tinguishes the NGS technology determining limits or
advantages. This new strategy of sequencing producing
many short reads (tens or hundreds of Gbp for each
run) has made necessary the development of several
bioinformatics tools to petform the correct alignment/
assembly or to analyze large amounts of data. To date,
many bioinformatics programs have been created for the
different platforms of NGS™.

For instance, Mapping and Assembly with Qual-
ity (MAQ) is a very popular NGS software program
developed to efficiently map short reads to a reference
genome and derive genotype calls to the consensus se-
quence with quality scores”. MAQ is one of the first
reference guided assembly programs. It is accurate, ef-
ficient, versatile and has been successfully applied to
several NGS projects[()]. Efficient Large-Scale Alignment
of Nucleotide Databases (ELAND) is a different NGS
program designed to search DNA files for short DNA
reads allowing up to 2 errors per match™. Benchmarks
comparing ELAND with other popular NGS software,
such as MAQ), Basic Local Alignment Search Tool, Short
Oligonucleotide Alignment Programl()J or SeqMap'”
generally place ELAND as one of the fastest available
programs. Since many of the programs are open source,
additional programming may be needed to modify the
program to the needs of a specific NGS project. Finally,
some online utility programs, such as Eagle\/'iew“oJ or
LookSeq[“], provide some additional assistance on NGS
data analysis and interpretation.

However, data management remains the biggest chal-
lenge in NGS and the major limiting factor in moving
the sequencing to the clinical setting.

Indeed, the production of large numbers of low-cost
reads could make the NGS platforms useful for many
applications including variant discovery by re-sequencing
targeted regions of interest or whole genomes, catalogu-
ing the transcriptomes of cells, and genome-wide profil-
ing of epigenetic marks'”.

NGS has very recently been shown to be successful
in identifying novel causative mutations of rare or com-
mon Mendelian disorders, also from a very small num-
ber of affected individuals™'?,

Furthermore, it is expected that NGS will be increas-
ingly important in the studies of complex diseases, such
as common cardiovascular diseases in which one or
more variants in a single gene or more variants in differ-
ent genes are involved. Currently, the NGS approach to
the genetics of cardiovascular diseases (CVDs) repre-
sents a territory which has not been widely investigated.

The purpose of this paper is to discuss the recent
results of NGS in monogenic classic and in complex ge-
netic cardiovascular disordets, such as inherited cardio-
myopathy, channelopathies and coronary artery disease
(CAD). We also discuss the potential contribution of fu-
ture NGS applications in order to significantly improve
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our understanding of the genetics of CVDs.

NGS AND CVDs

In the etiology of the most CVDs a clear hereditary com-
ponent has been demonstrated.

The CVDs can be divided in two major categories:
the monogenic (more rare) and the polygenic/multifac-
torial forms (Figure 2).

In the monogenic diseases, the mutation of a single
gene causes the pathology. These diseases are rare Men-
delian traits that show the classical inheritance patterns:
autosomal dominant, autosomal recessive, X-linked,
or mitochondrial (maternally inherited). Examples of
these traits in cardiovascular medicine include structural
cardiomyopathies (i.e., hypertrophic or dilated cardiomy-
opathy) and channelopathies (i.e., Brugada and long QT

. oo K
syndrome) as well as familial dyslipidemias' ™.

In clinical practice, the most common CVDs (i.e.,
CAD) are complex traits that arise from elaborate gene-

gene and gene-environmental interactions that confer
risk for disease in a probabilistic mannet!'. In these
cases, a series of polymorphic variants in several genes
increases the risk of developing the disease.

NGS AND INHERITED
CARDIOMYOPATHIES

The inherited cardiomyopathies are heterogencous dis-
eases caused by functional abnormality of cardiac mus-
cle™. Hypertrophic cardiomyopathy (HCM) and dilated
cardiomyopathy (DCM) are two major clinical forms
of inherited cardiomyopathy. HCM, the major cause
of sudden death in young people and of heart failure,
is characterized by left ventricular hypertrophy, often
asymmetric, accompanied by myofibrillar disarrays and
reduced compliance (diastolic dysfunction) of cardiac
ventricles. Conversely, DCM is characterized by dilated
ventricular cavity with systolic dysfunction. The clinical
symptom of DCM is heart failure, often associated with
sudden death"”. More than half of HCM patients have
a family history of the disease consistent with an auto-
somal dominant genetic trait! . In the case of DCM,
about 20%-35% of patients show a family history of
the disease (consistent with autosomal dominant inheri-
tance) although some familial cases can be explained by
an autosomal recessive or X-linked recessive trait"* .
The inherited forms of cardiomyopathies can be
caused by mutations in at least 30 different genes. A spe-
cific genetic test in patients with cardiomyopathy is of
immense clinical importance since some genetic forms
of heart muscle diseases are associated with disease
manifestation at an early age, an overall poor prognosis,
or a high incidence of sudden cardiac death.
Characterizing the genetics of DCM has been a chal-
lenging task due to incomplete knowledge of the genes
involved in the disease. Unlike HCM, which is largely a
disease of the sarcomere (more than 450 mutations in 16
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Figure 1 Basic principles of next generation sequencing. A whole genome
or a targeted region of the genome are randomly digested into small fragments
and then sequenced. The sequence obtained is subsequently aligned to a ref-
erence genome or de novo assembled.

/ Aligned to a reference genome
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genes have been identified codifying for the sarcomere
proteins)””, the pathways leading to DCM are consider-
ably more diverse, involving genes encoding compo-
nents of the sarcomere, Z-disk, nuclear lamina proteins,
intermediate filaments, and the dystrophin-associated
glycoprotein complex™.

NGS offers a new approach in the diagnosis of cat-
diomyopathies, and it has recently been used to charac-
terize both HCM and DCM patients. At the present time,
despite its good cost-efficiency ratio, NGS is not suitable
for clinical practice because of a lack of efficient reduc-
tion in genomic complexity and established protocols™.

Using HCM as a diagnostic model, Dames ez /!
developed a NGS-based approach for multi-gene re-
sequencing in a clinical laboratory. Sixteen genes impli-
cated in HCM have been sequenced using an uncharac-
terized human DNA sample. A Long-Range polymerase
chain reaction (PCR) (a PCR method used to amplify a
long region of genome) was used for gene enrichment,
followed by comparative sequencing on the Illumina
Genome Analyzer and Roche 454 GS FLX platforms®”.
Both platforms detected several different variants, of
which only 27 were common and have been confirmed
by Sanger classical sequencing. According to these re-
sults the authors proposed a targeted re-sequencing by
combining Long-Range PCR and NGS as a new ap-
proach for multigene analysis.

Conversely, Meder e al* established a microarray-
based target enrichment followed by SOLID NGS for
a comprehensive and cost-efficient genetic diagnosis of
cardiomyopathies. This approach increased the mean
depth of coverage of cardiomyopathy genes analyzing
1092 disease exons and adjacent intronic regions in only
one NGS run and identified 1891 sequence vatiants with-
in these regions (of which 349 were nonsynonymous)”".

NGS has also been used to study the maternally-
inherited cardiomyopathy caused by mutations in mi-
tochondrial DNA. Zaragoza et al™” studied 18 patients
with mitochondrial cardiomyopathy and two patients
with suspected mitochondrial disease. Sequencing PCR-
amplified mtDNA with a single run on Roche’s 454 Ge-
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Figure 2 Genetic contribution to monogenic and multigenic cardiovascu-
lar diseases and their study approach. The monogenic diseases are caused
by a rare mutation in a specific gene and are very rare (< 10 individuals). In
the complex diseases, many common genetic variants occur and have a major
frequency in the population (> 100 000). The study approach for monogenic
diseases is a genome wide linkage study in which one single mutation is identi-
fied. Conversely, for complex diseases the genome wide association study is
very important to identify a series of common variants contributing to the etiol-
ogy of the disease. Target re-sequencing by next generation sequencing is an
approach which permits the study of both monogenic and complex diseases.

nome Sequencer identified 427 variants.

Recently, Herman ez al”? analyzed the gene encod-
ing the sarcomere protein, titin (TTN), in subjects with
DCM, subjects with HCM, and in controls using NGS,
and evaluated the deleterious variants for cosegregation
in families and assessed clinical characteristics. Using this
approach they found that TTN truncating mutations are
a common cause of DCM, occurring in approximately
25% of familial cases of idiopathic DCM and in 18%
of sporadic cases. The authors concluded that the incor-
poration of sequencing approaches which detect TTN
truncations in genetic testing for DCM should substan-
tially increase test sensitivity, thereby allowing earlier
diagnosis and therapeutic intervention for many patients
with this pathology™’.

Finally, the NGS tools may be used to develop RNA
sequencing methodologies for high-throughput com-
prehensive analysis of individual transcriptomic profiles.
In Gagq transgenic mice, a well-characterized model of
cardiac hypertrophy/cardiomyopathy™™, the results of
sequencing through NGS (Illumina platform) have been
compared with an array-based transcriptional profiling.

The results of this study revealed superior dynamic
range for mRNA expression and enhanced specificity for
reporting low-abundance transcripts by RNA sequencing;

Together these studies suggest that the application
of NGS tools in the inherited cardiomyopathies will be
increasingly important to define the genetic component
of these disorders and to detect cardiomyopathy-causing
mutations with high accuracy in a fast and cost-efficient
manner which will be suitable for daily clinical practice
of genetic testing[m.

NGS AND CHANNELOPATHIES

A different group of CVDs included in inherited car-
diomyopathies is the primary electrical diseases such as
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Brugada syndrome (BtS) and long QT syndrome (LQTS).
Each of these cardiac channelopathies is characterized
by a unique genetic profile and clinical features™. Ad-
vances in molecular biology have allowed the identifica-
tion of many disorders linked to specific genes previous-
ly ascribed as idiopathic. Genetic studies in families with
LQTS have associated this disorder with gene mutations
affecting cardiac ion channels - specifically the sodium
and potassium channels. To date, hundreds of variants
have been identified in 13 LQTS genesml.

Conversely, BrS has been associated with more than
100 mutations in 7 genes. Loss-of-function mutations in
the SCN5A gene, which encodes the alpha-subunit of
the sodium ion channel, causes 18%-30% of BtS cases""

To date, NGS methodologies have not been applied
to these disordets.

In addition, since more genes are involved in these
diseases, the application of NGS will provide important
advantages for identifying pathogenetic mutations in a
fast and cost-efficient manner.

NGS AND CAD

CAD remains the leading cause of death in industrial-
ized and developing counttries.

It has been estimated that heritable factors contribute
30%-60% of the inter-individual variation in the risk of
CAD",

Mendelian disorders such as familial dyslipidemia
which lead to alterations in the lipid profile are heritable
risk factors for CADP. While these rare mutations are
well-recognized and well-characterized, the identifica-

tion of common genetic variants associated with CAD
is more difficult despite strong evidence that disease sus-
ceptibility is heritable.

Recently, genome-wide association studies (GWAS)
have identified several common variants (single nucleo-
tide polymorphisms, SNPs) associated with the risk of
CAD. Notably, these SNPs are not inherited indepen-
dently, but as “bins” or “blocks””". Furthermore, the
genotype of 1 SNP may be sufficient to affect the geno-
type of all other SNPs within a given linkage disequi-
librium block (haplotype), thereby “tagging” an entire
region of interest” .

GWAS are performed using the array technologies
that in parallel captured hundreds of thousands and now
over a million SNPs in independent haplotype blocks in
large case/control samplesm’%’w.

Next generation sequencing has enabled targeted re-
sequencing of genomic regions found to be involved in
the disease. In particular, the re-sequencing of genomic
regions identified by GWAS in healthy and diseased pop-
ulations represents a powerful strategy for assessing the
contribution of rare variants to disease etiology[m. This
is because NGS is able to identify rare genetic variants
with a minor allele frequency (MAF) of < 5%, which
complement the common susceptibility SNPs (MAF >
5%) established through the GWAS™.,
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For instance, after GWAS several other studies con-
firmed the exceptional role of the chromosome 9p21.3
region on the risk of CADP**,

Interestingly, a very recent study analyzed sequence
data from a 240-kilobase (kb) region on chromosome
9p21 in 47 individuals using the Illumina GA platform™”.
The authors compared the results of targeted sequencing
with NGS to pilot data from the 1000 Genomes Proj-
ect™ (characterized by a description of the location, allele
frequency and local haplotype structure of approximately
15 million SNPs). The findings showed that the targeted
sequencing provides high sensitivity for lower-frequency
variants despite several gaps in sequence coverage which
existed after the alighment to a reference genome.

Furthermore, NGS has been used to detect rare vari-
ants in the gene encoding adiponectin. In this study, a com-
bination of family-based linkage, whole-exome sequenc-
ing (by NGS), direct sequencing and association methods
has been developed in order to efficiently identify rare
variants associated with large effects in families from the
Insulin Resistance Atherosclerosis Family Study™. These
results suggest that this approach could be advantageous
in discovering novel genes influencing complex traits in a
wide range of family studies.

NGS AND OTHER CVDs

The NGS technologies have also been applied in other
cardiovascular diseases with complex traits, such as

aortic aneurysm. Harakalova ez /™" performed a pilot
experiment designed to find an efficient method for the
detection of rare genetic variants in regions of interest
in large sample groups with aortic aneurysm using SOL-
iD platform. They discussed the challenges and limita-
tions connected with this approach and showed that the
high number of novel variants detected per pool can be
limiting factors for successful variant prioritization and
confirmation. Indeed, they discovered 681 coding vari-
ants, however, the majority of the detected candidate
novel variants were false positives.

Moreover, a very recent study using exome sequenc-
ing of 2 distantly affected relatives, efficiently and suc-
cessfully identified a frameshift mutation in the SMAD3
gene as the cause of vascular disease in a family with
arterial aneurysms and dissections inherited in an auto-
somal dominant pattern. Subsequent sequencing of fam-
ilies involving multiple members with thoracic aortic an-
eurysms and acute aortic dissections identified SMAD3
mutations in 2% of familial thoracic aortic aneurysms
and dissections”"

Additionally, Sakai e# al™ used two different tech-
nologies (re-sequencing array technology and NGS) to
analyze eight genes associated with syndromic aortic
aneurysms and/or dissections. They identified eighteen
variants with both technologies and concluded that NGS
was able to detect almost all types of mutations, but it
requires improved informatics methods.

Finally, NGS with the Illumina platform has been
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Table 1 Next generation sequencing approaches in cardiovascular diseases

Disease NGS approach Ref.
Monogenic diseases DCM Target re-sequencing in 47 associated genes Meder et al™
Sequencing of TTN gene Herman et ™"
HCM Target re-sequencing in 47 associated genes Meder et al™

Target re-sequencing in 16 associated genes

Dames et al™

RNA sequencing Matkovich et al™
Mitochondrial cardiomyopathies Mitochondrial DNA sequencing Zaragoza et al®™
Channelopathies No approach
Complex diseases CAD Target re-sequencing of 9p21.3 region Shea et al*”
Sequencing of ADIPOQ gene Bowden et al*”
AA Target sequencing in associated genes Harakalova et al™, Sakai et al'™
Thrombophilia Target sequencing in gene associated Dewey et al'™!

DCM: Dilated Cardiomyopathies; HCM: Hypertrophic cardiomyopathies; CAD: Coronary artery disease; AA: Aortic aneurysm; NGS: Next generation se-

quencing; TTN: Titin; ADIPOQ: Adiponectin.

used to sequence genomic DNA in a nuclear family with
a history of thrombophiliam]. Two hundred variants
have been identified and compared with different groups
of HapMap populations. This method has allowed the
identification of multigenic risk for inherited thrombo-
philia and appropriate pharmacological therapy.

FUTURE PERSPECTIVE

Table 1 summarizes the current application of NGS in
cardiovascular disorders. NGS technology promises to
improve our understanding of the genetic architecture
and the missing heritability of CVDs.

In the near future, NGS will revolutionize the genetic
study of cardiovascular disease allowing unprecedented
opportunities to detect mutations in disease-genes with
high accuracy in a fast and cost-efficient manner in daily
clinical practice.

In particular, the targeted re-sequencing of the region
of interest selected by GWAS, using NGS technologies,
will allow identification of rare SNPs involved in the risk
of CVD.

To date, data on the reproducibility of NGS results
in the cardiovascular setting are limited by too few avail-
able studies. In addition, results in other more explored
fields such as cancer showed that two independent
groups can simultaneously arrive at different sets of
gene alterations, without overlap between the two sets
of mutations identified”**”. This finding suggests that
the reproducibility of data could be one major limitation
of these advanced techniques. Furthermore, as previ-
ously cited, Dames e7 al” demonstrated that different
variants were found using two different NGS tools of
which only a few were successively confirmed by the
conventional Sanger approach of sequencing. Thus, new
efforts are needed to improve sequencing accuracy and
streamline technical processes as the next steps toward
transitioning NGS into the clinical laboratory.

The major challenge in NGS is that although it pro-
duces an enormous volume of data cheaply, in most
cases, the millions of reads generated do not cover the
coding regions of disease genesm. Indeed, NGS pro-
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vides only 50-500 continuous base-pair reads', making
it difficult for both the assembly and the data analysis.
Therefore, new methods should be developed to selec-
tively capture DNA from the region of interest in order
to sequence only targeted regions.

In addition to short DNA sequence reads, these
technologies can generate terabyte-sized data files for
each instrument run, greatly increasing the computer
resource requirements. Given the vast amount of data
produced by NGS, the creation of informatics tools for
the storage and analysis of data will be essential to the
successful application of NGS™,

In the future, with the advent of NGS and the pro-
gressive increase in data sequences of the human genome
from projects such as HapMap and the 1000 Genomes
Project, investigators will have to choose between the
multiple strategies to test a reference panel of polymor-
phic sites.

Moreover, parallel genome-wide studies are charac-
terizing a large number of genes affecting the risk fac-
tors for CAD including dyslipidemia, hypertension, dia-
betes mellitus, and obesity. These findings are to be inte-
grated with loci directly associated with CAD to obtain
the fullest picture. Thus, in the next few years, the main
focus of these studies will be to define a risk prediction
as well as a preventive and individual therapy for CAD.

In the last few years, a technological revolution has
taken place in the field of epigenomics.

The development of NGS devices are now providing
researchers with tools to draw high-resolution maps of
DNA methylation and histone modifications in normal
tissues and diseases””. NGS technologies may be used to
profile epigenetic alterations that influence gene expres-
sion and to study the genome-wide epigenetic changes
that occur in the genome in cardiovascular disease.
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We report three cases of sustained monomorphic ven-
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tricular tachycardia (VT) in the setting of coronary ar-
tery disease, resistant to beta-blockers in two patients
and to amiodarone in all, successfully terminated by
low doses of intravenous (IV) epinephrine. VT was the
first manifestation of coronary artery disease in one ~ INTRODUCTION
patient, whereas the other two patients had a previous
history of myocardial infarction and were recipients of
an implantable cardioverter-defibrillator (ICD). One of
these two patients experienced an arrhythmic storm.
All had hemodynamic instability at the time of epineph-
rine administration. A single slow administration of IV X > ;
epinephrine (0.5 to 1 mg administered over 30 to 60 s) ~ ©f VT in the past in both animal and human models
restored S|nus rhythm after 30_90 S W|th Only m|n0r In Clinical practice, however, theif use iS restricted to a
side effects. In the ICD patient with recurrent VT and ~ few indications. Epinephrine is indicated in the setting
several cardioversions due to transformation of VT of cardiopulmonary resuscitation for shock-resistant
to ventricular fibrillation, epinephrine injection led to ventricular fibrillation (VF), pulseless electrical activity
the avoidance of further shocks. Although potentially  or asystole™”. Currently, isoproterenol is recommended

Sustained ventricular tachycardia (VT) is common in
coronary heart disease, usually occurring in the setting
of acute myocardial ischemia/infarction or later as scat-
related arrhythmia.

Catecholamines have been described in the treatment
[1-5]
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as an antiarrhythmic treatment for arrhythmic storm in
Brugada syndrome'”.

Acute therapy for sustained VT depends on hemody-
namic tolerance. In the case of VT with hemodynamic
instability, electrical cardioversion is the standard of care.
In cases of recurrence, intravenous (IV) amiodarone is
the drug of choice. However, resistance to this drug, even
in association with a beta-blocker, has been described”"".

We report three cases of coronary heart disease pre-
senting with hemodynamically unstable sustained mono-
morphic VT, resistant to beta-blockers and amiodarone,
in which arrhythmias were rapidly terminated by single-
bolus low doses of IV epinephrine.

CASE REPORT
Patient 1

A 47-year-old man, a smoker without past medical his-
tory, was admitted to the Cardiac Care Unit (CCU) due
to severe fatigue and palpitations. Physical examination
was normal with the exception of a heart rate (HR) of
170 beats/min. Blood pressure (BP) was 125/86 mmHg,
A VT was documented on a standard 12-lead electro-
cardiogram (ECG) (Figure 1). An IV dose of 300 mg
amiodarone administered over 5 min failed to stop VT,
and the patient then developed hemodynamic instability
with a drop in BP to 89/46 mmHg, and profuse sweating
without loss of consciousness. Because of rapid hemo-
dynamic alteration and no available anesthesiologist to
perform sedation for electrical cardioversion according
to the protocol of this remote medical hospital, a single
slow infusion of epinephrine (1/10 000, 1 mg within 1
min) was administered. VT stopped within 30 s. Termi-
nation was preceded by an increase in BP up to 130/84
mmHg and a slight increase in VT rate from 170 to 180
beats/min (Figure 2). The side effects of epinephrine
were chest discomfort, nausea, and anxiousness. ECG in
sinus thythm (SR) after cessation of VT showed a patho-
logic Q wave in inferior leads (Figure 3). Echocardiogra-
phy performed in SR showed a dilated left ventricle (62
mm), and left ventricular ejection fraction (LVEF) of
40% with inferior wall akinesia. Troponin [ was slightly
elevated at 0.82 ng/mL. No electrolyte disturbances wete
observed. Coronarography showed occlusion of the
middle segment of the right coronary artery and a bare-
metal stent was implanted. Continuous ECG monitoring
did not record any ectopic ventricular beat in the follow-
ing days. The patient was discharged seven days later.

Patient 2

A 64-year-old male was admitted to the CCU due to sus-
tained VT with a HR of 140 beats/min (Figure 4A). Past
medical history showed an inferior myocardial infarction
(MI) with low ejection fraction and an implantable car-
dioverter-defibrillator (ICD) for secondary prevention.
He was on bisoprolol 10 mg daily associated with amio-
darone 200 mg daily added three months prior for recur-
rent non-sustained VT. On arrival, he was conscious and

had a palpable pulse although BP was 85/50 mmHg;
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Figure 1 Twelve-lead electrocardiogram from a 47-year-old man (patient 1)
with acute inferior myocardial infarction. Ventricular tachycardia at a heart
rate of 170 beats/min with right bundle branch block morphology and left axis

deviation is present.
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Figure 2 V4 to V6 leads also from patient 1. A: Ventricular tachycardia (VT)
at admission with a heart rate (HR) of 170 beats/min, blood pressure (BP)
125/86 mmHg. Amiodarone (300 mg intravenous) did not interrupt VT, no sub-
stantial change was observed in VT cycle length, BP dropped to 89/46 mmHg;
B: Immediately after a bolus of epinephrine (1 mg over 30 s), an increase in HR
up to 180 beats/min was observed; C: Electrocardiogram 30 s after epinephrine
bolus: sinus tachycardia (HR 110 beats/min) after VT termination.
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Figure 3 In patient 1, electrocardiogram performed 2 d after the reduc-
tion of ventricular tachycardia showed pathologic Q wave displaying a
sequelae of a transmural myocardial infarction in inferior leads.

ICD interrogation was not attempted due to unavailabil-
ity of this expertise at the time of patient management.
One slow-rate infusion of IV epinephrine (1/10 000; 0.5
mg in 30 s) was then administered. VI termination oc-
curred approximately 30 s after the end of the epineph-
rine infusion. Cessation was preceded by a slight increase
in the VT rate (from 140 to 148 beats/min). During
epinephrine administration the patient experienced brief
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Figure 4 Electrocardiogram tracings from a 64-year-old man with isch-
emic dilated cardiomyopathy with an implanted cardioverter-defibrillator,
on chronic treatment with bisoprolol and amiodarone (patient 2). A: Ten-
lead electrocardiogram (ECG) at admission with sustained ventricular tachy-
cardia (VT) at 140 beats/min with a left bundle branch block morphology and
right axis deviation, blood pressure was 85/50 mmHg; B: Twelve-lead ECG 30 s
after intravenous epinephrine bolus (0.5 mg over 30 s) shows sinus rhythm with
pathologic Q waves in inferior leads. VT termination was preceded by a slight
increase in VT rate from 140 to 148 beats/min (not shown).

chest discomfort and headache. Twelve-lead ECG in
SR displayed pathologic QQ waves in inferior and lateral
leads (Figure 4B). Troponin I was slightly elevated (0.57
ng/mL). Serum electrolytes were within normal limits.
Two-D echocardiography indicated a LVEF of 35%.
Coronary angiography revealed a restenosis of the right
coronary artery and a sub-occlusion of the ostium of a
marginal artery. A drug-eluting stent was implanted in
both lesions. An ICD interrogation before discharge did
not register any arrhythmic event as the programming VT
zone (150 beats/min) was higher than the patient’s VT (140
beats/min). No further episodes of VT were observed
during hospitalization, and the patient was discharged
seven days later.

Patient 3

A 67-year-old man was admitted to the CCU due to an
arrhythmic storm. The patient had a previous history of
two MI (inferior and anterior) with a large akinetic area
in the anterior wall and a low ejection fraction (LVEF
< 20%). He was on chronic treatment with carvedilol
(12.5 mg twice daily) and amiodarone (200 mg daily).
An ICD had been implanted for primary prevention.
As the patient developed permanent atrial fibrillation
and remained symptomatic despite an optimal pharma-
cological regimen, the ICD was upgraded to CRT-D
because of the need for chronic ventricular pacing. Four
months previously, the patient had been admitted for
syncope. At that time, ICD interrogation confirmed an
arrhythmic storm. Coronary angiography showed an
occlusion of the first marginal artery, but no interven-
tion was performed due to the absence of viability. He
underwent successful radiofrequency catheter ablation
of two inducible monomorphic VTs. Four months later,
the patient was re-admitted to the CCU due to another
arrhythmic storm.
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Figure 5 Six-lead electrocardiogram from a 47-year-old man in arrhythmic
storm with ischemic dilated cardiomyopathy and an implanted cardioverter-
defibrillator (patient 3). A sustained ventricular tachycardia (VT) with a heart rate
of 140 beats/min is observed, blood pressure (BP) was 90/45 mmHg. intravenous
amiodarone failed to terminate VT and decreased BP to 70/40 mmHg. Epinephrine
(0.5 mg over 30 s) increased BP up to 125/85 mmHg, and VT terminated within
90 s, preceded by a small shortening of VT cycle length. At the end of the tracing,
VT stopped. The bold line on the left side of the picture includes ten VT cycles; the
bold line on the right side includes the last ten VT cycles before interruption.

On admission to the CCU, a tachycardia with a VT
pattern was recorded (Figure 5). BP was 90/45 mmHg.
No electrolyte disturbance was observed. Troponin I was
within normal limits. Once in the CCU, he experienced
six more appropriate ICD shocks within 5 min. The
undetlying rhythm was VT with a HR of 140-150 beats/
min. The ICD was programmed with one VT zone from
130 to 200 and the VF zone > 200 beats/min. Appro-
priate ICD shocks were delivered, but were followed by
recurrence of the VTI. Amiodarone (150 mg IV over 15
min) failed to terminate VT and decreased BP to 70/40
mmHg. Different protocols of direct manual overdrive
pacing also failed to interrupt VI. One “aggressive” at-
tempt transformed VT to VF managed by the ICD. Less
than 60 s later, the VT re-appeared. BP steadily con-
tinued to decrease down to 65/30 mmHg. A bolus IV
injection of epinephrine (1/10 000, 0.5 mg in 30 s) was
administered while his BP was continuously monitored.
Following a BP inctease up to 125/85 mmHg, VT termi-
nated within 90 s, preceded by a small shortening of VT
cycle length (Figure 6). Treatment was supplemented by
amiodarone IV (300 mg over 20 min) and atenolol IV (25
mg over 15 min). The next day, he underwent coronary
angioplasty of the first marginal artery. The patient re-
mained free of arrhythmias.

DISCUSSION

We illustrated three cases of drug-resistant sustained
monomorphic VT with hemodynamic instability, in
which the arrhythmia was terminated with IV epineph-
rine. All patients had coronary heart disease, but whether
acute coronary syndrome was concerned is difficult to
state. Indeed, a moderate troponin increase is also seen
after tachyarrhythmias and post-VI' ECGs did not show
either ST-segment elevation or depression. Amiodarone
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Figure 6 A ventricular tachycardia of 140 beats/min from a 47-year-old
man in arrhythmic storm with ischemic dilated cardiomyopathy and an
implanted cardioverter-defibrillator (patient 3) was interrupted by Epi-
nephrine (0.5 mg over 30 s) after a small cycle length shortening. A: First
ventricular tachycardia (VT) cycle of the patient in Figure 5; B: Last VT cycle
before VT interruption. The two bold lines have the same length. A small VT
cycle shortening before interruption is noted.

was ineffective in all patients. Two of the patients had an
ICD. One ICD carrier experienced an arrhythmic storm.
Termination of long-duration (> 2 h) VT was observed
within 30-90 s after the administration of epinephrine,
an alpha- and beta-sympathomimetic agent. An arrhyth-
mic storm was stopped after epinephrine infusion. No
short-term VT recurrence was observed, or in the pa-
tient with an arrhythmic storm.

VT is a common arrhythmia in coronary heart dis-
case >, The standard of care for sustained VT with a
pulse is to use either anti-arrhythmic drugs or external elec-
trical shock. Advanced Cardiac Life Support (ACLS) pro-
tocol recommends the use of amiodarone, procainamide,
mexiletine, sotalol or lidocaine as anti-arrhythmic drugs[ﬂ"g].
In clinical practice, amiodarone is the most commonly
used anti-arrhythmic before electrical cardioversion'”.

When to use epinephrine in sustained VT

In cases of drug-resistant poorly tolerated VT, immedi-
ate external electrical cardioversion must be attempted.
However, there are cases in which VT recurs imme-
diately after the shock, and cardioversion involves the
need for anesthesia when the patient is still conscious.
Although shocks delivered by ICD often effectively
terminate VT, in some patients VT can restart quickly,
as the ICD is unable to prevent arrhythmia. In this con-
text of arrhythmic storm, sedation and anti-arrhythmic
drugs are of great interest' . However, in the setting
of coronary disease, either acute phase or scar-related
VT, effective drug therapy is limited to lidocaine, mexi-
letine, procainamide, amiodarone and beta-blockers ",
However, the first three cited drugs are not commonly
available or used in remote medical centers or in low-
income countries. Motreover, in some cases, ICD-carriers
live or ate travelling in a part of the world where ACLS
is not provided at all, and only amiodarone is available.
In the past, some case reports described interruption
of sustained VT using intravenous sympathomimetic
amines”™ ™. Based on the cases reported herein, low doses
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of IV epinephrine may be able to terminate sustained
monomorphic VT, when the arrhythmia is refractory
to amiodarone used alone or in combination with beta-
blockets and electrical cardioversion.

Possible mechanisms of VT reduction by epinephrine
Two possible mechanisms may underlie the interruption
of a monomorphic sustained VT by low doses of intra-
venous epinephrine.

Effects on BP, baroreceptor stimulation and coronary
perfusion: Epinephrine has an alpha-sympathomimetic
effect by which systemic BP is known to increase. This
increase in BP could have two different effects. The
rise in BP could result in better coronary artery perfu-
sion, thus inhibiting ischemia-induced VT (patient 1).
Alternatively, a baroreceptor-mediated increase in para-
sympathetic tone zia the carotid body could lead to VT
termination iz vagal stimulation”. The latter hypothesis
is difficult to demonstrate because vagal myocardial in-
nervation is not completely defined in humans'"”. Finally,
a direct effect of epinephrine on coronary perfusion,
through coronary vasodilatation, is a possible mecha-
nism in ischemia-related VI,

Modification of conduction properties: Conduction
velocity and refractoriness of the myocardium are modi-
fied in opposite ways by epinephrine and beta-blockers
and/or amiodarone. Adrenaline-dependent increased
conduction velocity with shortening of VT cycle length
could be responsible for extinction of the circuit by a
simple mechanism of head-tail conjunction. Consider-
ing a circus movement reentry as the mechanism of
the VT, the acceleration of the VT by epinephrine will
translate into progressive shortening of the excitable gap
until it will be so short that the “head” meets the “tail”,
and then the circuit becomes extinct. This being the
case, termination of the VT will be preceded by a faster
epinephrine-induced, small transient VT acceleration
in all 3 patients. A change in myocardial fiber stretch by
epinephrine could also modify the circuit components
favoring V'T interruption™

On the other hand, amiodarone could limit the re-
fractoriness shortening of epinephrine which, combined
with an increased conduction velocity determined by
epinephrine itself, might be responsible for tachycardia
interruption because of a residual refractoriness pro-
longation of part of the circuit® ™, Tonet e a/***” have
shown that beta-receptor blockade by beta-blocker agents
and chronic amiodarone therapy converts VT to SR via
prolongation of the refractory period and cycle length.
Thus, pre-treatment with amiodarone might enhance the
effectiveness of 1V epinephrine which, reducing repolar-
ization dispersion, interrupts reentry and could be useful
in cases of electrical storm.

Detailed analysis of the cases reported herein can
support both hypotheses. In all patients, elevation of
BP preceded VT termination, suggesting a mechanism
of better coronaty atrtery perfusion or parasympathetic
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stimulation”*". Otherwise, in all patients, the cycle

length of the VT shortened just before the return to
SR, suggesting a modification in myocardial conduction
properties with an increase in conduction velocity and
a subsequent shortening of the VT cycle length able to
induce reentry interruption by a head-tail conjunction
mechanism. All patients were previously treated with
amiodarone, whose antiarrhythmic properties mainly
concern refractoriness prolongation, especially when
taken on a chronic basis™. A possible intricate electro-
physiological mechanism could also be conjectured, that
is, a residual prolonged refractoriness by beta-blocker
and amiodarone pre-treatment combined with increased
velocity when epinephrine is administered””.

Precautions on the use of epinephrine for VT

The most frequent and clinically significant side effects
of IV epinephrine were not observed in our patients,
which may be explained by the lower doses (< 1 mg)
used”. The potential complications of epinephrine
while performing cardiopulmonary resuscitation were
described for doses greater than those that are the stan-
dard™. VF induction in subjects treated with bolus or
continuous infusion of epinephrine for severe hypoten-
sion or cardiogenic shock have been reported, and the
conversion of VT to VF is a matter of real concern®”.
It is of interest to note that in experimental models
of chronically infarcted canine hearts, selective betal-
adrenergic stimulation alone does not cause dispersion
of myocardial refractoriness and does not cause signifi-
cant proarrhythmia™. Also, in dogs with experimentally
induced myocardial infarction, infusion of isoproterenol
increases the incidence of inducible VT, but does not fa-
cilitate the induction of VEP'. In any case, given the po-
tentially harmful intervention in the setting of coronary
heart disease, further research to explore the mechanism
of action, its effectiveness and its safety is mandatory.
In our patients, evidence of acute ischemia was modest
with small increases in troponin level; this factor is to be
considered when deciding whether to use epinephrine.

Clinical implications

It is well known that spontaneous episodes of VT can ac-
celerate, slow, or even terminate spontaneously. However,
in all cases, the termination of a long-duration (> 2 h) VT
was rapidly observed after 90 s or less following epineph-
rine administration, preceded by a shortening of the VT
cycle length before SR restoration, strongly suggesting an
epinephrine-related effect. Although the use of sympatho-
mimetic amines to treat sustained monomorphic ischemic
VT could be questionable, mainly because its rationale is
against the current paradigm of the pathophysiology of
ischemic VT as well as the wide availability of appropri-
ate drugs and external cardioversion, the effect observed
in our cases merits further investigation. Remote medical
centers and under-resourced countries with difficulties
providing ACLS management may be concerned. We
might also speculate on a possible protective effect of
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amiodarone and beta-blocking treatment for the preven-
tion of the degenerative arthythmic effects of epineph-
rine itself. In fact, VT cycle length was slightly shortened
in all patients, without any change in VT morphology or
VF degeneration.

Study limitations

Some limitations merit consideration. First, as these
are only three observational cases, this remains a non-
conclusive assessment of the efficacy and safety of this
unconventional “heroic” intervention. Second, although
all subjects had beta-blocker and/or amiodarone resis-
tant VT, another antiarrhythmic drugs such as lidocaine
or mexiletine were not attempted before the epinephrine
regimen. Third, the treatment of patients 1 and 2 is not
a conventional one and should not, therefore, be advo-
cated at the first intention. Fourth, one of the questions
raised by our observations is whether VT was actually
self-limiting or truly stopped by the epinephrine injec-
tion; however, the rapid onset of action in a longstand-
ing sustained monomorphic VT serves to support con-
sidering it a direct effect of epinephrine.

Conclusion

Low dose IV epinephrine may terminate sustained mono-
morphic VT refractory to amiodarone used alone or in
combination with beta-blockers and electrical cardiover-
sion. Although potentially harmful, epinephrine may be
an alternative effective therapy for refractory VT, particu-
larly in remote medical centers and low income countries
where advanced cardiac life support is under-provided.
This treatment requites a clinical study.
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May 17-20, 2012

2nd International Meeting On
Cardiac Problems In Pregnancy 2012
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May 19-22, 2012
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May 23-26, 2012
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60th annual scientific meeting of
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ESC Congress 2012
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September 29-October 4, 2012
International Society of
Hypertension 24th Annual Scientific
Meeting 2012
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GENERAL INFORMATION

World Journal of Cardiology (World | Cardiol, W]C, online ISSN
1949-8462, DOI: 10.4330) is a monthly peer-reviewed, online,
open-access (OA), journal supported by an editorial board consist-
ing of 362 experts in cardiology from 43 countries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of the publica-
tion of scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the "priority" and "copyright" of in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes
of WJC and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of others. (1) Maximization
of the benefits of editorial board members: The primary task of
editorial board members is to give a peer review of an unpublished
scientific article »iz online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should
be published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first hand.
As leaders in their field, they have priority to be invited to write
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization of
the benefits of authors: Since WJC'is an open-access journal, read-
ers around the wotld can immediately download and read, free of
charge, high-quality, peer-reviewed articles from WJ]C official web-
site, thereby realizing the goals and significance of the communica-
tion between authors and peers as well as public reading; (3) Maxi-
mization of the benefits of readers: Readers can read or use, free of
charge, high-quality peer-reviewed articles without any limits, and
cite the arguments, viewpoints, concepts, theories, methods, results,
conclusion or facts and data of pertinent literature so as to vali-
date the innovativeness, scientific and practical values of their own
research achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion;
and (4) Maximization of the benefits of employees: It is an iron law
that a first-class journal is unable to exist without first-class editors,
and only first-class editors can create a first-class academic journal.
We insist on strengthening our team cultivation and construction so
that every employee, in an open, fair and transparent environment,
could contribute their wisdom to edit and publish high-quality ar-
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ticles, thereby realizing the maximization of the personal benefits
of editorial board members, authors and readers, and yielding the
greatest social and economic benefits.

Aims and scope

The major task of WJC'is to rapidly report the most recent devel-
opments in the research by the cardiologists. IJC accepts papers
on the following aspects related to cardiology: arrhythmias, heart
failure, vascular disease, stroke, hypertension, prevention and epide-
miology, dyslipidemia and metabolic disorders, cardiac imaging, pae-
diatrics, nursing, and health promotion. We also encourage papers
that cover all other areas of cardiology as well as basic research.

Columns

The columns in the issues of WJC will include: (1) Editorial: To intro-
duce and comment on major advances and developments in the field;
(2) Frontier: To review representative achievements, comment on the
state of current research, and propose directions for future research;
(3) Topic Highlight: This column consists of three formats, including
(A) 10 invited review articles on a hot topic, (B) a commentary on
common issues of this hot topic, and (C) a commentary on the 10 in-
dividual articles; (4) Observation: To update the development of old
and new questions, highlight unsolved problems, and provide strate-
gies on how to solve the questions; (5) Guidelines for Basic Research:
To provide guidelines for basic research; (6) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment;
(7) Review: To review systemically progress and untesolved problems
in the field, comment on the state of current research, and make sug-
gestions for future work; (8) Original Articles: To report innovative
and original findings in cardiology; (9) Brief Articles: To briefly report
the novel and innovative findings in cardiology; (10) Case Report:
To report a rare or typical case; (11) Letters to the Editor: To discuss
and make reply to the contributions published in WJC, or to intro-
duce and comment on a controversial issue of general interest; (12)
Book Reviews: To introduce and comment on quality monographs
of cardiology; and (13) Guidelines: To introduce consensuses and
guidelines reached by international and national academic authorities
wortldwide on the research in cardiology.
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SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used
in the papet, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects ().
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, IW]C requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors (ICMJE), which is available at: http://wwwicmje.
otg/cthical_4conflicts.html.

Sample wording: [Name of individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations], and has received research funding from [names of
organization|. [Name of individual] is an employee of [name of ot-
ganization|. [Name of individual] owns stocks and shares in [name of
organization]. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated clearly in the text that all persons gave their informed
consent ptior to their inclusion in the study. Details that might disclose
the identity of the subjects under study should be omitted. Authors
should also draw attention to the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights

When reporting the results from experiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
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Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Ttials) and/or the Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional teview board.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/esps/. Authors are highly
recommended to consult the ONLINE INSTRUCTIONS TO
AUTHORS (http://www.wjgnet.com/1949-8462/g_info_
20100316161927.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wjc@
wignet.com, or by telephone: +86-10-85381892. If you submit your
manuscript online, do not make a postal contribution. Repeated
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:
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Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JE, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in W]C, reviewers of
accepted manuscripts will be announced by publishing the name,
title/position and institution of the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of
Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and
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structured abstracts (no less than 480). The specific requirements
for structured abstracts are as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g: 6.92 £ 3.86 2 3.61 + 1.67, P < 0.001; CONCLUSION (no
mote than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editotial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /wwwwignet.com/1949-8462/g_info_20100312194155.htm.

Hlustrations

Figures should be numbered as 1, 2, 3, ez., and mentioned clearly
in the main text. Provide a brief title for each figute on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all eclements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A 3B Gl D B Fro Ge et It ds our prmclple
to pubhsh bigh resolution-figures for the pnntcd and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one hotizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P <
0.05, P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A thitd series of P values can be expressed as “P < 0.05 and ‘P < 0.01.
Other notes in tables or under illustrations should be expressed as
E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0, A, /\, ez., in a certain se-
quence.

Acknowledgments
Brief acknowledgments of persons who have made genuine con-
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tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system

The author should number the teferences in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
natration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability”?”, Tf references are cited directly
in the text, they should be put together within the text, for example,
“From references' >, we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English journal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg.13.
6350]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
thoea. Shijie Huaren Xiaohna Zaghi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Nat/ Acad Sei USA
2006; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal anthors and an organization as anthor
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5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01.ju.
0000067940.76090.73]

No anthor given

6 2lst century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bm;j.325.
7357.184

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: §93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 x]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthep
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11  Lam SK. Academic investigatot’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14 Christensen S, Oppacher E. An analysis of Koza's computa-
tional effort statistic for genetic programming, In: Foster JA,
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cde.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data

Write as mean * SD or mean *+ SE.

Statistical expression

Express 7 test as # (in italics), I test as I (in italics), chi square test as
3’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units

Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
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blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/ formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ef. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1949-8462/
g info_20100312200347.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 ime or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/1949-8462/¢_info_20100312
192220.htm

Frontier: http://www.wjgnet.com/1949-8462/¢_info_20100312
192753.htm

Topic highlight: http:/ /wwwwjgnet.com/1949-8462/¢_info_2010
0312192932 htm

Obsetvation: http:/ /wwwwijgnet.com/1949-8462/¢_info_20100312
193224 htm

Guidelines for basic research: http:/ /wwwwijgnet.com/1949-8462/
g _info_20100312193436.htm

Guidelines for clinical practice: http://wwwwignet.com/1949-84
62/g_info_20100312193624.htm

Review: http://www.wjgnet.com/1949-8462/¢_info_20100312
193839.htm

Original articles: http://wwwwignet.com/1949-8462/¢_info_2010
0312194155.htm

Brief articles: http://wwwwijgnet.com/1949-8462/g_info_201003
12194443 htm

Case report: http://wwwwijgnet.com/1949-8462/¢_info_20100312
194652.htm

Lettets to the editor: http://wwwwjgnet.com/1949-8462/¢_info_
20100312195004.htm

Book reviews: http://www.wjgnet.com/1949-8462/¢_info_201003
12195306.htm
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Instructions to authors

Guidelines: http://wwwwignet.com/1949-8462/¢_info_20100312
195423.htm

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies of W]C.
The revised version including manuscript and high-resolution image
figures (if any) should be re-submited online (http://www.wignet.
com/esps/). The author should send the copyright transfer letter,
responses to the reviewers, English language Grade B certificate (for
non-native speakers of English) and final manuscript checklist to

wjc@wignet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wignet.com/1949-8462/¢_info_20100312200118.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/1949-8462/
g_info_20100312195923.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

W]C will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments on
the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurckAlert/AAAS (http://www.eurekalert.org). The title for
news items should be less than 90 characters; the summary should
be less than 75 wotds; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

IW]C is an international, peer-reviewed, Open-Access, online journal.
Articles published by this journal are distributed under the terms of
the Creative Commons Attribution Non-commercial License, which
permits use, distribution, and reproduction in any medium, provided
the original work is propetly cited, the use is non commercial and is
otherwise in compliance with the license. Authors of accepted ar-
ticles must pay a publication fee. The related standards are as follows.
Publication fee: 600 USD per article. Editorial, topic highlights, book
reviews and letters to the editor are published free of charge.
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