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Abstract
Berberine (BBR) is a natural alkaloid isolated from the 
Coptis Chinensis. While this plant has been used in Ay-
urvedic and Chinese medicine for more than 2500 years, 
interest in its effects in metabolic and cardiovascular 
disease has been growing in the Western world in the 
last decade. Many papers have been published in these 
years reporting beneficial effects in carbohydrate and lip-
id metabolism, endothelial function and the cardiovascu-
lar system. In this review, we report a detailed analysis 
of the scientific literature regarding this topic, describing 
the effects and the underlying mechanisms of BBR on 
carbohydrate and lipid metabolism, endothelial function 
and the cardiovascular system. 

© 2010 Baishideng. All rights reserved.

Key words: Metabolic syndrome; Berberine; Adenosine 
monophosphate kinase; Insulin resistance; Hyperlipid-
emia; Endothelial function

Peer reviewer: Dr. Thomas Hellmut Schindler, PD, Department 
of Cardiology, Internal Medecine, University Hospitals of Geneva, 
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Affuso F, Mercurio V, Fazio V, Fazio S. Cardiovascular and 
metabolic effects of Berberine. World J Cardiol 2010; 2(4): 
71-77  Available from: URL: http://www.wjgnet.com/1949-8462/
full/v2/i4/71.htm  DOI: http://dx.doi.org/10.4330/wjc.v2.i4.71

INTRODUCTION
Berberine (BBR) is a natural alkaloid isolated from the 
Coptis Chinensis. This plant has been used for medicinal 
purposes for more than 2500 years in Ayurvedic and Chi-
nese medicine. Although routinely prescribed in Asian 
countries for its antimicrobial activity in the treatment 
of  gastrointestinal infections and diarrhoea, and usually 
used for the treatment of  diabetes mellitus, an interest 
in its beneficial effects in metabolic and cardiovascular 
diseases has been growing in the Western world over the 
last decade. Recent literature suggests BBR is a drug with 
multiple target characteristics, which are already known 
in traditional medicine. Its activity in carbohydrate and 
lipid metabolisms, diabetes mellitus treatment, endothe-
lial function and the cardiovascular system has been 
investigated in the last decade with interesting results 
both in animals and clinical studies. This review analyzes 
the scientific literature on the effects and the underlying 
mechanisms of  BBR on carbohydrate and lipid metabo-
lism, endothelial function and the cardiovascular system. 

GLUCIDIC METABOLISM
BBR’s effects on glucidic metabolism are well known 
in China, where it has been used as an oral hypoglyce-
mic agent in the treatment of  type 2 diabetes mellitus 
for many years. There are many clinical reports on the 
hypoglycaemic action of  BBR in the Chinese literature, 
which were confirmed by controlled clinical trials[1].

Several studies have only recently investigated how it 
may exert its action on glucose metabolism and insulin 
sensitivity. Insulin resistance is a major metabolic abnor-
mality leading not only to type 2 diabetes, but also to a 

Online Submissions: http://www.wjgnet.com/1949-8462office
wjc@wjgnet.com
doi:10.4330/wjc.v2.i4.71
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group of  metabolic disorders known as the metabolic 
syndrome[2].

In 2006, Lee et al[3] investigated the mechanisms un-
derlying the effects of  BBR in the treatment of  diabetes 
and obesity and on insulin resistance. Their experiments 
in vivo and in vitro paved the way to future understanding. 
They focused interest on a heterotrimeric protein that 
plays a key role in the regulation of  whole-body energy 
homeostasis; i.e. adenosine mono-phosphate kinase 
(AMPK), showing that part of  the effects exerted by 
BBR on diabetes and obesity was due to the stimulation 
of  this protein kinase. The administration of  BBR to 
db/db mice led to a significant body weight reduction 
with both a significant reduction in fasting blood glucose 
and improvement in glucose tolerance. Similar effects 
were also observed in high fat fed Whistar rats, in which 
BBR administration reduced triglycerides (TG), body 
weight and improved insulin action in comparison to 
chow fed rats. The mechanisms that were the basis of  
these results were detected in the expression of  genes 
involved in energy metabolism. BBR downregulated the 
expression of  genes involved in lipogenesis and upregu-
lated those involved in energy expenditure in adipose 
tissue and in muscle. Particularly, 11β-hydroxysteroid 
dehydrogenase, a key enzyme linked to visceral obesity 
and metabolic syndrome, decreased, and the expression 
of  most genes involved in carbohydrate metabolism was 
also reduced. In contrast, the transcript level of  enzymes 
related to energy dissipation, including glycerol kinase 
and acyl-CoA dehydrogenase, increased. These results 
implied that BBR treatment in vivo resulted in a modula-
tion of  the gene expression profile that would promote 
catabolism of  high energy intermediates[3].

Others mechanisms involved in BBR actions were 
clarified by Zhou et al[4] and subsequently confirmed 
by other authors. They reported that BBR promotes 
glucose uptake in 3T3-L1 preadipocytes through a 
mechanism distinct from insulin. Insulin increases cel-
lular glucose uptake by promoting GLUT4 expression 
on the cell surface through the activation of  phospha-
tidylinositol 3-kinase (PI3K). On the contrary, BBR’s 
effect on glucose uptake was insensitive to wortmannin, 
an inhibitor of  PI3K. It seemed that BBR could induce 
glucose transport by activating GLUT1; particularly BBR 
increases glucose transport by enhancing GLUT1 gene 
expression[5]. These effects are mediated by the activa-
tion of  AMPK, which coordinates both short and long 
term metabolic changes, leading to an improvement in 
energy production and a reduction of  energy storage. 
Specifically, its activation results in an increase in the up-
take of  glucose from the blood to target organs. Further, 
AMPK inhibits the accumulation of  fat by modulating 
down-stream-signaling components like acetil CoA car-
bossilase (ACC). AMPK inhibits ACC activity by direct 
phosphorylation, which leads to a blockage of  fatty acid 
synthesis pathways[6,7]. AMPK phosphorylation and ACC 
phosphorylation were increased in myoblasts and adipo-
cytes in vitro after short-term treatment with BBR, and in 
liver after long-term BBR treatment of  db/db mice[3].

The results of  various recent studies have pointed 
out a possible mechanism of  activation of  AMPK, me-
diated by BBR. It was observed that BBR reduced oxy-
gen-dependent glucose oxidation through inhibition of  
the respirator mitochondrial complex Ⅰ. To compensate 
for the reduction in aerobic respiration, it was observed 
that there was an increase in glycolysis, a biochemical 
pathway that requires more glucose than aerobic respira-
tion for the production of  the same amount of  ATP. As 
a consequence, glucose uptake and its utilization were 
increased, and associated with a persistent elevation in 
the AMP/ATP ratio, which induced the activation of  
AMPK. Also metformin and rosiglitazone, in a dose-
dependent manner, inhibited respiration; rosiglitazone 
displayed similar potency to BBR, while metformin was 
substantially less potent. These data highlighted the im-
portance of  complex I of  the mitochondrial respiratory 
chain as a major target for BBR in order to obtain an 
activation of  AMPK[8,9].

In obese hyperinsulinemic rats, BBR treatment signifi-
cantly decreased lipid levels, plasma glucose and insulin 
levels. Oral glucose tolerance tests revealed a decrease of  
plasma glucose and insulin levels; in addition, the results 
of  insulin tolerance suggested a marked improvement in 
insulin resistance. According to these in vivo results, it 
was observed that BBR acutely decreased glucose-stimu-
lated insulin secretion in pancreatic β-cells isolated from 
rats through the AMPK signalling pathway[10].

This evidence was clinically confirmed by a double-
blind, placebo-controlled trial, in which BBR administra-
tion decreased fasting and postprandial plasma glucose 
with slightly decreasing postprandial insulin and body 
weight reduction in type 2 diabetic patients[11]. 

Another important mechanism underlying the effects 
of  BBR on insulin sensitivity is increases insulin-receptor 
(InsR) expression in a dose and time-dependent manner. 
BBR enhancement of  InsR expression improves cellular 
glucose consumption only in the presence of  insulin. 
Silencing the InsR gene reduces this effect. BBR induces 
InsR gene expression, with a mechanism of  transcrip-
tional regulation through protein kinase C (PKC). In 
type 2 diabetic mice, treatment with BBR lowered fast-
ing blood glucose and fasting serum insulin, increased 
insulin sensitivity and elevated InsR mRNA, as well as 
PKC activity in the liver. In addition, it was observed 
that BBR did not lower blood glucose in type 1 diabetic 
mice, because of  their insulin deficiency[12]. The same 
results were obtained in a variety of  human cell lines and 
were confirmed in a randomized clinical trial, in which 
BBR treatment significantly lowered fasting blood glu-
cose, hemoglobin A1c, TG and insulin levels in patients 
with type 2 diabetes mellitus. In this study, metformin 
and rosiglitazone were used as references. The effects of  
BBR on fasting glucose and hemoglobin A1c were simi-
lar to those of  metformin and rosiglitazone; moreover, 
BBR showed an important activity in reducing the serum 
levels of  TG. Serum insulin levels declined significantly. 
Consistent with the in vitro experiments, the mean per-
centage of  peripheral blood lymphocytes that express 
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InsR on the surface, isolated from the patients treated 
with BBR, was significantly elevated in comparison to 
that before BBR treatment. These finding confirmed the 
activity of  BBR on the up-regulation of  InsR in type 2 
diabetes mellitus patients and its relationship with the 
glucose-lowering effect[13].

Contrary to thiazolidinediones (TZDs), it has been 
shown that BBR reduces the expression levels of  peroxi-
some proliferator activated receptor γ, suppresses the 
differentiation of  preadipocytes and reduces the accumu-
lation of  lipid droplets[14-16]. Thus, unlike TZDs, which 
may lead to weight gain, BBR may be more suitable for 
insulin-resistant and diabetic patients with obesity. The 
insulin-sensitizing and glucose-lowering mechanisms of  
BBR are of  great interest in this field. 

In conclusion, we can summarize that, although all 
the mechanisms underlying BBR’s action on glucidic 
metabolism are not yet completely clarified and continue 
to be under investigation, its properties, namely reduc-
ing fasting blood glucose, hemoglobin A1c, and insulin 
levels in patients with type 2 diabetes mellitus, reduction 
of  fat mass and TG, improvement of  insulin resistance, 
and reduction of  body weight, make BBR a promising 
molecule for future development in the treatment of  
glucidic disorders.

LIPID METABOLISM
The main interest of  the Western world for BBR prop-
erties was initially concentrated on lipid metabolism. In 
fact, it is an approved nutraceutical substance for treat-
ment of  hyperlipidemia in many countries. In 2004, 
Kong et al[17] defined BBR as “a new cholesterol-lowering 
drug”. They demonstrated in vitro and in vivo the efficacy 
of  this substance in lipid lowering, which was compara-
ble to that of  statins. The in vitro studies on human hepa-
tocellular liver carcinoma cell lines (HepG2) showed that 
BBR increases the expression of  the liver low-density 
lipoprotein receptor (LDLR) gene at a post-transcrip-
tional level. The increase was dose and time dependent 
and was obtained, by stabilizing its mRNA, through the 
activation of  the extracellular signal-regulated kinase 
pathway. This mechanism is distinct from statins, and 
indeed this activity is totally independent of  intracellular 
cholesterol levels and has no effects on the activation 
process of  the sterol-regulatory element binding protein 
(SREBP) or the activity of  hydroxymethylglutaryl CoA 
reductase. These findings translated into clinical results, 
and, in fact, BBR administration in hypercholesterolemic 
patients led to a significant cholesterol reduction, which 
was also evident in animal studies[17]. The same research 
group subsequently elucidated the mechanism observed 
by Brusq et al[18]. This latter group demonstrated that 
BBR via AMPK activation inhibited cholesterol and TG 
synthesis in hepatic cells. He assumed that LDLR upreg-
ulation, AMPK activation and lipid synthesis inhibition 
were abolished when the MAPK/extracellular signal-
regulated kinase (ERK) pathway was blocked, but he did 
not identify the exact mechanisms[18]. Some years later, 

Abidi et al[19] clarified that the BBR-induced stabiliza-
tion of  LDLR mRNA is mediated by the ERK signal-
ling pathway through interactions of  the cis-regulatory 
sequences of  the 3-untranslated region of  the LDLR 
mRNA and mRNA binding proteins that are down-
stream effectors of  this signalling cascade[19]. Moreover, 
they identified the LDLR mRNA untranslated region 
responsible for the rapid mRNA turnover, as the target 
of  BBR action leading to LDLR-mRNA stabilization[20].

An additional mechanism acting on the pro-protein 
convertase subtilisin/kexin type 9 (PCSK9) has only 
been recently clarified. PCSK9 downregulates, post-
trascriptionally, LDLR by shuttling it to the lysosomes 
for degradation, thus increasing the level of  circulat-
ing LDL-cholesterol (LDLc). BBR decreases PCSK9 
mRNA and protein levels in a type and dose dependent 
manner, likely due to a decreased transcription of  the 
PCSK9 gene[21]. Thus, BBR could have dual actions on 
LDLR metabolism by prolonging its mRNA half-life as 
well as directly increasing protein abundance through 
the blockage of  PCSK9-mediated degradation. Differ-
ently from BBR, statins induce PCSK9 transcription[22], 
which makes BBR an attractive candidate for enhancing 
statin efficacy. The mechanisms underlying the tran-
scriptional suppression of  PCSK9 by BBR have been 
recently clarified in an in vitro study on HepG2 cells. Li 
et al[23] identified a highly conserved hepatocyte nuclear 
factor 1 (HNF1) binding site as a critical sequence motif  
for PCSK9 transcription. BBR reduction of  HNF1 and 
nuclear SREBP2 led to a strong suppression of  PCSK9.

This observed synergy would be beneficial with re-
gard to LDLR expression, because SREBP2 is absolutely 
required for LDLR transcription, and a strong inhibition 
of  SREBP2 would eventually shut down LDLR expres-
sion. The fact that BBR treatment increases LDLR pro-
tein levels in HepG2 cells, and in livers of  hyperlipidem-
ic hamsters in vivo, suggests that the balanced effects of  
BBR are in favour of  LDLR expression and stability[12,17].

Since BBR counteracts the inducing effects of  statins 
on PCSK9 transcription, their combination may trans-
late into a synergistic efficacy. In fact the combination of  
BBR with simvastatin (SIMVA) increased LDLR gene 
expression to a level significantly higher than that in 
monotherapies. The rats treated with a combination of  
BBR and SIMVA showed a significantly reduced serum 
LDLc by 46.2%, which was more effective than that of  
the SIMVA (28.3%) or BBR (26.8%) monotherapy. More 
effective reduction of  serum TG was also achieved with 
the combination as compared with either monotherapy. 
In addition, a significant reduction of  liver fat storage 
was found after combination therapy[24]. These observa-
tions translated into clinical results; in fact, the evalua-
tion of  the therapeutic efficacy of  the combination in 
63 hypercholesterolemic patients showed an improved 
lipid-lowering effect, with 31.8% reduction of  serum 
LDLc compared with 23.8% with BBR and 14.3% with 
SIMVA monotherapies. Similar effects were observed in 
the reduction of  total cholesterol as well as TG[24]. What 
is really intriguing in all these mechanisms is the activa-
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tion of  AMPK, which has been proposed to play a key 
role in the regulation not only of  glucidic metabolism, as 
above clarified, but also of  lipid one[12]. As observed for 
LDLR up-regulation, BBR effects on lipid synthesis are 
mediated by the ERK pathway. AMPK phosphorylates 
and inactivates ACC, a key enzyme involved in fatty acid 
synthesis, leading to an increase in fatty acid oxidation, 
decrease in fatty acid synthesis and TG synthesis inhi-
bition. This finding could be more interesting because 
AMPK activation has been proposed as a valuable ap-
proach to target lipid disorders[25] and because antidi-
abetic drugs, such as rosiglitazone and metformin, have 
been described to act, at least partially, through AMPK 
activation[26]. 

A more recent study about combination strategy 
investigated the efficacy in lipid lowering of  BBR com-
bined with other nutraceutical compounds. In vivo study 
in hamsters showed that combination with plant sterol 
improves cholesterol lowering efficacy through a syn-
ergistic action on cholesterol absorption in addition to 
synergistically reducing plasma TG[27]. Some clinical trials 
confirmed the effectiveness of  a combination strategy. 
Cicero et al[28] demonstrated not only the efficacy of  
BBR alone but also its enhanced potency when com-
bined with other recognized hypolipidemic nutraceutical 
agents, namely policosanols and red yeast rice (RYR). 
The efficacy of  the same nutraceutical combination in 
dislipidemic patients has been confirmed recently by 
Affuso et al[29] with a double blind placebo controlled 
clinical trial, in which a significant reduction of  total 
LDLc and TG was shown in a group of  patients with 
hypercholesterolemia. The intriguing mechanisms in-
volved in glucidic and lipidic metabolism support BBR 
efficacy in treating metabolic disorders. The sharing of  
metabolic pathways and the increasing prevalence of  
metabolic syndrome have focused interest on this mole-
cule. The safety profile demonstrated in the clinical stud-
ies and the favourable results in combination therapy 
support its use not only in mild hyperlipidemia but also 
in patients that do not tolerate statins or do not achieve 
therapeutic goals[30] with single therapy. 

EFFECTS ON ENDOTHELIUM AND THE 
HEART
Endothelial dysfunction is an important early event in 
the pathogenesis of  atherosclerosis. The mechanisms 
underlying endothelial injury are numerous and linked 
to metabolic alteration. In obesity and insulin resistance, 
the increased secretion of  proinflammatory cytokines 
and decreased secretion of  adiponectine, the increased 
circulating levels of  free fatty acids, and hyperglycaemia 
may alter gene expression and cell signalling in the vas-
cular endothelium, contributing to changes in the release 
of  endothelium derived factors. Dysfunctional endothe-
lium is characterized by activation of  NADPH oxidase, 
uncoupling of  endothelial nitric oxide synthase (eNOS), 
increased expression of  endothelin-1, an imbalance be-

tween the production of  vasodilators and vasoconstric-
tor mediators, and induction of  adhesion molecules[31]. 
The altered endothelial homeostasis, in turn, contributes 
to plaque initiation and progression. It is associated 
with most cardiovascular disease, such as hypertension, 
coronary artery disease, chronic heart failure, peripheral 
artery disease, diabetes and chronic renal failure[32]. En-
dothelial cells exposed to hypercholesterolemia show a 
reduced capacity to release endothelium-derived relax-
ing factors, because of  LDLc promotion of  endothelial 
eNOS downregulation[33]. Lowering cholesterol levels 
appears to improve endothelial function[34]. In diabetes 
and insulin resistance, other mechanisms may trigger 
endothelial dysfunction. Insulin signalling is altered in 
these two conditions, and affects the pathway leading to 
phosphorylation and activation of  eNOS, which is also, 
in this case, dramatically downregulated[35]. eNOS repre-
sents a major weapon of  endothelial cells to fight vascu-
lar disease. It generates nitric oxide (NO), whose role is 
to dilate blood vessels and maintain vascular homeostasis 
by stimulating cGMP[36]. Several studies have suggested a 
central role of  endothelial AMPK in maintaining physi-
ological functions, such as mediation of  eNOS activation 
in response to shear stress[37], modulation of  endothelial 
cell energy supply[38], protection from apoptosis[39] and 
regulation of  inflammation, angiogenesis, and mainte-
nance of  perfusion[40,41]. Impairment of  endothelium 
dependent relaxation (EDR) represents reduced eNOS 
derived NO bioavailability, and is the first step in en-
dothelial injury. It is present also in the absence of  ves-
sel damage. In 2000, Ko et al[42], by in vitro investigation, 
demonstrated that BBR has not only vasorelaxant but 
also antiproliferative effects. According to their results, 
BBR could act both on the endothelium and on the un-
derlying vascular smooth muscle cells to induce relaxa-
tion (Figure 1). NO, is likely involved in the EDR. More 
recently, this mechanism has been clarified in endothelial 
cells isolated from rat. It was confirmed that the vasodi-
latant effect of  BBR was mediated by eNOS leading to 
NO production through activation of  the AMPK cas-
cade. Moreover, BBR counteracts several adverse effects 
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Figure 1  Counteracting effects of Berberine (BBR) on endothelial dys-
function. eNOS: Endothelial nitric oxide synthase; AMPK: Adenosine mono-
phosphate kinase.
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of  hyperglycemia on the endothelium, including the 
inhibition of  high glucose-induced reactive species intra-
cellular accumulation and cellular apoptosis and inflam-
mation, which characterize vascular injury[31,43]. Another 
recognized effect of  BBR is the significant decrease in 
the number of  adherent monocytes on endothelial cells, 
which is a key event in the early stages of  atherosclero-
sis. Furthermore, BBR suppresses the activation of  the 
nuclear factor-κB (NF-κB), the expression of  adhesion 
molecules (VCAM-1 and ICAM-1) induced by hypergly-
cemia and the high glucose-induced elevation of  several 
pro-inflammatory cytokines and chemokines, including 
tumor necrosis factor-α, IL1-β, IL8 and MCP1, which 
are other targets of  NF-κB involved in the development 
of  atherosclerotic plaques[43] (Figure 1). 

Others mechanisms as the basis of  BBR effects on 
the endothelium have been clarified by Xu et al[44]. Re-
cently they demonstrated, in healthy subjects, that BBR 
induces an up regulation of  endothelial progenitor cells 
(EPC-CFUs) through NO production. The number of  
EPC-CFUs was increased after BBR treatment and the 
functions, particularly proliferation, adhesion and migra-
tion, were enhanced. In addition, the same research group 
observed that the circulating endothelial microparticles 
(EMPs), usually associated with endothelial dysfunction, 
declined after BBR therapy (Figure 2)[45]. This observation 
was associated with an improvement of  flow mediated va-
soldilation (FMD) in healthy subjects, underlying a strong 
relationship with EMPs decline. Moreover the EMPs led 
to diminished eNOS protein expression in vitro, a detri-
mental effect inhibited by BBR[45]. The clinical effects of  
BBR treatment on FMD have also been recently demon-
strated in a clinical, double blind placebo controlled study, 
in which BBR was administered combined together with 
policosanols and RYR. This study demonstrated that the 
treatment produced a significant improvement of  FMD 
in a population of  hypercholesterolemic subjects[29].

Besides the effects on endothelial function, several 
animal and clinical studies have demonstrated the thera-
peutic potential of  BBR as supportive in the treatment 
of  hypertension, atherosclerosis and heart disease, in-
cluding left ventricular remodelling[44,46,47]. Specifically, 

BBR seems to have an inhibitory effect on cardiac 
hypertrophy, experimentally induced. Hong et al[48] dem-
onstrated, in Sprague-Dawley rats with a supra-renal ab-
dominal aorta constriction, that 8 wk of  treatment with 
BBR led to cardiac growth inhibition. Both whole heart 
and left ventricular weight were notably decreased, and 
the parameters of  cardiac contractility and relaxation 
improved. Subsequently they investigated the effects of  
BBR on catecholamine levels, in rats with experimental 
cardiac hypertrophy, demonstrating that BBR decreased 
plasma noradrenaline levels and the adrenaline levels 
both in plasma and in left ventricular tissue[49]. These 
findings showed the efficacy of  BBR in modulating the 
sympathetic nervous activity of  rats with experimental 
cardiac hypertrophy, and may support the therapeutic po-
tentials of  BBR in patients with cardiac hypertrophy and 
chronic heart failure. In fact, Zeng et al[46] investigated the 
efficacy and safety of  BBR administration in patients 
with congestive heart failure (CHF) secondary to isch-
emic or idiopathic dilated cardiomyopathy. The addition 
of  BBR to standard therapy showed a significant im-
provement of  left ventricular function, exercise capacity 
and dyspnea-fatigue index in patients treated with BBR 
compared with a control group. These positive effects 
on heart function and symptoms were also associated 
with an important anti-arrhythmic action. During long-
term follow-up, total mortality was significantly lower in 
the BBR treated patients than in the placebo group. This 
was due to an apparent decrease in both sudden cardiac 
death and death due to CHF[46].

The antiarrhythmic effect of  BBR and its metabolites 
(tetra-hydro-berberin and 8-oxo-berberin) is due to the 
modulation of  multiple ion channels both in sarcolemma 
and the sarcoplasmatic reticulum. Complex mechanisms 
as the basis of  the antiarrhythmic activity have been 
demonstrated in vivo in several animal models[50]. These 
observations make BBR a promising antiarrhythmic 
agent with the potential to prevent sudden cardiac death.

CONCLUSION
Although BBR is usually thought of  as a traditional Chi-
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Figure 2  Most metabolic and vascular effects exerted by BBR are mediated by the activation of the AMPK cascade.
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nese medicine, recent discoveries have provided novel 
evidence that it may be considered a promising tool to 
counteract metabolic and cardiovascular (CV) disorders. 
Particularly, its demonstrated effects on the AMPK cas-
cade, involved in CV disorders and metabolic pathways, 
propose BBR as a new therapeutic agent in the treatment 
of  type 2 diabetes and metabolic syndrome (Figure 2). 
In fact, widely used drugs, including statins, metformin 
and rosiglitazone, execute CV protective effects though 
the activation of  AMPK. The demonstrated efficacy in 
dyslipidemia and the promising antiarrhythmic activity 
make BBR a candidate for further study to provide new 
insights for therapeutic purpose.
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Abstract
Hemodynamically significant left main coronary artery 
stenosis (LMCA) is found in around 4% of diagnostic 
coronary angiograms and is known as unprotected 
LMCA stenosis if the left coronary artery and left cir-
cumflex artery has no previous patent grafts. Previous 
randomized studies have demonstrated a significant re-
duction in mortality when revascularization by coronary 
artery bypass graft (CABG) surgery was undertaken 
compared with medical treatment. Therefore, current 
practice guidelines do not recommend percutaneous 
coronary intervention (PCI) for such a lesion because of 
the proven benefit of surgery and high rates of reste-
nosis with the use of bare metal stents. However, with 
the advent of drug-eluting stents (DES), the long term 
outcomes of PCI with DES to treat unprotected LMCA 
stenoses have been acceptable. Therefore, apart from 
the current guidelines, PCI for treatment of unprotected 
LMCA stenosis is often undertaken in individuals who 
are at a very high risk of CABG or refuse to undergo 
a sternotomy. Future randomized studies comparing 
CABG vs  PCI using DES for treatment of unprotected 
LMCA stenosis would be a great advance in clinical 
knowledge for the adoption of appropriate treatment. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Because of  the long-term benefit of  coronary artery 
bypass graft (CABG) surgery with reference to medical 
therapy, CABG has been the standard treatment for un-
protected left main coronary artery (LMCA) stenosis[1-3]. 
However, with the advancement of  techniques and 
equipment, the percutaneous interventional approach for 
implantation of  coronary stents has been shown to be 
feasible for patients with unprotected LMCA stenosis[3]. 
In particular, the recent introduction of  drug-eluting 
stents (DES), together with advances in periprocedural 
and postprocedural adjunctive pharmacotherapies, have 
improved the outcome of  percutaneous coronary inter-
ventions (PCI) for these complex coronary lesions[4-29]. 
Nonetheless, PCI for unprotected LMCA stenosis is 
still indicated for patients at high surgical risk or with 
emergent clinical situations, such as bailout procedure or 
acute myocardial infarction (MI), as an alternative ther-
apy to CABG, because a recent randomized study failed 
to prove superiority or at least non-inferiority of  DES 
placement for unprotected LMCA stenosis compared 
with CABG[21,30,31]. In contrast, there is a concern about 
the long-term safety of  DES. The incidence of  late stent 
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thrombosis has been reported to be higher with DES 
compared with bare-metal stent (BMS) implantation[32-36]. 
Indeed, the United States Food and Drug Administra-
tion has warned that the risk of  stent thrombosis may 
outweigh the benefits of  DES in off-label use, such as 
for unprotected LMCA stenosis[37]. 

Patients with LMCA stenosis have been traditionally 
classified into two subgroups: protected (a previous pat-
ent CABG surgery graft to one or more major branches 
of  the left coronary artery) and unprotected LMCA dis-
eases (without such bypasses). In this review, we evalu-
ated the current outcomes of  PCI with DES in a series 
of  research studies conducted across several countries.

DEFINITION OF SIGNIFICANT LMCA 
STENOSIS
Coronary angiography has been the standard tool to de-
termine the severity of  coronary artery disease. Although 
the traditional cutoff  for significant coronary stenosis 
has been a diameter stenosis of  70% in non-LMCA le-
sions, this cutoff  in LMCA has been a diameter stenosis 
of  50%. However, because the conventional coronary 
angiogram is only a lumenogram providing information 
about lumen diameter but yielding little insight into le-
sion and plaque characteristics themselves, it has several 
limitations due to peculiar anatomic and hemodynamic 
factors. In addition, the LMCA segment is the least re-
producible of  any coronary segment with the largest re-
ported intraobserver and interobserver variabilities[38-40]. 
Therefore, intravascular ultrasound (IVUS) is often used 
to assess the severity of  LMCA stenosis. 

A decision of  significant stenosis at the LMCA ne-
cessitating revascularization should be determined by 
the absolute luminal area, not by the degree of  plaque 
burden or area stenosis. Because of  remodeling, a larger 
plaque burden can exist in the absence of  lumen com-
promise[41]. Abizaid et al[42] reported a 1-year follow-up in 
122 patients with LMCA. The minimal lumen diameter 
by IVUS was the most important predictor of  cardiac 
events with a 1-year event rate of  14% in patients with 
a minimal luminal diameter < 3.0 mm. Fassa et al[43] re-
ported that the long-term outcome of  patients having 
LMCA with a minimal lumen area < 7.5 mm2 without 
revascularization was considerably worse than those who 
were revascularized. Jasti et al[44] compared fractional 
flow reserve (FFR) and IVUS in patients with an angio-
graphically ambiguous LMCA stenosis. However, accu-
rate assessment of  ostial LMCA is not always possible. 
Practically, it is important to keep the IVUS catheter co-
axial with the LMCA and to disengage the guiding cath-
eter from the ostium so that the guiding catheter is not 
mistaken for a calcific lesion with a lumen dimension 
equal to the inner lumen of  the guiding catheter. When 
assessing distal LMCA disease, it is important to begin 
imaging in the most co-axial branch vessel. Nevertheless, 
distribution of  plaque in the distal LMCA is not always 

uniform; and it may be necessary to image from more 
than one branch back into the LMCA. 

FFR may play an adjunctive role in determining sig-
nificant stenosis at the LMCA. FFR is the ratio of  the 
maximal blood flow achievable in a stenotic vessel to the 
normal maximal flow in the same vessel[45]. A FFR value 
of  < 0.75 is considered a reliable indicator of  significant 
stenosis producing inducible ischemia[46]. In patients with 
an angiographically equivocal LMCA stenosis, a strat-
egy of  revascularization vs medical therapy based on an 
FFR cut-point of  0.75 was associated with an excellent 
survival and freedom from events for up to 3 years of  
follow-up[44].

OUTCOMES OF DES
Safety in terms of the risk of death, MI or stent 
thrombosis
Although there are disputes regarding the long-term 
safety of  DES, the possibility of  late or very late throm-
bosis is still the major factor limiting global use of  DES, 
especially for unprotected LMCA stenosis. Table 1 de-
picts the results of  recent studies demonstrating the out-
comes of  DES implantation for unprotected LMCA ste-
nosis. It is clear that none of  the clinical studies showed 
a significant increase in the cumulative rates of  death or 
MI following DES implantation for unprotected LMCA, 
as compared with BMS. In three early pilot studies which 
compared the outcomes of  DES with those of  BMS, the 
incidence of  death, MI or stent thrombosis were com-
parable in the two stent types during the procedure and 
at follow-up[4-6]. Of  interest, in the study by Valgimigli 
et al[6], DES was associated with a significant reduction in 
both the rate of  MI [hazard ratio (HR) = 0.22, P = 0.006] 
and the composite of  death or MI (HR = 0.26, P = 0.004) 
compared with BMS. Considering that restenosis can 
lead to an acute MI in 3.5% to 19.4%, a significant re-
duction in restenosis achieved by DES might contribute 
to the better outcome seen with DES. In fact, a previous 
study suggested that restenosis at the BMS in LMCA 
could present as late mortality[47]. In addition, more fre-
quent repeat revascularizations to treat BMS restenosis, 
in which CABG is the standard of  care for unprotected 
LMCA, may also be related to an increase in complica-
tions compared with DES. A recent meta-analysis sup-
ported the safety of  DES which did not increase the 
risk of  death, MI, or stent thrombosis compared with 
BMS[18]. In this meta-analysis of  1278 patients with un-
protected LMCA stenosis, during a median of  10 mo, 
the mortality rate in DES-based PCI was only 5.5% (3.4% 
to 7.7%) and was not higher than BMS-based PCI. 

Recently, 3 studies assessed the risk of  safety out-
comes following the use of  DES compared with BMS 
over 2 years[25-27]. After rigorous adjustment using pro-
pensity score or the IPTW (inverse-probability-of-treat-
ment weighting) method to avoid selection bias, which 
was an inherent limitation of  the studies, DES was not 
associated with a long-term increase in death or MI. Of  
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interest, Palmerini et al[26] showed a survival benefit of  
DES over 2 years. These studies supported previous pi-
lot studies in that elective PCI with DES for unprotected 
LMCA stenosis seems to be a safe alternative to CABG. 

With regard to the risk of  stent thrombosis, in the 
series of  LMCA DES studies, the incidence of  stent 
thrombosis at 1 year ranged from 0% to 4% and was not 
statistically different from that with BMS[4-6]. Recently, a 
multicenter study confirmed this finding, where the in-
cidence of  definite stent thrombosis at 2 years was only 
0.5% in 731 patients treated with DES[19]. In addition, the 
Drug Eluting stent for left main multicenter study, which 
included 358 patients undergoing LMCA stenting with 
DES, reported that the incidence of  definite, probable, 
and possible stent thrombosis was 0.6%, 1.1% and 4.4%, 
respectively, at 3 years[29]. In recent large multicenter stud-
ies for the ISAR-LEFT-MAIN (Intracoronary Stenting 
and Angiographic Results: Drug-Eluting Stents for Un-
protected Coronary Left Main Lesions) study or MAIN-
COMPARE (Comparison of  Percutaneous Coronary 
Angioplasty Versus Surgical Revascularization) study, the 

incidence of  definite or probable stent thrombosis was 
less than 1%[21,48]. However, because these studies were 
underpowered to completely exclude the possibility of  
an increased risk of  stent thrombosis over this long time 
period, further research needs to be performed. Previ-
ous studies assessing the long-term outcomes of  DES 
for complex lesions showed inhomogeneous outcomes. 
For example, recent large trials evaluating the safety of  
DES for complex lesions showed comparable risks of  
death or MI for the two stent types[49,50]. The recent large 
NHLBI (National Heart, Lung, and Blood Institute) study 
in the United States reported that, the off-label use of  
DES, compared with BMS, for similar indications was 
associated with a comparable 1-year risk of  death and a 
lower 1-year risk of  MI after adjustment[49]. Of  interest, a 
large study of  13 353 patients in Ontario found that the 
3-year mortality rate in a propensity-matched population 
was significantly higher with BMS than with DES[50]. The 
comparable or lower incidence of  death or MI using DES 
compared with BMS may be due, at least in part, to the 
off-setting risks of  restenosis vs stent thrombosis. 
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Table 1  Outcomes of drug-eluting stents for unprotected left main coronary artery stenosis 

Chieffo et al [4] Valgimigli et al [6] Park et al [5] de Lezo et al [28] Price et al [11] Kim et al [20] Meliga et al [29]   Mehilli et al [48]

Stent type SES, PES BMS SES, PES BMS SES BMS SES SES SES, PES SES, PES PES SES

Design Single center 
study

Single center 
study

Single center 
study

Single center 
study

Single center 
study

Single center 
study

Multicenter 
DELFT study

Multicenter 
randomized study

No. of patient 85 64 95 86 102 121 52 50 63 358 302 305
Age (yr) 63 66 64 66   60   58 63 69 67   66   69   69
Ejection 
fraction (%)

 51a 57 41 42   60   62 57 NA 50   49   53   54

Acute 
myocardial 
infarction (%)

NA NA 17  20a        9.8     6.6 NA NA   5        8.4 NA NA

Bifurcation 
involvement 
(%)

 81a 58 65 66    71a   43 42 94 54   74   63   63

Two-stent 
technique (%)

74 NA  40a 15    41a   18 18 89 17   43   51   49

Initial clinical 
outcomes

In-hospital 30 d In-hospital In-hospital In-hospital In-hospital In-hospital 30 d

Death (%)   0   0 11   7     0     0   0   0   0     3     1     2
Myocardial 
infarction (%)

  6   8   4   9     7     8   4   8 10     7     4     4

Stent 
thrombosis (%)

     0.0      0.0      0.0      0.0        0.0     0.0      0.0      4.0      0.0 NA        0.3        0.7

TVR (%)      0.0      2.0      0.0      2.0        0.0     0.0      0.0      6.0      0.0        0.8 0.3 (TLR) 0.7 (TLR)
Any events, % NA NA    15.0    19.0        7.0     8.0      4.0    10.0    10.0      11.0        5.0        4.6
Long-term 
outcomes (%)

Cumulative Cumulative Cumulative Cumulative After 
discharge

Cumulative 3 yr 2 yr

Mean follow-
up (mo)

  6   6 17 12   12   12 12   9 11 NA NA NA

Death (%)   4 14 14 16     0     0   0 10   5     9   10     9
Myocardial 
infarction (%)

NA NA    4a 12     7     8   4   2 11     9     5     5

Stent 
thrombosis (%)

     0.1      0.0 NA NA        0.0     0.0      0.0      0.0     0.2        0.6        0.3        0.7

TVR (%) 19 31    6a 12      2a   17   2 38 19   14 9 (TLR) 11 (TLR)
Any MACE (%) NA NA  24a 45      8a   26 NA 44 29   32   21   21

aP < 0.05 between drug-eluting stent (SES and/or PES) vs BMS. BMS: Bare metal stent; NA: Not available; MACE: Major adverse cardiac events including 
death, myocardial infarction, and TVR; PES: Paclitaxel-eluting stent; SES: Sirolimus-eluting stent; TVR: Target vessel revascularization; DELFT: Drug 
Eluting stent for left main. 
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Prognostic factors
Several attempts have been made to predict the long-
term outcome of  complex LMCA intervention. Predict-
ably, periprocedural and long-term mortality strongly 
depend on the patient’s clinical presentation. In the UL-
TIMA (Unprotected Left Main Trunk Investigation Mul-
ticenter Assessment) multicenter study, which included 
279 patients treated with BMS, 46% of  whom were 
inoperable or high surgical risk, the in-hospital mortality 
was 13.7%, and the 1-year incidence of  all-cause mortal-
ity was 24.2%[51]. On the other hand, in the 32% of  pa-
tients with low surgical risk (age < 65 years and ejection 
fraction > 30%), there were no periprocedural deaths 
and the 1-year mortality was 3.4%. Similarly, in patients 
with DES implantation, high surgical risk represented by 
high EuroSCORE or Parsonnet score, was the indepen-
dent predictor of  death or MI[13,52]. Therefore, it is rec-
ommended that continued attention should be paid to 
this procedure in patients at high surgical risk. More re-
cently, the ‘SYNTAX (Synergy between PCI with Taxus 
and Cardiac Surgery score)’, which was an angiographic 
risk stratification model, has been created to predict 
long-term outcome after coronary revascularization with 
either PCI or CABG[30]. In the recent SYNTAX study 
comparing PCI with paclitaxel-eluting stent vs CABG for 
multivessel or LMCA disease, the long-term mortality 
was significantly associated with the SYNTAX score[30]. 
Therefore, for patients with high clinical risk profiles 
or complex lesion morphologies, who are defined using 
these risk stratification models, the PCI procedures need 
to be performed by experienced interventionalists with 
the aid of  IVUS, mechanical hemodynamic support, and 
optimal adjunctive pharmacotherapies, after judicious 
selection of  patients.

Recurrent revascularization
Compared with BMS, DES reduced the incidence of  
angiographic restenosis and subsequently the need for 
repeat revascularization in unprotected LMCA stenosis. 
In early pilot studies, the 1-year incidence of  repeat re-
vascularization following DES implantation was 2%-19% 
as compared with 12%-31% following BMS implanta-
tion (Table 1)[4-6]. Fortunately, in a long-term study of   
3 years, the incidence of  repeat revascularization re-
mained steady without significant observation of  the “late 
catch-up” phenomenon of  late restenosis noted after 
coronary brachytherapy[21]. Recently, two larger studies 
confirmed the efficacy of  DES[25,27]. The risk of  target 
lesion revascularization over 3 years was reduced by 60% 
with use of  DES[27]. 

The risk of  restenosis was significantly influenced 
by lesion location. DES treatment for ostial and shaft 
LMCA lesions had a very low incidence of  angiographic 
or clinical restenosis[14]. In a study which included 144 
patients with ostial or shaft stenosis in three cardiac 
centers, angiographic restenosis and target vessel revas-
cularization at 1 year occurred in only 1 (1%) and 2 (1%) 
patients, respectively. Although, in those studies, the lack 

of  availability of  DES sizes larger than 3.5 mm imposed 
an overdilation strategy to match the LMCA reference 
diameter, there were no cardiac deaths, MI or stent 
thrombosis in this study.

In contrast, PCI for LMCA bifurcation has been 
more challenging although the prevalence was more than 
60% in previous studies[4-6,10,21]. However, repeat revas-
cularization was exclusively performed in patients with 
PCI for bifurcation stenosis[4-6]. A recent study assessing 
the outcomes of  LMCA DES showed that the risk of  
target vessel revascularization was 6-fold (95% CI: 1.2-29) 
in bifurcation stenosis compared with non-bifurcation 
stenosis (13% vs 3%)[13]. The risk of  bifurcation stenosis 
was highlighted in a recent study by Price et al[11] where 
the target lesion revascularization rate after sirolimus-
eluting stent implantation was 38% (11). In this study, 
94% (47/50) of  patients had lesions at the bifurcation 
and 98% underwent serial angiographic follow-up at 3 
and/or 9 mo. This discouraging result questioned the 
efficacy of  DES and suggested the need for meticulous 
surveillance using angiographic follow-up in PCI for 
LMCA bifurcation stenosis. However, this study was lim-
ited by the exclusive use of  a complex stenting strategy 
(two stents in both branches) in 84% of  patients, which 
may have increased the need for repeat revascularization. 
Although, there is an ongoing debate[53], a recent report 
proposed that the complex stenting technique might be 
associated with the high occurrence of  restenosis com-
pared with the simple stenting technique[8]. A subgroup 
analysis of  a large Italian study supported this hypoth-
esis that a single stenting strategy for bifurcation LMCA 
lesions had a comparable long-term outcome to that for 
non-bifurcation lesions[24]. Taken together, these finding 
suggest that the simple stenting approach (LMCA to left 
anterior descending artery with optional treatment in the 
circumflex artery) is primarily recommended in patients 
with a relatively patent or diminutive circumflex artery. 
Furthermore, future stent platforms specifically designed 
for LMCA bifurcation lesions may provide better scaf-
folding and more uniform drug delivery to the bifurca-
tion LMCA stenosis.

With regard to the differential benefit of  the type 
of  DES used for the prevention of  restenosis, the 
two most widely used DESs, sirolimus- and paclitaxel-
eluting stents, were evaluated in previous studies. In an 
early study, the research trial, which compared these 
two DESs, a comparable incidence of  major adverse 
cardiac events was shown with 25% in the sirolimus- 
(55 patients) and 29% in the paclitaxel-eluting stent (55 
patients)[12]. The recent ISAR-Left-Main study compared 
305 patients receiving sirolimus- and 302 patients receiv-
ing paclitaxel-eluting stents in a prospective randomized 
design[48]. At 1 year, major adverse events occurred in 
13.6% of  the paclitaxel- and 15.8% of  the sirolimus-
eluting stent groups with 16.0% and 19.4% of  resteno-
sis, respectively (P = NS). The use of  a second genera-
tion DES is being evaluated in many studies. 
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COMPARISON WITH CORONARY 
ARTERY BYPASS SURGERY
It is surprising to note that current guidelines for un-
protected LMCA treatment, in which elective PCI for 
patients who are treatable with bypass surgery is a con-
traindication, is based mostly on 20-year-old clinical tri-
als[1-3]. These studies demonstrated a definite benefit of  
survival with CABG in LMCA stenosis compared with 
medical treatment. However, application of  these results 
to current practice seems inappropriate because surgical 
technique as well as medical treatment in these studies 
is outdated by today’s standards and no randomization 
studies between PCI and CABG with enough power 
have been conducted. The lack of  data on the current 
CABG procedure used in unprotected LMCA stenosis 
further precludes a theoretical comparison of  the two 
revascularization strategies. Table 2 lists the patient and 
lesion characteristics favoring PCI or CABG based on 
current expert opinion and evidence.

Recently, several non-randomized studies comparing 
the safety and efficacy of  DES treatment for unprotect-
ed LMCA stenosis, compared with CABG, were pub-
lished (Table 3). Chieffo et al[7] compared retrospectively 
the outcomes of  107 patients undergoing DES place-
ment with 142 patients undergoing CABG. They showed 
that DES was associated with a non-significant mortality 
benefit (odds ratio = 0.331, P = 0.167) and a significant-
ly lower incidence of  composites of  death or MI (0.260, 
P = 0.0005) and death, MI, or cerebrovascular accident 
(odds ratio = 0.385, P = 0.01) at 1-year follow-up. Con-
versely, CABG was correlated with a lower occurrence 

of  target vessel revascularization (3.6% vs 19.6%, P = 
0.0001). These findings were supported by Lee et al[9], 
in 50 patients with DES placement and 123 patients 
with CABG. In this study, although the DES group had 
slightly higher surgical risk, the rate of  mortality or MI 
at 30 d was comparable between the two treatments. At 
1-year follow-up, DES patients had a non-significantly 
better clinical outcome compared with CABG, reflected 
by overall survival (96% vs 85%) and survival freedom 
from death, MI, target vessel revascularization, or ad-
verse cerebrovascular events (83% vs 75%). However, the 
survival freedom from repeat revascularization at 1 year 
remained non-significantly higher for CABG compared 
to the DES (95% vs 87%). The results of  a recent mul-
ticenter study were in agreement with the previous two 
reports with regard to the safety outcomes[10]. The PCI 
group treated with BMS or DES (60%) had a similar 
incidence of  death and/or MI, but a higher incidence 
of  target lesion revascularization compared with the 
CABG group. Similar safety with PCI compared with 
CABG was observed in older patients (age ≥ 75 years) 
by Palmerini et al[15]. Recently, a randomized study com-
paring PCI (n = 52) vs CABG (n = 53) was undertaken 
in 105 patients with unprotected LMCA stenosis[17]. PCI 
was performed using either BMS (65%) or DES (35%). 
The primary end point was the change in left ventricular 
ejection fraction 12 mo after the intervention. A signifi-
cant increase in ejection fraction was noted only in the 
PCI group (3.3% ± 6.7% after PCI vs 0.5% ± 0.8% after 
CABG, P = 0.047). In contrast, at 1-year after the pro-
cedure, repeat revascularization was significantly lower 
in the CABG group (n = 5) than in the PCI group ((n = 
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Table 2  Features favoring PCI or CABG

Indications in favor of PCI Indications in favor of CABG

Absolute Suitable coronary anatomy for stenting with preserved left 
ventricular function (≥ 40%)

Patient who refuses PCI

Patient who refuses surgery Contraindication to antiplatelet therapy including aspirin, heparin, 
and thienopyridine (ticlopidine or clopidogrel)
History of serious allergic reaction to stainless steel, drugs on drug-
eluting stents, and contrast agent
History of known coagulopathy or bleeding diathesis
Pregnant women 

Relative Lesion restricted to the LMCA ostium or shaft Complex coronary anatomies at LMCA, unsuitable for stenting (e.g. 
severe calcification, severe tortuosity, etc.)

Isolated LMCA lesion Total occlusions at other major epicardial coronary arteries (≥ 2)
Bail-out procedure (e.g. dissection at the LMCA complicated 
during angiography or PCI)

Multivessel stenosis except LMCA

Acute myocardial infarction at the LMCA, in which emergent 
revascularization is necessary

Decreased left ventricular dysfunction (< 40%)

Cardiogenic shock due to LMCA stenosis, in which emergent 
revascularization is necessary

Extensive peripheral vascular disease, in which placement of guiding 
catheter or intra-aortic balloon pump is not likely to be performed

Age ≥ 80 yr In-stent restenosis at the LMCA, in which repeat PCI is not likely to 
be performed

Serious co-morbid disease (e.g. chronic lung disease, poor 
general performance, etc.)
Limited life expectancy of less than 1 yr
Prior CABG
Coronary anatomy, unsuitable for CABG (e.g. poor distal run-off)

CABG: Coronary artery bypass graft surgery; LMCA: Left main coronary artery; PCI: Percutaneous coronary intervention.
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15), although the incidence of  death or MI was compa-
rable between the two groups. However, this study was 
underpowered to assess the long-term clinical effective-
ness of  PCI compared with CABG.

Stronger evidence for the feasibility of  PCI as an 
alternative to CABG comes from a recent large trial, 
the MAIN-COMPARE study[21]. In this study, data were 
analyzed from 2240 patients with unprotected LMCA 
disease treated at 12 medical centers in Korea. Of  these, 
318 were treated with BMS, 784 were treated with DES, 
and 1138 underwent CABG. To avoid bias due to the 
non-randomized study design, a novel adjustment was 
performed using propensity-score matching in the over-
all population at separate periods. In the first and second 
waves, BMS and DES were exclusively used, respectively. 
The outcome of  stenting in the overall population and 
each wave were compared with those of  concurrent 
CABG. During 3 years of  follow-up, patients treated 
with stenting were nearly 4 times as likely to need a 
repeat revascularization compared to those who under-
went CABG (HR = 4.76, 95% CI: 2.80-8.11). However, 
the rates of  death (HR = 1.18, 95% CI: 0.77-1.80) and 
the combined rates of  death, MI and stroke (HR = 1.10, 
95% CI: 0.75-1.62) were not significantly higher with 
stenting compared with CABG. A similar pattern was 
also observed in patients treated with DES or BMS. An-
other interesting finding in this study was that the ma-
jority of  repeat revascularizations in PCI patients were 
treated with repeat PCI instead of  CABG. Given the 
fact that the recommendation for CABG for unprotect-
ed LMCA disease was based mostly on survival benefit 
compared with medical treatment, the lack of  a statisti-
cally significant difference in mortality may support PCI 

as an alternative option to bypass surgery. In addition, 
the current recommendation of  routine angiographic 
surveillance at 6-9 mo after PCI for unprotected LMCA 
stenosis might increase the unnecessary need for repeat 
revascularization due to ‘oculo-stenotic’ reflex. 

The ultimate proof  of  the relative values of  PCI vs 
CABG for unprotected LMCA stenosis clearly depends 
on the results of  randomized clinical trials comparing 
the two treatment strategies. The trials involve a number 
of  technical considerations that could significantly alter 
angioplasty outcomes. The SYNTAX trial compared 
the outcomes of  PCI with paclitaxel-eluting stents vs 
CABG for unprotected LMCA stenosis in a subgroup 
from the randomized study cohort[30]. As shown in the 
subset of  patients with LMCA disease comprising 348 
patients receiving CABG and 357 receiving PCI, PCI 
(15.8%) demonstrated equivalent 1-year clinical out-
comes of  major adverse cardiac and cerebrovascular 
events including death, MI, stroke and repeat revas-
cularization compared with CABG (13.7%, P = 0.44). 
When the patients were stratified according to the vas-
cular involvement, the event rate in the PCI group was 
numerically higher for patients with 2-vessel (19.8% 
vs 14.4%, P = 0.29) and 3-vessel (19.3% vs 15.4%, P = 
0.42) disease. However, the incidence of  these events 
were numerically lower in the PCI group for patients 
with isolated LMCA (7.1% vs 8.5%, P = 1.0) or 1-ves-
sel disease (7.5% vs 13.2%, P = 0.27). Of  interest, the 
higher rate of  repeat revascularization with PCI (11.8% 
vs 6.5%, P = 0.02) was offset by a higher incidence of  
stroke with CABG (2.7% vs 0.3%, P = 0.01). However, 
it should be noted that the analysis for LMCA disease 
was not the primary objective analysis but the post-
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Table 3  Comparison of drug-eluting stents to coronary artery bypass surgery for unprotected left main coronary artery stenosis

Chieffo et al [7] Lee et al [9] Palmerini et al [15] Buszman et al [17] Seung et al [21]

Study design Registry  Registry Registry Randomized study Registry
Treatment type PCI with 

SES, PES
CABG PCI with 

SES
CABG PCI with 

SES
CABG PCI with 

BMS, DES
CABG PCI with 

BMS, DES
CABG

No. of patient 107 142 50 123 157 154 52 53 1102 1138
Age (yr)   64   68 72   70    73a   69 61 61     62     64
Ejection fraction (%)   52   52 51   52   52   55 54 54     62     60
EuroSCORE or Parsonnet 
score (Lee)

       4.4        4.3     18.0a      13.0         6.0a        5.0      3.3      3.5 NA NA

Initial clinical outcomes In-hospital 30 d 30 d 30 d NA
Death (%)        0.0        2.0      2.0        5.0        3.2        4.5      0.0      0.0 NA NA
Myocardial infarction (%)        9.0      26.0      0.0        2.0        4.5        1.9      1.9      3.8 NA NA
TVR (%)        0.0        2.0      0.0        1.0        0.6        0.6      1.9      0.0 NA NA
Any MACE (%) NA NA      0.0        8.0 NA NA NA NA NA NA
Cerebrovascular accident        0.0        1.4       2.0a      17.0 NA NA      0.0      2.0 NA NA
Long-term clinical 
outcomes

Cumulative after 
discharge

Kaplan-Meier Cumulative At 1 yr Kaplan-Meier at 3 yr for 
propensity-matched cohort

Mean follow-up (mo)      12.0      12.0      6.0        6.0      14.0      14.0 NA NA        33.9        38.4
Death (%)       2.8        6.4      4.0      13.0      13.4      12.3      1.9      7.5          7.9          7.8
Myocardial infarction (%)       0.9        1.4 NA NA        8.3        4.5      1.9      5.7 NA NA
TVR (%)      19.6a        3.6      7.0        1.0       25.5a        2.6     28.8a      9.4        12.6          2.6
Cerebrovascular accident 
(%)

      0.9        0.7 NA NA NA NA      0.0      3.8 NA NA

Any events (%) NA NA    11.0      17.0 NA NA NA NA NA NA

aP < 0.05 between PCI vs CABG.
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hoc analysis, which is hypothesis-generating. Therefore, 
further randomized studies are warranted to provide a 
definite answer to this question for a specific cohort of  
patients having unprotected LMCA stenosis. Another 
randomized study, the PRECOMBAT (Premier of  Ran-
domized Comparison of  Bypass Surgery vs AngioplasTy 
using Sirolimus-Eluting Stent in Patients with Left Main 
Coronary Artery Disease) trial, performed in Korea 
randomized 600 patients with unprotected LMCA to 
either CABG or PCI with sirolimus-eluting stents. This 
study has a non-inferiority design with the primary end 
point of  major adverse cardiac and cerebrovascular 
events at a mean of  2 years. A more global randomized 
trial, the EXCEL (Evaluation of  XIENCE PRIME™ 
vs Coronary Artery Bypass Surgery for Effectiveness of  
Left Main Revascularization), is also being carried out 
to compare PCI and CABG for approximately 2500 pa-
tients with unprotected LMCA stenosis.

TECHNICAL ISSUES
Stenting techniques
Stenting for ostial or body LMCA lesions seems very 
simple as the other stenting technique for non-LMCA 
coronary lesions. For instance, a brief  stent expansion is 
required to obtain optimal stent expansion and to avoid 
ischemic complications. In ostial LMCA lesions, the 
coronary stent is generally positioned outside the LMCA 
for complete lesion coverage of  the ostium. Stenting 
for bifurcation LMCA lesions, however, are technically 
demanding and should be performed by experienced 
operators. In general, the selection of  an appropriate 
stenting strategy is dependent on the plaque configura-
tion surrounding the LMCA. However, in spite of  re-
cent randomized studies comparing single-stent vs two-
stent treatment for bifurcation coronary lesions[54,55], the 
optimal stenting strategy for LMCA bifurcation lesions 
has not yet been determined. The current consensus is 
that the two-stent strategy does not have long-term ad-
vantages in terms of  the incidence of  any major cardiac 
events compared with the single-stent strategy. There-
fore, systemic treatment with the two-stent strategy for 
all LMCA bifurcation lesions, such as T-stenting, Kissing 
stenting, Crush technique, or Culotte technique is not 
generally recommended. Instead, a provisional stenting 
strategy should be considered as the first-line treatment 
for LMCA bifurcations without significant side branch 
stenosis. 

IVUS 
IVUS is considered a useful invasive diagnostic modality 
in determining anatomical configuration, selecting treat-
ment strategy, and defining optimal stenting outcomes in 
either the BMS or DES era[56]. Although a retrospective 
study showed that the clinical impact of  IVUS-guided 
stenting for LMCA with DES did not show a significant 
clinical long-term benefit compared with the angiogra-
phy-guided procedure[57], the usefulness of  IVUS guided-

stenting may not be hampered by this underpowered 
retrospective study. The information gathered by IVUS 
may be crucial for the optimal stenting procedure in un-
protected LMCA stenosis with excellent intraclass corre-
lation in the measurement of  area and plaque[58]. In fact, 
angiography has a limitation in assessing the true luminal 
size of  the LMCA because this artery is often short and 
lacks a normal segment for comparison. Therefore, the 
severity of  LMCA stenosis is often underestimated by 
misinterpretation of  the normal segment adjacent to 
focal stenosis. In addition to the actual assessment of  
LMCA lesions before a procedure, use of  IVUS is very 
helpful to obtain an adequate expansion of  the DES, 
to prevent stent inapposition, and to achieve full lesion 
coverage with the DES. 

A recent subgroup analysis from the MAIN-COM-
PARE study reported a very interesting finding in that 
IVUS-guidance was associated with improved long-term 
mortality compared with the conventional angiography-
guided procedure[23]. With an adjustment using propen-
sity-score matching for 201 matched pairs, there was a 
strong tendency for a lower risk of  3-year mortality with 
IVUS-guidance compared with angiography-guidance 
(6.3% vs 13.6%, log-rank P = 0.063, HR = 0.54, 95% 
CI: 0.28-1.03). In particular, for 145 pairs of  patients 
receiving DES, the 3-year incidence of  mortality was 
lower with IVUS-guidance compared with angiography-
guidance (4.7% vs 16.0%, log-rank P = 0.048, HR = 
0.39, 95% CI: 0.15-1.02). Of  interest, mortality started 
to diverge 1 year after the procedure. Therefore, in spite 
of  inherent limitations of  the non-randomized study 
design, this study indicated that IVUS-guidance may play 
a role in reducing very late stent thrombosis and sub-
sequent long-term mortality. In fact, IVUS evaluations 
of  stent underexpansion, incomplete lesion coverage, 
small stent area, large residual plaque and inapposition 
have been found to predict stent thrombosis after DES 
placement[59-63]. Therefore, we strongly recommend the 
mandatory use of  IVUS in PCI for unprotected LMCA. 

Debulking atherectomy
In the BMS era, debulking coronary atherectomy before 
stenting had been used widely in an attempt to reduce 
restenosis by removal of  plaque burden. However, fol-
lowing the introduction of  DES, the role of  debulking 
was restricted due to the dramatic benefit of  restenosis 
reduction. One study suggested a viable role for debulk-
ing atherectomy even in the DES era for 99 patients 
with coronary bifurcations[64]. Of  interest, debulking in 
the main branch and side branch for LMCA stenoses 
allowed single-stenting in 60 of  the 63 LMCA bifurca-
tion stenoses. Surprisingly, during the 1-year follow-up, 
no serious adverse events occurred. This study indicated 
that debulking may be preferred in LMCA bifurcations 
in order to aid a provisional single stenting strategy. In 
addition, debulking still plays a limited role in facilitating 
stent delivery. Debulking is used to remove plaque in the 
LMCA which inhibited advancement of  the wire into 
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the left anterior descending artery. Similarly, a rotablator 
has been used prior to stenting when calcification in the 
proximal segment prevents stent delivery or the calci-
fied target lesion is not sufficiently dilated. Therefore, 
although the data is limited, debulking atherectomy or 
rotablator still have a limited role even in DES treatment 
to improve lesion compliance.

Hemodynamic support 
Patients in an unstable hemodynamic condition need 
pharmacological- or device-based hemodynamic support 
during the procedure for LMCA stenosis. Old age, MI, 
cardiogenic shock and decreased left ventricular ejection 
fraction are common clinical conditions requiring elec-
tive or provisional hemodynamic support. Hemodynam-
ic support devices include the intra-aortic balloon pump, 
percutaneous hemodynamic support devices, and left 
ventricular assist devices. The intra-aortic balloon pump 
has been used most frequently. Although there is no 
doubt that the provisional use of  an intra-aortic balloon 
pump in patients with hemodynamic compromise is nec-
essary for a successful procedure, from the literature, the 
planned use of  the balloon pump ranges widely. A study 
recently suggested the role of  intra-aortic balloon pump 
support in 219 elective LMCA interventions[65]. These 
authors used a prophylactic balloon pump for a broad 
range of  patients with distal LMCA bifurcation lesions, 
low ejection fraction of  < 40%, use of  debulking de-
vices, unstable angina, and critical right coronary artery 
disease. In that study, interestingly, although the patients 
receiving elective intra-aortic balloon pump support had 
more complex clinical risk profiles, the rate of  proce-
dural complications was lower than in those not receiv-
ing intra-aortic balloon pump support (1.4% vs 9.3%, P 
= 0.032). Therefore, the elective use of  intra-aortic bal-
loon pump support needs to be considered in patients 
at a high risk with multivessel disease, complex LMCA 
anatomy, low ejection fraction or unstable presentations. 
Hopefully, the new support devices, such as Tandem-
Heart (CardiacAssist, Pittsburgh, Pennsylvania, USA) 
or the Impella Recover LP 2.5 System (Impella Cardio-
Systems, Aachen, Germany) may improve the feasibility 
of  implementation and the complication rate related to 
these devices. 

Antithrombotics
Although the reported incidence of  stent thrombosis in 
DES treatment for LMCA lesions is very low[66], the fear 
of  stent thrombosis remains a major concern and pre-
vents the more generalized use of  DES. Therefore, care-
ful administration of  antiplatelet agents is very important 
to prevent the occurrence of  stent thrombosis. In fact, 
premature discontinuation of  clopidogrel was strongly 
associated with stent thrombosis in several studies[32,67]. 
Therefore, as generally recommended, dual antiplatelet 
therapy including aspirin and clopidogrel (or ticlopidine) 
should be maintained for 1 year. If  the patients are at 
high risk, a high loading dose (600 mg) or lifelong admin-

istration of  clopidogrel needs to be considered. A recent 
study added the benefit of  aggressive use of  clopidogrel 
in the early period after DES implantation[68]. After stop-
ping clopidogrel between 31 and 180 d, the hazard of  
cardiac death or MI was 4.20 (P = 0.009) compared with 
stopping clopidogrel between 181 and 36 d. Further-
more, in some institutions in Asian countries, the adjunc-
tive administration of  cilostazol has been used to reduce 
thrombotic complications[69].

Aggressive use of  antithrombotics should also be 
considered for complex lesion anatomy or unstable 
coronary conditions. For example, as shown in previous 
studies, the use of  glycoprotein Ⅱb/Ⅲ inhibitor may 
play a role in reducing procedure-related thrombotic 
complications including death or MI[70]. However, the 
additive role of  the glycoprotein Ⅱb/Ⅱa inhibitor, cilo-
stazol, low molecular weight heparin, direct thrombin in-
hibitor or other new drugs in DES treatment for LMCA 
lesions needs to be investigated in future research. Until 
evidence is accumulated, we have to consider an ag-
gressive combination of  antithrombotic drugs before, 
during or after the procedure to avoid thrombotic com-
plications in high risk patients. Although the features of  
high risk are not well delineated, off-label use of  DES, 
such as in diabetes mellitus, multiple stenting, long DES, 
chronic renal failure, or presentation with MI, is a good 
index of  a high risk procedure[71].

CONCLUSION
The current studies, although they are limited by the 
non-randomized study design, small sample size, and 
short-term follow-up, have demonstrated the promis-
ing procedural and mid-term safety and effectiveness of  
DES compared with BMS or CABG. With these find-
ings, in our opinion, PCI with DES will progressively 
increase and can be recommended as the reliable alter-
native to bypass surgery for patients with unprotected 
LMCA stenosis, especially as the first line-therapy for 
ostial or shaft stenosis. Although bifurcation stenosis 
remains challenging using the percutaneous approach, 
we are still optimistic as further research into novel pro-
cedural techniques, new dedicated stent platforms, and 
optimal pharmacotherapies may improve patient out-
come. Furthermore, we hope, with the upcoming results 
from randomized clinical trials comparing PCI to CABG 
for unprotected LMCA stenosis, more confidence in the 
long-term safety, durability, and efficacy of  PCI will be 
accrued in the near future.
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Abstract
AIM: To assess neovascularization within human ca-
rotid atherosclerotic soft plaques in patients with isch-
emic stroke.

METHODS: Eighty-one patients with ischemic stroke 
and 95 patients without stroke who had soft athero-
sclerotic plaques in the internal carotid artery were 
studied. The thickest soft plaque in each patient was 
examined using contrast-enhanced ultrasound. Time-
intensity curves were collected from 5 s to 3 min after 
contrast injection. The neovascularization within the 

plaques in the internal carotid artery was evaluated 
using the ACQ software built into the scanner by 2 of 
the experienced investigators who were blinded to the 
clinical history of the patients.

RESULTS: Ischemic stroke was present in 7 of 33 
patients (21%) with grade Ⅰ plaque, in 14 of 51 pa-
tients (28%) with grade Ⅱ plaque, in 26 of 43 patients 
(61%) with grade Ⅲ plaque, and in 34 of 49 patients 
(69%) with grade Ⅳ plaque (P  < 0.001 comparing 
grade Ⅳ plaque with grade I plaque and with grade Ⅱ 
plaque and P  = 0.001 comparing grade Ⅲ plaque with 
grade Ⅰ plaque and with grade Ⅱ plaque). Analysis of 
the time intensity curves revealed that patients with 
ischemic stroke had a significantly higher intensity of 
enhancement (IE) than those without ischemic stroke (P 
< 0.01). The wash-in time (WT) of plaque was signifi-
cantly shorter in stroke patients (P  < 0.05). The sensi-
tivity and specificity for IE in the plaque were 82% and 
80%, respectively, and for WT were 68% and 74%, 
respectively. There was no significant difference in the 
peak intensity or time to peak between the 2 groups.

CONCLUSION: This study shows that the higher the 
grade of plaque enhancement, the higher the risk of 
ischemic stroke. The data suggest that the presence of 
neovascularization is a marker for unstable plaque. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Carotid plaques are frequently found in patients who 
have suffered a stroke[1-3]. Neovascularization can be 
identified within the atherosclerotic plaque on endarter-
ectomy specimens. In neovascularization, new vessels 
sprout from the vasa vasorum[4-6]. The development 
of  neovascularization is considered to be an important 

phase in the development of  plaque[7] and its vulner-
ability to rupture increases the risk of  cerebral emboli[8,9]. 
Few imaging techniques can be used to detect and quan-
tify this neovascularization[10,11]; for example, Doppler 
fails to do so because the neovessels are small with very 
slow flow and lie close to the major flow in the carotid 
artery lumen.

The purpose of  this prospective study was to deter-
mine quantitatively whether there is a difference in the 
neovascular circulation within carotid plaques between 
patients with and without ischemic stroke using contrast-
enhanced ultrasonography (CEUS). 

MATERIALS AND METHODS
Patients
Between September 2006 and May 2008, 86 patients with 
ischemic stroke were recruited in the Neurological Cen-
ter of  the 2nd Affiliated Hospital of  Wenzhou Medical 
College. Ischemic stroke was defined as focal neurologi-
cal symptoms lasting > 24 h with or without persisting 
disabilities together with a computerized tomographic 
scan positive for ischemic lesions, i.e. a discrete (> 10 
mm) subcortical or cortical infarct in the anterior or 
middle cerebral artery territories, in the absence of  a 
cardiac source of  embolism (which was excluded on the 
basis of  medical history and transesophageal echocar-
diography in every patient). For a patient to be included 
in the study, the stroke had to be recent, defined as not 
more than 30 d old. All patients had at least one soft 
plaque in the common carotid artery wall, its bifurcation, 
or the internal carotid artery, on the side relevant to the 
infarct. 

Patients with ischemic infarction in the basilar artery 
territories were excluded as were those with transient 
ischemic attacks, amaurosis fugax and hemorrhagic 
strokes. Patients with bilateral hemispheric symptoms 
and those with known cardiac mural thrombus and 

patent foramen ovale, (as verified on transesophageal 
echocardiography) were also excluded from the analysis 
because of  suspected cardioembolic origin. 

Controls
Ninety-seven controls with soft carotid plaques were 
recruited from 1556 patients referred for thyroid ul-
trasound examination at the same hospital. History of  
stroke or other cardiovascular disease was assessed by 
the investigators. Individuals reporting a positive history 
of  stroke were not eligible, whereas those reporting a 
positive cardiovascular history other than stroke were 
eligible. 

Informed consent was obtained from all patients and 
controls prior to their examination, and the local ethics 
committee approved this study (No. 2006-012).

Ultrasonography
Carotid artery ultrasound was performed with an Acu-
son Sequoia 512 imaging system (Siemens, Mountain 
View, CA, USA) equipped with a 15L8 linear transducer 
(frequency: 8-14 MHz). With the subject supine, the ex-
tracranial carotid arteries were visualized in longitudinal 
and transverse sections. The common carotid arteries, 
carotid bifurcations, and internal carotid arteries were ex-
amined for the presence of  atherosclerotic plaque which 
was defined as an intima-media thickness > 1.2 mm[12].  
Soft plaque was defined as plaque tissue producing 
echogenicity less than that of  the surrounding adven-
titia, in the absence of  any calcium. The thickest soft 
plaque on either side (for the controls) and on the 
relevant side (for the stroke patients) was selected for 
study. In each case, the transverse view at the point of  
maximum plaque thickness was selected, and the cor-
responding cross-sectional outer vessel areas (VA) and 
lumen areas (LA) were manually traced (Figure 1). The 
VA was defined as the area within the adventitial border. 
Plaque area (PA) was calculated as VA-LA, and %PA 
(PPA) was calculated as (PA/VA) × 100 (%), as previ-
ously described by Erbel et al[13]. 
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Figure 1  An example of carotid artery atherosclerosis seen with ultra-
sonography. Percent vessel area stenosis is plaque area (vessel area minus 
luminal area) divided by vessel area × 100.

Vessel area (1)

Lumen area (2)



Contrast-enhanced ultrasound
All subjects were examined with an Acuson Sequoia 512 
imaging system equipped with Cadence™ contrast pulse 
sequencing technology (CPS)[14] by board-registered 
diagnostic radiologists with a similar amount of  experi-
ence in vascular sonography (10-16 years). The thickest 
soft plaque located on the posterior carotid artery wall 
in each patient and control was examined with real-time 
ultrasonography using CPS, which uses phase and am-
plitude modulation to separate the microbubble signals 
from tissue echoes, at 7 MHz with a low mechanical 
index (0.35). The microbubble contrast agent SonoVue® 
(Bracco SpA, Milan, Italy) used in the study was supplied 
as a lyophilized powder. It was reconstituted by add-
ing 5 mL of  saline and gently shaking the vial by hand 
to form a homogeneous microbubble suspension. The 
suspension contains 8 μL/mL of  sulfur hexafluoride 
gas stabilized by a phospholipid shell (microbubble con-
centration 5 mg/mL). The agent was administered in-
travenously as a 2 s bolus of  2.4 mL through a 19-gauge 
cannula in an antecubital vein. The cannula was flushed 
with 10 mL saline. Digital recording of  the dynamic se-
quence was started 5 s after the injection and continued 
for 3 min.

Data analysis
The digital cine clips were reviewed offline within 3 d 
of  each study by 2 off-site reviewers with 5 years of  
experience in CEUS who had not been involved in the 
scanning and were blinded to the clinical data of  the 
stroke patients and controls. The clip loop of  each pa-
tient was automatically divided into 4 segments, and the 
first segment (during the arterial phase) was used. The 
neovascularization within the plaques in the posterior 
carotid artery was evaluated by visual interpretation and 
quantitative analysis using the ACQ software. Plaque 
CEUS enhancement was categorized: grade Ⅰ: non-en-
hancement; grade Ⅱ: the arterial wall vasa vasorum en-
hancement; grade Ⅲ: the arterial wall vasa vasorum and 
plaque shoulder enhancement; and grade Ⅳ: extensive 
and internal plaque enhancement. For each case, a re-
gion-of  interest (ROI) was then drawn freehand around 

the peripheral margin of  the plaque using an electronic 
cursor. Care was taken to exclude the intralumen and 
periplaque tissues. To allow for the effects of  movement 
due to the patient’s breathing, the ROI was adjusted 
manually frame by frame as necessary. A time-intensity 
curve (TIC) for the selected plaque tissue and the 4 per-
fusion parameters for the plaque tissue within the ROI 
was then derived. The mean values for the four plaque 
perfusion parameters for each individual patient were 
then computed by the built-in software (ACQ). These 4 
perfusion parameters included arrival time (AT), time-to-
peak (TTP), basal intensity (BI) and peak intensity (PI)[14] 
(Figure 2). Curves with a goodness of  fit (GOF) > 0.75 
were considered eligible for inclusion. The following 
normalized indices were calculated manually: The inten-
sity of  enhancement (IE) of  the plaque was defined as 
PI minus BI; the wash-in time (WT) was defined as TTP 
minus AT. All measurements were performed 3 times, 
and the mean of  these 3 measurements was calculated 
and compared for analysis. 

Statistical analysis 
Statistical analysis was performed with the Statistical 
Package for Social Sciences software (SPSS, version 9.0; 
SPSS, Chicago, IL, USA). Inter- and intra-observer vari-
ability for the CEUS quantitative analysis was assessed. 
The mean differences, standard deviation (SD), and 
95% limits of  agreement for each of  the parameters of  
EI and WI for each observer and for both observers 
were calculated using the Bland-Altman test[15]. Intra-
observer variability was determined by comparing the 
first and the second measurements of  reviewer 1. Stu-
dent’s t-test was used to determine whether there was 
a significant difference between the stroke patients and 
controls. Categorical variables including gender, smok-
ing status, and diabetes status were compared between 
the 2 groups by χ2 analysis. The percent rate of  stroke 
among different grades of  plaque enhancement was 
also compared by chi-square analysis. A receiver-oper-
ating characteristic (ROC) curve was used to calculate 
the area under the ROC curve (AUC) to determine the 
grade of  plaque enhancement, IE and WT cutoff  value 
with the best sensitivity and specificity. A P value of  
less than 0.05 was considered to indicate a significant 
difference. 

RESULTS
Between September 2006 and May 2008, 128 patients 
with strokes were referred to the Neurological Center 
of  the 2nd Affiliated Hospital of  Wenzhou Medical Col-
lege. Of  these patients, 42 cases were excluded for the 
following reasons: 26 had hemorrhagic strokes, 12 had 
ischemic infarction in the basilar artery territory and 4 
had bilateral hemispheric symptoms and known cardiac 
mural thrombus. Among the remaining 86 patients and 
97 controls, 5 patients with stroke were excluded because 
of  GOF < 0.75 and 2 controls were excluded because 
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Figure 2  ROI (yellow) was drawn freehand around the peripheral margin 
of the plaque. The arrival time (AT), time to peak enhancement (TTP), good-
ness of fit (GOF), baseline intensity (BI) and peak intensity (PI) of plaque were 
calculated automatically by the ACQ software. IE = PI - BI, WT = TTP - AT.
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of  incomplete information on data forms. The risk fac-
tors and clinical features of  the 81 patients with ischemic 
stroke and 95 controls are shown in Table 1.

Interobserver agreement
The intraclass correlation, mean difference, SD, and 95% 
limits of  agreement for inter-observer measurements for 

each parameter are summarized in Table 2, with corre-
sponding scatter and Bland-Altman agreement plots for 
IE and WT in Figures 3 and 4. Similar limits of  agree-
ment were obtained between the measurements from the 
2 observers. The intraclass correlation ranged from 0.66 
to 0.75, indicating good agreement.

Intraobserver agreement
The intraclass correlation, mean difference, SD, and 95% 
limits of  agreement for interobserver measurements for 
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Figure 3  Data for wash-in time (WT) measurements and observer agree-
ment. A: Scatter plot of WT measurements (s) shows data for observer 2 (x-
axis) and observer 1 (y-axis); line of perfect agreement is shown; B: Agreement 
plot for WT measurements made by observers 1 and 2. Plots the difference 
between observers’ measurements and mean measurements. Top and bottom 
lines show the 95% limits of agreement; middle line shows mean difference.
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Figure 4  Data for intensity of enhancement (IE) measurements and ob-
server agreement. A: Scatter plot of blood flow measurements (dB) shows 
data for observer 2 (x-axis) and observer 1 (y-axis); line of perfect agreement 
is shown; B: Agreement plot for IE measurements made by observers 1 and 2. 
Plots the difference between observers' measurements and mean measure-
ments. Top and bottom lines show the 95% limits of agreement; middle line 
shows mean difference.

Table 1  Baseline characteristics of patients with ischemic 
stroke and controls  n (%)

Variables Ischemic 
stroke 

(n  = 81)

Controls 
(n  = 95)

P  value

Age (yr) 62 ± 9   61 ± 12 NS
Men 46 (57) 54 (57) NS
Women 35 (43) 41 (43) NS
Systolic blood pressure (mmHg) 146 ± 24 143 ± 22 NS
Diastolic blood pressure (mmHg)   80 ± 15   78 ± 11 NS
Serum total cholesterol (mmol/L)   6.7 ± 1.3   6.5 ± 1.1 NS
Serum HDL cholesterol (mmol/L)   1.4 ± 0.4   1.3 ± 0.4 NS
Diabetes mellitus 6 (7) 7 (7) NS
Smokers 26 (32) 30 (32) NS
Percent carotid plaque area 74 ± 4 74 ± 6 NS

HDL: High-density lipoprotein; NS: Not significant.

Perfusion 
measurement

Intraclass 
correlation

Mean 
difference

SD Bland-Altman 95% 
limits of agreement

WT (s)
   Interobserver 0.75 -0.082 0.61 -1.27 to 1.11
   Intraobserver 0.78  0.110 0.62 -1.11 to 1.34
IE (dB)
   Interobserver 0.66 -0.073 0.53 -1.12 to 0.97
   Intraobserver 0.81 -0.100 0.41 -0.91 to 0.70

WT: Wash-in time; IE: Intensity of enhancement; SD: 1 standard deviation.

Table 2  Inter- and intraobserver agreement for WT and IE
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each parameter are summarized in Table 2, with cor-
responding scatter and Bland-Altman agreement plots 
for IE and WT in Figures 5 and 6. Similar limits of  
agreement were obtained between the measurements 
from the 2 reviewers. The intraclass correlation ranged 
from 0.78 to 0.81, again indicating excellent agreement. 
Intraobserver agreement was better than interobserver 
agreement for the WT and IE measurements investi-
gated.

Plaque enhancement was grade Ⅰ in 7 of  81 pa-
tients (9%) with stroke and in 26 of  95 controls (27%)  

(Figure 7A), grade Ⅱ in 14 of  81 patients (17%) with 
stroke and in 37 of  95 controls (39%) (Figure 7B), grade 
Ⅲ in 26 of  81 patients (32%) and in 17 of  95 controls 
(18%) (Figure 7C), and grade Ⅳ in 34 of  81 patients (42%) 
with stroke and in 15 of  95 controls (16%) (Figure 7D).  
The rate of  stroke in patients with grade Ⅰ plaque was 
21%, in patients with grade Ⅱ plaque was 28%, in pa-
tients with grade Ⅲ plaque was 61%, and in patients 
with grade Ⅳ plaque was 69%. The rate of  stroke in pa-
tients with grade Ⅳ plaque was significantly higher than 
that in patients with grade Ⅰ or grade Ⅱ plaque (P < 
0.001) (Table 3). The rate of  stroke in patients with grade 
Ⅲ plaque was significantly higher than that in patients 
with grade Ⅰ or grade Ⅱ plaque (P = 0.001) (Table 3).

The sensitivity and specificity for grade of  plaque en-
hancement (AUC = 0.721, cutoff  value > grade Ⅱ) were 
74% and 66%, respectively (Figure 8A). Patients who had 
ischemic stroke had a significantly higher IE than those 
without ischemic stroke (P < 0.01). The WT was signifi-
cantly shorter in ischemic stroke patients (P < 0.05). No 
other finding was significantly different between the 2 
groups (Table 4). The sensitivity and specificity for IE in 
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Figure 5  Data for WT measurements and intra-observer agreement. A: 
Scatterplot of WT measurements (s) shows data for second time (x-axis) and 
first time (y-axis) measurement of observer 1; line of perfect agreement is 
shown; B: Agreement plot for WT measurements made by observer 1. Plots the 
difference between 2 measurements and mean measurements. Top and bottom 
lines show the 95% limits of agreement; middle line shows mean difference.
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Figure 6  Data for IE measurements and intraobserver agreement. A: Scat-
terplot of blood flow measurements (dB) shows data for second time (x-axis) 
and first time (y-axis) measurement of observer 1; line of perfect agreement is 
shown; B: Agreement plot for IE measurements made by 2 measurements of 
observer 1. Plots the difference between 2 measurements and mean measure-
ments. Top and bottom lines show the 95% limits of agreement; middle line 
shows mean difference.Table 3  Carotid plaque enhancement in patients with ischemic 

stroke and in controls  n (%)

Grade of 
plaque

Ischemic stroke 
(n  = 81)

Controls 
(n  = 95)

Rate of 
stroke (%)

P  value

Ⅰ 7 (9) 26 (27) 21
Ⅱ 14 (17) 37 (39) 28
Ⅲ 26 (32) 17 (18) 61    0.001a

Ⅳ 34 (42) 15 (16) 69 < 0.001b

aP = 0.001 vs grade Ⅰ and Ⅱ; bP < 0.001 vs grade Ⅰ and Ⅱ. Grade Ⅰ: Non-
enhancement; Grade Ⅱ: Arterial wall vasa vasorum enhancement; Grade 
Ⅲ: Arterial wall vasa vasorum and plaque shoulder enhancement; Grade 
Ⅳ: Extensive and internal plaque enhancement.
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the plaque (AUC = 0.785, optimal cutoff  value: 6.4 dB) 
were 82% and 80%, respectively (Figure 8B), and for WT 
(AUC = 0.690, optimal cutoff  value: 4.15 s) were 68% 
and 74%, respectively (Figure 8C).

DISCUSSION
Recent reports highlight the possibility of  demonstrat-
ing neovascularization within carotid plaque in real time 
using CEUS[16,17]. Interest centers on neovasculariza-

tion as a marker of  plaque progression, instability, and 
rupture[7-9]. This is the first in vivo human study of  neo-
vascularization within carotid plaques aimed specifically 
at determining whether there is a difference in neovas-
culature between patients with and without ischemic 
strokes. 

Using CEUS and calculations based on the ACQ 
analysis software to quantify the TICs of  the CPS signals 
from the microbubbles, our study revealed that the re-
producibility of  IE and WT measurements obtained by 
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Figure 7  Definition of Grade Ⅰ plaque: non-enhancement of the plaque located on the internal carotid artery. A: Grade Ⅰ: non-enhancement of the plaque 
located on the internal carotid artery wall; B: Grade Ⅱ: the arterial wall vasa vasorum enhancement (arrows); C: Grade Ⅲ: the arterial wall vasa vasorum (small ar-
row) and plaque shoulder (large arrows) enhancement; D: Grade Ⅳ: Extensive internal plaque enhancement (arrows).
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Figure 8  Receiver operating characteristic (ROC) curve of the ability of grade of plaque enhancement to predict precursors of stroke. A: The area under 
the ROC curve was 0.721. The optimal threshold for the detection of stroke was more than grade Ⅱ, with 74.1% sensitivity and 66.3% specificity; B: Receiver operat-
ing characteristic (ROC) curve of the ability of IE to predict precursors of stroke. The area under the ROC curve was 0.785. The optimal threshold for the detection of 
stroke was 6.4 dB, with 82.4% sensitivity and 79.7% specificity; C: Receiver operating characteristic (ROC) curve of the ability of WT to predict precursors of stroke. 
The area under the ROC curve was 0.69. The optimal threshold for the detection of stroke was 4.15 s, with 67.6% sensitivity and 73.9% specificity.
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using CEUS is clinically acceptable for the evaluation of  
carotid plaque. The intraclass correlation of  inter- and 
intra-observer ranged from 0.66 to 0.75 and 0.78 to 0.81, 
respectively. 

Our study showed that the rate of  ischemic stroke in 
patients with grade Ⅳ or grade Ⅲ plaques was signifi-
cantly higher than that in patients with grade Ⅰ or grade 
Ⅱ plaques. The sensitivity and specificity for grade of  
plaque enhancement (cutoff  value > grade Ⅱ) were 74% 
and 66%, respectively.

Our study also found that patients with ischemic 
stroke had a significantly greater signal intensity and 
shorter WT than those without ischemic stroke. The IE 
in carotid plaques on the relevant side was significantly 
higher in patients with ischemic stroke than in control 
patients with plaques but without ischemic stroke (P 
< 0.01). The WT was also significantly shorter in the 
ischemic stroke patients (P < 0.05). The sensitivity and 
specificity for IE in the plaque (cutoff  value: 6.4 dB) 
were 82% and 80%, respectively, and for WT (cutoff  
value: 4.15 s) were 68% and 74%, respectively. However, 
we found no significant difference in the PI or TTP be-
tween the 2 groups.

The PI measures the maximum IE, and this depends 
on the BI, which may differ between patients, while 
the change in intensity after enhancement would be ex-
pected to be more robust since it is normalized by the 
baseline value. The temporal features, AT and TTP are 
affected by the factors of  velocity of  bolus injection, 
patients’ height, and cardiovascular status. Therefore, it 
is not surprising that they were not well correlated with 
the risk of  stroke. This is supported by our finding that 
the WT, which is corrected for differences in the above 
factors, was shorter in the ischemic stroke patients, sug-
gesting a more rapid flow in their plaques. 

The study by Mofidi et al[18] supports our findings. 
These investigators reported that the presence of  neo-
vascularization in the plaque on histology correlated 
with occlusive clinical events (myocardial infarction 

and stroke). McCarthy et al[19] found a close correlation 
between the number of  plaque neovessels and clinical 
manifestations in their histological study. Previous stud-
ies have reported that gender, race, older age, diabetes 

mellitus, smoking, and hypertension were predictors of  
cerebral infarction[20-23]. In our study, we compared all 
these risk factors and found no significant difference 
between the groups with and without ischemic stroke.

It is known that the presence of  carotid plaques cor-
relates with an increase in the risk of  stroke and cerebral 
infarction[24,25], and that the degree of  carotid stenosis 
is strongly associated with stroke risk in symptomatic 
patients[26,27]. The parameter of  PPA was not significantly 
different between the 2 groups in our study. Very re-
cently, Coli et al[28] reported that carotid plaque contrast-
agent enhancement with sonographic agents correlates 
with the histological density of  neovessels and is associ-
ated with echo poor plaques (a well-accepted marker 
of  high risk lesions), but is unrelated to the degree of  
stenosis. Low echo intensity by itself  does not correlate 
with the histological density of  vasa vasorum, suggesting 
that contrast-enhanced ultrasound imaging may identify 
a subgroup of  highly vascularized, potentially vulner-
able plaques. Our observation of  a positive relationship 
between contrast-agent enhancement of  plaque and 
ischemic stroke event is in agreement with this report, as 
higher risk lesions are likely to have a higher value of  IE 
and WT.

Another important finding in our study is that IE and 
WT were unrelated to plaque thickness. Hyperplasia of  
vasa vasorum and neovascularization in atherosclerosis 
may be driven by hypoxia[29] caused by arterial wall thick-
ening, which may be greater in more stenotic lesions, 
but this does not appear to be the only mechanism. 
Inflammation and activation of  toll-like receptors prob-
ably represent another important pathway of  promoting 
angiogenesis in atherosclerotic lesions[30,31].

We only studied the thickest soft plaque in each pa-
tient with ischemic stroke and in each control patient, 
and this might not have been the most culprit plaque. 
The manual tracking we used to compensate for cardio-
respiratory movement has an unknown inaccuracy and 
could not compensate for out-of-plane movement. Fur-
ther study is required to evaluate the correlation between 
the significant dynamic contrast features and histology. 
Prospective clinical studies are also needed to evaluate 
the potential impact of  contrast-enhanced ultrasound 
imaging of  plaque neovascularization in determining the 
risk of  cerebrovascular events and in monitoring the ef-
fect of  anti-atherosclerotic therapies.

In conclusion, our study demonstrates that CEUS 
can be used to quantify the circulation within the neo-
vascularization in carotid atherosclerotic plaques. The 
higher the grade of  plaque enhancement, the higher the 
risk of  ischemic stroke. Patients who had an ischemic 
stroke on the relevant side had a significantly greater IE 
and a shorter WT than control patients without stroke, 
suggesting that the presence of  neovascularization is a 
marker for unstable plaque. The relationships between 
these findings and the risk of  cerebral infarction need 
further investigation.

Table 4  Contrast-enhanced findings in patients with ischemic 
stroke and in controls

Variable Ischemic stroke 
(n  = 74)

Controls 
(n  = 69)

P  value

Arrival time (s)   9.6 ± 2.1   9.8 ± 3.4 NS
Time to peak (s) 15.1 ± 3.7 15.6 ± 4.1 NS
WT (s)   5.3 ± 1.4   5.9 ± 1.3 < 0.05
Peak intensity (dB)   8.7 ± 2.7   8.6 ± 3.3 NS
Basal intensity (dB)   2.4 ± 1.0   2.5 ± 1.3 NS
Intensity of 
enhancement (dB)

  6.6 ± 1.4   6.1 ± 1.1 < 0.01

Intensity of enhancement: Peak intensity minus basal intensity.
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COMMENTS
Background
Carotid plaques are frequently found in patients who have suffered a stroke. 
Neovascularization can be identified within the atherosclerotic plaque on 
endarterectomy specimens. The development of neovascularization is an 
important phase in the development of plaque, and its vulnerability to rupture 
increases the risk of cerebral emboli. Few imaging techniques can be used to 
detect and quantify this neovascularization.
Research frontiers
The purpose of the present prospective study was to determine quantitatively 
whether there is a difference in the neovascular circulation within carotid 
plaques between patients with and without ischemic stroke using contrast-
enhanced ultrasonography (CEUS).
Innovations and breakthroughs
Our study demonstrates that CEUS can be used to quantify the circulation 
within the neovascularization in carotid atherosclerotic plaques. The higher the 
grade of plaque enhancement, the higher the risk of ischemic stroke. Patients 
who had an ischemic stroke on the relevant side had a significantly greater 
intensity of enhancement and a shorter wash-in time than control patients 
without stroke, suggesting that the presence of neovascularization is a marker 
for unstable plaque. The relationships between these findings and the risk of 
cerebral infarction need further investigation.
Applications
Prospective clinical studies are needed to evaluate the potential impact of 
CEUS of plaque neovascularization in determining the risk of cerebrovascular 
events and in monitoring the effect of anti-atherosclerotic therapies.
Peer review
This is an interesting article dealing with the clinical importance of the 
assessment of neovascularization within carotid plaques in patients with 
ischemic stroke.
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Abstract
AIM: To evaluate cardiac function and structure in un-
treated human immunodeficiency virus (HIV) patients 
without clinical evidence of cardiovascular disease.

METHODS: Fifty-three naïve untreated HIV-infected 
patients and 56 healthy control subjects underwent 
clinical assessment, electrocardiography (ECG) and 
echocardiography, including tissue doppler imaging. 
Moreover, a set of laboratory parameters was obtained 
from all subjects, including HIV-RNA plasma levels, 
CD4 cell counts and tumor necrosis factor-α levels. 

RESULTS: The two groups showed normal ECG traces 

and no differences regarding systolic morphologic 
parameters. In contrast, a higher prevalence of left 
ventricular diastolic dysfunction (abnormal relaxation 
or pseudonormal filling pattern) was found in the HIV 
patients (36% vs  9% in patients and controls, respec-
tively, P <0.001). 

CONCLUSION: Subclinical cardiac abnormalities ap-
pear in an early stage of the HIV infection, indepen-
dent of antiretroviral therapy. The data suggest that 
HIV per se  plays a role in the genesis of diastolic dys-
function.

© 2010 Baishideng. All rights reserved.
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mortality of  human immunodeficiency virus (HIV) 
patients[1]. However, the spectrum of  cardiovascular 
complications occurring in HIV infection has gradually 
evolved from opportunistic infections, such as pericar-
ditis, myocarditis and endocarditis, to clinical pictures of  
atherosclerosis such as myocardial infarction and cere-
brovascular events[2,3]. Today, more than 10% of  HIV 
patients experience cardiovascular complications that 
might have been prevented and require treatment[4]. 

Cardiovascular complications and metabolic effects 
of  highly active antiretroviral therapy are well known[5-7]. 
In particular, abnormalities of  vascular structure and 
function[8,9] and echocardiographic patterns of  diastolic 
dysfunction[10] have been frequently reported in HIV pa-
tients treated with HAART.

An unresolved issue, however, is whether HIV plays 
a role in the genesis of  the cardiovascular alterations. In 
a previous paper, we observed a reduction of  brachial 
flow mediated dilation (FMD) and an increase of  intima-
media thickness (IMT) in naïve HIV patients[11], due to 
HIV atherogenic effects and/or the associated impair-
ment of  the immunological system.

The aim of  this study was to establish whether HIV 
per se plays a role in the genesis of  cardiac abnormalities 
reported in HIV infected patients. To this end, we as-
sessed left ventricular morphology and performance in 
53 HIV-positive naïve patients without clinical history 
and/or evidence of  cardiovascular disease. Patients were 
consecutively referred to the infectious disease ambula-
tory clinic during the last year. Our study also included 
56 well-matched healthy control subjects. 

MATERIALS AND METHODS
Patients
Fifty-three HIV-positive patients, who had never re-
ceived antiviral treatment, were consecutively recruited 
from the ambulatory clinic of  the Infectious Disease 
Department of  the University of  Naples Federico Ⅱ 
during the last year, and 56 healthy HIV-negative control 
subjects recruited from university personnel, matched 
for age, sex, body mass index, and cigarette smoking 
characteristics, were enrolled in the study. 

Exclusion criteria were: co-infection with hepatitis B 
or hepatitis C virus, recent opportunistic infection, histo-
ry of  major cardiovascular events (myocardial infarction, 
transient ischemic attack or stroke), arterial hypertension, 
use of  lipid-lowering agents, glycemia > 100 mg/dL, 
body mass index > 25 kg/m2 and renal or liver disease. 
These criteria were chosen to exclude patients with a his-
tory of  cardiovascular disease. No patient was taking anti-
hypertensive or antiplatelet drugs. Clinical assessment of  
the subjects included physical examination and 12-lead 
electrocardiography (ECG).

All participants gave their informed written consent 
and the protocol was approved by the University of  
Naples Federico Ⅱ Ethics Committee.

Analytical methods
Total cholesterol, high-density lipoprotein cholesterol, 
triglycerides, glucose, homocysteine, and C-reactive pro-
tein values were determined using standard laboratory 
procedures. HIV-RNA plasma levels (copies/mL) were 
determined by ultrasensitive assay (Roche diagnostics). 
CD4 cell counts were determined by flow cytometry. Tu-
mor necrosis factor (TNF)-α assays were performed by 
a chemiluminescent enzyme immunometric method. 

Echocardiography
Echocardiography was performed in each subject accord-
ing to the recommendations of  the American Society of  
Echocardiography[12]. An ultrasound system equipped 
with a 2.5 MHz multifrequency transducer (Aplio XG 
imaging system, Toshiba, Japan) was used for complete 
M-mode, two-dimensional, doppler and tissue doppler 
imaging (TDI) echocardiographic analyses. Electrocardio-
graphic leads were connected and patients were laid in the 
left lateral position and examined in standard parasternal 
long and short axis and apical views. Data were recorded 
digitally for further blinded offline analysis. Measure-
ments were based on the average of  three cardiac cycles. 
Global intra- and interobserver coefficients of  variation 
were < 7%. A blinded investigator (U.O.) read the echoes 
offline. 

M-mode and two-dimensional measures of  left ven-
tricular (LV) architecture were assessed according to 
standard formulae. The methods are described in detail 
elsewhere[13]. The following systolic parameters were 
measured: LV diameters in end diastole and end systole, 
interventricular septum and LV posterior wall thickness 
in diastole and systole. LV ejection fractions were as-
sessed using Simpson’s biplane rule using conventional 
apical four- and two-chamber views. 

Diastolic function indices were first analyzed by 
pulsed doppler recordings, with the sample volume 
located between the tips of  the mitral leaflets. The fol-
lowing parameters of  diastolic function were measured: 
peak velocity of  early (E wave) and late (A wave) mitral 
outflow and the E/A ratio, mitral deceleration time (Dct), 
and the isovolumic relaxation time (IVRT) defined as 
the time interval between aortic valve closure and mitral 
valve opening. 

Quantitative diastolic data were derived from TDI 
analysis. The sample volume (4 mm3) was placed in the 
left ventricular basal portions of  the septal and lateral 
walls (using the four chambers images) and each param-
eter was calculated as the mean of  both measures. The 
following parameters were derived: early (Em) and late 
(Am) diastolic velocities and the Em/Am ratio. The com-
bined index E/Em ratio, a method of  estimating LV fill-
ing pressures[14], was also calculated. 

Statistical analysis
The data are expressed as mean ± SD. Comparisons of  
echocardiographic and TDI parameters between HIV 
patients and controls were performed by the unpaired 
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Student’s t-test. Pearson’s correlation was used when ap-
propriate. Statistical analysis was performed using the 
SPSS package (SPSS Inc., Chicago, IL).

RESULTS
The two groups (HIV patients and control subjects) 
were similar in terms of  sex, age, and body mass index. 
Blood pressure levels, metabolic parameters and bio-
markers were comparable in the two groups (Table 1). 
Physical examination did not show any alteration and 
electrocardiographic data were in the normal range in all 
subjects. 

The viral load, the duration of  infection, the immu-
nological data and the cytokine TNF-α mean values are 
reported in Table 2. The duration from HIV-infection 
and study enrollment was 29.7 ± 28.0 mo. We did not 
detect patients who remained untreated for more than 
5 years after HIV infection. As shown in Table 2, a sig-
nificant difference was observed between the TNF-α 
values in HIV patients and controls (P < 0.001).

The LV ejection fraction was in the normal range 
both in HIV patients and controls. No differences re-
garding systolic morphologic parameters were found 
between the two groups (Table 3). 

Data of  diastolic function are reported in Table 4. 
HIV patients with an E/A ratio < 1 were considered to 

have an abnormal relaxation pattern. Patients with an 
E/A ratio > 1, and a TDI diastolic parameter Em/Am < 
1, were considered to have a pseudonormal relaxation 
pattern. An abnormal relaxation pattern was detected in 
16 patients (30%) and 4 controls (7%). Using TDI find-
ings in subjects with an E/A ratio > 1, pseudonormal-
ized flow patterns were observed in 3 more patients (6% 
of  HIV patients) and in 1 control subject (2%). Taken 
together, 36% of  the HIV patients showed an altered 
diastolic filling pattern (abnormal relaxation or pseudo-
normal filling) compared with 9% in the control group (P 
< 0.001).

Among all altered diastolic parameters, the E/A ratio 
(r = -0.84, Figure 1A) and the combined index E/Em (r = 
0.83, Figure 1B) were strongly correlated with viral loads. 
We next analyzed the diastolic data in HIV naïve patients 
in relation to the circulating levels of  TNF-α, using a 
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Table 1  Clinical and laboratory parameters of HIV patients 
and control subjects (mean ± SD)

HIV patients 
(n  = 53)

Control subjects 
(n  = 56)

Sex (M/F) 36/17 38/18
Age (yr)   38 ± 7   39 ± 8
Body mass index (kg/m2)   22 ± 3   23 ± 3
Current smoking (%) 38 36
Systolic blood pressure (mmHg) 128 ± 5 120 ± 9
Diastolic blood pressure (mmHg)   78 ± 3   76 ± 7
Total cholesterol (mg/dL)   158 ± 27   160 ± 33
HDL cholesterol (mg/dL)   44 ± 4   45 ± 6
Triglycerides (mg/dL)   127 ± 45   125 ± 40
Glucose (mg/dL)     80 ± 14     82 ± 13
Homocysteine (mg/dL)   11.5 ± 5.1     8.1 ± 4.3
High-sensitivity C reactive protein 
(mg/L) 

    0.68 ± 0.79     0.47 ± 0.35

HIV: Human immunodeficiency virus.

Table 2  Viral and immunological parameters of HIV patients 
and controls (mean ± SD)

HIV patients 
(n  = 53)

Control subjects 
(n  = 56)

HIV-RNA (copies/mL)    9.754 ± 13.172
Duration of HIV infection (mo)  29.7 ± 28.0
CD4+ (cells/mm3)  370 ± 295
TNF-α (pg/mL) 18 ± 9b 8 ± 6

bP < 0.001 vs controls. TNF-α: Tumor necrosis factor α.

Table 3  Systolic function in HIV patients and control subjects 
(mean ± SD)

HIV patients 
(n  = 53)

Control subjects 
(n  = 56)

M-mode measurements 
   LV-ED dimension (mm) 45.6 ± 5.9 46.2 ± 5.1
   LV-ES dimension (mm) 31.1 ± 5.9 30.7 ± 6.5
   LV-IS diastole (mm) 10.30 ± 2.03   9.90 ± 3.30
   LV-IS systole (mm) 13.20 ± 2.85 13.10 ± 3.20
   LV-PW diastole (mm)   9.06 ± 2.30   9.30 ± 2.50
   LV-PW systole (mm) 12.9 ± 2.7 11.8 ± 3.1
B-mode measurements
   EDV  (mL) 107.6 ± 29.9 110.0 ± 33.6
   ESV (mL)   44.2 ± 16.5   42.0 ± 17.1
   LV-EF ( biplane Simpson's) (%) 63.3 ± 7.1 65.1 ± 8.2
   SV (mL)   26.0 ± 20.8   24.6 ± 18.9
   LV-ET (ms) 308.0 ± 40.8 306.0 ± 41.2

LV-ED: Left ventricular end diastole; LV-ES: Left ventricular end systole; 
LV-IS: Left ventricular interventricular septum; LV-PW: Left ventricular 
posterior wall; EDV: End-diastolic volume; ESV: End-systolic volume; 
LV-EF: Left ventricular ejection fraction; SV: Stroke volume; LV-ET: Left 
ventricular ejection time.

Table 4  Diastolic function in HIV patients and control subjects 
(mean ± SD)

HIV patients 
(n  = 53)

Control 
subjects 

(n  = 56)

P

Transmitralic Doppler 
   Peak E wave velocity (cm/s)   62.7 ± 18.3   79.1 ± 16.4 < 0.001
   Peak A wave velocity (cm/s)   57.8 ± 15.7   65.5 ± 21.1 < 0.050
   E/A ratio   1.11 ± 0.26   1.25 ± 0.20 < 0.001
   Dct (ms) 190.7 ± 24.8 178.1 ± 26.5 < 0.050
   IVRT (ms)   98.1 ± 14.3   86.9 ± 14.4 < 0.010
Tissue Doppler
   Peak Em wave velocity (cm/s) 12.7 ± 8.2 18.9 ± 5.6 < 0.001
   Peak Am wave velocity (cm/s) 10.0 ± 6.9 14.3 ± 4.9 < 0.001
   Em/Am ratio   1.18 ± 0.36   1.36 ± 0.24 < 0.010
Combined index
   E/Em ratio   6.6 ± 3.5   4.5 ± 1.9 < 0.001

Dct: E wave deceleration time (ms); IVRT: Isovolumetric relaxation time (ms).
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cut-off  value corresponding to the upper limits of  the 
physiologic range of  the cytokine in our healthy popula-
tion (16 pg/mL). The HIV patients with TNF-α levels 
> 16 pg/mL showed lower E/A (P < 0.001, Figure 2A) 
and higher E/Em (P < 0.001, Figure 2B) indexes.

DISCUSSION
In a previous paper, we observed early vascular abnor-
malities in naïve untreated HIV-infected patients[11].

The aim of  this study was to characterize the dia-
stolic function in naïve untreated HIV-infected patients, 
consecutively referred during the last year to the Ambu-
latory Clinic of  Infectious Disease.

The appearance of  abnormalities in diastolic func-
tion certainly plays an important role in the increase of  
the cardiovascular risk in HIV treated patients. Schuster 
et al[15] observed a high prevalence (64%) of  diastolic 
dysfunction in a cohort of  HIV-positive patients receiv-
ing HAART for > 2 years with no clinical evidence of  
cardiovascular disease. However, it has proven difficult 
to distinguish the relative importance of  the main po-
tential players; i.e. HIV infection itself, HAART, and the 
metabolic abnormalities that often cluster with HIV in-
fection. 

In this paper, we present the first evidence of  dia-
stolic dysfunction in HIV-infected patients who have 
never received antiretroviral treatment. Because of  our 

exclusion criteria, the metabolic parameters of  the HIV 
patients were within normal ranges and were very similar 
to the control values. Thus, our results suggest that HIV 
per se can trigger mechanisms that lead to diastolic dys-
function at an early stage of  the infection.

HIV may impair diastolic function by inducing ab-
normalities of  both cardiomyocytes and myofibrils with a 
consequent increase of  cardiac stiffness. Indeed, Pozzan 
et al[16] showed cardiac alterations in 83% of  untreated 
AIDS patients’ necropsies. In particular, these authors 
detected cardiomyocyte apoptosis and ultrastructural 
damage, such as mithocondriosis with increased dense 
bodies, increased lipofuscin pigment granules, and reduc-
tion and disarray of  myocardial myofibrils. 

Moreover, HIV may determine diastolic dysfunction 
through the inflammatory and immunological responses 
caused by the infection and related to the viral load.

In our study, in fact, we observed a clear correlation 
between both the E/A ratio and E/Em ratio with the 
HIV-RNA copy number, suggesting that the viral load 
plays a role in the genesis of  cardiac alterations. 

Monsuez et al[17] reported cardiac involvement with 
cardiomyocyte apoptosis and an increase of  connective 
trabeculae in the course of  HIV infection primarily due 
to proinflammatory cytokines.

We also detected elevated plasma levels of  TNF-α in 
our HIV infected patients and the levels of  TNF-α were 
directly correlated with plasma HIV-RNA copies. More-
over, the diastolic indexes E/A and E/Em were more 
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Figure 1  Individual E/A and E/Em values in human immunodeficiency virus 
(HIV) patients according to viral load (r = -0.84). A: E/A values (r = -0.84); B: 
E/Em values (r = 0.83).
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Figure 2  Individual E/A and E/Em ratio values in HIV patients subdivided 
into two subgroups according to tumor necrosis factor (TNF)-α levels. A: 
E/A ratio values; B: E/Em ratio values.
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often altered in HIV patients with increased TNF-α val-
ues, and high levels of  TNF-α have been reported in pa-
tients with coronary artery disease who showed diastolic 
dysfunction but preserved systolic function[18]. 

In conclusion, our data support the hypothesis that 
HIV per se can play a role in the genesis of  diastolic dys-
function detected in our patients from an early stage of  
the infection. 

The major limitation of  the study is represented 
by the absence of  structural findings in our “naïve pa-
tients”, such as histological samples of  cardiomyocytes 
infected by HIV. For these reasons, the relation between 
the diastolic dysfunction observed in our patients and 
HIV infection must be considered a strong association, 
but not a clear cause-effect relationship. Further studies 
with possible tissue analysis and findings suggestive of  
HIV infection derived from the cardiac muscle before 
starting HAART protocols are needed to confirm the 
hypothesis that HIV is responsible for the genesis of  the 
impairment of  the cardiac diastolic indexes.

However, cardiovascular risk assessment and regular 
cardiovascular evaluation, including echocardiography, 
should be considered in HIV infected patients from the 
beginning of  the disease. The early detection of  cardio-
vascular involvement might be useful in order to start 
a program of  preventive medicine as soon as possible, 
which should be instituted even if  the clinical relevance 
of  early diastolic dysfunction and the eventual progres-
sion to diastolic heart failure or HIV cardiomyopathy 
have not been completely clarified. This program should 
primarily include the treatment of  coexisting risk factors 
(e.g. diabetes, hypertension and dislipidemia) and lifestyle 
interventions, restricting pharmacologic treatments to 
selected cases with early signs of  diastolic heart failure[19]. 
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Abstract
Situs inversus with dextrocardia is a rare congenital 
anomaly. There are limited published case reports of 
successful percutaneous coronary intervention (PCI) 
in these patients who have atherosclerotic coronary 
artery disease, especially when presenting with acute 
myocardial infarction. PCI is technically difficult be-
cause of mirror image dextrocardia. We hereby de-
scribe a 48-yr-old female, who had acute inferior wall 
myocardial infarction and underwent successful emer-
gency primary coronary angioplasty and stenting of 
a proximally occluded right coronary artery. Technical 
details about PCI are discussed. 
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INTRODUCTION
Situs inversus with dextrocardia is a rare congenital mal-
position of  heart and thoraco-abdominal viscera. Coro-
nary artery disease (CAD) with dextrocardia is presumed 
to be of  similar frequency as in the general population. 
The coronary angiography and percutaneous coronary 
intervention (PCI) in these patients is technically dif-
ficult and requires some modification, such as mirror 
image angiographic angulation, proper catheter selection 
and catheter manipulation for selective cannulation of  
the coronaries. We describe a case of  dextrocardia and 
acute myocardial infarction, with successful emergency 
coronary angioplasty and stenting of  a totally occluded 
proximal right coronary artery (RCA).

CASE REPORT
A 48-yr-old pre-menopausal hypertensive female pre-
sented with acute persistent chest pain of  approximately 
24 h duration in May 2007. She was a known case of  
situs inversus with dextrocardia. Clinical examination 
revealed a right-sided apex beat and no left ventricular 
third heart sound or murmur. Her routine biochemis-
try was normal and lipids showed total cholesterol was 
l84 mg%, HDL was 36 mg%, LDL was 40 mg%, and 
triglycerides were 101 mg%. ECG showed a negative P 
wave in the Ⅰ and aVL limb leads, a positive R wave in 
the aVR limb leads, a prominent S wave in the left side 
chest leads and a prominent R wave in the right sided 
chest leads (Figure 1A and B), which is suggestive of  
situs inversus with dextrocardia. A ST elevation in the 
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inferior limb leads was suggestive of  acute inferior wall 
myocardial infarction. She was prepared for urgent coro-
nary angiography. The left coronary was easily cannulated 
with a Judkins Left 4, 6F catheter. The left main coronary 
artery and its branches were normal (Figure 2). The RCA 
was cannulated with anti-clockwise rotation of  a Judkins 
Right 4, 6F catheter. There was initial difficulty in local-
izing the RCA ostium in the aortic root, but later it was 
selectively cannulated and showed proximal total cutoff  
(Figure 3A). Following written informed consent for PCI, 
the RCA was attempted to be selectively cannulated with 
an extra support guide catheter (ECR 3.5, 6F, Medtronic), 
but this was not successful despite an anti-clockwise rota-
tion and changing the angulation from LAO 60° to mirror 
image RAO 60°. During manipulation, the catheter en-

tered twice in the left ventricle and resulted in an episode 
of  ventricular tachycardia each time, which was success-
fully reverted to normal sinus rhythm by 300 Joules DC 
shock. Later, a Judkins Right 3.5, 6F guide catheter was 
able to cannulate the RCA ostium successfully, though 
with some difficulty and following anti-clockwise rotation. 
The proximal RCA lesion was crossed with an All Track 
Wire (ATW) coronary guide wire (Cordis Co., Miami, 
Florida) and dilated with a 2.5 mm × 20 mm Sprinter bal-
loon (Medtronic, Inc., Minneapolis, Minnesota) thrice, 
which restored the flow in the RCA (Figure 3B). The door 
to balloon time was 90 min. Injection of  an abciximab in-
tra-coronary bolus was followed by intravenous infusion. 
A 4 mm × 15 mm Driver stent (Medtronic) was deployed 
at 15 atmospheres in the proximal RCA, which resulted 
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Figure 1  ECG findings in dextrocardia. A: ECG of standard limb and chest 
leads suggestive of dextrocardia and inferior wall myocardial infarction; B: ECG 
of standard limb leads and right sided chest leads suggestive of dextrocardia.

Figure 2  Left coronary angiogram with a JL4, 6F catheter in a RAO 45°, 
caudal 20° view showing a normal left main artery and its branches. 

C

B

A

Figure 3  Percutaneous coronary intervention (PCI) of right coronary 
artery (RCA) in dextrocardia. A: The diagnostic angiogram with a JR 4, 6F 
catheter in a RAO 40°, cranial 20° view showing total cutoff of the proximal 
RCA; B: The RCA in a RAO 40°, cranial 20° view showing a proximal lesion 
following balloon angioplasty; C: The RCA in a RAO 40°, cranial 20° view 
following stenting showing TIMI-3 flow. 



in TIMI-3 flow (Figure 3C). The total fluoroscopy time 
of  the procedure was 38 min. A 2-D echocardiogram 
on the next day showed situs inversus and dextrocardia, 
mild inferior wall hypokinesia and a left ventricular ejec-
tion fraction of  0.60. She had an uneventful recovery 
and was discharged after 2 d on dual antiplatelets, atorv-
astatin and anti-hypertensive drugs. At 34 mo of  follow-
up, she was asymptomatic in NYHA functional class 1.

DISCUSSION
Situs inversus with dextrocardia is a rare congenital anom-
aly and presents in approximately one per 10 000 individ-
uals[1]. In the absence of  other structural heart disease, 
the life expectancy is usually normal. The association 
of  CAD in these patients is the same as in the general 
population[2], hence, even elderly patients with this rare 
anomaly have been subjected to successful percutane-
ous or surgical intervention of  CAD, as reported in the 
literature[3,4]. The selective cannulation of  the RCA might 
be difficult because of  mirror images, for which the op-
erator is not accustomed and also one has to rotate the 
catheter anticlockwise in the aorta, instead of  the routine 
clockwise rotation for cannulation of  the RCA[5].

In the index case, the RCA cannulation was diffi-
cult both for a diagnostic angiogram and for PCI, even 
though it was tried in a standard LAO 60° and also the 
mirror imaged RAO 60° view, and with anti-clockwise 
rotation of  the catheter. This technical difficulty was sec-
ondary to different spatial positions of  the RCA ostium, 
for which one is not accustomed in routine catheteriza-
tion practice. A double-inversion technique of  Goel[6], 
in which all angiographic pictures are normalized to the 
standard conventional pictures, as seen in a normally 
located heart by doing a combination of  a right-left re-
versal of  the image on the monitor using the “horizontal 
sweep reverse” function during acquisition and a reversed 
RAO/LAO angle selection, can help in better localization 

and delineation of  the coronary anatomy. However, fol-
lowing selective cannulation of  the RCA and guide wire 
crossing, we could perform the successful PCI without 
the use of  the “double reverse technique”. Though PCI 
in dextrocardia patients has already being reported in the 
published literature[3,7-9], the index case is important in 
view of  the technical difficulty in selective cannulation of  
the ostium of  the RCA and successful emergency prima-
ry angioplasty of  a totally occluded RCA. In conclusion, 
we report a rare case of  acute myocardial infarction in a 
case of  situs inversus with dextrocardia, with successful 
emergency primary coronary angioplasty and stenting of  
a totally occluded RCA. 
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Antiqua with ample margins. Number all pages consecutively, 
and start each of  the following sections on a new page: Title 
Page, Abstract, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgements, References, Tables, Figures, 
and Figure Legends. Neither the editors nor the publisher 
are responsible for the opinions expressed by contributors. 
Manuscripts formally accepted for publication become the 
permanent property of  Beijing Baishideng BioMed Scientifc 
Co., Ltd., 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 International 
Committee of  Medical Journal Editors to refuse to publish 
papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now 
available, to our knowledge, is http://www. clinicaltrials.gov 
sponsored by the United States National Library of  Medicine 
and we encourage 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 
during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1949-8462offce. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (ht tp://www.wjgnet .com/1949-8462/
g_info_20100316161927.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem 
to wjc@wjgnet.com, or by telephone: +86-10-59080036. 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 margins. Style should conform to our house format. 
Required information for each of  the manuscript sections is as 
follows:

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 International Committee of  
Medical Journal Editors, based on (1) substantial contributions 

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 version 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 author 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 JF, 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  
supportive 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, affiliation, 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, University of  California, Box 0538, 
San Francisco, CA 94143, United States. montgomery.bissell@
ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, 
e.g., Telephone: +86-10-59080039 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 
WJC, reviewers of  accepted manuscripts will be announced 
by publishing the name, title/position and institution of  the 
reviewer in the footnote accompanying the printed article. For 
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute 
of  Digestive Disease, Shanghai, Affiliated Renji Hospital, 
Medical Faculty, Shanghai Jiaotong University, 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 University, Chengdu, 
Sichuan Province, China.
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Abstract
There are unstructured abstracts (no more than 256 words) 
and structured abstracts (no more than 480). The specific 
requirements for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 
480 words should accompany each manuscript. Abstracts for 
original contributions 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/…; MATERIALS AND METHODS (no 
more than 140 words); RESULTS (no more than 294 words): 
You should present P values where appropriate and must 
provide relevant data to illustrate how they were obtained, e.g. 
6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more 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, rapid commu
nication and case reports, the main text should be structured 
into the following sections: INTRODUCTION, 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, editorial, topic 
highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/1949-8462/g_info_20100312194155.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each figure on a 
separate 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 Illustrator 
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.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
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 legend rather than on the bar 
itself. File names should identify the figure and panel. Avoid 
layering type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A: ...; B: 
...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle to publish 
high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., 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 horizontal 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. 

aP < 0.05, bP < 0.01 should be noted (P > 0.05 should not be 
noted). If  there are other series of  P values, cP < 0.05 and dP 
< 0.01 are used. A third series of  P values can be expressed 
as eP < 0.05 and fP < 0.01. Other notes in tables or under 
illustrations should be expressed as 1F, 2F, 3F; 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 ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine 
contributions to the manuscript and who endorse the data and 
conclusions 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 references in Arabic numerals 
according 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 narration, the coding number 
and square brackets should be typeset normally. For example, 
“Crohn’s disease (CD) is associated with increased intestinal 
permeability[1,2]”. If  references are cited directly in the text, 
they should be put together within the text, for example, “From 
references[19,22-24], 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/SimpleTextQuery/, 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 initial 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 authors and include the PMID where 

applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 
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Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

Chinese journal article (list all authors 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-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. 

Signature of  balancing selection in Arabidopsis. Proc Natl 
Acad Sci USA 2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyp

ertension, insulin, and proinsulin in participants with im
paired glucose tolerance. Hypertension 2002; 40: 679-686 
[PMID: 12411462   PMCID:2516377   DOI:10.1161/01.
HYP.0000035706.28494.09]

Both personal authors and an organization as author 
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. J Urol 2003; 169: 2257-2261 [PMID: 12771764   
DOI:10.1097/01.ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. 

BMJ 2002; 325: 184 [PMID: 12142303   DOI:10.1136/
bmj.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: S93-99 [PMID: 12028325   
DOI:10.1046/j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin 
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900   
DOI:10.1097/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. 

HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(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 authors)
11	 Lam SK. Academic investigator’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 F. An analysis of  Koza's com

putational 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 European 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 dis

eases. Emerg Infect Dis serial online, 1995-01-03, cited 
1996-06-05; 1(1): 24 screens. Available from: URL: http//
www.cdc.gov/ncidod/EID/eid.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assi

gnee. 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 t test as t (in italics), F test as F (in italics), chi square 
test as χ2 (in Greek), related coefficient as r (in italics), degree 
of  freedom as υ (in Greek), sample number as n (in italics), 
and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) 
= 96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 
mmol/L; blood CEA mass concentration, p (CEA) = 8.6 
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2; 
likewise for 40 g/L formaldehyde, not 10% formalin; and 
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641 
should be read 23 243 641.

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 abbreviated 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, CSF, 
IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l 
length, m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies 

百世登
Baishideng IVTM© WJC|www.wjgnet.com

Instructions to authors

April 26, 2010|Volume 2|Issue 4|



Instructions to authors

of  WJC. The revised version including manuscript and high-
resolution image figures (if  any) should be copied on a 
floppy or compact disk. The author should send the revised 
manuscript, along with printed high-resolution color or black 
and white photos, copyright transfer letter, and responses to 
the reviewers by courier (such as EMS/DHL).

Editorial Office 
World Journal of Cardiology
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjc@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080036
Fax: +86-10-85381893

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 language 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.wjgnet.com/1949-8462/g_info_20100312200118.htm.

Responses to reviewers
Please revise your article according to the comments/sug
gestions provided by the reviewers. The format for responses to 

the reviewers’ comments can be found at: http://www.wjgnet.
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 
WJC will be initiating a platform to promote dynamic inter
actions 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 rapidly at EurekAlert/AAAS (http://www.eurekalert.
org). The title for news items should be less than 90 characters; 
the summary should be less than 75 words; 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
Authors of  accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS and 
LETTERS TO THE EDITOR are published free of  charge.
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