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Abstract
Percutaneous coronary intervention (PCI) is the pre-
ferred method to treat ST segment myocardial infarction 
(STEMI). The use of thrombus aspiration (TA) may be 
particularly helpful as part of the PCI process, insofar as 
the presence of thrombus is essentially a universal com-
ponent of the STEMI process. This article reviews evi-
dence favoring the routine use of TA, and the limitations 
of these data. Based on current evidence, we consider 
TA to be an important maneuver during STEMI PCI, even 
in the absence of visible angiographic thrombus, and rec-
ommend it whenever the presence of thrombus is likely. 

© 2011 Baishideng. All rights reserved.

Key words: Aspiration thrombectomy; Myocardial in-
farction; Guidelines; Thrombus
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THROMBUS IN ACUTE MYOCARDIAL 
INFARCTION
A major component of  the acute coronary syndrome, and 
especially ST segment myocardial infarction (STEMI), is 
thrombus. In treating STEMI with percutaneous coronary 
intervention (PCI), preventing distal embolization may be 
important in improving clinical outcomes by preventing 
“clogging” of  the microvasculature and subsequent wors-
ening of  myonecrosis[1]. Previous studies have utilized 
devices to prevent distal embolization, including distal em-
bolic protection devices and mechanical aspiration devic-
es. Neither category of  devices has demonstrated clinical 
efficacy[2,3]. This presentation reviews currently available 
data, utilizing full-length refereed publications, particularly 
randomized studies, (excluding abstracts and conference 
presentations) on manual aspiration thrombectomy, and 
addresses whether evidence is strong enough to recom-
mend its use in all STEMI cases, even those without an-
giographically visible thrombus (Figure 1). 

THE TAPAS STUDY: THE STRONGEST 
EVIDENCE IN FAVOR OF ROUTINE 
USE FOR MANUAL ASPIRATION 
THROMBECTOMY
The Thrombus Aspiration during Percutaneous Coronary 

EDITORIAL
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Intervention in Acute Myocardial Infarction (TAPAS) 
Study randomized 1071 STEMI patients to manual aspira-
tion thrombectomy (n = 535) prior to stenting using the 
Export device (Medtronic, Santa Rosa, CA, USA) or to 
PCI, usually with stenting, but without thrombus aspira-
tion (TA) (n = 536). The primary endpoint was the myo-
cardial blush grade (MBG) after intervention. Secondary 
endpoints included the degree of  ST-segment elevation 
resolution, degree of  persistent ST-segment elevation af-
ter PCI, and presence of  pathological Q waves. Patients 
treated with TA showed a higher MBG (P < 0.001), less 
persistent ST segment elevation (P < 0.001), more resolu-
tion of  the ST segment elevation (P < 0.001), and fewer 
pathological Q waves (P = 0.001). Patients with all of  
these characteristics of  improved perfusion after throm-
bus aspiration showed a trend toward decreased death 
rates at 30 d (P = 0.07), decreased reinfarction (P = 0.11), 
and decreased combined major adverse cardiac events 
(MACE) (P = 0.12). The TAPAS results suggested that 
TA decreased microvascular obstruction and increased 
myocardial reperfusion[4]. At 1-year follow-up, there was a 
decrease in clinical events in the TA group vs the non-TA 

group: all-cause mortality (4.7% vs 7.6%, P = 0.04), car-
diac death (3.6% vs 6.7%, P = 0.02), and rates of  reinfarc-
tion (2.2 vs 4.3%, P = 0.05)[5]. The investigators did not 
measure either residual LV function and or infarct size.

One year mortality in both the control and treatment 
arms of  the TAPAS trial is relatively high compared 
with other contemporary STEMI studies such as HORI-
ZONS-AMI (Table 1). It is uncertain whether the high 
mortality in the control group may have accounted for the 
significant difference in clinical outcomes, i.e. a chance oc-
currence vs a true effect of  TA. 

WHAT OTHER EVIDENCE SUGGESTS 
A CLINICAL BENEFIT OF TA IN ACUTE 
MYOCARDIAL INFARCTION?
Several randomized trials have evaluated the use of  differ-
ent aspiration thrombectomy devices in STEMI (Table 2). 
Primary endpoints were typically related to angiographic 
and electrocardiographic findings. 

The Randomized Evaluation of  the effect of  ME-
chanical reduction of  Distal embolization by thrombus 
aspiration In primary and rescue Angioplasty (REMEDIA) 
trial[6] has shown improvement in the primary endpoints 
of  ST-segment resolution (STR) ≥ 70% and MBG ≥ 2 
(STR: 44.9% vs 36.7%, P = 0.02; MBG: 68.0% vs 58.0%, P 
= 0.034) using the Diver CE device (Invatec, Brescia, Ita-
ly). In a 50-patient myocardial contrast echocardiography 
substudy, TA reduced microvascular obstruction acutely 
and demonstrated a trend to a decrease in 6-mo adverse 
left ventricular remodeling[7].

In a similar study design, De Luca and colleagues[8] have 
shown, in 76 anterior STEMI patients, STR in 81.6% of  
TA vs 55.3% of  non-TA patients (P = 0.02), and MBG 3 
of  36.8% for TA and 13.1% for non-TA patients (P = 0.03). 

Kaltoft et al[9] have randomized 215 STEMI patients 
to PCI with or without TA using a 4.5 Fr Rescue extrac-
tion catheter (Boston Scientific/Scimed, Maple Grove, 
MN, USA). This study did not show improvement in the 
primary endpoint of  scintigraphic myocardial salvage at 

44 February 26, 2011|Volume 3|Issue 2|WJC|www.wjgnet.com

Figure 1  Findings from the use of both a distal embolic protection de-
vice and manual aspiration thrombectomy in a patient with ST segment 
myocardial infarction secondary to saphenous vein graft occlusion with 
visible angiographic thrombi. Please note the huge amount of thrombus re-
moved and the relatively small amount of debris found in the filter.

Table 1  One-year clinical outcomes in selected randomized ST segment myocardial infarction trials from 2000 to 2010 

Study Yr Intervention Control n All-cause death (%) Cardiac mortality (%) MI (%)

 C S  C S C S

NORDISTEMI[16] 2010 All PCI Selective   276   3.0 2.2 NA NA 9.0 3.0
HORIZONS AMI[17] 2009 Bivalurudin Hep/Gp 3602   4.8 3.5 3.8 2.1 NA NA
TAPAS[5] 2008 TA + PCI PCI/no TA 1071   7.6 4.7 6.7 3.6 4.3 2.2
DANAMI-2[18] 2008  PCI Lytic 1424   1.3 1.4 NA NA 0.9 1.3
Transfer with Tirofiban for PCI 2007 Transfer/PCI Lytic   401 NA NA 12.5 7.0 7.5 3.5
Thrombolysis with STEMI[19]

SESAMI[20] 2007 DES BMS   320   4.3 1.8 NA NA 1.8 1.8
TYPHOON[21] 2006 DES BMS   712   2.2 2.3 1.4 2.0 1.4 1.1
PASSION[22] 2006 DES BMS   619 NA NA 6.5 4.5 1.9 1.6
ADMIRAL[23] 2004 Abciximab + PCI PCI   400 12.5 6.0 10.5 5.0 6.0 1.0
STENTIM-2[24] 2000 BMS BA   211   1.9 3.0 NA NA 5.5 4.0

BA: Balloon angioplasty; BMS: Bare metal stent; C: Control group; DES: Drug-eluting stent; Gp: Glycoprotein Ⅱb/Ⅲa inhibitors; Hep: Heparin; MI: 
Myocardial infarction; NA: Not applicable; S: Study (intervention) group; TA: Thrombus aspiration; PCI: Percutaneous coronary intervention.



30 d, based on the difference between myocardium at 
risk and final infarct size[9]. In fact, the final infarct size 
was significantly larger in the TA group (15% vs 8%, P = 
0.004). Although the reason for this latter finding is not 
certain, the device used in this study was relatively bulky 
(4.5 Fr), and possibly provoked embolization during its 
passage. 

In the Dethrombosis to Enhance Acute Reperfusion 
in Myocardial Infarction (DEAR-MI) study, 148 patients 
with STEMI were randomized to primary PCI without 
or with TA using the Pronto extraction device (Vascular 
Solutions, Minneapolis, MN, USA)[10]. There was a signifi-
cant improvement in the primary endpoints of  complete 
STR (68% vs 50%, P < 0.05) and MBG 3 (88% vs 44%, 
P < 0.0001). In addition, there was improvement in no 
reflow (3% vs 15%, P < 0.05), angiographic embolization 
(5% vs 19%, P < 0.05%) and peak creatine kinase MB (P 
< 0.0001). This study was not powered to evaluate long-
term clinical events[10].

The VAcuuM asPIration thrombus REmoval (VAM-
PIRE) Trial randomized 355 patients to a single lumen 
aspiration catheter device (TVAC; Nipro, Osaka, Japan) 
attached to a motorized vacuum system (n = 180) or 
conventional PCI without TA (n = 175). The primary 
endpoint was slow or no-reflow defined as thrombolysis 
in myocardial infarction (TIMI) flow grade < 3 not at-
tributable to occlusive thrombus, dissection or epicardial 
spasm. There was a trend to improvement with TA (12.4% 
vs 19.4%, P = 0.07). MBG grade 3 was higher in TA pa-
tients (46.0% vs 20.5%, P < 0.001). Although there was no 
significant difference in 30-d outcomes, there was a 38% 
decrease incidence in MACE at 8 mo (P < 0.05), with less 
target lesion revascularization (TLR) (P < 0.05) and repeat 
PCI (P < 0.05), but no significant difference in mortality. 
A subgroup analysis of  patients presenting < 6 h from 
symptom onset showed the most benefit with TA. These 
patients showed a decrease incidence in no reflow (P = 
0.01), improved MBG (P = 0.04), improved TIMI flow (P 
= 0.01), decreased TLR (P = 0.03), and decreased MACE 
(P = 0.04)[11].

The age of  the aspirated thrombus in STEMI and its 
relationship to outcome was analyzed in 1315 consecu-
tive patients[12]. Fresh thrombus (< 24 h) was character-
ized mostly by erythrocytes, granulocytes, platelets, and 
fibrin. Older thrombus was defined as showing necrotic 

areas from red and white blood cells, as well as smooth 
muscle growth potentially with neovascularization and 
connective tissue deposition. No material was aspirated in 
326 patients (24.7%). Fresh thrombus was found in 552 
patients (42.0%), whereas older thrombus was found in 
372 patients (28.2%). Patients with older thrombus had 
significantly higher risk of  all-cause mortality at 4 years 
(16.0% vs 7.4%; hazard ratio 1.82, 95% CI: 1.17-2.85, P = 
0.008). These data are consistent with STEMI being the 
culmination of  an iterative thrombus-producing event in 
many patients.

It is well established that timely reperfusion is crucial 
for restoration of  myocardial blood flow during acute 
infarction to preserve left ventricular (LV) function. In a 
retrospective cohort (n = 195) with 109 patients receiving 
TA with stenting and 86 receiving conventional angioplas-
ty without TA, left ventriculography was performed pre- 
and post-procedure, and patients were followed up for 6 
mo to determine the effect of  TA on LV remodeling (de-
fined as an increase in LV end-diastolic volume index by 
> 20%). Adverse LV remodeling was significantly lower at 
6 mo follow-up in the group treated with TA (22%) com-
pared with the conventional group (44%, P = 0.01)[13].

In a recent randomized trial of  175 patients with STE-
MI with PCI, with or without TA, investigators evaluated 
LV function by contrast-enhanced magnetic resonance 
imaging (CE-MRI), 3-5 d after PCI and again at 3 mo[14]. 
The two groups showed no difference in infarct size, 
end-systolic and diastolic volumes, or ejection fraction 
3-5 d after PCI. However, the TA group had significantly 
greater MBG (P = 0.0001), and ST-segment resolution 
(P = 0.0001). CE-MRI showed significantly greater mi-
crovascular obstruction in the conventional PCI group as 
compared with the TA group. At 3 mo, the TA group had 
a significantly smaller infarct size than the conventional 
PCI group. At 9 mo, the TA group had a lower incidence 
of  cardiac death (0% vs 4.6%, P = 0.02)[14].

A Bayesian meta-analysis in STEMI patients random-
ized to PCI with or without aspiration thrombectomy 
(both manual and mechanical methods) identified 21 eli-
gible trials with 4299 patients. Adjunctive thrombectomy 
was shown to improve early markers of  reperfusion, but 
had no effect on reinfarction, 30-d post-MI mortality, or 
stroke[15]. This study was limited in evaluating manual as-
piration because it included mechanical aspiration device 
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Table 2  Randomized studies utilizing manual aspiration devices in ST segment myocardial infarction and primary percutaneous 
coronary intervention1

Study Yr n Device Primary endpoint(s) Outcomes1

EXPIRA[14] 2009   175 Export (Medtronic, Minneapolis, MN, USA) MBG > 2, STR Improvement
VAMPIRE[11] 2008   355 TVAC (Nipro, Osaka, JP) SR or NR Trend to improvement
TAPAS[5] 2008 1071 Export (Medtronic, Minneapolis, MN, USA) MBG Improvement
De Luca et al[8] 2006     76 Diver CE (Invatec, Brescia, IT) MBG > 2, STR Improvement
Kaltoft et al[9] 2006   215 Rescue (BSC, Maple Grove, MN, USA) Myocardial salvage No improvement
DEAR-MI[10] 2006   148 Pronto (Vascular Solutions, Minneapolis, MN, USA) STR, MBG 3 Improvement
REMEDIA[6] 2005     99 Diver CE (Invatec, Brescia, IT) MBG > 2, STR Improvement

1Please see text for study data. MBG: Myocardial blush grade; NR: No reflow; SR: Slow reflow; STR: ST segment resolution.
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studies, which have not been shown to be effective in in-
dividual studies in improving clinical outcomes. 

CONCLUSION
In STEMI, primary PCI is the standard of  care[1]. It is ex-
tremely effective in rapidly recanalizing an occluded vessel. 
However, it may also provoke distal embolization of  soft 
thrombus that may be removed easily by manual aspira-
tion. Routine TA, even in the absence of  a large thrombus 
burden, has been shown to be a quick and simple method 
of  improving, in an MI cohort, early markers of  reperfu-
sion including MBG, TIMI flow, and ST-segment resolu-
tion. There may be design and operational issues that 
favor certain systems over others, but at present, there is a 
paucity of  data to identify the preferred manual aspiration 
device. TA may also improve TLR, MACE and LV re-
modeling[3,5]. Routine TA may also have a mortality benefit 
as shown in the TAPAS study, particularly if  employed 
early[5,12,14]. The American College of  Cardiology/Ameri-
can Heart Association guidelines update has recognized 
these data by making it a Class Ⅱa indication for STE-
MI[1]. Additional data are required to confirm the salutary 
effects of  routine TA on long-term outcomes of  mortal-
ity and MACE in order that it be a Class Ⅰ indication, i.e. 
the standard of  care.
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Abstract
AIM: To evaluate the left ventricular  structure and 
function in isolated metabolic syndrome. 

METHODS: One hundred and fifty six consecutive  
adults with metabolic syndrome were enrolled in the 
study. Fifty nine had isolated metabolic syndrome (group 
A) and 97 had metabolic syndrome with hypertension 
and/or diabetes (group B). There was a control group 
of 34 healthy adults. In addition to classic echocar-
diographic assessment of myocardial structural and 
functional changes, the Tei index was used to evaluate 
global left ventricular performance. 

RESULTS: There were no statistically significant differ-
ences between group A and controls in all parameters of 
left ventricular structural, systolic, and diastolic function 
except global myocardial performance (Tei index). On 
the other hand, significant differences were observed 

between group B and the control group in most of the 
parameters of left ventricular structural and global per-
formance. 

CONCLUSION: The early identification of isolated 
metabolic syndrome in non-diabetic, non-hypertensive 
adults may be an indication that aggressive preventive 
measures should not be postponed until overt obesity, 
hypertension or diabetes mellitus has developed.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Metabolic syndrome is a condition characterized by the 
accumulation of  multiple risk factors (insulin resistance, 
hyperglycemia, dyslipidemia, hypertension, visceral obe-
sity) for cardiovascular disease (CVD) in an individual 
with a background of  obesity and/or lack of  exercise[1]. 
However, it is not known whether isolated metabolic 
syndrome (hyperglycemia or elevated blood pressure but 
not diabetes mellitus or hypertension)[2] is also associated 
with abnormal cardiac structure and function. If  isolated 
metabolic syndrome indicates persons who have already 
developed abnormal left ventricular (LV) structure and 
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function, early recognition of  isolated metabolic syn-
drome would be important.

The new International Diabetes Federation (IDF) defi-
nition of  metabolic syndrome, when compared to the Na-
tional Cholesterol Education Program Adult Treatment 
Panel III (ATPIII) criteria, allows for better applicability 
to different ethnic groups, because of  ethnic-specific cut-
offs for identification of  visceral obesity[3,4].

The Tei index was introduced by Tei et al[5] as a Doppler-
derived index that combines both systolic and diastolic 
function to separate those with normal ventricular func-
tion from those with ventricular dysfunction. This index 
has been found to correlate well with invasive measures of  
systolic and diastolic LV function[6]. Measurement of  the 
Tei index is non-invasive and easily obtained, does not re-
quire the presence of  an experienced echocardiographer, 
and it does not significantly prolong the time required for 
the examination[7].

The goal of  the current study was to examine the echo-
cardiographic parameters of  LV structural and global 
performance using the Tei index in metabolic syndrome 
patients with and without hypertension and/or diabetes 
and in healthy controls. 

MATERIALS AND METHODS
Subjects and methodology
A case-control study was performed. One hundred and 
fifty six consecutive adults with metabolic syndrome were 
enrolled in the study. All were recruited from the outpa-
tient cardiology, diabetes and general medicine clinics of  
Suez Canal University Hospital from November 2007 
to April 2010. Fifty nine patients fulfilling the hypergly-
cemia or elevated blood pressure criteria for metabolic 
syndrome, but not the criteria for diabetes mellitus or hy-
pertension, were considered as having isolated metabolic 
syndrome (group A). Ninety seven patients had metabolic 
syndrome with hypertension and/or diabetes, (group B). 
Thirty four healthy adults with no metabolic syndrome 
and matched for age and gender comprised the control 
group. Metabolic syndrome was diagnosed according to 
the International Diabetes Federation (IDF) definition: 
waist circumference ≥ 94/80 cm (men/women) plus any 
2 of  the following 4 factors: increased triglyceride level ≥ 
150 mg/dL or a specific treatment for this lipid abnor-
mality; reduced high density lipoprotein cholesterol < 40/ 
50 mg/dL (men/women) or a treatment specific for this 
lipid abnormality; raised blood pressure (BP): systolic BP 
≥ 130 or diastolic BP ≥ 85 mm Hg or treatment of  pre-
viously diagnosed hypertension; raised fasting plasma glu-
cose ≥ 100 mg/dL or treatment of  previously diagnosed 
type 2 diabetes[3].

Exclusion criteria were the following: chronic kidney 
disease; a history or findings of  cardiovascular disease 
including heart failure symptoms or systolic dysfunction; 
coronary artery disease; significant valvular heart disease 
(i.e. greater than mild valvular insufficiency, or stenosis) 

and/or hypertrophic cardiomyopathy; pregnancy or lacta-
tion; and/or major systemic illness.

All groups had a full medical history and clinical exami-
nation including BP measurement, anthropometric mea-
sures, systemic examination, biochemical tests including 
lipid profile, fasting plasma glucose (FPG), glycosylated he-
moglobin (Hb) A1c, and echocardiographic studies. Body 
mass index (BMI) was calculated as weight/height2 (kg/m2) 
and was used as an estimate of  overall adiposity. Waist cir-
cumference, a validated estimate of  visceral adiposity, was 
measured to the nearest 0.5 cm[8]. Systemic hypertension 
was defined according to the Joint National Committee 
VII (JNC VII) criteria, as a BP > 140/90 mmHg and/or 
under current antihypertensive therapy[9]. Diabetes was de-
fined according to revised American Diabetes Association 
criteria as (a) fasting serum glucose level ≥ 126 mg%, or 
HbA1c ≥ 6.5 and/or (b) current medical therapy with an 
oral hypoglycemic agent and/or insulin[10]. 

Echocardiographic evaluation
M-Mode and 2D echocardiographic studies were per-
formed with a Hewlett-Packard phased array ultrasono-
scope (Sonos 1800, USA, model: DR 53 15) using a 2.5 
and 3.5 MHz transducer.

Parameters of  LV structure: LV dimensions (systolic 
diameter (SD) and diastolic diameter (DD), LV diameter 
(LVD), interventricular septum (ivs) and posterior wall 
(pw) thicknesses were measured at end diastole (R wave 
of  electrocardiogram) and end systole (maximum pos-
terior motion of  septum) and were indicated by d and s, 
respectively. All were detected in the parasternal long-axis 
view during M-mode tracing according to the recommen-
dation of  the American Society of  Echocardiography[11]. 
LV mass (LVM) was calculated according to the modi-
fied cube formula of  Mayosi et al[12] as follows: LVM = 
1.01[(IVSd + PWd + DD)3 - (DD)3] - 13.6 g.

LVM index (LVMi) was then calculated as follows: 
LVMi=LVM/m2, where m was the height of  the patient 
in meters. Relative wall thickness (RWT) was calculated as 
the ratio (IVSd+PWd)/LVDd. LV geometric pattern was 
considered normal if  LVMI was < 50 g/m2 and RWT 
was < 0.44. Concentric remodeling was diagnosed when 
LVMI was < 50 g/m2 and RWT was > 0.44; concentric 
hypertrophy was defined as LVMI > 50 g/m2 and RWT 
> 0.44; eccentric hypertrophy was diagnosed when LVMI 

was > 50 g/m2 and RWT was < 0.44. 
Parameters of  systolic function: LV end-diastolic and 

end-systolic volumes (EDV and ESV) were calculated ac-
cording to Abraham et al[13]; stroke volume was calculated 
as the difference between EDV and ESV; cardiac output 
(CO) was obtained as the product of  stroke volume and 
heart rate (HR). Ejection fraction (EF) was calculated as 
EF% = 100 × (EDV–ESV)/EDV[14]. 

Parameters of  diastolic function: assessment of  dia-
stolic function was obtained by pulsed-wave Doppler of  
both transmitral and pulmonary venous flow patterns 

recorded in the apical 4-chamber view. Peak flow velocity 
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in early diastole (E wave) and during atrial contraction (A 
wave) and peak E/A ratio were measured. LV isovolumet-
ric relaxation time (IRT) was also measured in ms as the 
interval between the aortic valve closure click and the start 
of  mitral flow[15]. 

The following time intervals were measured for Tei 
index calculation: IRT (ms: from the end of  the S wave to 
the beginning of  the E wave); isovolumetric contraction 
time (ICT ms: from the beginning of  the first positive 
deflection after the Q wave to the onset of  the S wave; 
ejection time (ET) ms: From the beginning to the end of  
the S wave. The Tei index was calculated as (ICT+IRT)/
ET (Figure 1)[16]. A Tei index < 0.40 is considered normal. 
Higher index values correspond to more pathological 

states with overall cardiac dysfunction[17].

Ethics
Informed consent was obtained from all adults. The aim 
and the value of  the work were explained in a simplified 
manner for them. There was no harm inflicted on them. 
On the contrary all showed a benefit in the follow-up and 
in the final results of  the study. The study was approved 
by the Ethics Committee of  Faculty of  Medicine, Suez 
Canal University. The study protocol conformed to the 
ethical guidelines of  the 1975 Declaration of  Helsinki as 
reflected in a priori approval by the institution’s Human 
Research Committee.

Statistical analysis
According to the type of  data, the Student unpaired t 
test and the χ2 test were used for statistical comparisons 
between 2 groups. Descriptive statistics were obtained 
including mean, standard deviation, mode and median for 
quantitative variables and frequency and percent for quali-
tative variables. The analysis was carried out by a com-
puter program (SPSS Version 11). The P value was set at 
< 0.05 for statistically significant results and at < 0.0001 
for highly significant results. 

RESULTS
Baseline characteristics of  59 patients (33 male, 26 female, 
mean age 44.4 years) with isolated metabolic syndrome 
(group A), 97 patients (51 male, 46 female, mean age  
49.9 years) with metabolic syndrome (group B) and 34 
healthy controls (19 male, 15 female, mean age 46.9 years) 
are shown in Table 1. In group B, 20 patients had diabetes 
mellitus, 36 patients had hypertension, and 41 patients had 
both. The average durations of  diabetes and hypertension 
were 5.4 and 7.2 years, respectively. The majority of  dia-
betics were taking secretogogues, 75% of  the hypertensive 
patients were taking angiotensin converting enzyme in-
hibitors, but only 40% of  patients with dyslipidemia were 
taking statins. No patient in group A was taking any medi-
cations for elevated blood sugar or high blood pressure. 
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Tei index = (ICT + IRT)/ET = (a - b)/b

LV outflow

bICT IRT

Mitral flowMitral flow

a

Figure 1  Doppler time intervals included in the Tei index[16]. Measure-
ment of Doppler intervals. The index is defined by the equation (a-b)/b, where 
a represents the interval between cessation and onset of mitral inflow and b 
represents the ejection time (ET) of the left ventricular outflow. Isovolumic re-
laxation time (IRT) is measured by subtracting d, the interval from the peak of 
the R wave on the ECG to the end of ejection time, from the interval c between 
the R wave and the onset of mitral inflow. Isovolumic contraction time (ICT) is 
obtained by subtracting IRT from a-b.

Table 1  Clinical and biochemical characteristics of both case and control groups (mean ± SD)

Characteristics Controls (n  = 34) Group A (n  = 59) Group B (n  = 97) P P 1 P 2

Age (yr)   46.9 ± 7.4   44.4 ± 7.3   49.9 ± 8.3 NS NS NS
SBP (mmHg) 117.5 ± 6.1 134.4 ± 5.6 140.1 ± 8.1 NS    0.01 < 0.05
DBP (mmHg)   78.9 ± 6.4   85.3 ± 4.3   91.9 ± 7.9 NS    0.05 < 0.05
BMI (%)   22.2 ± 1.2   28.7 ± 3.6   31.8 ± 4.7 < 0.5 < 0.01 NS
W. Circum. (cm)   82.2 ± 4.6   98.1 ± 6.5 105.1 ± 7.1   < 0.05 < 0.05 NS
HDL (mg/dL)   45.7 ± 6.9   40.8 ± 6.5   43.2 ± 7.6 NS NS NS
Triglyceride (mg/dL)   138.9 ± 16.1   174.7 ± 23.3   181.9 ± 24.1   < 0.05 < 0.05 NS
FPG (mg/dL)     91.7 ± 10.6     98.6 ± 15.2   118.4 ± 43.6   < 0.05 < 0.01 < 0.05
HbA1c (%)     5.10 ± 0.41     6.20 ± 0.30     7.40 ± 1.10   < 0.05 < 0.01 < 0.05

Group A: Isolated metabolic syndrome patients; Group B: Metabolic syndrome patients; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic 
BP; W. Circum: Waist circumference; HDL: High density lipoprotein cholesterol; FPG: Fasting plasma glucose; HbA1c: Glycosylated hemoglobin; NS: 
Non significant; P: Comparison between group A (isolated metabolic syndrome) and control; P1: Comparison between group B (metabolic syndrome) and 
control; P2: Comparison between group A and B.
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No significant difference was observed among the groups 
regarding age. There were significant differences in BMI, 
waist circumference, BP, FBS, and triglycerides between 
group B and the control group. There were significant 
differences between group A and group B regarding BP, 
FPG and HbA1c. 

Echocardiographic and Doppler data are shown in 
Table 2. There were no statistically significant differences 
between group A and controls in all parameters of  LV 
structural, systolic, and diastolic function except the global 
myocardial performance (Tei index). On the other hand, 
significant differences were observed between group B 
and the control group in most of  the parameters of  LV 
structural and global performance. Comparing echocar-
diographic parameters between group A and B, no signifi-
cant differences were observed except for LVMI, RWT, 
and E/A ratio.

DISCUSSION
The value of  a diagnosis of  metabolic syndrome has been 
challenged because it includes persons with established 
hypertension and diabetes mellitus, components already 
known to be CVD risk factors. Metabolic syndrome also 
includes persons with mild hyperglycemia, but not dia-
betes, who are at an increased risk of  developing overt 
diabetes[18]. Established hypertension is a powerful risk 
factor for CVD, but those with pre-hypertension may 
already manifest detrimental changes in cardiac structure 
and function[19]. To investigate this further, the current 
study was undertaken to evaluate whether isolated meta-
bolic syndrome is also associated with abnormal cardiac 
structure and function. If  isolated metabolic syndrome 
identifies persons who have already developed abnormal 
LV structural and functional changes, the importance of  
early recognition of  isolated metabolic syndrome would 
be enhanced.

In the current study, we found structural modifications 
of  the heart in patients with metabolic syndrome. The as-
sociated established hypertension and/or diabetes could 
be thought to be responsible factors in the induction of  
the structural cardiac changes. Analysis of  the current data 
revealed that concentric hypertrophy appears to be the 

most obvious morphological change (LVMI > 50 g/m2 
and RWT > 44). Similar results were recorded in various 
studies[2,20-22]. However, in the current study we observed 
that, in the metabolic syndrome group, the increase in 
LVM could be attributed to an increase in septal and pos-
terior wall thickness without changes in LV diastolic diam-
eters, compared with no increase in LVM in the isolated 
metabolic syndrome group. The concentric hypertrophy 
may be the result of  a lack of  increase in LV end-diastolic 
dimensions, whereas wall thickness increases under the 
stimulus of  the elevated total vascular resistance.

The E/A ratio exhibited a stepwise decrease from the 
control group to the isolated metabolic syndrome group 
to the metabolic syndrome group, primarily as a result 
of  increased A-wave velocity. The deceleration time and 
isovolumic relaxation time were significantly longer in 
the metabolic syndrome group. These findings suggest 
that there is a progressive impairment in LV relaxation 
depending on the component of  the metabolic syndrome. 
The present data showed a significant decrease in diastolic 
function for group B vs control, indicating impairment in 
diastolic function with the increasing burden of  metabolic 
syndrome.

The results of  the present study are consistent with 
those of  prior studies that identified hypertension, diabe-
tes mellitus, and obesity as independent predictors of  im-
paired LV structure and function[23-29]. Increased LV mass, 
RWT, and deceleration time have been reported in hyper-
tensive subjects with metabolic syndrome compared with 
a hypertensive cohort without metabolic syndrome[22]. In 
the Strong Heart Study, those with metabolic syndrome 
had greater LVM and RWT and significantly lower E/A 
ratio[21]. Similarly, in the current study, LV diastolic func-
tion was not found in the isolated metabolic group but 
was present in the metabolic syndrome group.

The above altered geometric pattern was associated in 
the current study with a non significant depressed systolic 
function in both groups, and significantly altered diastolic 

function in the metabolic syndrome group. These differ-
ent findings might be due to the variability in metabolic 
diagnostic criteria and subsequently the total vascular re-
sistance.

Tei Chuwa devised and published an index of  myo-
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Table 2  Echocardiographic data in both case and control groups (mean ± SD)

Characteristics Controls (n  = 34) Group A (n  = 59) Group B (n  = 97) P P 1 P 2

End SD (mm) 28.8 ± 1.5 29.1 ± 1.4 28.8 ± 1.4 NS NS NS
End DD (mm) 48.7 ± 4.6 50.6 ± 4.4 49.9 ± 4.5 NS NS NS
EF (%) 63.9 ± 7.9 63.5 ± 6.5 62.7 ± 7.4 NS NS NS
IVS thickness (mm)   8.6 ± 0.5   8.4 ± 0.6   9.2 ± 0.7 NS < 0.05 NS
PW thickness (mm)   8.6 ± 0.7   8.6 ± 0.6   9.3 ± 0.9 NS < 0.05 NS
RWT (%) 36.3 ± 3.6 37.9 ± 3.8 47.7 ± 5.8 NS < 0.05 < 0.05
LVMI (g/m2) 88.2 ± 7.4 93.2 ± 4.1 120.8 ± 26.8 NS < 0.05 < 0.01
E/A ratio   1.41 ± 0.19   1.26 ± 0.12   1.17 ± 0.08 NS < 0.01 < 0.05
Tei index   0.36 ± 0.07   0.64 ± 0.17   0.87 ± 0.12 < 0.01   < 0.001 NS

End SD: End systolic diameter; End DD: End diastolic diameter; EF: Ejection fraction; IVS: Interventricular septum; PW: Posterior wall; RWT: Relative wall 
thickness; LVMI: Left ventricular mass index; E: E velocity; A: A velocity; P: Comparison between group A and control; P1: Comparison between group B 
and control; P2: Comparison between group A and B.
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cardial performance (the Tei index) in 1995 that evaluated 
LV systolic and diastolic function in combination[16]. The 
index has proved to be a reliable method for the evalua-
tion of  LV systolic and diastolic performance, with clear 
advantages over older established indexes and has prog-
nostic value in many kinds of  heart disease[30,31].

In the current study LV global function was assessed 
using the Tei index. The Tei index exhibited a stepwise 
increase from the control group to the isolated metabolic 
syndrome group to the metabolic syndrome group. In 
spite of  the apparent normal LV systolic function (as 
shown by a normal EF), the high Tei index predicted the 
presence of  early combined systolic and diastolic function 
in isolated metabolic syndrome. 

Other studies have previously shown that visceral 
obesity is associated with diastolic dysfunction, an effect 
that may be mediated by an obesity-related pro-inflamma-
tory state and/or by suppression of  adiponectin expres-
sion[24,26]. In the current study, even in the isolated meta-
bolic group who were non-diabetic and non-hypertensive 
and had a BMI significantly lower than that the metabolic 
syndrome group, the altered global ventricular perfor-
mance may be mediated by other potential mechanisms. 
This may contribute to insulin resistance, hypertriglyceri-
demia with subsequent impaired endothelial dysfunction, 
abnormalities in myocardial perfusion and/or metabolic 
substrate utilization, inflammation and oxidative stress, 
interstitial fibrosis, impaired ventricular–vascular interac-
tion, etc.

Finally, as the Tei index is capable of  estimating 
combined systolic and diastolic performance, it could 
be more advantageous than the isolated measurement 
of  either systolic or diastolic parameters in the early 
evaluation of  global LV function in isolated metabolic 
syndrome patients. It is simple, noninvasive, easy to use 
and reproducible. Moreover, the calculation of  the Tei 
index is independent of  age, arterial pressure, heart rate, 
ventricular geometry, atrioventricular valve regurgitation, 
afterload, and preload in patients who are in a supine po-
sition[5,17,28,31,32].

In conclusion, the current study shows that metabolic 
syndrome groups (those with or without hypertension and 
or/diabetes) have an associated abnormal LV global per-
formance. The functional changes are independent of  and 
precede the structural changes. In metabolic syndrome 
the increase in LVMI is physiologically consistent with 
an increase in LV diastolic dysfunction. The identifica-
tion of  isolated metabolic syndrome in non-diabetic, non-
hypertensive adults may be an indication that aggressive 
preventive measures should not be postponed until overt 
obesity, hypertension or diabetes mellitus have developed.
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Abstract
A 42-year-old-woman presented with de novo crescendo 
angina. Thallium-scintigraphy showed inferior ischemia. 
Coronary angiogram revealed a right coronary artery 
(RCA), originating from the left sinus of Valsalva with a 
severe proximal systolic compression. She underwent 
successful transradial percutaneous coronary interven-
tion with stent implantation. Multislice-computed tomog-
raphy (MSCT) is usually used to evaluate coronary ar-
tery anomalies and can effectively show the anomalous 
RCA and the inter-arterial trajectory between the aorta 
and pulmonary arteries. Anomalies of the origin of the 
coronary arteries are rare, but can produce specific clini-
copathological entities that should be diagnosed with 
accuracy. This case report illustrates the role of MSCT in 
the detailed description of an abnormal coronary artery 
and the use of stenting for symptoms relief. 

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Coronary artery anomalies occur in approximately 1% 
of  the population, often without other congenital cardiac 
malformations[1]. The abnormal origin of  the right coro-
nary artery (RCA) from the left aortic sinus of  Valsalva 
is a very rare congenital anomaly, frequently coursing be-
tween the aorta and the pulmonary artery[2].

CASE REPORT
A 42-year-old woman presented with a history of  de novo 
crescendo angina. The patient decided to enter the Na-
tional Army Services. Following standard procedures, she 
began progressive and very stringent exercise training. 
During intense exercise sessions, she started to complain 
of  typical angina. Despite no previous chest pain epi-
sodes, nor any cardiovascular risk factors, she underwent 
a complete workout to rule out atherosclerotic coronary 
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artery disease. Thallium scintigraphy showed inferior 
ischemia. Therefore she was referred to our tertiary care 
center for diagnostic coronary angiography and pos-
sible revascularization therapy. The coronary angiogram 
showed a left coronary artery from the left sinus of  Val-
salva without significant lesion. The right coronary artery 
(RCA) originated from the left sinus and demonstrated a 
severe systolic compression (Figure 1A and B). Several in-
jections/projections were performed after the injection of  
intracoronary nitroglycerine, and no changes nor improve-
ment were observed. She underwent right radial percuta-

neous coronary angioplasty using a 6 Fr Amplatz Left 2 
guiding catheter, and a 3.5 mm × 16 mm bare-metal stent 
(Liberté®, Boston Scientific Corporation, Natick, MA, US) 
was successfully implanted (Figure 2A and B). 

Multi-slice computed tomography (MSCT) is usually 
used and can effectively show the RCA arising from 
the left sinus of  Valsalva and its inter-arterial trajectory  
(Figure 3A and B, arrows) between the aorta and the pul-
monary arteries. After 1 year follow-up, the patient has 
remained asymptomatic with a negative stress test.

DISCUSSION
In this case report, we describe the case of  a young wom-
an without cardiovascular risk factors who presented with 
typical effort angina and inferior ischemia. Angiography 
revealed dynamic compression of  an abnormally arising 
right coronary artery and she was treated by transradial 
bare-metal stent implantation.

Anomalies of  the origin of  the coronary arteries are 
rare, but can provide specific clinicopathological entities 
that should be diagnosed with a high degree of  accuracy. 
The origin of  both coronary arteries from the left sinus of  
Valsalva is a very rare (0.28%) anomaly[3]. Manifestations 
vary from asymptomatic patients to those who present 
with angina pectoris, myocardial infarction, heart failure, 
syncope, arrhythmias, and also sudden death[1]. Myocardial 
ischemia in association with this anomaly is thought to be 
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Figure 1  Coronary angiogram of the right coronary artery. Coronary angi-
ography showing a significant compression of the proximal right coronary artery 
(RCA) due to an inter-arterial trajectory between the pulmonary artery and the 
aorta during systole (arrows). A: Diastole; B: Systole. LCA: Left coronary artery.
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Figure 2  Coronary angiogram following successful transradial percutane-
ous coronary intervention. Coronary angiography showing no compression 
effect (arrows) after successful stent implantation in the proximal right coronary 
artery (RCA). A: Diastole; B: Systole. LCA: Left coronary artery. 
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Figure 3  Three-dimensional volume rendered multislice computed tomog-
raphy (A and B). Computed tomography image showing the right coronary ar-
tery (RCA) arising from the left sinus of Valsalva, and an inter-arterial trajectory 
(black arrows) between the pulmonary artery (PA) and the aorta (Ao). LCA: Left 
coronary artery.



caused by an abnormal slit-like RCA ostium, acute angula-
tions, and compression of  the RCA between the aorta and 
pulmonary trunk during exercise[3]. Extrinsic compression 
of  the left main coronary artery can occur in patients with 
severe pulmonary hypertension and enlarged pulmonary 
artery trunk[4,5]. It has usually been described in the setting 
of  congenital defects such as atrial septal defect, ventricu-
lar septal defect, and, more rarely, isolated persistent duc-
tus arteriosus[4,5]. MSCT allows 3-dimensional visualization 
of  the coronary arteries with high spatial resolution, and 
may be the most promising imaging modality for diagnos-
ing these anomalies[4-6].

Surgical correction or coronary artery bypass grafting 
can be carried out with minimal risk and good anatomic 
and functional results[7,8]. Although the risks of  surgical 
intervention are low in young subjects, surgery requires 
opening the chest and may be complicated by aortic valve 
damage or neurological emboli. 

This case-report illustrates the role of  MSCT in the 
detailed description of  an abnormal coronary artery and 
the use of  stenting symptoms relief. In the presence of  a 
symptomatic patient with an isolated RCA anomaly and no 
other atherosclerotic coronary disease, transradial percuta-
neous intervention could be an effective and safe option. 
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Abstract
At present, the study into inflammatory markers has 
become a new tool which is most useful for establishing 
the prognosis of patients with acute coronary syndrome. 
The inflammatory substrate involved is acute coronary 
syndrome is extremely complex, with a large number 
of factors involved both in its activation and its modula-
tion. It is known that C-reactive protein play a key role 
in the physiopathology of the atherosclerosis. Further-
more, scientific literature reports that the existence of a 
circadian rhythm in the triggering of cardiovascular acci-
dents can suggest the implication of, or association with 
these physiological rhythms that show activity peaks 
at particular times of the day or night. Keeping in mind 
the potential association between inflammation and cir-
cadian rhythm, a better understanding of the kinetics of 
said markers could lead to improvements in their use in 
cardiovascular diseases. Considering the diversity of the 
diurnal variations in the intrinsic properties of the car-
diovascular system, these should be kept in mind during 
the design of in vivo experimental studies. As such, the 
information available reinforces our opinion when suit-
ably validating the biomarkers and the need to demon-

strate their reliability, stability, and lack of variability and 
standardise the methodology of their measurement.
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TO THE EDITOR
In his scholarly article, Fay[1] reviewed the effects of  C-re-
active protein (CRP) on hemostasis, platelet function, and 
fibrinolysis. However, we would like to point out an im-
portant aspect of  the significance of  light-dark variations 
in CRP in acute coronary syndrome (ACS).

Cardiovascular parameters such as heart rate, blood 
pressure, endothelial function and fibrinolytic activity 
exhibit variations consistent with a circadian rhythm[2]. 
Likewise, circulating biomarkers are subjected to vari-
ability arising from sampling procedures and biologic 
variation, which must be determined and adjusted for the 
interpretation of  laboratory results[3]. Diurnal variation 
may be an important source of  heterogeneity or bias, and 
standardization for sampling time may be important in 
population-based studies, as well as in using these vari-
ables for additional coronary heart disease risk prediction 
in individuals[3].

CRP represents the most extensively studied proin-
flammatory molecule, but additional effort is required 
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on the part of  investigators to manage standardization 
of  methodology, to establish cut-off  points that separate 
populations with different risks, and to determine cost-
effective timing and frequency of  measurements[3]. Con-
flicting clinical data exist with respect to its prognostic 
value, probably a reflection of  the different times when 
samples were taken and the wide variation in the results 
obtained[4]. Sánchez et al[5] have demonstrated a variation 
in CRP kinetics in patients with ACS. The scientific lit-
erature has described circadian variations in the circulat-
ing concentrations of  some cytokines and acute phase 
reactants[3]. In a recent report, Rudnicka et al[6] described 
one of  the largest cross-sectional studies on seasonal and 
diurnal fluctuations in fibrinogen, CRP, fibrin d-dimer, 
tissue plasminogen activator antigen, and von Willebrand 
factor in 9377 men and women aged 45 years. These in-
vestigators demonstrated that diurnal variations exist for 
these biomarkers. Likewise, work by our group among 
patients with ACS has shown daytime variations in serum 
CRP concentrations, which displayed that the serum CRP 
values are significantly higher in the light phase (9:00 am) 
than in the dark phase (2:00 am)[7,8].

Several lines of  evidence suggest that an understand-
ing of  the chronobiological implications for cardiovas-
cular therapy may prove fruitful. The kinetics of  CRP is 
interesting, since a variation in the inflammatory functions 
during the 24-h period may hypothetically allow identifica-
tion moments of  the day or the night in which “inflam-
matory bursts” are most likely to occur and, accordingly, 
increase the incidence of  cardiovascular events. Thus, the 
timing of  drug administration can be altered to improve 

therapeutic efficacy[3]. 
In conclusion, preanalytic conditions, such as diurnal 

variation on CRP levels, are of  paramount importance.
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Abstract
Our research focuses on microphysiological aspects of 
the cardiovascular system, with an emphasis on what 
is occurring in heart tissues, to learn more about how 
various diseases arise and how they can be avoided or 
cured. These diseases include atherosclerosis, diabetes, 
myocardial infarction, obesity and ischemia/reperfusion 
(I/R). We use animal models, particularly mice, to aid 
us in these studies. A key feature of our work centers 
on dissection of coronary arterioles and examining their 
functionality using drugs, electrophysiology, fluoroscopy, 
genomics, proteomics, and standard chemical analyses to 
determine their physiological status, and compare it with 
other treated animals. My laboratory is focusing on anti-
inflammatory and antioxidative stress therapeutic effects, 
the roles of sodium salicylate, exercise and resveratrol in 
type 2 diabetes, I/R injury, obesity, and atherosclerosis. 
Recently, we began investigations of the effects of stem 
cells and gastric bypass surgery on vascular dysfunction 
in obesity and diabetes. Our work identifies how diet, 

exercise, surgical interventions and drugs can be consid-
ered to combat these diseases in a clinical setting.
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INTRODUCTION AND EDUCATIONAL 
EXPERIENCE
Dr. Cuihua Zhang received her medical degree in 1985 
from Jin Zhou Medical College (Liaoning, China) and her 
PhD in 1995 from the Chinese Academy of  Medical Sci-
ence and Peking Union Medical College (Beijng, China), 
where she studied endothelium-derived relaxation factor 
and nitric oxide in hypertension[1,2]. Dr. Cuihua did her 
postdoctoral work beginning with a research fellowship 
in Dr. Benidito Machado’s laboratory in the Department 
of  Physiology School of  Medicine of  Ribeirão Preto 
University, São Paulo, Brazil. She investigated the roles of  
blockade of  neurokinin-1 receptors in the nucleus tractus 
solitarii of  awake rats in the cardiovascular responses to 
chemoreflex activation[3]. She continued with postdoctoral 
work in Dr. Lih Kuo’s laboratory in the Department of  
Medical Physiology in the Medical College at Texas A&M 
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University (TAMU)[4-12] (Figure 1, Mentor Dr. Lih Kuo 
and Cuihua Zhang), then accepted appointments in the 
Departments of  Anesthesiology, Surgery, and Physiology 
in the School of  Medicine at Louisiana State University 
Health Sciences Center in New Orleans as an Assistant 
Professor (Figure 2, 1st Zhang Laboratory), and then 
returned to TAMU as an Assistant Professor in Veteri-
nary Physiology and Pharmacology, and affiliated with 
the Michael E. DeBakey Institute and the Cardiovascular 
Research Institute in the College of  Medicine Health Sci-
ence Center at TAMU, until coming to the University of  
Missouri-Columbia in January 2008. She currently is an 
Associate Professor of  Medicine, Medical Pharmacology 
and Physiology, and Nutrition and Exercise Physiology in 
the Division of  Cardiovascular Medicine in the University 
of  Missouri-Columbia (Figure 3).

ACADEMIC STRATEGY AND GOALS
During the past decade, Dr. Cuihua has developed a suc-
cessful independent research program conducting basic 
research in coronary microcirculation, which is aimed at 
understanding the underlying mechanisms responsible for 
the pathophysiological manifestations of  ischemic heart 
disease. Specifically, her laboratory primarily studies natu-
ral and genetically modified murine strains to understand 
the role of  specific genes in the pathophysiological sequel-
ae of  cardiovascular disease, i.e. atherosclerosis, hyperten-
sion, ischemia/reperfusion (I/R) injury, and diabetes at 
the molecular, cellular and intact tissue levels. Dr. Cuihua 
serves on the American Heart Association and National 
Institutes of  Health study sections, editorial boards (Ameri-
can Journal of  Physiology-Heart and Circulatory Physiology, Basic 
Research in Cardiology, Circulation Research, Frontiers in Vascular 
Physiology and World Journal of  Cardiology), and organizes 
and moderates sessions in professional meetings (Experi-
mental Biology Meetings, American Heart Association 
Scientific Sessions, Arteriosclerosis, Thrombosis, and Vas-
cular Biology Annual Conference and World Congress for 
Microcirculation). Her research has resulted in the pub-
lication of  approximately 70 peer-reviewed publications 
and has generated more than $4 million in grant support. 
Progress has been made in finding therapeutic remedies 
for the above-mentioned diseases as a result of  her work.

ACADEMIC ACHIEVEMENTS 
Dr. Cuihua’s research focuses on basic investigations in 
vascular biology, especially in coronary microcirculation 
and cardiovascular physiology (Figure 4, vasculature im-
age). Heart malfunctions are at the root of  many diseases 
and include risk factors such as atherosclerosis, I/R in-
jury, and diabetes. Obtaining detailed knowledge of  the 
mechanisms that lead to heart dysfunction can: (1) identify 
therapeutic targets for new and more effective drugs; (2) 
provide new protocols to reduce risks associated with 
surgical procedures; (3) suggest improvements in diet and 
exercise therapies; and (4) aid in discovering new remedies 

for cardiovascular disease. Her ongoing projects in the 
laboratory include studying the role of  inflammatory cy-
tokines in vascular dysfunction in type 2 diabetes. Another 
research interest is aimed at understanding a contribut-
ing factor to the pathophysiological manifestations of  
ischemic heart disease by assessing a potential role of  the 
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Figure 1  Dr. Cuihua Zhang and her postdoctoral mentor Dr. Lih Kuo in 
2003 at an Experimental Biology meeting. 

Figure 2  The team at Louisiana State University Health Sciences Center, 
New Orleans. Front Row: Souad Belmadani, Cuihua Zhang, Marta Focardi, Jin-
jiang Peng, Xue Gao. Back Row: Eric T Guilbeau, Andrea Picchi, Xiangbin Xu.

Figure 3  Cuihua Zhang, MD, PhD, FAHA, Division of Cardiovascular Medi-
cine in the Departments of Internal Medicine, Medical Pharmacology and 
Physiology, Nutrition and Exercise Physiology, Dalton Cardiovascular Re-
search Center, University of Missouri-Columbia, 134 Research Park Drive, 
Columbia, MO 65211, United States.



inflammatory cytokine, tumor necrosis factor (TNF)-α 
in I/R injury. A murine genetic model (TNF over-expres-
sion, TNF++/++ mice) is used for these studies. The 
TNF++/++ transgenic model offers a unique approach 
that allows assessment of  the role played by TNF in many 
cardiovascular diseases. This work is supported by Na-
tional Institutes of  Health (NIH) funding (RO1) of  the 
program. This was recognized with the 2007 Werner Risau 
New Investigator Award in Vascular Biology[13] by Ameri-
can Heart Association Journal, stemming from the Zhang 
Laboratory 2006 publication in Arteriosclerosis, Thrombosis, 
and Vascular Biology.

Discovery of a new paradigm for vascular inflammation 
in I/R injury
The basic factors leading to microvascular dysfunction 
in the pathophysiology of  I/R injury involve a series of  
events that begin with ischemia, characterized by reduc-
tion of  blood flow, inadequate oxygen supply, reduction 
in cellular energy stores, and accumulation of  noxious 
metabolites. These conditions begin to improve when 
blood flow is restored, but reperfusion injury occurs when 
blood flow carries reactive oxygen species (ROS), includ-
ing peroxynitrite, which is derived from reactions between 
nitric oxide (NO) and superoxide anions, into the affected 
tissue. Differentiation of  the contributions of  ischemia 
from those of  reperfusion to microvascular dysfunction 

is difficult, and the current focus is on documentation of  
the degree and manner in which reperfusion exacerbates 
cellular damage that is initiated during ischemia. The rea-
son for this focus is that ischemia is usually a pre-existing 
condition that the patient presents to the clinician, and 
the quickest remedy is for the clinician to induce reperfu-
sion. If  we understand the exact process of  damage that 
accompanies reperfusion, then useful remedies can be 
developed and applied by the clinician when reperfusion 
is induced. 

The formation of  oxygen-derived free radicals de-
pends on the generation of  superoxide anions through 
endothelium- and leukocyte-stimulated biochemical reac-
tions. This understanding is based on the facts that endo-
thelial cells contain xanthine oxidase, whereas leukocytes 
feature membrane-bound NADPH oxidase. Although 
leukocyte-endothelium interactions are nearly universally 
established in inflammatory processes and in the increased 
microvascular permeability to macromolecules in I/R[14-16], 
the results of  Zhang et al[14] and Gao et al[15,16] have demon-
strated that their activation is not a relevant mechanism of  
action for TNF-induced derangement of  vasodilation. We 
have shown that TNF enhances generation of  superoxide, 
and the same deleterious microcirculatory effects in con-
trol and leukopenic animals; an observation that supports 
an important direct action of  TNF on microvascular cells, 
which leads to the generation of  ROS and a decrease in 
the vasodilatory capacity of  coronary arterioles. We also 
hypothesize that neutralization of  TNF at the time of  re-
perfusion exerts a beneficial effect on endothelial function 
and reduces the production of  ROS. We have employed 
a murine model of  myocardial I/R (30 min/90 min) and 
administered TNF-neutralizing antibodies at the time of  
reperfusion. I/R elevated TNF expression (mRNA and 
protein), whereas administration of  anti-TNF prior to 
reperfusion attenuated TNF expression. We have detected 
TNF expression in vascular smooth muscle cells, mast 
cells and macrophages, but not in endothelial cells. I/R 
induces endothelial dysfunction and superoxide produc-
tion. Administration of  anti-TNF at the onset of  reperfu-
sion partially restores NO-mediated coronary arteriolar 
dilation and reduces superoxide production. I/R increases 
the activity of  NADPH oxidase and xanthine oxidase, 
and enhances the formation of  nitrotyrosine residues in 
untreated mice compared to sham-treated animals. Ad-
ministration of  anti-TNF prior to reperfusion blocks the 
increase in activity of  these enzymes. Inhibition of  xan-
thine oxidase (allopurinol) or NADPH oxidase (apocynin) 
improves endothelium-dependent dilation and reduces 
superoxide production in isolated coronary arterioles fol-
lowing I/R. I/R enhances superoxide generation and re-
duces endothelial function in neutropenic animals, and in 
mice treated with a neutrophil NADPH oxidase inhibitor, 
which indicates that the effects of  TNF are not through 
neutrophil activation. We conclude that myocardial isch-
emia initiates TNF expression, which induces vascular 
oxidative stress, independent of  neutrophil activation, and 
leads to coronary endothelial dysfunction.
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Figure 4  The magic of blood vessels in “A” shows that Mac3 positive 
macrophages infiltrate the adventitia of small vessels in the mesenteric 
adipose tissue of diabetic mice. The magic of blood vessels in “B” shows 
adiponectin is co-localized with endothelial layers of a small artery in the heart 
tissue of mice with genetic detection of tumor necrosis factor.
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Molecular mechanisms and therapies in diabetic 
microvasculopathy
Recent evidence suggests that inflammation plays a role 
in the development of  insulin resistance, and predicts the 
development of  type 2 diabetes mellitus. Type 2 diabetes 
mellitus is often anticipated by the development of  the 
metabolic syndrome, which is a clustering of  atheroscle-
rotic cardiovascular risk factors characterized by visceral 
adiposity, insulin resistance, low high-density lipoprotein 
cholesterol, and a systemic proinflammatory state. The 
diagnosis of  the metabolic syndrome appears to identify 
substantial additional risks beyond the individual risk fac-
tors. Inflammation is a condition that underscores much 
cardiovascular pathology, including endothelial dysfunc-
tion, but no link has yet been established between the 
vascular pathology of  the metabolic syndrome and a 
particular inflammatory cytokine. We hypothesized that 
impairments in coronary endothelial function in obesity, 
the prediabetic metabolic syndrome, is caused by TNF 
overexpression. Our results have demonstrated that endo-
thelial dysfunction in obesity is the result of  effects of  the 
inflammatory cytokine TNF and subsequent production 
of  superoxide. Our work is supported by an AHA award 
(SDG) to our program, and some results were published 
in Circulation Research in 2006[17], and have been reported at 
national and international meetings.

Our work also examines the mechanisms underlying 
the endothelial dysfunction of  the coronary artery in path-
ological conditions such as coronary artery disease and 
other cardiovascular-related health problems of  particular 
importance in the United States. We utilize genetic models 
for obesity and type 2 diabetes (Leprdb mouse), the hetero-
zygote lean controls (m Leprdb), and Leprdb mice null for 
TNF (dbTNF-/db TNF-)[18]. We have chosen to focus on TNF 
because this cytokine is one of  the key inflammatory me-
diators that are expressed during a variety of  inflammatory 
conditions. Furthermore, TNF initiates the expression 
of  an entire spectrum of  inflammatory cytokines rang-
ing from many interleukins to interferon. Our hypothesis 
regarding diabetes diverges when considering the enzyme 
system responsible for this pathophysiological disease. 
Diabetes is one of  the leading risk factors for the develop-
ment of  coronary artery and peripheral vascular diseases. 
Before vascular disease develops in diabetes, endothelial 
dysfunction occurs. In fact, endothelial dysfunction ap-
pears to be a hallmark that underlies many vascular diseas-
es with differing etiology. We believe that understanding 
endothelial dysfunction is crucial because the progression 
of  vascular disease may be halted if  endothelial dysfunc-
tion is rectified. Our goal has been to delineate a potential 
cause of  endothelial dysfunction by testing the hypothesis 
that TNF induces the inflammation that is responsible for 
endothelial dysfunction in type 2 diabetes. Our data have 
revealed that endothelial function is normal in diabetic 
mice that lack TNF (TNF knockout in the Leprdb diabetic 
mouse). Moreover, we have observed that diabetic mice 
have elevated expression of  TNF, which suggests that this 
inflammatory cytokine produces, or at least contributes 

to, endothelial dysfunction in diabetes[19-26]. We also have 
found that the endothelial dysfunction induced by TNF in 
diabetes is related to excess production of  the free radical, 
superoxide. Finally, we have observed that advanced glyco-
sylation end products (AGEs) and their receptors (RAGEs) 
seem to amplify TNF expression in diabetes; thus, TNF 
and AGE/RAGE signaling play pivotal roles in endothe-
lial dysfunction in type 2 diabetes. The work is supported 
by an NIH grant (RO1) to our program, and some results 
have been published in Circulation[18] and American Journal 
of  Physiology - Heart and Circulatory Physiology[27]. Our current 
studies on the role of  lectin-like oxidized low-density li-
poprotein receptor (LOX)-1 in atherosclerosis have docu-
mented the first direct evidence that endothelial dysfunc-
tion in atherosclerosis is mediated, at least in part, via the 
interaction of  oxidized low-density lipoprotein (Ox-LDL) 
with its receptor, LOX-1, which in turn stimulates endo-
thelial generation of  superoxide radicals by activation of  
NADPH oxidase. The results of  this study may contribute 
to the development of  novel adjunctive therapies using 
anti-Ox-LDL and/or anti-LOX-1 antibodies or soluble 
receptors to prevent endothelial dysfunction following 
atherosclerosis[28].

Basic factors in vascular dysfunction
We have experience with measuring transmural differences 
in coronary arteriolar dilation in response to adenosine[6]; 
pathophysiological disturbances in hypertension[11] and 
I/R[7]; endothelial regulation of  vascular function; hetero-
geneous coronary arteriolar dilation in response to β2-
adrenergic receptor activation[5], and the role of  NO and 
K-ATP channels[4]; divergent roles of  angiotensin II AT1 
and AT2 receptors[8] in modulating coronary microvascu-
lar function, and the effect of  TNF-induced production 
of  superoxide on endothelium-dependent, NO-mediated 
dilation of  coronary arterioles; and the role of  ceramide 
signaling and xanthine oxidase[29]. This experience com-
bined with newly available murine genetic models has 
allowed rapid progress in understanding cardiovascular 
pathophysiology in our laboratory. 

CONCLUSION
In summary, we believe that activation of  inflamma-
tory cytokines, especially TNF, leads to the interaction 
of  AGEs/RAGEs and Ox-LDL/LOX-1, which causes 
progression of  inflammatory disorders and initiates en-
dothelial dysfunction, which culminates in coronary mi-
crocirculation in type 2 diabetes, I/R injury, obesity, and 
atherosclerosis. The excessive production of  TNF[30] has 
a deleterious downstream effect by augmentation of  ROS 
production[31] and limiting NO bioavailability in endothe-
lial cells, which results in reducing NO-dependent vaso-
dilation in vascular smooth muscle cells. Our laboratory 
is focusing on anti-inflammatory and antioxidative stress 
therapeutic effects, and the roles of  sodium salicylate[22], 
exercise and resveratrol[24,25] in type 2 diabetes[18,19,21-23,27], I/
R injury[13-16], obesity[17] and atherosclerosis[28,32]. Recently, 
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we have started looking at the effects of  stem cells and 
gastric bypass surgery[33] on vascular dysfunction in obe-
sity and diabetes (Figure 5).

Dr. Cuihua credits her postdoctoral success to her many 
mentors that include training by Drs. Yongfeng Zheng, 
Benedito Machado, Lih Kuo, Michael Davis, and William 
Chilian; administrators in many institutions that had suf-
ficient faith in her abilities to employ her; receptivity of  
funding agencies to her proposals; collaborators, postdoc-
toral workers and committed graduate students that have 
shared fresh ideas and added new approaches of  mutual 
interest; dedicated technical personnel in the laboratory 
and administrative personnel at the institutional level 
whose hard work keeps projects on track; and opportuni-
ties for involvement with scientific organizations, where 
one can make the transition from education achieved 
by pursuing a formal degree to a lifetime of  continuing 
education, which are supported by the meetings, publica-
tions and other activities that they support. A scientific 
career can be much more than a job, and it can, under the 
best of  circumstances, become a way of  life. Success, Dr. 
Cuihua believes, is not an individual accomplishment, but 
rather a collective outcome that results from the interac-
tions that take place between the individual and other 
persons in their everyday lives. Alacrity is the best trait to 

cultivate in oneself  to have the best chance of  success. Dr. 
Zhang has trained and interacted with > 10 postdoctoral 
fellows and > 5 graduate students in the past 8 years. It 
is a joy to see young scientists using their training and be-
coming successful.

Our future plans are to build and expand this research 
program along the lines outlined above for the next few 
years. We also expect new animal models, diagnostic 
techniques and therapeutic agents to be developed and 
delivered to reduce the risks and ravages of  cardiovascular 
disease. I am excited that our laboratory can participate in 
that future to improve human health through science. 
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of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

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

Statement of human and animal rights
When reporting the results from experiments, authors should fol-
low the highest standards and the trial should conform to Good 
Clinical Practice (for example, US Food and Drug Administration 
Good Clinical Practice in FDA-Regulated Clinical Trials; UK Medi-
cines Research Council Guidelines for Good Clinical Practice in 
Clinical Trials) and/or the World Medical Association Declaration 
of  Helsinki. Generally, we suggest authors follow the lead investiga-
tor’s national standard. If  doubt exists whether the research was 
conducted in accordance with the above standards, the authors 
must explain the rationale for their approach and demonstrate that 
the institutional review body explicitly approved the doubtful as-
pects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 

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

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

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

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

Title page
Title: Title should be less than 12 words.

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

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

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
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Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
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case. A space interval should be inserted between country name and 
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ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
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phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJC, reviewers of  
accepted manuscripts will be announced by publishing the name, 
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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 val-
ues 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 and brief  articles, the 
main text should be structured into the following sections: INTRO-

DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, 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 sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
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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 
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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. 
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