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Abstract
Cardiorenal syndromes (CRS) have been subclassi-
fied as five defined entities which represent clinical 
circumstances in which both the heart and the kidney 
are involved in a bidirectional injury and dysfunction 
via  a final common pathway of cell-to-cell death and 
accelerated apoptosis mediated by oxidative stress. 
Types 1 and 2 involve acute and chronic cardiovascular 
disease (CVD) scenarios leading to acute kidney injury 
or accelerated chronic kidney disease. Types 2 and 3 
describe acute and chronic kidney disease leading pri-
marily to heart failure, although it is possible that acute 
coronary syndromes, stroke, and arrhythmias could be 
CVD outcomes in these forms of CRS. Finally, CRS type 
5 describes a simultaneous insult to both heart and 
kidneys, such as sepsis, where both organs are injured 
simultaneously. Both blood and urine biomarkers are 
reviewed in this paper and offer a considerable opportu-
nity to enhance the understanding of the pathophysiol-
ogy and known epidemiology of these recently defined 
syndromes.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Both cardiac and renal diseases commonly present in the 
same patient and have been associated with increased 
costs of  care, complications, and mortality[1,2]. Cardiorenal 
syndromes (CRS), describing the dynamic inter-relation-
ship between heart and kidney malfunction have been 
defined in a recent consensus process by the Acute Di-
alysis Quality Initiative (ADQI)[3]. This has generated five 
distinct syndromes upon which the epidemiology of  CRS 
can be described. This paper will review this new clas-
sification and give concrete examples of  each CRS, and 
discuss the available data on incidence and risk predictors. 
Finally, a succinct review of  promising biomarkers will be 
presented that are very likely to change the described CRS 
epidemiological literature as we know it, based largely 
upon the measurement of  a single blood biomarker-
serum creatinine. 

Classification of Cardiorenal 
Syndromes
The term cardiorenal syndromes suggests the presence of  
multiple syndromes with subtypes denoted by dysfunc-
tion of  the principal organ (cardiac or renal or both) as 
well as the relative acuity of  the condition. Both organs 
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must have or develop pathological abnormalities to fulfill 
the criteria for definition. The umbrella term “cardiorenal 
syndromes” was defined as “Disorders of  the heart and 
kidneys whereby acute or chronic dysfunction in one or-
gan may induce acute or chronic dysfunction of  the oth-
er”. Five subcategories of  CRS are given below. Proposed 
pathophysiological mechanisms are described in Figure 1 
for each syndrome.

POORLY LIGANDED, LABILE, CATALYTIC 
IRON AS THE BASIS OF OXIDATIVE 
STRESS REACTIONS
As shown in Figure 1, it has been recently determined 
that the process of  oxidative stress resulting in cell dys-
function, accelerated apoptosis, and cell death is reliant 
on the cytosolic and extracellular presence of  labile or 
catalytic iron. There are several steps in generation of  re-
active oxygen species (ROS). Oxygen may be reduced to 
form superoxide anion, which can then either dismutate 
or go through another reduction reaction by superoxide 
dismutase to form hydrogen peroxide which itself  can 
then be reduced through several pathways. Overall, the 
net Fritz-Haber reaction is slow and in the presence of  re-
duced transition metals such as ferric iron (Fe3+), a Haber-
Weiss reaction results in the formation of  the highly dam-
aging hydroxyl radical from the superoxide anion. Then in 
the presence of  ferrous iron (Fe2+), a Fenton-type reaction 
converts hydrogen peroxide to the highly damaging hy-
droxyl radical. Further reduction of  the hydroxyl radical 
finally ends in the formation of  water. It has been theo-
rized that a common element to all forms of  oxidative 
stress in the heart and kidneys involves the availability of  
unbound iron[4]. The body has an intricate management 
system for iron metabolism keeping it bound in transport 
proteins, heme, and cellular organelles for normal func-
tioning[5,6]. If  small amounts of  iron are released from 
adjacent injured cells and not bound, this poorly ligan-
ded (labile or catalytic) iron in either the ferric or ferrous 
states, can facilitate the rapid generation of  oxygen free 
radicals and the propagation of  oxidative stress and injury 
across regions of  vascular tissue[7]. Thus, it is possible that 
the fundamental pathophysiological basis for CRS is the 
loss of  control over normal iron management after insults 
to either the heart or the kidneys in the form of  hypoxia, 
chemotoxicity, or inflammation. 

It has been interesting to note that intravenous infu-
sions of  iron in the form of  iron dextran, iron sucrose, 
iron gluconate, and iron dextrin (polymaltose) have been 
proposed as a treatment for anemia in patients with heart 
failure. While in general the trials have demonstrated im-
provement in either anemia, symptoms, or both, there 
are as yet no published outcomes data[8]. Several studies 
have demonstrated that intravenous infusions of  iron in 
normal volunteers and hemodialysis patients have resulted 
in a transient 3-4 fold rise in systemic levels of  catalytic 
iron[9-11]. The clinical consequences of  iron infusions and 

catalytic iron in heart failure (HF) patients, if  any, are un-
known at this time.

CATEGORIES OF SYNDROMES
The broad and most important concepts of  CRS include 
the following: (1) bidirectional organ injury or malfunc-
tion; (2) an inciting event for acute CRS; and (3) a precipi-
tous decline in function for acute or chronic CRS.

Acute cardiorenal syndrome
Acute cardiorenal syndrome (CRS Type 1): acute decom-
pensation of  cardiac function leading to acute renal fail-
ure. This is a syndrome of  worsening renal function that 
frequently complicates acute decompensated heart failure 
(ADHF) and acute coronary syndrome (ACS). Seven ob-
servational studies have reported on the frequency and 
outcomes of  CRS Type 1 in the setting of  ADHF and 
five in ACS[4]. Depending on the population, 27%-40% 
of  patients hospitalized for ADHF develop acute kidney 
injury (AKI) as defined by an increase in serum creatinine 
of  ≥ 0.3 mg/dL[12,13]. Risk predictors for this complica-
tion include reduced baseline renal function, diabetes, and 
prior HF[13]. These patients experience more complicated 
hospital courses, longer inpatient stays, and higher mortal-
ity. In the Prospective Outcomes Study in Heart Failure 
(POSH) study, only in those with ADHF and a hospital 
course complicated by circulatory shock, hypotension, 
cardiac arrest, sepsis or ACS, a rise in serum creatinine did 
confer a higher 6-mo mortality[14]. Conversely, those with 
an increase in serum creatinine of  ≥ 0.3 mg/dL but no 
other complications did not have higher mortality in the 
hospital, at 30 or 180 d. Thus, much of  CRS Type 1 mor-
tality is confounded by a complicated course and AKI. 
Importantly, it has been noted that CRS Type 1 in ADHF 
rarely occurs in the prehospital phase, and is observed 
after hospitalization, implying that some factor associated 
with hospitalization, namely diuresis, precipitates CRS. 
The use of  loop diuretics, probably by further activation 
of  the renin-angiotensin system and possibly worsening 
intra-renal hemodynamics, have been identified as one 
of  the modifiable in-hospital determinants of  CRS Type 
1[15]. Testani et al[16] have recently shown in the Evaluation 
Study of  Congestive Heart Failure and Pulmonary Artery 
Catheterization Effectiveness (ESCAPE) trial that the use 
of  higher doses of  loop diuretics, causing hemoconcentra-
tion, resulted in a 5-fold increased rate of  worsening renal 
function. However, in this prospective trial of  hemody-
namic monitoring, aggressive diuresis was associated with 
a 69% reduction in mortality at 180 d. Several studies have 
now linked the presence of  an elevated central venous 
pressure and renal venous congestion to the development 
of  CRS Type 1, thus, the relative balance of  venous and 
arterial tone and congestion of  the kidney appear to be 
important in the drop in renal filtration that occurs during 
hospitalized treatment of  ADHF[17].

The other major clinical scenario where CRS Type 1 
develops is in the setting of  urgent or elective coronary 
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Increased renal vascular 
resistance
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Progression of CKD
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   Coronary disease
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Stage 1-2
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Acquired risk factors
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Anemia, uremia, Ca/P abnormalities, 
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chronic inflammation and oxidative 
stress

EPO resistance
Iron utilization 
Blocked by hepcidin
Artificial surfaces,
contaminated fluids
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Neurohumoral stress, 
sympathetic
activation, inflammation

Secondary cardio-renal syndromes (Type 5) hospitalized patient

Systemic 
diseases

Critical 
illness with
no prior CVD 
or CKD

Heart failure

Hemodynamic changes
(hypoperfusion, ischemia/reperfusion)

Altered metabolism 
(hypoxia, labile iron release, oxidative stress)

Exogenous toxins 
(heme proteins, contrast agents)
antibiotics

Immunological response 
(LPS/endotoxins, cytokines)

Organ 
dysfunction

AKI

Figure 1  Pathophysiology and definitions of the five subtypes of cardiorenal syndromes. CVP: Central venous pressure; GFR: Glomerular filtration rate; BNP: 
Brain natriuretic peptide; ANP: Atrial natriuretic peptide; RAAS: Renin-angiotensin-aldosterone system ; ADHF: Acute decompensated heart failure; ACS: Acute coro-
nary syndrome; CKD: Chronic kidney disease; CVD: Cardiovascular disease; ATN: Acute tubular necrosis; CI-AKI: Contrast-induced acute kidney injury; CSA-AKI: 
Cardiac surgery-associated AKI; CHF: Chronic heart failure; LVH: Left ventricular hypertrophy; EPO: Erythropoietin; LPS: Lipopolysaccharide.

revascularization for acute or chronic coronary disease. 
Acute contrast-induced and cardiopulmonary bypass sur-
gery-associated AKI occur in 15% and 30% of  patients, 
respectively[18,19]. Importantly, iodinated contrast which 
causes renal vasoconstriction and direct cellular toxicity to 
renal tubular cells is an important pre-existing factor in the 
few days before cardiac surgery. Cardiac surgery exposes 
the kidneys to hypothermic, pulseless reduced perfusion 
for 30-90 min, and thus represents a superimposed isch-
emic injury in the setting of  a pro-inflammatory state[20]. 
It is possible that the extracorporeal circuit used in cardio-
pulmonary bypass surgery activates systemic factors that 
further induce AKI; however, attempts to limit this ex-
posure have not resulted in significantly reduced rates of  
AKI[21]. Thus, these two scenarios are tightly linked, since 
almost every cardiac surgery patient operated upon in 
the urgent setting undergoes coronary angiography in the 
hours to days before surgery[22]. As with ADHF, CRS Type 
1 in acute and chronic coronary disease has a confounded 
relationship with outcomes. In those with complications, 
CRS Type 1 appears to be independently associated with 
a 3 to 4-fold increase in mortality despite the availability 
of  dialysis in the hospital[23,24]. In all forms of  CRS Type 1, 
there is a risk of  advancing to higher stages of  CKD and 
ultimately the need for chronic renal replacement strate-
gies[25]. The incremental and cumulative risk of  these renal 
outcomes according to the clinical scenarios described 
above for an individual patient are unknown. Thus the im-
portant points concerning the epidemiology of  CRS Type 
1 are: (1) the mortality risk appears to be confounded by 
other non-renal complications occurring during the hospi-
talization; (2) intravascular iodinated contrast alone, and in 
cases where cardiac surgery follows coronary angiography, 
direct cellular toxicity from the contrast itself  results in an 
observed rise in serum creatinine predominately in those 
with baseline reductions in renal filtration with additional 

risk factors, including diabetes, heart failure, older age, and 
larger contrast volumes; and (3) in the setting of  ADHF, 
superimposed use of  iodinated contrast or other cardiac 
procedures is associated with longer lengths of  stay and 
higher mortality which is possibly in part, attributable to 
CRS Type 1[26-28].

Chronic cardiorenal syndrome
Chronic cardiorenal syndrome (CRS Type 2): chronic 
abnormalities in myocardial function leading to worsened 
chronic kidney disease (CKD). This subtype implies that 
chronic CVD can contribute to the development of  CKD. 
Six observation studies have reported on CRS Type 2, 
with a minority of  reports reporting on CVD contributing 
to an excess risk of  CKD[4]. It is recognized that the risk 
factors for atherosclerosis, namely diabetes, hypertension, 
and smoking are independently associated with the devel-
opment of  CKD[29]. In addition, chronic abnormalities in 
systolic and diastolic myocardial performance can lead to 
alterations in neurohormonal activation, renal hemody-
namics, and a variety of  adverse cellular processes leading 
to apoptosis and renal fibrosis[30]. Approximately 30% of  
those with chronic cardiovascular disease (CVD) meet a 
definition of  CKD, and multiple studies have demonstrat-
ed the independent contribution of  CVD to the worsen-
ing of  CKD[31]. An important component of  CRS Type 
2 epidemiology is that CKD appears to accelerate the 
course of  atherosclerosis and result in premature CVD 
events including myocardial infarction and stroke[32,33]. 
Importantly, CKD and its metabolic milieu work to cause 
advanced calcific atherosclerosis through CKD mineral 
and bone disorder characterized by phosphate retention, 
relative vitamin D and calcium availability, and secondary 
hyperparathyroidism[34]. Of  these factors, phosphate re-
tention appears to be the critical pathophysiological com-
ponent stimulating the conversion of  vascular smooth 
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muscle cells to osteoblastic-like cells which, via the Pit-1 
receptor, are stimulated to produce extracellular calcium 
hydroxyapatite crystals in the vascular smooth muscle 
layer of  arteries[35,36]. Thus, patients as a part of  CRS type 2, 
more commonly have vascular calcification, less vascular 
compliance, and a higher degree of  chronic organ injury 
related to blood pressure elevation and shear stress[37]. 
Despite these mechanisms specific to CRS, CRS Type 2 
remains heavily confounded by the “common soil” of  
atherosclerosis and CKD. The cardiometabolic syndrome 
and neurohormonal activation affect both organ systems; 
thus, it is difficult to tease out the temporal sequence of  
pathophysiological events for most individuals which are 
occurring over the period of  decades[38].

Studies have shown that 45.0%-63.6% of  patients with 
chronic HF have evidence of  CKD defined as an esti-
mated glomerular filtration rate (eGFR) < 60 mL/min per 
1.73 m2[39]. Multiple studies have demonstrated that CKD 
is closely linked to more frequent hospitalizations and 
complications from pump failure and arrhythmias[40,41]. In 
addition, patients with CKD and end-stage renal disease 
have higher defibrillation thresholds and may not have the 
protective benefit of  implantable cardio defibrillators as 
those with normal renal function[42]. Increased degrees of  
left ventricular hypertrophy and cardiac fibrosis are be-
lieved to be the biologic basis for these electrophysiologi-
cal findings[43].

Acute renocardiac syndrome
Acute renocardiac syndrome (CRS Type 3): acute worsen-
ing of  renal function leading to cardiac events. The most 
common scenario for CRS Type 3 is the development of  
AKI that results in volume overload, sodium retention, 
neurohormonal activation, and the development of  clini-
cal HF with the cardinal features of  pulmonary conges-
tion and peripheral edema. Volume overload alone has 
been shown to induce cardiac failure and reflect CRS Type 
3 most clearly in the pediatric population[44]. However, in 
adults, when acute on chronic disease is a common occur-
rence, it is difficult to identify clear cases where AKI lead 
to cardiac decompensation. It is also possible that CRS 
Type 3 could precipitate in an acute coronary syndrome, 
stroke, or other acute cardiac event. Thus the epidemiol-
ogy of  this CRS subtype is not well defined for individual 
CVD events such as ACS, stroke, cardiac rehospitaliza-
tion, arrhythmias, pump failure, and cardiac death[4].

Chronic renocardiac syndrome
Chronic renocardiac syndrome (CRS Type 4): chronic 
renal disease leading to the progression of  cardiovascu-
lar disease. Over the past several decades there has been 
recognition of  a graded and independent association 
between the severity of  CKD and incidence as well as 
prevalence of  CVD[2]. In a meta-analysis of  39 studies 
(1 371 990 participants), there was a clear relationship 
between the degree of  renal dysfunction and the risk 
for all-cause mortality[45]. The unadjusted relative risk of  
mortality in participants with reduced kidney function 

was in excess of  the reference group in 93% of  cohorts. 
Fourteen of  the 39 studies described the risk of  mortality 
from reduced kidney function, after adjustment for other 
established risk factors. Although adjusted relative hazard 
ratios were on average 17% lower than unadjusted relative 
risks, they remained significantly greater than unity in 71% 
of  cohorts. The overall mortality was influenced greatly by 
excess cardiovascular deaths, which constituted over 50% 
of  cases. Thirteen studies have been identified as specifi-
cally reporting on CRS Type 4, most of  which were in 
populations with end-stage renal disease[4]. It should also 
be recognized, that CKD contributes to CVD outcomes 
in CRS Type 4 by complicating pharmacological and in-
terventional treatment[46,47]. For example, azotemia and 
hyperkalemia restrict the use of  drugs that antagonize the 
renin-angiotensin system, thus fewer patients with CKD 
enjoy the cardiovascular benefits of  angiotensin convert-
ing enzyme inhibitors, angiotensin Ⅱ receptor antago-
nists, and aldosterone receptor blockers[48,49]. It has been 
shown that CKD also worsens the presentation, severity, 
response to treatment, and cardiorenal outcomes in acute 
and chronic hypertension[50,51]. In addition, the perceived 
risks of  AKI lead patients with CKD towards conserva-
tive management strategies which have been associated 
with poor outcomes in the setting of  both acute and 
chronic coronary artery disease[52]. Finally, a recent study 
of  silent brain injury (asymptomatic cerebral infarctions 
by magnetic resonance imaging) has been associated with 
a rapid decline in renal function in approximately 30% of  
patients[53]. This suggests the possibility that cerebrovas-
cular disease could in some way contribute to more rapid 
progression of  CKD.

Secondary cardiorenal syndrome
Secondary cardiorenal syndrome (CRS Type 5): systemic 
illness leading to simultaneous heart and renal failure. It is 
recognized that a systemic insult, particularly in a younger 
patient with no prior heart or kidney disease, can lead to 
simultaneous organ dysfunction. This is almost always 
in the setting of  critical illness such as sepsis, multiple 
trauma, or burns. There are limited data on the incidence 
and determinants of  CRS Type 5, in part because of  
confounders such as hypotension, respiratory failure, liver 
failure, and other organ injury beyond the cardiac and 
renal systems. This results in a difficult human model for 
investigation. Sepsis as a precipitator of  CRS Type 5 is 
common and its incidence is increasing, with a mortal-
ity estimated at 20%-60%[54,55]. Approximately 11%-64% 
of  septic patients develop AKI that is associated with a 
higher morbidity and mortality[56]. Abnormalities in car-
diac function are also common in sepsis including wall 
motion abnormalities and transient reductions in left ven-
tricular ejection fraction[57]. Observational data have found 
approximately 30%-80% of  individuals with sepsis have 
measurable blood troponin I or T that are above the 99th 
detection limits[58]. These elevated cardiac biomarkers have 
been associated with reduced left ventricular function and 
higher mortality even in patients without known coronary 
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disease[59-61]. Importantly, volume overload as a result of  
aggressive fluid resuscitation appears to be a significant 
determinant of  CRS Type 5. Among 3147 patients en-
rolled in the Sepsis Occurrence in Acutely Ill Patients 
(SOAP), there was a 36% incidence of  AKI, and volume 
overload was the strongest predictor of  mortality[59]. Iat-
rogenic volume overload appears to play an important 
additional role, possibly along the lines described for CRS 
Type 1 and passive venous congestion of  the kidney, in 
the pathogenesis of  AKI. At the same time, volume over-
load increases left ventricular wall tension and likely con-
tributes to cardiac decompensation in those predisposed 
to both systolic and diastolic HF[60]. In summary for CRS 
Type 5, both AKI and markers of  cardiac injury followed 
by volume overload are common in sepsis, with each be-
ing associated with increased mortality. However, there is 
a current lack of  integral information on the incidence of  

bidirectional organ failure and its pathophysiological cor-
relates in a variety of  acute care settings. 

Biomarkers of Cardiorenal 
Syndromes
There is considerable interest in blood and urine biomark-
ers to detect CRS. For decades, the rise in serum creati-
nine has been the only detectable sign of  a reduction in 
glomerular filtration. Creatinine has had the disadvantages 
of  being linked to creatine and overall body muscle mass, 
hence varying according to body size in addition to the 
rate of  renal elimination[61]. Furthermore, the kidney both 
filters and secretes creatinine. Finally, the assays used to 
measure creatinine have not be standardized across labo-
ratories, therefore studies reporting values from multiple 
centers have inherent variation in values attributed to dif-

Table 1  Novel biomarkers of acute cardiac and renal injury

Biomarker Mechanism of action Advantages Diagnostic 
approach

Potential 
therapeutic 
approaches

Catalytic 
(labile, poorly-
liganded) iron

Leads to generation of the hydroxyl radical, the most 
destructive of ROS; released into the blood in patients 
with ACS[63]; thought to be involved in oxidative 
organ damage also in AKI[64]; local cellular and tissue 
availability of catalytic iron are likely to determine 
the degree and severity of organ injury in the setting 
of most hypoxic and other toxic insults[65]

In patients with ACS, the appearance of 
catalytic iron precedes the rise in serum 
troponin and detects acute myocardial 
infarction with an area under the ROC 
curve of > 90%[63]

Detection of 
non-transferrin-
bound iron 
in blood by 
the bleomycin 
assay[63]

Use of iron 
chelators to 
diminish oxidative 
injury[66]

NGAL 
(lipocalin-2, 
siderocalin)

Natural siderophore produced by renal tubular 
cells that reduces the availability of catalytic iron, 
thus limiting oxidative damage and limiting 
bacterial growth

One of the earliest kidney markers of 
cardiac and renal injury in animals[65]; 
detected in humans shortly after AKI and 
predicts need for in-hospital dialysis[66]

Detection in 
blood and 
urine[67]

Overexpression 
reduces oxidative 
stress in ischemic 
injury[67]

Cystatin C Cysteine protease inhibitor (housekeeping protein) 
produced by all nucleated cells that is freely filtered 
by the glomerulus and reabsorbed in the proximal 
tubule; no tubular secretion

Not dependent on muscle mass; better 
predictor of risk of adverse events in 
patients with CVD than creatinine or 
eGFR[68]

Detection in 
blood

-

KIM-1 Transmembrane glycoprotein not normally detected 
in urine[69]; detected in urine early after ischemic or 
nephrotoxic injury to cells of the proximal tubule[69]

Highly specific for AKI caused by 
systemic illnesses such as sepsis and not 
for pre-renal azotemia or drug-induced 
renal injury[68]; May be elevated before 
histologic evidence of proximal tubular 
cell death[69]

Detection in 
urine

-

NAG Large lysosomal brush-border enzyme found in cells 
of the proximal tubule, not normally filtered by the 
glomerulus; elevated concentrations found 
in urine in the setting of AKI, CKD, diabetes 
mellitus, hypertension and heart failure[71]

Marker of the degree of tubular damage Detection in 
urine

-

IL-18 Pro-inflammatory cytokine found in urine after acute 
ischemic damage to proximal tubules[72]; associated 
with AKI-related mortality, although not organ-
specific[69]; might be involved in myocardial cell 
damage in the setting of ACS[73]

Sensitive and specific to detect ischemic 
AKI with an area under the ROC curve 
of 0.78[70]; levels rise 48 h before those of 
creatinine[68]

Detection in 
urine

Inhibitors expressed 
in stem cells are 
protective in 
models of myocyte 
injury[73]

L-FABP Selectively binds free unsaturated fatty acids and 
products of lipid oxidation in cells in the setting of 
hypoxic tissue injury; detected in the urine in the 
setting of AKI[74]

Might predict dialysis-free survival in 
patients with AKI[75]

Detection in 
urine

-

Tubular 
enzymuria

Several enzymes, such as gamma glutamyl 
transpeptidase, alkaline phosphatase, lactate 
dehydrogenase, and α and π glutathione 
S-transferases are released from tubular cells[76-78]

A combination of measures of enzyme 
levels could potential indicate the 
presence and location of kidney injury[79]

Detection in 
urine

-

eGFR: Estimated glomerular filtration rate; KIM-1: Kidney injury molecule 1; IL-18: Interleukin-18; L-FABP: Liver-fatty acid binding protein; NAG: 
N-acetyl-β-(D)glucosaminidase; NGAL: Neutrophil gelatinase-associated lipocalin; ROC: Receiver operating characteristic; ROS: Reactive oxygen species.
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ferences in measurement technique[62]. Hence, there is a 
clear need for better laboratory markers of  renal filtration. 
An ideal marker would be independent of  muscle mass, 
reflect actual renal filtration at the time of  measurement, 
and be sensitive to changes in actual GFR in order to alert 
clinicians to a meaningful change shortly after it occurs.

Unlike cardiac biomarkers indicating myocardial injury 
and overload (troponin, creatine kinase myocardial band, 
natriuretic peptides), the field of  nephrology has been 
devoid of  approved blood or urine markers of  AKI. Thus 
the current paradigm is that when renal injury occurs, cli-
nicians must wait to observe a reduction in GFR before 
AKI is inferred. The concept of  measuring markers of  
the acute injury process is crucial to the early upstream 
identification of  AKI before there is serious loss of  organ 
function[63]. Table 1 is a summary of  relatively novel renal 
markers and what is known about them in acute cardiac 
and renal injury. Their use in the years to come will un-
doubtedly influence the epidemiology of  CRS.

IMPACT ON HOSPITAL MEDICINE
Cardiorenal syndromes as described in this paper are not 
spontaneous or primary conditions that arise in free-living 
populations. Acute CRS appears to occur once hospital-
ization and its associated care have occurred. Thus, there 
are determinants and clear precipitants to these syndromes 
that are potentially controllable by clinicians. Improved 
education and awareness concerning the risk factors and 
presence of  CKD holds great promise for patients and 
clinicians to avoid contributors to CRS such as excess 
sodium intake, and use of  intensive loop diuretics, non-
steroidal anti-inflammatory agents, thiazolidinediones, and 
iodinated contrast. The National Kidney Foundation Kid-
ney Early Evaluation Program is a nationwide and now 
global community-based screening program that evaluates 
volunteers for CKD and its risk factors, with effective 
education for participants and their physicians[64]. This 
program, as it evolves and broadens, has a considerable 
opportunity to lessen the frequency of  avoidable CRS in 
the future by spurring community awareness and clinical 
appreciation for CKD. Finally, the most important public 
health question concerning this field is wether or not a 
lessening of  the frequency or severity of  AKI will reduce 
hospital length of  stay, cardiovascular, renal, and all-cause 
morbidity and mortality. Large scale clinical trials of  pre-
ventive therapies that consign broad composite primary 
endpoints with biomarkers as secondary endpoints are 
needed to answer this pivotal question.

CONCLUSION
The ADQI consensus on CRS has yielded a framework 
for a better understanding of  the epidemiology of  the five 
subtypes of  CRS[3]. A description of  the epidemiology of  
the heart-kidney interaction is critical to our understand-
ing of  the overall disease burden associated with these 
specific CRS subtypes, and will guide future investigations 

into their pathophysiology, diagnosis, prognosis, and man-
agement. Recent studies have identified and characterized 
several novel biomarkers for HF and AKI. These advanc-
es will herald better understanding, diagnosis, and treat-
ment of  CRS. It is anticipated that these biomarkers will 
help make an earlier diagnosis of  CRS possible, as well as 
identify the specific type of  CRS. It is hoped that some 
of  these new biomarkers will either provide sufficient risk 
prediction or early diagnosis of  all patients for novel pre-
ventive and treatment strategies to ameliorate the course 
of  CRS, and subsequently, the long-term outcome. 
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Abstract
There has been significant progress in our understand-
ing of the pathobiology, epidemiology and prognosis 
of pulmonary vascular disease and, over the past few 
years, there has been an explosion of clinical therapeu-
tic trials for pulmonary arterial hypertension (PAH). The 
increasing number of different conditions now associ-
ated with PAH and the appearance of new diagnostic 
techniques have led to a need for a systematic diagnos-
tic approaches and a new disease classification, which 
has resulted in notable improvements in the quality and 
efficacy of clinical care. We appreciate traditional rest-
ing right heart catheterization techniques (which still 
remain the gold standard for diagnosing PAH and man-
aging patients on therapy) and look forward to novel 
invasive techniques (e.g. intravascular ultrasound) that 
add greatly to our understanding of right ventricle and 
pulmonary circulation, and for the interpretation of data 
from clinical trials as well. 
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INTRODUCTION
We have experienced significant progress in our under-
standing of  pulmonary hypertension (PH) including elu-
cidation of  the pathobiology of  PH and the development 
of  diagnostic approaches, treatments and prognostic abili-
ties[1]. Many cardiac and pulmonary diseases are associated 
with an abnormal increase in pulmonary artery pressures 
(PAP). The most common causes of  PH are left heart fail-
ure and chronic hypoxemic lung diseases. PH is the third 
most common cardiovascular condition, after coronary 
heart disease and systemic hypertension. A resting mean 
PAP (mPAP) of  8 to 20 mmHg should be considered 
normal, based on available evidence. According to the last 
World Symposium on PH held in DanaPoint (2008), PH is 
a hemodynamic and pathophysiological condition defined 
as an increase in mPAP ≥ 25 mmHg at rest as assessed 
by right heart catheterization (RHC, Table 1). Further 
studies are needed to better determine the natural history 
of  patients with mPAP of  21 to 24 mmHg. Currently, the 
normal behavior of  pulmonary pressure during exercise 
remains unknown, and it presents wide variability accord-
ing to age and the degree of  physical fitness in the healthy 
individuals. Thus, a definition of  PH during exercise as a 
mPAP > 30 mmHg is not supported by published data. 
PH can be found in multiple clinical conditions, which 
have been classified into 6 clinical groups with different 
pathological, pathophysiological, prognostic and therapeu-
tic features[1]. 
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The subgroup of  PH known as pulmonary arterial 
hypertension (PAH, group 1) is a clinical condition char-
acterized by the presence of  precapillary PH (pulmonary 
arterial wedge pressure ≤ 15 mmHg) in the absence of  
other causes of  precapillary PH, such as PH due to lung 
diseases, chronic thromboembolic PH or other rare dis-
eases. 

PH is a life threatening disease characterized by a pro-
gressive increase of  pulmonary blood pressure that often 
leads to right ventricular (RV) failure and death. In fact, 
PAH is a disease of  the arterial vessel wall (obliterative 
proliferation and remodelling) that affects both steady 
and pulsatile components of  the pulmonary arterial he-
modynamics. The increase of  the pulmonary vascular re-
sistance (PVR), the intrinsic wall arterial stiffness and the 
magnitude and timing of  the reflection wave (secondary 
to the increase pulse wave velocity), determine a progres-
sive dynamic afterload increase, which in turn leads to RV 
hypertrophy, dilatation and failure[2]. 

The maintenance of  stroke volume or ventricular flow 
output in the presence of  an increase of  the afterload 
depends on systolic function adaptation, with second-
ary diastolic changes and altered RV-left ventricle (LV) 
interactions. The insufficient homeometric adaptation to 
afterload (Anrep effect) leads to heterometric adaptation 
(Starling effect), given the increased preload is second-
ary to the RV dilatation. Finally, the exhaustion of  these 
mechanisms plus the ventricular contractility decrease, 
extended relaxation time constant and increased stiffness, 
determines RV failure[3]. 

Taking into account that RV functional status is a 
strong predictor of  survival and that the evolution of  RV 
function parallels the evolution of  the pulmonary vascular 
anatomo-functional pathology, it is becoming apparent 
that a comprehensive approach to the RV, pulmonary 
circulation and their interactions as a unit (ventricular-
pulmonary vascular coupling) will be beneficial in both 
clinical management of  PH patients and clinical research. 
Here we discuss standard and evolving invasive param-
eters that have the ability to better assess pulmonary circu-
lation and RV function as a unit[2]. 

STANDARD INVASIVE HEMODYNAMIC 
PARAMETERS
Right heart catheterization (RHC) remains the gold stan-
dard for diagnosing PH, assessing disease severity, and de-
termining the prognosis and response to therapy (Table 2)[4]. 
The procedure has been shown to be safe, with no deaths 
reported in the NIH registry study. In addition, a recent 
study reported a procedure-related mortality of  0.055% 
and morbidity of  1.1% when conducted in specialized 
centers. The most critical aspects of  RHC are that it is 
performed appropriately and the data are interpreted ac-
curately. Since end-expiratory intrathoracic pressure most 
closely correlates with atmospheric pressure, it is impor-
tant that all RV, pulmonary artery (PA), PA occlusion pres-
sure (PAOP), and left ventricular pressures be measured 

at end-expiration (specially in obese patients and patients 
with intrinsic lung disease in whom there can be signifi-
cant variation between inspiration and end-expiratory vas-
cular pressures)[2-5]. 

After determination of  the presence of  PH, pulmo-
nary venous pressure should be evaluated by the PAOP. 
Inflation of  the balloon at the tip of  a PA catheter to 
measure PAOP creates a downstream stop-flow phe-
nomenon extending to the same diameter veins. There-
fore, PAOP generally gives a satisfactory estimate of  left 
atrial (LA) or end-diastolic LV pressure (Figure 1)[6]. In 
order to obtain retrograde transmission of  LA events 
through the pulmonary capillary bed (i.e. PAOP), the 
PA catheter tip must be located in a lung segment where 
pulmonary venous pressure exceeds the alveolar pressure 
(physiologic zone 3). Conditions such as hypovolemia, 
advanced parenchymal lung disease, or positive pressure 
ventilation make the alveolar pressure exceed the pulmo-
nary venous pressure, therefore creating zones 1 or 2. In 
this case, PAOP becomes a measure of  alveolar pressure 
rather than LA pressure[7]. 

Because the PAOP is a backward reflection of  the 
LA, the timing of  the waves with the ECG is slightly 
delayed: the a wave occurs with atrial contraction and 
is found near the end or after the QRS and the v wave 
occurs when blood fills the atria and the mitral valve is 
closed. This is observed well after the T wave. A very 
prominent v wave can hinder the accurate measurement 
of  PAOP and tends to appear due to severe mitral regur-
gitation or severe alterations in LV distensibility[6,7]. 

To measure the mean PAOP value, we must locate 
the a wave (near or after the QRS complex) and measure 
the maximum and minimum a wave values, and then 
these values are averaged (Figure 2). 

Wedging a PA catheter without balloon inflation 
yields a PA wedge pressure, sometimes called a pulmo-
nary capillary wedge pressure (Pcwp) or (wrongly) a 
pulmonary capillary pressure (Pcap), which measures 
the pressure of  the same diameter veins (Figure 1). The 
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Figure 1  Occluded pulmonary artery pressure vs pulmonary capillary 
wedge pressure. Modified from Lupi Herrera et al. Arch Cardiol Mex 2008; 78: 
95-113.



measurement of  an effective Pcap, requires the analysis 
of  a PAP decay curve after balloon occlusion, as will be 
described later[8,9].

A hemodynamic study was recently conducted in 
3920 patients with PH, and the reliability of  PAOP to 
distinguish PAH and PH associated with LV disease 
compared to LV end-diastolic pressure (the gold stan-
dard of  LV preload) was analyzed. Approximately half  
of  the patients classified as having PAH based on PAOP 
< 15 mmHg, actually had PH associated with LV disease 
when based on the criterion of  an LV end-diastolic pres-

sure < 15 mmHg. Thus, if  the patient presents a clinical 
profile compatible with PH associated with LV disease 
(age > 65 years, obesity, metabolic syndrome, coronary 
artery disease, hypertension, diabetes mellitus, LA en-
largement, LV hypertrophy), a direct measurement of  
LV end-diastolic pressure is recommended to confirm 
the diagnosis of  PAH if  PAOP is < 15 mmHg[10].

The normal value of  PAOP or LV end diastolic pres-
sure is less than 8 mmHg and no more than 15 mmHg, 
since approximately 14 mmHg is 2 standard deviations 
from a normal PAOP. In clinical practice, Pcap is seldom 
assessed, and PAOP (confusingly called Pcwp or Pcap) 
is commonly used to estimate PVR and to guide fluid 
therapy. Under numerous pathological conditions the lon-
gitudinal distribution of  the precapillary arterial and the 
postcapillary venous resistance and subsequently the rela-
tionship between Pcap and PAOP varies greatly. Hence, 
Pcap can no longer be predicted from PAOP. The mea-
surement of  the effective Pcap requires the analysis of  a 
PAOP decay curve after balloon occlusion through differ-
ent methods: (1) the visual inspection method, where the 
inflection point is designated as the capillary pressure; (2) 
a single exponential curve is fitted to the average arterial 
occlusion pressure decay in the segment between 0.3 s and 
2 s after time 0 (occlusion); and (3) a better fit of  PAOP 
decay curves after balloon occlusion is obtained with a bi-
exponential function. This method of  calculation led to 
lower Pcap values than found using a mono-exponential 
fitting (Figure 3)[6,8,11]. 

When the PA is occluded, there is a rapid decrease in 
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Table 1  Hemodynamic definitions of pulmonary hypertension as assessed by right heart catheterization

Definition Characteristics Clinical group(s)1

PH mPAP ≥ 25 mmHg All
Pre-capillary PH mPAP ≥ 25 mmHg 1  Pulmonary arterial hypertension

PAOP ≤ 15 mmHg 3  PH due to lung diseases
CO N or reduced2 4  Chronic thromboembolic PH

5  PH with unclear and/or multi- factorial mechanisms
Post-capillary PH mPAP ≥ 25 mmHg 2  PH due to left heart disease

PAOP > 15 mmHg
CO N or reduced2

Passive TPG ≤ 12 mmHg
Reactive ("out of proportion") TPG > 12 mmHg

1DanaPoint classification; 2High cardiac output can be present in cases of hyperkinetic conditions such as systemic-to-pulmonary 
shunts (only in the pulmonary circulation), anemia, hyperthyroidism, etc. PH: Pulmonary hypertension; CO: Cardiac output; PAP: 
Pulmonary arterial pressure; PAOP: Pulmonary artery occlusion pressure; TPG: Transpulmonary pressure gradient (mPAP-PAOP). 

Table 2  Recommendations for right heart catheterization[1]

Statement Class of re-commendation Level of evidence

RHC is indicated in all patients with pulmonary arterial hypertension to confirm the diagnosis, 
to evaluate the severity and when PAH specific drug is considered

Ⅰ C

RHC should be performed for confirmation of efficacy of pulmonary arterial hypertension 
specific drug therapy

Ⅱa C

RHC should be performed for confirmation of clinical deterioration and as baseline for the 
evaluation of the effect of treatment escalation and/or combination therapy

Ⅱa C

RHC: Right heart catheterization. 
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blood flow as the occluded downstream PA discharges 
its blood volume sequentially into the pulmonary capil-
laries across the arterial resistance and then into the 
pulmonary veins across the venous resistance. This two-
part pressure discharge is reflected in the PAOP decay 
curve. The initial rapid pressure drop approaches the 
pressure in the capillaries as the blood trapped in the 
downstream pulmonary capillaries equilibrates with pul-
monary capillary pressure. This is followed by a slower 
pressure decrease approaching the PAOP as pulmonary 
capillary pressure equilibrates with pulmonary venous 
pressure. The initial pressure drop reflects the proximal 
arterial resistance, and the slower pressure drop reflects 
the distal, venous resistance. Normally two-thirds of  the 
transpulmonary gradient pressure drop occurs over the 
arterial resistance, with approximately one-third of  the 
pressure drop occurring over the venous resistance, as 
calculated from Gaar’s equation: Pcap = PAOP + 0.4 
(mPAP - PAOP). An increase in the pulmonary venous 
resistance increases the Pcap. Under these conditions the 
PAOP or LA pressure underestimates the Pcap[6-9]. 

In patients with PAH, Pcap measured with the occlu-
sion technique is higher than normal and helps to locate 
the site of  predominantly increased PVR in severe PH. 
The increased Pcap may be due to a previously assumed 
unimportant venous involvement in PAH. The results 
of  Fesler et al[8], showed that compared to PAH, the arte-
rial segment of  the PVR (PVRa) is increased in chronic 
thromboembolic PH and decreased in pulmonary veno-
occlusive disease, but isolated measurement of  PVRa 
does not allow a differential diagnosis between these 
three types of  severe PH. 

The term PVR describes, in part, the forces oppos-
ing the flow across the pulmonary vascular bed. The 
equation traditionally used is based on the assumption 
that the pulmonary capillaries, as well as some others 
vessels in series, behave like a Poiseuille resistance, as-
suming a laminar type flow of  a homogeneous Newto-
nian fluid. A single point measurement of  mPAP, PAOP 
and cardiac output (CO), and derived PVR calculation 

may be misleading because the inherent assumptions of  
linearity and zero crossing of  the (mPAP-PAOP)/CO 
relationship are not met. Therefore, a single point PVR 
determination at variable flow may underestimate or 
overestimate changes in the functional state of  the pul-
monary circulation. These errors or approximations can 
be limited by the definition of  PVR as a multipoint pres-
sure/flow line[2,3]. 

In clinical practice, determination of  CO and cardiac 
index (CI) is typically done by either the thermodilution 
method or Fick method (using the Fick principle). Nor-
mal values are: CO: 4 to 8 L/min; CI: 2.6 to 4.2 L/m2 per 
minute. Although a low CI (≤ 2 L/m2 per minute) has 
been shown to offer prognostic value for patients with 
PAH, the stroke volume index (SVI: CI/heart rate) should 
also be calculated in order to assessed the impact of  heart 
rate on CO/CI values. An increased SVI with the same CI 
suggests better RV myocardial performance[7].

There is no technique that can be expected to provide 
flawless results for CO in the clinical setting. In the ther-
modilution method, cold or room-temperature solution is 
injected in the right atrium through the proximal port of  
the PAC. A curve generated by plotting the decline in PA 
temperature (℃) vs time (s). The area under the curve is 
inversely related to the CO because the injected solution 
is diluted by body temperature blood flow (e.g. higher 
area, lower CO). At least 3 measurements should be 
obtained and they should be within 10% of  each other 
to improve accuracy. The physiological factors affect-
ing accuracy of  thermodilution CO determinations are: 
dysrhythmias, congenital heart defects (e.g. atrial septal 
defect), and severe tricuspid regurgitation (> 33% of  
right atrium area). The accuracy of  the thermodilution 
technique in patients with low CO (overestimate) or 
severe tricuspid regurgitation (underestimate) has been 
questioned.

The Fick method measures pulmonary blood flow 
using principles described by Adolph Fick in 1870. This 
is obligatory when systemic-to-pulmonary shunt is pres-
ent. It requires documentation of  both O2 consump-
tion (VO2) and the arteriovenous oxygen difference (∆
a-vO2). Ideal determination of  VO2 can be done by col-
lecting the patient’s exhaled air over several minutes, or 
by metabolic carts at bedside using indirect calorimetry 
or assuming a basal O2 consumption of  3.5 mL/kg or  
125 mL/m2. Calculation of  ∆a-vO2 requires simultane-
ous determination of  arterial and mixed venous O2. 
When comparing changes in CO/CI by this method (e.g. 
before and after PH therapy), one must remember that 
significant changes in hemoglobin levels could account 
for differences in results. 

Hoeper et al[12] showed, from 105 CO measurements 
in 35 patients, that thermodilution was equally accurate 
over a broad spectrum of  CO values ranging from as 
low as 1.7 L/min to as high as 7.8 L/min. In addition, 
the agreement between the Fick method and thermodi-
lution was not affected by the severity of  tricuspid regur-
gitation. 
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Vasoreactivity testing is indicated in patients with idio-
pathic PAH, heritable PAH and associated anorexigen use 
to detect patients who can be treated with high doses of  
calcium channel blockers (class Ⅰ-level C)[1,5]. A positive 
response to vasoreactivity testing is defined as a reduc-
tion of  mPAP ≥ 10 mmHg to reach an absolute value 
of  mPAP ≤ 40 mmHg with an increased or unchanged 
CO (class Ⅰ-level C)[13]. Vasoreactivity testing should be 
performed only in referral centers and using nitric oxide 
(class Ⅱa-level C), iv epoprostenol, iv adenosine or in-
haled iloprost (class Ⅱb-level C)[1]. 

In those patients with risk factors for LV diastolic dys-
function, acute vasoreactivity testing can lead to a signifi-
cant increase in both LV end-diastolic pressure and PAOP, 
which unmasks the presence of  impaired relaxation of  
the LV, resulting in acute pulmonary edema. A dramatic v 
wave pressure increase of  the PAOP during vasoreactivity 
testing alerts the occurrence of  this situation. 

Some patients with pulmonary vascular disease are 
not symptomatic at rest, but have symptoms with exer-
tion. This observation provides the potential for exercise 
or volume challenge during RHC to better diagnose early 
pulmonary vascular disease. These procedures have not 
been standardized and each cardiac catheterization labora-
tory has its own protocol. A typical amount of  infused 
fluid varies between 500 to 1000 mL of  normal saline, 
taking measurements every 250 mL. Challenge is inter-
rupted when PAOP is > 18 mmHg or symptoms appear. 
An increase in PAOP to greater than 15 mmHg in re-
sponse to exercise or fluid challenge suggests the presence 
of  pulmonary venous hypertension, a condition with dra-
matically different management than PAH[1,4,7].

Calculation of  PVR is essential in the management 
of  patients with suspected PH. However, arterial pres-
sure and ventricular load are also dependent on total 
arterial compliance (Cp). A simple approximation of  
Cp is the ratio of  stroke volume to pulse pressure. In a 
prospectively obtained cohort of  104 patients with pri-
mary PH, Mahapatra et al[14] analyzed Cp as a predictor 
of  mortality after adjusting for other modifiers of  risk. 
During 4-year follow-up, 21 patients died and they dem-
onstrated that Cp is a strong independent predictor of  
mortality in patients with PAH (ROC area of  0.91). 

The hemodynamic prognostic parameters used in 
PAH are based on patient cohorts and have included: 
right atrium pressure > 12 mmHg, CI ≤ 2 L/m2 per 
minute, mixed venous O2 saturation < 63% and in ex-
ercise RHC, the inability to augment CO and to reduce 
PVR. A Cp < 0.81 mL/mmHg predicted a < 40% prob-
ability of  survival at 4 years, and a Cp > 2 mL/mmHg 
predicted a 100% survival. The presence of  angina, 
presyncopal symptoms or frank syncope in response to 
exercise are also poor prognosis factors[1,14,15]. 

Partitioning of pulmonary vascular resistance in PH
The PA occlusion technique can be used in intact animals 
and patients for the determination of  an effective Pcap, 
and for the partitioning of  PVR into an arterial segment 
and a capillary-venous segment[6-9].

Recently, Kim et al[16], based on PVR being partitioned 
into large arterial (upstream, Rup) and small arterial 
plus venous (downstream) components, determined the 
risk of  surgery in chronic thromboembolic pulmonary 
hypertension (CTEPH) patients with a highly elevated 
PVR who underwent pulmonary endarterectomy (PEA) 
through preoperative assessment of  microvascular dis-
ease. Using a standard Swan-Ganz catheter, the pulmo-
nary pressure signal was filtered using a two-pole digital 
low-pass filter with a cutoff  at 18 Hz. A bi-exponential 
fitting of  the pressure decay curve was then performed, 
which allowed estimation of  the derived occlusion pres-
sure (Poccl = Pcap). Rup (mPAP-Pcap/mPAP-PAOP) 
could identify CTEPH patients at high risk for residual 
PH (PVR > 3 wu) and poor outcome after PEA. In pa-
tients with small-vessel arteriopathy the Poccl pressure 
was higher (a longer time is required for the pressure to 
reach PAOP), and therefore the Rup was lower. In this 
cohort, the only postoperative deaths occurred in patients 
with Rup preoperatively estimated at less than 60%, indi-
cating significant down-stream, inoperable, small-vessel 
involvement. Thus, patients with lower Rup appear to be 
at high risk for persistent PH and death after PEA. They 
concluded that a Rup < 60% appears to be at highest risk 
secondary to a large microvascular disease[16].

NOVEL INVASIVE HEMODYNAMIC 
PARAMETERS
Assessment of the pulmonary arterial pressure 
waveform
Chronic pulmonary hypertension results from an increase 
in PVR, which is a simple measure of  the opposition to 
the mean component of  flow. However, given the low 
resistance/high compliance nature of  the pulmonary 
circulation, the pulsatile component of  hydraulic load is 
also critical to consider. The fact that the mean and the 
pulsatile components of  flow are dependent on differ-
ent portions of  the pulmonary circulation suggests that 
they can be controlled separately, without much overlap. 
Pulmonary arterial pulse pressure (pPAP) indicates the 
amplitude of  pulsatile stress. pPAP is mainly determined 
by both the characteristics of  ventricular ejection and 
arterial compliance, so that the lower the compliance, 
the higher the pPAP. It has been reported that pulsatility 
as the ratio of  pPAP to mPAP [i.e. fractional pulse pres-
sure (fPp)] in CTEPH was larger than in PAH and that in 
patients with severe haemodynamic impairment (PVR > 
1000-1100 dyne s/cm5), fPp in addition to PVR might be 
useful in predicting the outcome of  PEA. fPp might be 
low in CTEPH with inaccessible distal thrombi and/or 
secondary pulmonary hypertensive change[17].

The main pulmonary arterial pressure waveform 
(PAPW) qualitative morphology analysis may be of  diag-
nostic and prognostic value in patients with PH. A main 
PAPW is the result of  an interaction between the heart 
and the arterial system[18]. We can estimate the amplitude 
of  the forward (Pi-dPAP) and reflected (sPAP-Pi) pres-
sure waves depending on the inflection point (Pi), where 
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dPAP and sPAP are diastolic and systolic PAP. Since, in 
most cases, the inflection in pressure was smooth, the Pi 
is defined as the time at which the first derivative of  PAP 
(dPAP/dt) reached its first minimum. The augmentation 
index (AI) can be estimated by the ratio of  sPAP-Pi to 
pPAP and the timing of  wave reflection was quantified 
by the inflection time (Ti, Figure 4). Therefore, PAPW 
with amplitude sPAP-dPAP is composed of  a forward 
traveling wave, with amplitude Pi-dPAP generated by the 
RV ejection and a later arriving reflected wave, with am-
plitude sPAP-Pi from the periphery. The forward wave is 
dependent largely upon elastic properties of  the main PA 
and is not influenced by wave reflections. The reflected 
wave is dependent upon the elastic properties of  the en-
tire arterial tree, pulse wave velocity, the round-trip travel 
time of  the wave from the heart to the periphery and 
back, and the distance to the major reflecting sites[18,19].

Castelain et al[20] analyzed high-fidelity PA pressure in 
14 patients with CTEPH (n = 7) and primary PH (n = 7). 
They showed that CTEPH patients had shorter Ti and 
higher AI, with an increased and anticipated wave reflec-
tion as compared with primary PH, suggesting differ-
ences in the pulsatile component of  the RV afterload.

Finally, the extra workload due to wave reflection 
(wasted pressure or energy the RV must generate during 
ejection) can also be estimated as EW = [(Ts-Ti)(sPAP-
Pi)π/2], where Ts corresponds to systolic time. We have 
shown that under steady isobaric condition, RV pulsatile 
load (AI) is attenuated during active PH by maintaining 
main PA stiffness (Pi-dPAP) and reducing the extent of  
the reflected wave (sPAP-Pi, EW)[21]. 

In clinical settings, PAPW analysis might help in evalu-
ating the severity of  different forms of  PH. Vasculopathy 
of  PAH involves both distal resistive arteries and proximal 
conduit arteries, which would determine different dynamic 
RV afterload with different RV adaptation.

Partitioning of pulmonary vascular impedance in PH
As was mentioned previously, the PAPW mainly depends 
on both the characteristics of  ventricular ejection and the 
properties of  the arterial circulation, which determine the 
compliance (cushioning capacity) and the transmission 

properties of  the arterial system (timing and intensity of  
arterial wave). The extent of  vascular obstruction and as-
sociated vasculopathy are the major determinants of  the 
mPAP. However, a more proximal occlusive site and a 
higher PA stiffness determine an earlier and greater wave 
reflection, which in turn increases sPAP and decreases 
dPAP pressures (“ventricularization” of  the PA pres-
sure curve), with non significant changes in mPAP and 
PAOP[22,23]. Pulmonary vascular capacitance (Cp) reflects 
the ability of  the pulmonary vessels to dilate during sys-
tole and recoil during diastole. By storing blood during 
systole, a high capacitance tree dampens the sPAP, and by 
recoiling during diastole, a high Cp increases dPAP. 

Taking into account that the difference between 
mPAP and PAOP is in proportion with PVR, and that 
dPAP depends on PA recoil during diastole and the tim-
ing and degree of  wave reflection, as well as heart rate, 
mPAP - PAOP is a measure of  the steady component 
of  afterload, while mPAP - dPAP is an indirect measure 
of  the pulsatile component of  the afterload. The ratio 
between both (mPAP-dPAP/mPAP-PAOP, named up-
stream pulmonary vascular impedance, Zup) would be 
evaluated pulsatile and steady afterload components si-
multaneously (Figure 5). Therefore, Zup is in proportion 
to the upstream impedance (a higher upstream imped-
ance determines lower dPAP and vice versa)[24].

We recently analyzed preoperative Zup in operable 
(Ⅰ, n = 32) and inoperable (Ⅱ, n = 31) CTEPH patients 
to compare it with PVR, Cp and fPp. In I, 5 patients died 
during the first 30 d after surgery and had higher basal 
PVR and lower basal Zup, Cp index and fPp than sur-
vivors (P < 0.05). Patients with residual pulmonary hy-
pertension (RPH) had significantly lower Zup and lower 
improvement of  Cp index and pulse pressure 1 year after 
PEA, than patients without residual PH. Although, oper-
able (Ⅰ) and non-operable (Ⅱ) patients showed the same 
mPAP, basal Zup in Ⅰ was significantly higher than in 
Ⅱ (58 ± 15; 50 ± 14%). Zup showed the highest ROC 
area for discriminating poor outcome (0.923) with a cut-
off  value of  47%. We concluded that early mortality and 
RPH after PEA may be better discriminated by preopera-
tive Zup than by steady (PVR) or pulsatile (fPp) pulmo-
nary afterload alone. Among operable patients with good 
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evolution 1 year after PEA, a lower Zup could be predic-
tive of  RPH, which is associated with a lower improve-
ment of  capacitance index and pulse pressure[25].

The lower Zup in inoperable CTEPH (Ⅱ) and in idio-
pathic PAH patients (isobaric steady component analysis) 
with respect to operable CTEPH (Ⅰ), is in accordance 
with a more diffuse distribution of  RV afterload and 
would be related to different vascular wall remodeling 
(thrombus organization and small vessel arteriopathy)[25,26]. 
This could also explain why CTEPH lung is virtually in-
distinguishable from IPAH lung at the histopathologic 
level at autopsy and in biopsy studies.

Evaluation of elastic pulmonary arteries by intravascular 
ultrasound
PAH is a disease of  the arterial vessel wall that affects 
both steady and pulsatile components of  the pulmonary 
arterial hemodynamics. PA stiffness is an important factor 
governing dynamic afterload. It has also been reported 
that proximal PA stiffness may increase early in the course 
of  PH, suggesting a potential contributory role of  PA 
stiffness in the development and progression of  PH[27]. 
Increased stiffness observed in PA hypertension may be 
secondary to elevated distending pressures and/or to 
structural changes of  the PA wall. 

Intravascular ultrasound (IVUS) assessment of  the 
pulmonary circulation has been proposed as a technique 
to evaluate the arterial wall changes observed in the elas-
tic pulmonary vessels of  patients diagnosed with PAH. 
There has been preliminary data on in vivo PA pulsatility 
evaluation in PA hypertension[28]. The arterial pulsatil-
ity depends on the the intraluminal pressure and on the 
intrinsic viscoelastic properties of  the arterial wall. The 
absence of  the relation between pulsatility and hemo-
dynamic variables, described in some studies, suggests 
that the changes in pulmonary vessel remodeling may be 
responsible for the functional alterations shown by IVUS. 
It has already been reported that only indexes relating 
pressure and diameter followed qualitative changes of  the 
elastic incremental modulus (a true evaluator of  the elas-
tic status of  the vessel wall from the stress-strain relation-
ship) in an animal model of  acute PH[29]. Rodés-Cabau 
et al[30] demonstrated PA wall abnormalities in all patients 
with primary PH, mostly eccentric. Although the severity 
of  the impaired PA functional state did not correlate with 
hemodynamic variables, it was associated with mortality 
at follow up of  these patients.

We recently evaluated local PA stiffness in a cohort of  
patients with PAH and its relation with dynamic afterload. 
This study showed that only local PA stiffness indexes 
normalized by pulse pressure correlated with global ca-
pacitance and resistance properties of  the pulmonary 
arterial tree. Neither the hemodynamic capacitance index 
nor pulmonary vascular resistance correlated with IVUS 
pulsatility[31]. 

Elastic modulus, local and dynamic compliance and 
distensibility may be an expression of  the intrinsic PA 
wall remodeling and viscoelastic properties, and should be 
used to better understand the histopathological changes 

and response to treatment of  the pulmonary circulation in 
PAH. 

Analysis of RV function and coupling to the pulmonary 
circulation
Instead of  trying to quantify the RV afterload by differ-
ent approaches, it might be more appropriate to quantify 
the RV function directly and to couple to the pulmonary 
circulation. Sagawa et al[32] showed that this can be done 
graphically using a ven-tricular pressure-volume diagram. 
The diagram allows for the determination of  maximal or 
end-systolic ventricular elastance (Ees, end-systolic pres-
sure on end-systolic volume), which is the best possible 
load-independent measurement of  contractility, of  arterial 
elastance (Ea, end-systolic pressure on stroke volume), as 
a measurement of  afterload as it is ‘seen’ by the ventricle, 
and of  the calculation of  an Ees/Ea ratio as a measure-
ment of  the coupling of  ventricular to arterial function. 

The complex geometry of  the RV makes functional 
evaluations with measurement of  instantaneous volume 
changes technically difficult, and the determination of  
Ees may be unreliable because of  the triangular shape of  
the RV pressure-volume loop resulting from the fact that 
RV ejection continues after end-systole. This difficulty in 
measuring instantaneous RV volume is overcome using a 
single-beat method, which derives a systolic pressure-vol-
ume relationship from instantaneous RV pressure and an 
integration of  pulmonary arterial flow[3]. On such a pres-
sure-volume curve, it is easy to determine graphically Ees 
and Ea. The optimal value of  the Ees/Ea ratio, compat-
ible with flow output at a minimal energy cost, is between 
1 and 2. Patients with severe PH present with a decreased 
elastance ratio, in spite of  an adaptative increase in systolic 
function, which underscores that RV failure in the face of  
increased afterload is a relative notion. Recently, Kuehne 
et al[33] used magnetic resonance imaging together with RV 
pressure measurements to generate pressure-volume loops 
and to determine Ees and Ea values in patients with PAH. 
As compared with controls, RV Ees was increased from 5.2 
± 0.9 mmHg/mL per 100 g to 9.2 ± 1.2 mmHg/mL per 
100 g (P < 0.05), but RV Ees/Ea was decreased from 1.9 
± 0.4 to 1.1 ± 0.3 (P < 0.05), indicating an increased RV 
contractility in response to increased afterload that was, 
however, insufficiently coupled to its hydraulic load, with 
inefficient mechanical work production. 

Further studies are needed to confirm that right ventri-
culo-arterial decoupling accounts for a decreased aerobic 
exercise capacity by a limitation of  cardiac output adapta-
tion to peripheral demand.

CONCLUSION
While traditional resting RHC techniques still remain the 
gold standard for diagnosing PH and managing patients 
on therapy, there are novel invasive techniques that do 
not add significant time or risk to the procedure that add 
greatly to our understanding of  the RV, pulmonary cir-
culation, and the interaction between them, and for the 
interpretation of  data from clinical trials as well.
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Abstract
Excessive oxidative stress and low-grade chronic inflam-
mation are major pathophysiological factors contributing 
to the development of cardiovascular diseases (CVD) 
such as hypertension, diabetes and atherosclerosis. Ac-
cumulating evidence suggests that a compromised anti-
oxidant system can lead to excessive oxidative stress in 
cardiovascular related organs, resulting in cell damage 
and death. In addition, increased circulating levels of 
pro-inflammatory cytokines, such as tumor necrosis fac-
tor α, interleukin-6 and C-reactive protein, are closely 
related to morbidity and mortality of cardiovascular 
complications. Emerging evidence suggests that inter-
ventions including nutrition, pharmacology and exercise 
may activate expression of cellular anti-oxidant systems 
via  the nuclear factor erythroid 2-related factor 2-Kelch-
like ECH-associated protein 1 signaling pathway and 
play a role in preventing inflammatory processes in 

CVD. The focus of the present review is to summarize 
recent evidence showing the role of these anti-oxidant 
and anti-inflammatory interventions in cardiovascular 
disease. We believe that these findings may prompt new 
effective pathogenesis-oriented interventions, based 
on the exercise-induced protection from disease in the 
cardiovascular system, aimed at targeting oxidant stress 
and inflammation.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Cell damage that occurs by insults such as oxidative stress 
and toxicants may contribute to atherosclerosis, coronary 
artery disease, stroke, myocardial infarction, Alzheimer’
s disease, Parkinson’s disease and cancer[1-5]. Of  these 
diseases, excessive oxidative stress and chronic inflamma-
tion are both major characteristics of  the pathology seen 
in type 2 diabetes (T2D), cardiovascular diseases (CVD) 
and the aging process[1,6]. Specifically, T2D and CVD are 
associated with increased production of  reactive oxygen 
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species (ROS) and compromised endogenous anti-oxidant 
defense. Oxidative stress is tightly regulated by a balance 
between production and removal of  ROS. ROS are natu-
ral by-products of  metabolism and these molecules play 
important roles in cell signaling. However, excessive levels 
of  ROS can be toxic to cells, i.e. whenever the expression 
of  anti-oxidant enzymes, including superoxide dismutases 
(SODs), heme oxygenase-1 (HO-1), NAD(P)H quinone 
oxidoreductase-1 (NQO-1), catalase and thioredoxin are 
not sufficient to control ROS and minimize ROS-induced 
damage[3]. A compromised anti-oxidant defense system 
can lead to excessive oxidative stress and ultimately result 
in cell damage[7-9]. 

Recent work has indicated that chronic inflammation 
is an important pathophysiological factor in the devel-
opment of  T2D and CVD, with increased circulating 
levels of  pro-inflammatory cytokines, such as circulating 
C-reactive protein (CRP), tumor necrosis factor (TNF)-α, 
interleukin (IL)-6 and IL-1β[10-14]. Opposing the pro-
inflammatory cytokines, anti-inflammatory cytokines, such 
as IL-10 and adiponectin, are inversely correlated with 
the incidence of  these diseases. These anti-inflammatory 
cytokines play a role in inhibiting the action of  TNF-α on 
endothelial cell adhesion, reducing nuclear factor (NF)-κB 
activation, and delaying macrophage foam-cell develop-
ment[15-18]. T2D and CVD are associated with aging and a 
sedentary lifestyle; however, emerging evidence suggests 
that the anti-inflammatory effects of  exercise and/or 
physical activity can reduce mortality and morbidity of  
these patients[19-22]. However, the mechanism(s) that confer 
anti-inflammatory effects following an exercise training 
regimen have not been clearly identified.

This review addresses the effects of  interventions, 
such as nutrition, pharmacology, genetics and exercise on 
anti-oxidant systems and on inflammation. 

ROLE OF INTERVENTIONS IN 
ENDOGENOUS ANTIOXIDANT 
SIGNALING
The anti-oxidant defense system is regulated, in large part, 
by a transcription factor termed nuclear factor erythroid 
2-related factor 2 (Nrf2), which is a member of  the cap ‘n’ 
collar subfamily of  the basic leucine zipper transcription 
factors[5]. Under normal physiological conditions, Nrf2 
is bound to a cytoplasmic repressor, termed Kelch-like 
ECH-associated protein 1 (Keap1)[23]. Keap1 functions 
as a substrate adaptor for a Cullin3-dependent ubiquitin 
ligase and targets Nrf2 for degradation by the protea-
some[24-26]. The substrate adaptor function of  Keap1 is 
inactivated in response to a range of  oxidative and elec-
trophilic stimuli such as ROS, diethyl malonate and certain 
disease processes, resulting in the accumulation of  Nrf2, 
which enters the nucleus and activates expression of  anti-
oxidant genes[5,9]. Although most investigators believe that 
Keap1-mediated repression occurs in the cytoplasm, sev-
eral studies have shown that Nrf2 and Keap1 can shuttle 

between the nucleus and the cytoplasm[27-29]. In the nucle-
us, Nrf2 forms a heterodimer with members of  the small 
musculo-aponeurotic fibrosarcoma (Maf) transcription 
factor family. These Nrf2/Maf  heterodimers bind to an-
tioxidant response elements present in the promoters of  
numerous anti-oxidant genes, including NQO-1, glutathi-
one S-transferase, glutathione peroxidase (GPx), catalase 
and HO-1[5,9,30-32] (Figure 1). Nrf2 is widely expressed and 
it has been studied in many different tissues[7,33,34]. In the 
cardiovascular system, it has been shown that ischemia/
reperfusion (I/R) down-regulates Nrf2 protein expression 
in rat heart and that aging decreases glutathione synthesis 
via diminished Nrf2 signaling in rat vascular endothelial 
and smooth muscle cells, suggesting that Nrf2 may play 
a critical role in the development of  CVD in the aged 
population[6,35]. He et al[30] have shown a functionally de-
creased contractility when Nrf2 is genetically deleted from 
cardiomyocytes due to a marked increase in high-glucose 
oxidative stress and apoptosis. 

Role of nutrition in antioxidant signaling
Numerous studies have indicated that increased oxida-
tive stress may be involved in the pathogenesis of  CVD. 
Several animal models suggest that when endogenous 
anti-oxidant systems are overwhelmed, exogenous anti-
oxidant supplementation can be used for preventive and/or 
therapeutic intervention of  oxidative cardiovascular disor-
ders[35,36]. Phenolic acids are a group of  compounds that are 
widely distributed in natural plant foods including fruits, 
vegetables and whole grains[36]. Yeh et al[36] have shown 
that 14 d of  oral gavage (100 mg/kg) of  phenolic acids in 
male rats increased anti-oxidant capacity via SOD-1, GPx 
and catalase, while HO-1 mRNA increased via Nrf2 sig-
naling in the heart. Other phytochemicals, such as those 
found in broccoli sprouts may confer protection against 
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Figure 1  The role of interventions in nuclear factor erythroid 2-related factor 
2-Kelch-like ECH-associated protein 1 signaling pathway. Nuclear factor ery-
throid 2-related factor 2 (Nrf2) can be activated by interventions such as nutrition 
(phytochemical, phenolic acids), pharmacology (MG132, H2S) and oxidative and 
electrophilic stimuli. Under basal conditions, Nrf2 is sequestered in the cytosol 
by binding with Kelch-like ECH-associated protein 1 (Keap1). On activation, Nrf2 
can be released from Keap1 and translocated into the nucleus. Nrf2 forms a het-
erodimer with musculo-aponeurotic fibrosarcoma (Maf) and antioxidant response 
element (ARE) and regulates phase II anti-oxidant enzymes. NQO-1: NAD(P)H 
quinone oxidoreductase-1; GST: Glutathione S-transferase; GPx: Glutathione 
peroxidase; HO-1: Heme oxygenase-1.



cancer, although little is known about these effects on the 
cardiovascular system[37,38]. Recently, Mukherjee et al[35] have 
tested if  daily consumption of  broccoli, which contains 
sulforaphane and selenium for 1 mo could be beneficial to 
the heart. They have found that broccoli induced cardio-
protection in I/R through the induction of  HO-1[35].

Role of pharmacology and genetics in antioxidant 
signaling
The proteasome system uses a ubiquitin tag to activate 
the major intracellular protein degradation in eukaryotic 
cells[39]. The ubiquitin-proteasome system is critical for 
degradation of  proteins related to the cell cycle and apop-
tosis[40,41]. In this sense, proteasome inhibition has been 
highlighted as a promising therapeutic target for treatment 
of  human diseases. For instance, proteasome inhibitors 
have been proposed as an anti-inflammatory treatment 
via inhibition of  NF-κB[42]. As steady-state levels of  Nrf2 
increase following proteasome inhibition, Dreger et al[39] 
have suggested that non-toxic inhibition of  the ubiquitin-
proteasome system by MG132 (0.5 μmol/L for 48 h) may 
contribute to protection of  rat cardiomyocytes against ox-
idative stress via Nrf2-mediated transcriptional activation 
of  anti-oxidants. Calvert et al[43] showed that hydrogen sul-
fide (H2S) may be an attractive pharmacological agent for 
the treatment of  CVD by up-regulating anti-oxidants and 
anti-apoptogens. They showed that 100 μg/kg precondi-
tion by H2S in the form of  sodium sulfide resulted in pro-
tection against myocardial I/R injury in a mouse model by 
increasing endogenous anti-oxidant defenses via an Nrf2-
dependent manner. In this study, Nrf2 deficient mice 
showed an exacerbated injury in response to I/R, suggest-
ing that Nrf2 may play an important cardio-protective role 
in heart disease[43]. On the other hand, Sussan et al[44] have 
shown that disruption of  Nrf2 in apolipoprotein E (ApoE) 
knockout mice significantly decreased atherosclerotic 
plaque after 20 wk of  high-fat diet. However, Nrf2 knock-
out mice showed increased susceptibility to pulmonary 
emphysema, asthma and sepsis due to increased oxida-
tive stress and inflammation[44]. This study suggested that 
Nrf2 might promote atherosclerotic plaque development 
through a mechanism separate from oxidative stress. More 
studies are required to fully understand the contribution 
of  Nrf2 signaling in regards to atherosclerosis. 

Role of exercise and physical activity in antioxidant 
processes
A sedentary lifestyle is a risk factor for T2D and CVD 
with several clinical studies illustrating a reduction of  mor-
tality and morbidity in physically active individuals com-
pared to sedentary individuals[45-47]. Exercise or physical ac-
tivity may contribute to improvement of  insulin resistance 
via improved insulin action, improved vascular function 
via increase of  nitric oxide (NO) bioavailability, and by 
increasing ROS-detoxification and decreasing ROS gen-
eration[48-53]. Since generation of  ROS is a normal result 
of  aerobic metabolism, it is efficiently removed by cellular 
anti-oxidant systems under physiological conditions. Sev-

eral studies have shown that chronic exercise training in-
creases SOD gene expression in vascular systems. Exercise 
training increased SOD-3 gene expression in mice aorta 
in NO-dependent manner and up-regulated SOD-1 in 
Yucatan miniature pig aortas[50,51]. Recently, Moien-Afshari  
et al[54] have suggested that low intensity exercise training 
increased SOD-1 protein expression, whereas moderate 
intensity increased SOD-2 gene expression in diabetic 
mice aorta with improved NO availability. Even though 
many studies have shown that exercise and physical activ-
ity up-regulated anti-oxidants such as SODs in cardiovas-
cular systems, little is known about how exercise and phys-
ical activity may increase phase Ⅱ anti-oxidant systems via 
the Nrf2-Keap1 signaling pathway[50,51,54,55]. Even though 
there are no clear studies to determine if  exercise training 
may alter Nrf2 signaling, Niess et al[56] have shown that 
leukocytes from endurance trained athletes down-regulate 
the baseline expression of  HO-1, presumably due to the 
adaptation mechanism of  exercise training. Since HO-1 
is an anti-oxidant protein that is mainly induced through 
the Nrf2-Keap1 signaling pathway, exercise training may 
down-regulate Nrf-2 signaling in humans. However, more 
studies are needed to further elucidate the effect of  exer-
cise on Nrf2 mechanisms in the cardiovascular system.

ROLE OF EXERCISE IN INFLAMMATION
Effect of acute exercise on inflammation
The effect of  acute exercise on pro-inflammatory cyto-
kines release has been a matter of  considerable debate, 
since although a majority of  studies have reported that 
acute exercise simulates release of  inflammatory cyto-
kine[57-61], some studies have also shown that acute exercise 
did not change levels of  the pro-inflammatory cytokines 
TNF-α and IL-1β[58,61-63]. These discrepant findings sug-
gest that the level of  pro-inflammatory cytokines during 
and following exercise is dependent on several factors 
including the pathological condition, intensity and dura-
tion of  exercise, and timing of  sampling[64]. For example, 
plasma concentration and muscle mRNA expression of  
TNF-α are elevated in chronic obstructive pulmonary 
disease patients during continuous moderate-intensity 
exercise (for 11 min at 40% VO2max) whereas no change 
occurs in normal individuals[64]. Although the circulating 
level of  TNF-α is not altered during low intensity and 
long duration of  two-leg knee extensor exercise, short 
duration and high intensity of  cycling exercise, approxi-
mately 80% VO2max, increases the circulating level of  pro-
inflammatory cytokines, IL-4, IL-6, TNF-α, interferon 
(IFN)-γ and anti-inflammatory cytokine such as IL-1β and 
IL-10[59,64]. Ostrowski et al[57] found that IL-6 and IL-1 re-
ceptor antagonist (IL-1ra) levels were enhanced during 2 h 
of  continuous exercise (measured at every 30 min for 2 h) 
and following exercise, despite no change in the TNF-α 
level. Of  these multiple pro-inflammatory cytokines, IL-6 
is the most responsive cytokine that is increased during 
and following exercise and it is related to exercise intensity, 
duration, and muscle mass recruited[65,66]. Contracting skel-
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etal muscle is one of  the major sources of  IL-6 produced 
during exercise. For example, during even moderate inten-
sity of  exercise (50% of  maximal power output), 3 h of  
dynamic two-legged knee-extensor, muscle IL-6 mRNA 
expression and plasma concentration of  IL-6 is increased 
16-fold and 20-fold, respectively[67]. An even greater 
amount of  IL-6 is produced in higher intensity and lon-
ger duration of  exercise[66]. More interestingly, Petersen  
et al[66] suggest that IL-6 produced from working muscle 
can play a hormone-like role that stimulates lipolysis and 
fat oxidation in adipose tissue and induces gluconeogen-
esis in liver that may enhance exercise capacity. Moreover, 
IL-6 has been suggested as an anti-inflammatory cytokine 
because some studies have shown that an infusion of  
IL-6 decreases TNF-α production in healthy humans and 
stimulates the release of  anti-inflammatory cytokines, IL-1ra 
and IL-10[68,69]. However, IL-6 is a well-established pro-
inflammatory cytokine that is closely linked to various 
CVD and morbidity and mortality of  several diseases. 
One possible explanation of  a paradoxical role of  IL-6 as 
an inflammatory cytokines and as a mediator of  beneficial 
adaptation to exercise is the location of  IL-6 production. 
Muscle contracting-induced local production of  IL-6 may 
play a positive role in lipid and carbohydrate metabolism 
during exercise whereas systemic IL-6 may result in a 
negative consequence of  tissue injury, chronic infection 
and diseases.

Effect of chronic exercise on inflammation
Exercise training and/or a high level of  physical activity 
has a beneficial effect on inflammation through a reduc-
tion of  pro-inflammatory cytokines and an increase in 
anti-inflammatory cytokines. Cross-sectional studies show 
lower plasma levels of  IL-6, TNF-α and CRP while high-
er plasma levels of  IL-10 and adiponectin occur in physi-
cally active individuals compared to physically inactive 
groups[16,70-72]. Exercise decreases pro-inflammatory cyto-
kines and indicators of  systemic inflammation. For exam-
ple, long-term exercise (for 6 mo) significantly attenuates 
the production of  pro-inflammatory cytokines, TNF-α 
and IFN-γ, and enhances the anti-inflammatory cytokine 
IL-10 in individuals at risk of  developing ischemic heart 
disease[73]. Participation in an exercise training program for 
6 mo in patients with stable chronic heart failure (CHF) 
significantly decreases the mRNA expression of  TNF-α, 
IL-6, IL-1β in skeletal muscle, compared to the healthy 
individuals[74]. On the other hand, some studies demon-
strate that the levels of  pro-inflammatory cytokines are 
not significantly altered after exercise training in the obese 
individuals and healthy elderly[75-77]. This discrepancy may 
be derived from differences in experimental design and 
disease status of  the subjects. The studies showing the 
effectiveness of  exercise training on pro-inflammatory 
cytokines investigated the patients with severe disease 
conditions such as CHF and ischemic heart disease where 
basal levels of  cytokines were already elevated compared 
to the healthy individuals before the exercise training[73,74]. 
In contrast, no apparent change in pro-inflammatory cy-

tokines is shown in relatively less severe conditions, such 
moderate obesity (approximately 40% of  % body fat) 
and aging (approximately 66 years old)[75-77]. Moreover, 
local change in inflammation after exercise training is an 
important factor to be considered. For example, mRNA 
expression of  pro-inflammatory cytokines, TNF-α, IL-6, 
IL-1β in skeletal muscle are reduced after exercise train-
ing although the circulating levels of  those cytokines are 
not changed[74]. This finding suggests that exercise training 
does not play a role in reducing systemic inflammation 
and is not effective enough to reduce the circulating levels 
of  cytokines. However, regional expression of  cytokines 
in skeletal muscle are affected. This regional reduction of  
pro-inflammatory cytokines in skeletal muscle may have 
a beneficial effect in skeletal muscles homeostasis despite 
the lack of  effect on systemic inflammation.

Mechanisms of anti-inflammatory effect of exercise
As previously described, acute exercise stimulates produc-
tion of  pro-inflammatory cytokines and superoxide (O2

-•) 
that can cause the tissue injury. Interestingly, exercise 
induced pro-inflammatory cytokines are triggers to gener-
ate the anti-inflammatory cytokines such as IL-10, IL-1ra 
and transforming growth factor β and the anti-oxidant, 
SOD-2 that have protective functions[58,60,63]. The major 
role of  these cytokines is to recruit neutrophils and mono-
cytes into injured tissue for repair[78]. During this process, 
anti-inflammatory cytokines and anti-oxidant mechanisms 
can be initiated and limit the inflammatory reaction in 
response to exercise. It is suggested that this stimulated 
anti-inflammatory mechanism, in turn, may down-regulate 
production of  pro-inflammatory cytokines during and fol-
lowing exercise. 

CONCLUSION
Oxidative stress plays a critical role in the pathology of  
CVD. Exogenous anti-oxidant supplementations such as 
broccoli, curcumin and phenolic acids as well as stimula-
tors of  endogenous pathways such as MG132, H2S and 
exercise seemed to be effective in providing cellular pro-
tection. However, large discrepancies are noted among 
several studies. For example, Sussan et al[44] have shown 
that double deletions of  ApoE and Nrf2 genes in mice 
aortas showed a decrease in plaque area compared with 
ApoE knock-out mice in spite of  the anti-oxidant effect 
of  Nrf2. This suggests that upregulation of  Nrf2 may 
play a detrimental role in generation of  atherosclerosis. 
On the other hand, several studies have suggested ben-
eficial roles of  Nrf2 in the cardiovascular systems. These 
contradictory findings based on narrowly focused studies 
indicate that a broader understanding of  Nrf2 is needed 
to understand the role of  the oxidant/anti-oxidant system 
in cardiovascular disease. Physical activity and/or exer-
cise training provides an ideal experimental context for 
further study of  Nrf2 and other cytokines because acute 
exercise induces an increase in pro-inflammatory cytokine 
production that eventually stimulates anti-inflammatory 
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responses to achieve an overall beneficial anti-inflamma-
tory effect. The elucidation of  the mechanisms governing 
exercise-induced protection from disease in the cardiovas-
cular system is needed to devise more effective therapies. 
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Abstract
In addition to its role as a barrier between blood and 
tissues, the vascular endothelium is responsible for the 
synthesis and released of a number of vasodilators in-
cluding prostaglandins, nitric oxide and endothelium-
derived hyperpolarizing factor (EDHF). As one of these 
vasodilators, the specific nature of EDHF has not been 
fully elucidated, although a number of roles have been 
proposed. Importantly, many conditions, such as hy-
pertension, hyperlipidemia, heart failure, ischemia-
reperfusion and diabetes mellitus comprise vascular 
endothelial dysfunction with EDHF dysregulation. This 
article reviews reports on the role of EDHF in diabetes-
related endothelial dysfunction. 
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INTRODUCTION
The endothelium consists of  a single layer of  cells lin-
ing the inner wall of  the vasculature. It serves as a barrier 
between blood and tissues and actively participates in the 
regulation of  vascular function. Vascular homeostasis and 
tone are controlled by the endothelium via the synthesis 
and release of  a number of  endothelial-derived relaxing 
and constricting substances. Under healthy conditions, the 
prevailing role of  the endothelium is to release vasodila-
tors, including the endothelium-derived relaxing factor 
(EDRF)[1], nitric oxide (NO)[2], prostacyclin (PGI2)[3] and 
endothelium-derived hyperpolarizing factor (EDHF)[4,5]. 
However, the balance or homeostasis between endothelial 
relaxing and constricting factors is disrupted in diseases 
such as hypertension, hyperlipidemia, heart failure, isch-
emia-reperfusion and diabetes mellitus. In the particular 
case of  diabetes, it has been established that vascular dys-
function caused by impairment of  endothelial-dependent 
vasodilation is present in various vascular beds of  differ-
ent animal models and humans. Several signaling pathways 
have been reported as underlying mechanisms responsible 
for the endothelial dysfunction associated with diabetic 
complications including the protein kinase C pathway, the 
polyol pathway, the pathway for formation and signaling 
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of  advanced glycation end products and the hexosamine 
pathway[6]. Most studies on the mechanisms associated 
with vasodilation impairment in diabetes have focused on 
the role of  NO and PGI2[7-9]. Recently, however, as the 
nature of  EDHF and its ability to induce vasodilation is 
being revealed, EDHF is receiving increasing interest.

IDENTIFICATION AND 
CHARACTERIZATION OF EDHF
The first report concerning EDHF and its effects on 
smooth muscle cells can be traced back to over 20 years 
ago[10]. Since then, the nature of  EDHF has been widely 
studied. However, even to this day, the very existence of  
EDHF remains obscure. In general, EDHF-mediated 
responses are considered to be endothelium-dependent 
relaxation responses that persist after blockade of  PGI2 
and NO synthesis (Figure 1)[11,12]. Although the chemical 
identification and functional characterization of  EDHF 
appears to vary depending on vessel size, vascular bed 
and species studied, there are several major candidate 
molecules that, to varying extents, fulfill the criteria that 
would be expected of  an EDHF. These molecules in-
clude: (1) The epoxyeicosatrienoic acids (EETs), which 
are metabolites of  the arachidonic P450 epoxygenase 
pathway, which seem to account for a substantial portion 
of  EDHF effects in a number of  vascular beds[13,14], no-
tably in the coronary circulation[15,16]; (2) The K+ ions that 
are released from the endothelium through endothelial 
K-Ca channels[17,18]; (3) The electrical communications 
occurring through myoendothelial gap junctions that 
provide a pathway for the passage between endothelial 
and smooth muscle cells of  small water-soluble molecules 
(< 1000 Da), such as cAMP, cGMP and Ca2+, but not of  
proteins[19]; and (4) The H2O2 produced in the endothe-
lium; as a catalase, a specific inhibitor of  H2O2, it is able to 
inhibit mesenteric EDHF-mediated vascular relaxations 
and hyperpolarization in normal and more significantly in 
endothelial nitric oxide synthase (eNOS)-/- mice[20-23]. 

In relatively large vessels, such as the aorta and epicar-
dial coronary arteries, NO has generally been considered 
the principal mediator of  endothelial dependent relax-
ations[24-26]. This is supported by observations indicating 
there is no evidence for a contribution of  EDHF to the 
endothelium-dependent relaxation observed in isolated 
rat aortic vessels[27]. In comparison, in small resistance ves-
sels, including the human forearm microcirculation, it has 
become clear that EDHF is an important vasodilator and 
regulator of  vascular tone and reactivity[11,26,28]. 

EDHF AND DIABETES
Diabetes-associated vascular complications constitute 
the most common clinical problem and the major cause 
of  mortality in humans. Endothelial dysfunction is a key 
vascular complication in type 1 and type 2 diabetes, and is 
considered a major risk factor for life threatening cardio-

vascular events. Several mechanisms have been proposed 
to account for endothelial dysfunction and the increased 
risk of  vascular disease in diabetes. These mechanisms 
include a reduced availability of  substrate for the enzyme 
eNOS, an altered signal transduction pathway for the 
stimulation of  vascular relaxation, an enhanced destruc-
tion of  NO due to an increase in oxidative stress, and an 
increased release of  endothelium-derived contracting fac-
tors that decrease the ability of  smooth muscle to respond 
to EDRFs[29-33]. As mentioned above, EDHF is character-
ized by its leading to endothelial-dependent vasodilation 
via NO- and prostaglandin-independent mechanisms, par-
ticularly in resistance arteries where the contribution of  
NO appears to be less important than in conduit vessels, 
and where EDHF appears to play a major role in regulat-
ing tissue blood flow[4]. 

Insulino-dependent diabetes
Streptozotocin causes necrosis of  β cells in the pancreas 
and is commonly used to induce type 1 diabetes in experi-
mental animals. Type 1 diabetes is characterized by insulin 
deficiency compared to the insulin-resistance associated 
with type 2 diabetes. The exact role of  EDHF in type 1 
diabetes vascular dysfunction is not clear, but evidence 
suggests that there is both decreased and increased ED-
HF-mediated responses. A decrease in EDHF-mediated 
responses has been reported in mesenteric and carotid ar-
teries as well as in the renal circulation of  streptozotocin-
treated diabetic rats[31,34-39]. The reduced EDHF-mediated 
response could be attributed to an increase in phospho-
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Figure 1  Endothelium-dependent vasodilation occurs in response to stim-
uli that induce the endothelial production and/or release of factors that 
ultimately cause the relaxation of the adjacent vascular smooth muscle. 
These factors include nitric oxide (NO), prostacyclin (PGI2), and endothelium-
derived hyperpolarizing factor (EDHF). Depending on the species and vascular 
bed studied, the nature of the latter has been narrowed to include epoxyeico-
satrienoic acids, K+ ions, H2O2, and the myoendothelial junctions. In diabetes 
the presence of endothelial dysfunction is mostly characterized by a reduced 
bioavailability of NO. The effect of diabetes on EDHF is controversial, but a 
number of studies suggest that EDHF-dependent signaling may be increased 
therapeutically to ameliorate endothelial dysfunction. ACh: Acetylcholine; AA: 
Arachidonic acid; NOS: Nitric oxide synthase; COX: Cyclooxygenase; CYP 450: 
Cytochrome P450. 



diesterase-3 activity inducing a reduction in the action of  
cAMP[40]. This suggests that a selective phosphodiesterase 
inhibitor may improve EDHF-mediated responses in dia-
betes and that cAMP is partially involved in the EDHF-
mediated relaxation, likely through the enhancement of  
electronic conduction via gap junctions[41,42]. In strepto-
zotocin-treated diabetic rat models, there is a selective 
impairment of  endothelium-dependent relaxation to ace-
tylcholine in mesenteric arteries, but not in femoral arter-
ies and this impairment is attributable to reduced EDHF-
dependent rather than NO-dependent responses[43]. This 
again suggests that the EDHF-mediated response may 
be associated with vascular size and/or vascular beds. In 
streptozotocin-treated diabetic mice, EDHF-mediated 
relaxation is also weaker than in controls. However, the 
mRNA expression levels of  putative EDHF components 
are unexpectedly increased in diabetic mesenteric arter-
ies. Therefore, the EDHF-relaxation impairment may be, 
at least, in part, due to an increase in plasma low-density 
lipoprotein and/or lysophosphatidylcholine[44]. In apoE-
deficient mice, streptozotocin also induces endothelial 
dysfunction associated with a reduced contribution of  the 
EDHF component in acetylcholine-induced endothelial-
dependent responses in small mesenteric arteries suggest-
ing that an impairment in EDHF-dependent signaling 
may be conserved across species in Type 1 diabetes[45].

In contrast to the above reported results, an augmen-
tation in EDHF-mediated relaxation was reported in 
femoral and mesenteric arteries of  streptozotocin-treated 
animals[46]. This increase in EDHF-mediated vasodilation 
is believed to compensate for a reduced bioavailability 
of  NO and to counteract the augmented endothelium-
dependent vasoconstriction observed in these animals. 
This augmented relaxation mediated by EDHF, however, 
was not found in carotid arteries further illustrating the 
marked heterogeneity of  endothelium-dependent re-
sponses in peripheral arteries of  healthy rats and their 
deferential adaptation in the course of  type 1 diabetes. 

Non-insulino-dependent diabetes
Type 2 diabetes is characterized by insulin-resistance, hy-
perinsulinemia, moderate hyperglycemia and is often asso-
ciated with hypertension. In animal models of  type 2 dia-
betes, including the fructose-fed rat, the leptin-deficient, 
genetically obese and mildly hypertensive Zucker rat, and 
the Otsuka Long-Evans Tokushima Fatty (OLETF) rat, 
EDHF-mediated responses are inhibited with no or minor 
alterations in NO-dependent responses[47-51]. For example, 
in Zucker diabetic fatty rats relaxation to acetylcholine 
of  sciatic nerve epineurial arterioles is impaired and this 
impairment is caused by a reduced acetylcholine-evoked 
relaxation mediated by the EDHF pathway[52,53]. There 
is also a report indicating that both EDHF-dependent 
hyperpolarization and relaxation and endothelium-inde-
pendent relaxation are impaired in mesenteric arteries of  
Goto-Kakizaki rats (type 2 diabetic rat model), and that 
treatment with an AT1 receptor blocker failed to amelio-
rate the impaired EDHF-mediated responses[54].

In contrast, in db/db-/- mice, which have a mutation 
on the leptin receptor, the NO-mediated relaxation of  
mesenteric arteries is reduced, while the EDHF-mediated 
responses are preserved[55]. Whether these characteristics 
change when this animal model develops diabetes is con-
troversial. However, a number of  reports indicate that, 
while there is no change in the acetylcholine-induced con-
tribution of  EDHF to the relaxation responses of  small 
mesenteric arteries from type 2 diabetic db/db mice, these 
vessels have a severe impairment in NO contribution to 
endothelium-dependent relaxation caused by a decrease 
bioavailability of  NO without changes in eNOS protein 
levels[55-57]. Similarly in rabbits, where EDHF appears 
to act mainly through Ca2+-activated K+ channels, the 
EDHF-dependent contribution to endothelial dependent 
vasodilation in isolated renal arteries is not affected under 
diabetic conditions[58]. Cumulative evidence, thus, sup-
ports a role for an unchanged or augmented contribution 
of  EDHF as a mechanism for maintaining endothelial 
dependent relaxation in type 2 diabetes and hyperlip-
idemic states when endothelial production of  NO and 
prostaglandins are compromised, in particularly during the 
early stages of  disease progression[59-62]. As for the mecha-
nisms responsible for maintaining the EDHF response, 
there are multiple options. There are reports indicating 
that acetylcholine-induced EDHF-mediated relaxations 
in small mesenteric arteries in db/db mice involve Ca2+-
activated and inward rectifying K+ channels as well as 
Na/K ATPase exchangers, but not EETs; conversely bra-
dykinin-induced EDHF-dependent relaxations occur via 
cytochrome p450 products that activate large conductance 
Ca2+-activated K+ channels[45,55-57,63]. This indicates that 
the relative contribution of  mediators/cellular pathways 
to the EDHF-mediated vasodilation to acetylcholine and 
bradykinin are both disease and agonist dependent. 

Our own results indicate that endothelium-mediated 
vasodilation is primarily NO-dependent in coronary arte-
rioles in wild-type mice[64]. However, we found that a por-
tion of  the NO-, endothelium-dependent vasodilation is 
significantly reduced in db/db mice, supporting the view 
that EDHF plays a pivotal role in type 2 diabetes-induced 
endothelial dysfunction[64]. We also found that in the coro-
nary arterioles of  wild-type mice three EDHF candidates, 
namely H2O2, K+ and EETs, may play important roles 
in acetylcholine-induced endothelial-dependent vasodila-
tion[64]. The impairment of  the H2O2 response and/or the 
abnormalities in K+ channels in advanced diabetes may 
be potential mechanisms for the reduction in EDHF-
mediated vascular function in db/db mice. However, 
our studies suggest that the EETs are not involved in the 
endothelium-dependent, EDHF-mediated vasodilation 
in db/db mice. Furthermore, our findings support the 
concept that interleukin (IL)-6 plays a pivotal role in the 
EDHF-dependent endothelial dysfunction in type 2 diabe-
tes, based on the observation that the presence of  anti-IL-
6-neutralizing antibody normalized coronary vascular func-
tion in diabetic db/db mice. Addition of  IL-6 to the bath 
of  wild type coronary vessels produced a similar degree 
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of  dysfunction as that in the db/db mice, corroborating 
that IL-6 is an important contributor to vascular dysfunc-
tion in this animal model. At the molecular level we found 
that the expression of  IL-6 was significantly increased in 
db/db mice[64]. Administration of  an anti-IL-6 antibody 
attenuated IL-6 expression in db/db mice compared with 
wild type mice, while the expression of  IL-6 was similar 
in diabetic mice null for tumor necrosis factor α (TNF-α) 
compared to wild type mice. Our findings, therefore, pro-
vide for a better understanding of  the mechanisms that 
contribute to the role of  EDHF in endothelial dysfunction 
at the level of  the coronary microcirculation in type 2 dia-
betes. These findings also provide important new insights 
into the identity and mechanisms of  EDHF-mediated 
vasodilation in the coronary circulation and may help 
identify novel therapeutic targets for the treatment of  car-
diovascular diseases associated with elevated levels of  IL-6. 
EDHF contributes to endothelial-dependent vasodilation 
in maintaining coronary blood flow when the bioavailabil-
ity of  NO is substantially reduced in type 2 diabetes. Three 
EDHF candidates, K+, EETs, and/or H2O2, are involved 
in the EDHF-mediated vasodilation in normal coronary 
circulation, but the EETs appear not to be involved in the 
diabetic condition. Studies investigating endothelial func-
tion in animal models of  type 2 diabetes are still scarce and 
have yielded conflicting results. For each of  the candidates 
for major contributors to EDHF-dependent signaling 
mentioned above there are both positive and negative re-
ports on their involvement in diabetes-dependent endothe-
lial dysfunction. While differences in diabetes model and in 
duration or severity of  diabetes undoubtedly play a role in 
some of  the discrepancies, difference in vascular bed, size 
of  the vessel and conditions of  the studies may be a much 
more important source of  disparity. 

EDHF AS A POTENTIAL TARGET IN THE 
TREATMENT OF DIABETES-ASSOCIATED 
ENDOTHELIAL DYSFUNCTION
Endothelial dysfunction in diabetes is primarily associ-
ated with a reduced bioavailability of  endothelium-derived 
NO. However, as mentioned above, evidence indicates 
that EDHF, in a number of  vascular beds, may act as 
a compensatory vasodilator in response to the reduced 
bioavailability of  NO (Figure 1)[59,60]. This suggests that 
EDHF may be up-regulated despite the presence of  the 
endothelial damage that reduces NO bioavailability. Due 
to the putative nature of  EDHF, up-regulation of  path-
ways that augment the conductivity of  myoendothelial 
junctions support the hyperpolarization of  endothelial 
cells, produce EETs, or maintain the vasodilatory effects 
of  H2O2, may potentially be used to increase the produc-
tion or effects of  EDHF. However, only a small number 
of  studies reporting significant therapeutically-induced 
changes in EDHF-related signaling in diabetes were origi-
nally aimed at manipulating EDHF; most were initially de-
signed to affect NO-associated pathways, glucose, or lipid 

metabolism, but ultimately affected EDHF. Treatment 
for 4 wk with Metformin improved EDHF-mediated re-
laxation in mesenteric arteries isolated from the OLETF 
rat model of  diabetes[65]. Metformin, is a biguanide used 
to treat diabetes primarily due to its antihyperglycemic 
properties, but its effects include cardiovascular protection 
via mechanisms independent of  its glycemic effects[66,67]. 
Treatment with metformin also improved NO-dependent 
vascular relaxation in the OLEFT mesenteric arteries, 
and reduced the increased production of  vasoconstric-
tor prostanoids that is associated with the diabetic state 
in that animal model[65]. Metformin, thus, appears to 
increase EDHF-mediated signaling through processes 
that improve overall endothelial function, and are likely 
related to a reduced production of  derivatives of  the 
cyclooxygenase pathway. In the same animal model (the 
OLETF rat), treatment with the selective phosphodi-
esterase 3 inhibitor, cilostazol, also increased EDHF-
mediated vasodilation in mesenteric arteries without an 
improvement in endothelium derived NO-dependent re-
sponses[68]. In the OLETF rat model of  diabetes, cAMP-
dependent signaling is impaired, and in streptozotocin-
treated animals, cilostazol improves cAMP-dependent 
signaling. Therefore, it has been suggested that cilo-
stazol improves EDHF-dependent vasodilation in the 
OLETF rat by increasing cAMP-dependent signaling[68].  
Matsumoto et al[69] also treated OLETF rats with eicosa-
pentaenoic acid, an omega-3 polyunsaturated fatty acid, 
with the goal of  ameliorating the endothelial dysfunction 
present in this animal model of  diabetes. Treatment with 
eicosapentaenoic acid for 4 wk improved overall endothe-
lial function in OLETF rats including an augmentation of  
EDHF- and NO-dependent vasodilations in mesenteric 
arteries. Importantly, eicosapentaenoic acid reduced nucle-
ar factor κB activation and COX-2 expression, indicating 
that a reduced level of  inflammation played a significant 
role in improving endothelial function.

A common treatment for patients with hypertension 
and diabetes consists of  reducing the renin-angiotensin 
signaling pathway. In diabetic mice and rats, treatment 
with the angiotensin-Ⅱ receptor blockers, olmesartan or 
losartan, respectively, resulted in an overall amelioration 
of  the endothelial dysfunction that included an increased 
relaxation response of  mesenteric arteries to EDHF-
dependent signaling[70-72]. In the Goto-Kakizaki rat model 
of  diabetes, Losartan also improved EDHF-signaling, 
and this improvement was abolished by inhibition of  the 
large conductance Ca2+-activated K+ channels (BKCa) with 
iberiotoxin[70]. Losartan also normalized the relaxation 
of  mesenteric arteries occurring in response to activa-
tion of  the small- (SKCa) and intermediate-conductance 
(IKCa) Ca2+-activated K+ channels, which are reduced in a 
number of  rat models of  diabetes[70,73]. It appears, how-
ever, that under “normal” conditions SKCa and IKCa, but 
not BKCa channels, are essential components of  EDHF-
signaling[11]. Thus, it remains to be fully determined if  the 
roles of  these channels in EDHF-dependent signaling 
change in disease states such as diabetes. 
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Overall, evidence indicates that treatments that ame-
liorate the endothelial dysfunction present in diabetes and 
reduce inflammatory signals in the endothelium improve 
EDHF dependent signaling. Recently, a study indicated 
that 1 mo of  IL-6 treatment in rats with streptozotocin-
induced diabetes resulted in an improved response to 
EDHF-dependent relaxation of  isolated renal artery 
rings[74]. Treatment with IL-6 also improved a number the 
nerve functional parameters that are usually impaired in 
diabetes. These results appear divergent from our findings 
indicating that direct incubation of  isolated coronary mi-
crovessels with IL-6 impairs EDHF-dependent relaxation 
in wild type mice, while blockade of  IL-6 restores it in 
db/db diabetic mice[64]. This discrepancy may be related 
to the different models of  diabetes used in the studies, 
the different vascular beds proved for the effects of  IL-6 
on EDHF-dependent signaling, and/or the time frame 
and characteristics of  IL-6 treatment. Overall, however, 
evidence clearly indicates that inflammation and TNF-α 
dependent signaling are involved in the development of  
endothelial dysfunction in diabetes[75]. As TNF-α has been 
reported to augment the expression of  IL-6[76,77], the role 
of  IL-6 and its potential use as a target for reducing dia-
betes related vasculopathies needs further investigation.

CONCLUSION
Diabetes has become one of  the most important risk fac-
tors for vascular disease and other syndromes associated 
with hyperglycemia that lead to increased mortality in 
humans. The endothelium plays an important role in the 
regulation of  vascular tone, helping to maintain normal 
vascular function through the synthesis and release of  
several kinds of  vasoactive factors, including NO, PGI2 
and EDHF. Although diabetes is clearly associated with 
endothelial dysfunction characterized by a reduced bio-
availability of  NO, evidence for the role of  EDHF in the 
vascular dysfunction present in diabetes is not clear. While 
EDHF-dependent signaling appears to compensate for 
the reduced bioavailability of  NO in some vascular beds, 
in others it appears to be reduced. Part of  this contro-
versy is due to the variable nature of  EDHF. Nonetheless 
evidence indicates that EDHF may be therapeutically 
manipulated in the diabetic state to ameliorate endothelial 
dysfunction and improve vascular performance. A better 
understanding of  the relationship that exists between dia-
betes and EDHF should provide new insights for novel 
therapeutic targets to resolve the vascular diseases associ-
ated with diabetes. 
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Abstract
The right atrial appendage (RAA) and right ventricular 
apex (RVA) have been widely considered as conven-
tional sites for typical dual-chamber atrio-ventricular 
cardiac (DDD) pacing. Unfortunately conventional RAA 
pacing seems not to be able to prevent atrial fibrillation 
in DDD pacing for tachycardia-bradycardia syndrome, 
and the presence of a left bundle branch type of activa-
tion induced by RVA pacing can have negative effects. 
A new technology with active screw-in leads permits a 
more physiological atrial and right ventricular pacing. In 
this review, we highlight the positive effects of pacing 
of these new and easily selected sites. The septal atrial 
lead permits a shorter and more homogeneous atrial ac-
tivation, allowing better prevention of paroxysmal atrial 
fibrillation. The para-Hisian pacing can be achieved in 
a simpler and more reliable way with respect to biven-
tricular pacing and direct Hisian pacing. We await larger 
trials to consider this “easy and physiological pacing” as 
a first approach in patients who need a high frequency 
of pacing. 
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INTRODUCTION
Dual-chamber atrio-ventricular cardiac (DDD) pacing has 
produced clinical benefits with a considerable improve-
ment in the symptoms and life expectancy of  millions of  
patients suffering from chronic or paroxysmal disorders 
of  cardiac electric excitation-conduction (atrio-ventricular 
block and/or sinus node disease).

 Conventional sites for typical DDD pacing are the 
right atrial appendage (RAA) and the right ventricular 
apex (RVA), with well-known long-term safety and effi-
cacy[1]. In the last few years some skepticism has emerged 
about pacing in both the RAA and RVA sites.

Papageorgiou et al[2] showed that during conventional 
RAA pacing, patients without a history of  atrial arrhyth-
mias but with inducible atrial fibrillation, exhibited a 
significant increase in conduction time of  the posterior 
triangle of  Koch and a marked broadening of  the electro-
cardiogram recorded in this area. Saksena et al[3] reported 
that atrial fibrillation initiation was commonly associated 
with the appearance of  an intra-atrial conduction delay 
of  the initiating extra stimulus at the septal and coronary 
sinus ostial regions, and much less frequently at the crista 
terminalis. Thus, conventional RAA pacing does not seem 
to be able to prevent atrial fibrillation in DDD pacing for 
brady-tachi syndrome[4].

On the other hand, similar to the negative hemo-
dynamic and clinical effects related to the presence of  
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spontaneous left bundle branch block, recent data suggest 
a possible negative effect associated with intraventricular 
conduction such as left bundle branch block induced by 
RVA pacing[5-9]. 

The negative effects of  RVA pacing have been evalu-
ated by some authors and could be summarized as: elec-
tric and mechanical left ventricular asynchrony; negative 
remodeling of  the left ventricular chamber; alterations of  
the myocardial histopathology; systolic and diastolic left 
ventricular dysfunction; heart failure; regional myocardial 
and kinetic perfusion defects; functional mitral regurgita-
tion; left atrial dilation; increased risk of  atrial fibrillation; 
induction of  spontaneous ventricular arrhythmias; and 
hyperactivation of  the sympathetic nervous system.

Several studies have shown the negative clinical con-
sequences caused by RVA pacing, including CTOPP[10], a 
Danish study[11], DAVID[12], MOST[13], and a substudy of  
MADIT II[14]. In all these trials, when the percentage of  
RVA pacing, obtained from the conventional apical site, 
was high (> 40%), the incidence of  atrial fibrillation in-
creased, along with heart failure, hospitalization and even 
death. 

These negative effects appear more in patients with 
impairment of  left ventricular systolic function, but not so 
much in patients without left ventricular systolic dysfunc-
tion before pacing. In particular, these effects do not seem 
to be predictive parameters for identifying patients with a 
higher risk of  a long-term detrimental outcome related to 
RVA pacing. 

In our study[15], we evaluated 33 patients treated with 
RVA pacing frequently for 2 years and showed: (1) a sig-
nificant decrease in left ventricular ejection fraction (from 
56% ± 6% to 43% ± 9%, P < 0.001); (2) an increase in 
left the ventricular volumes (telediastolic from 98 ± 22 to 
139 ± 31 mL, P < 0.001; telesystolic from 43 ± 12 to 80 
± 22 mL, P < 0.001); (3) an increase in mitral valve regur-
gitation (semi-quantitative index from 0.8 ± 0.68 to 1.45 ± 
0.93, P < 0.001); and (4) a worsening of  NYHA class (from 
1.15 ± 0.36 to 1.88 ± 0.99, P < 0.05). 

We also observed a reduction in quality of  life (Minne-
sota score) between the study and control group (score 29 
± 18 vs 21 ± 13, P < 0.06) and in a 6-min walking test (338 
± 158 m vs 448 ± 110 m, P < 0.05)

In the control group of  22 patients treated with a per-
manent pacemaker but with a very low frequency of  RVA 
pacing, we did not find statistically significant differences, 
either echocardiographically or clinically, between pre-
implantation and follow-up parameters. 

ALTERNATIVE SITES OF ATRIAL PACING
Inter- and intra-atrial conduction delay due to RAA pac-
ing is associated with a high incidence of  atrial fibrillation. 
Thus in patients affected by sick sinus syndrome alterna-
tive sites of  atrial pacing have been tested. The principal 
methods were: (1) biatrial pacing[16] achieved by a pacing 
system that ensured permanent biatrial pacing using two 
atrial leads, one placed in the high right atrium and the 

other in the mid or the distal part of  the coronary sinus; (2) 
dual right atrial pacing[17] achieved by a simultaneous pac-
ing at the high right atrium (conventional site in the atria) 
and coronary sinus ostium; and (3) interatrial septum pac-
ing at the triangle of  Koch achieved by a single lead placed 
superiorly and posteriorly at the coronary sinus ostium[18].

The main benefits that these sites should provide are: 
(1) a very short interatrial conduction delay and a signifi-
cant decrease in P-wave duration; (2) a reduction in dis-
persion of  atrial refractoriness; (3) a more homogeneous 
recovery of  excitability and atrial activation; and (4) electri-
cal atrial remodeling, with a gradual reduction in left atrial 
diameters and volume.

Data on the two lead techniques (dual site atrial pac-
ing or biatrial pacing) are still controversial[19-21]. In con-
trast, the single lead interatrial septum pacing seems to 
be easier, and more effective and feasible, compared with 
conventional RAA pacing, providing significant benefits 
in preventing paroxysmal atrial fibrillation and decreasing 
the progression to chronic atrial fibrillation[18,22].

Thus, in patients with sinus bradycardia and paroxys-
mal atrial fibrillation, interatrial single lead septal pacing 
should be considered as the gold standard technique for 
permanent atrial pacing.

Recently, in the South European and South American 
Select Secure Registry, interatrial septal pacing was safely 
achieved in 125 patients using a new catheter (Select 
Secure 3830, Medtronic Inc., Minneapolis, Minnesota), 
applied at the pacing site from the outside through a steer-
able introducer (Select Site, Medtronic Inc., Minneapolis, 
Minnesota)[23].

ALTERNATIVE SITES OF VENTRICULAR 
PACING
Based on the results of  various clinical studies, it is clear 
that a physiologic pacing modality should preserve a cor-
rect atrio-ventricular activation in order to achieve physi-
ological ventricular synchronization.

The simplest way to avoid right ventricular pacing is 
atrial single chamber pacing in patients with intact atrio-
ventricular and intraventricular conduction[24]. This solu-
tion, however, has seldom been applied because of  the 
unjustified fear of  late atrio-ventricular block. An alterna-
tive solution could be to implant a DDD device with an 
atrial and a ventricular lead, using a dedicated algorithm 
that limits RVA pacing as much as possible[25]. 

When permanent ventricular pacing is necessary, phys-
iologic pacing sites should be used in order to prevent 
ventricular desynchronization[26]. This can be obtained 
through biventricular pacing or pacing from alternative 
sites of  the right ventricle.

In addition to the important randomized trials evaluat-
ing cardiac resynchronization therapy (COMPANION[27], 
CARE-HF[28], MADIT-CRT[29], REVERSE30]) that showed 
functional improvement and higher survival rates in pa-
tients with refractory heart failure and left bundle branch 
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block, various studies were performed in order to com-
pare biventricular pacing and conventional RVA pacing. 
These studies have shown how resynchronization therapy 
leads to an improvement in hemodynamic parameters and 
systolic functioning, a reduction in mitral regurgitation and 
diameter of  the left ventricle, and a reduction in the activ-
ity of  the sympathetic nervous system[31-34]. Recently, Yu  
et al[35] documented a positive effect of  biventricular pac-
ing vs conventional RVA pacing in patients with normal 
left ventricular function needing permanent ventricular 
pacing.

The right ventricular outflow tract (RVOT) has been 
evaluated as a potential alternative site of  ventricular 
pacing[36]. In a metaanalysis of  nine prospective, but not 
randomized studies, de Cock et al[37] demonstrated an 
improvement in hemodynamic parameters achieved by 
RVOT pacing compared with conventional RVA pacing. 
However, the ROVA study, the only randomized study 
comparing RVOT with RVA pacing, gave disappointing 
results on the quality of  life[38]. 

A further evolution of  RVOT pacing is contempora-
neous bifocal pacing of  the apex and RVOT[39]; even in 
this case, however, the results are still controversial[40]. 

DIRECT HIS BUNDLE PACING AND PARA-
HISIAN PACING
In 2000, Deshmukh et al[41] presented a case history of  
patients with permanent pacing of  the bundle of  His, 
documenting the reliability and effectiveness of  this type 
of  pacing after ablation of  the atrio-ventricular junction 
(12/18 patients with chronic atrial fibrillation, left ventric-
ular ejection fraction < 40% and QRS < 120 ms). In 2004, 
the same author[42] presented a wider study in a population 
of  54 patients suffering from dilated cardiomyopathy, with 
ejection fraction 23 ± 11%, persistent atrial fibrillation and 
QRS < 120 ms, in which direct pacing of  the His bundle 
was achieved in 36/54 patients (66%): after a follow-up 
of  42 mo, 29 patients were still alive and an improvement 
in the ejection fraction and clinical and hemodynamic pa-
rameters of  the left ventricle was obtained. 

The parameters that allow for the direct pacing of  the 
His bundle are: (1) the morphology and the duration of  
the native QRS and the paced QRS must be identical on 
the 12 standard ECG derivations (Figure 1: a patient in our 
study); (2) the HV interval on the original rhythm and the 
spike-QRS distance in the paced signal must be equal (with 
a tolerance margin of  10 ms); (3) the pacing threshold 
must be high (> 2 V), since it must capture specific non-
muscular conduction tissue; and (4) the pacing lead should 
be positioned with the distal pole (screw in) at the same 
level as one of  the two electrodes of  a mapping catheter 
on the His bundle (in X-rays in both right and left anterior 
oblique projections) (Figure 2: a patient in our study).

Other authors have also assessed the feasibility and ef-
fectiveness of  permanent Hisian pacing. Recently, Zanon 
et al[43] published a study showing how direct His bundle 

pacing can be obtained in a more reliable way using a new 
catheter (Select Secure 3830, Medtronic Inc., Minneapolis, 
Minnesota) applied at the pacing site from the outside 
through a steerable introducer (Select Site, Medtronic Inc., 
Minneapolis, Minnesota). The results showed that in 24 
of  26 patients a direct stable pacing of  the His bundle was 
obtained. The time needed to reach the His bundle with 
the permanent catheter varied from 2 to 60 min, with 3.8 
± 2.5 attempts required. The acute pacing threshold was 
2.3 ± 1 V (0.5 ms) and the endocardial detected potential 
was 2.9 ± 2 mV. 

These studies have shown that permanent pacing of  
the His bundle is a reliable and effective method prevent-
ing the desynchronization and negative effects of  RVA 
pacing. It remains, however, a complex methodology re-
quiring longer average implant times and presenting high 
pacing thresholds. Hisian pacing is also affected by the 
theoretical risk of  His bundle block induced by the trau-
ma and injury caused by the catheter screw-in lead[44]. In 
addition, due to the possible progression of  conduction 
system disease, a right apical back-up pacing lead, avoiding 
future problems related to a high pacing threshold and/or 
a conduction block below the Hisian pacing site, could be 
necessary.

Para-Hisian pacing (PHP), which is simpler and more 
reliable, seems to guarantee physiological ventricular ac-
tivation of  the high muscular part of  the intraventricular 
septum, and also early invasion of  the His-Purkinje con-
duction system, very similar to the activation that can be 
achieved by direct His bundle pacing[45].

Recently, Laske et al[46] assessed left ventricular acti-
vation in pigs during pacing from various zones of  the 
interventricular septum. During intrinsic activation with 
pacing from the right atrium, the activation spread along 
the septum and rapidly reached the left apical ventricular 
region, continued along the lateral wall and finally reached 
the postero-lateral region. Even during pacing from the 
para-Hisian region, the activation was the same as the in-
trinsic activation: it originated from the high septum and 
from the posterior region of  the left ventricle, and then 
activated the anterior wall, the septum and the left ven-
tricular apex. 

From September 2000 to December 2009, at the Car-
diology Clinic of  the “Maggiore della Carità” Hospital, 
University of  Eastern Piedmont, Novara, Italy, 135 pa-
tients underwent permanent right ventricular pacing in 
the Hisian/para-Hisian region (85 males, 50 females; 74 
± 8 years aged). In 92 patients we used a conventional 
screw-in lead, and in 43 patients the fixed screw was a 4 
French lead (Select Secure 3830, Medtronic Inc., Minne-
apolis, Minnesota). 

The correct criteria for the realization of  para-Hisian 
pacing were[47]: (1) the distal pole of  the catheter (screw-in) 
must be positioned as much as possible next to the map-
ping dipole of  the electrophysiological catheter of  refer-
ence (within 1 cm in the right and left oblique projections) 
(Figure 3: a patient in our study); (2) the duration of  the 
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paced QRS can be larger than the spontaneous QRS, but 
the duration must be at least 50 ms shorter than the QRS 
obtained with RVA pacing and, in any case, not more than 
120-130 ms (Figure 4: a patient in our study); (3) the elec-
trical axis of  the paced QRS must be concordant with the 
electrical axis of  the spontaneous QRS; (4) the interval 
between the spike and start of  the paced QRS is less than 
the HV interval of  the original rhythm; and (5) the pacing 
threshold must be less than 1 V, since the muscular por-
tion of  the interventricular septum is paced. 

Before the pacing (basal conditions) and during the 
follow-up all patients underwent: (1) NYHA class evalu-

ation; (2) a quality of  life questionnaire (Minnesota Liv-
ing Heart Failure score); (3) a 6-min walking test; and (4) 
echocardiographic transthoracic standard evaluation (left 
ventricular end diastolic and end systolic volumes with 
consequent ejection fraction) and mitral and tricuspidal 
regurgitation semiquantitative scoring.

The pacing threshold from the Hisian site varied from 
3.8 V in case of  direct Hisian pacing (obtained in 20/135 
patients: 15%), to values of  always < 1 V in case of  para-
Hisian pacing (in 115/135 patients: 85%). The average 
duration of  the basal QRS was 97.9 ± 12.4 ms, of  QRS by 
para-Hisian pacing 123.9 ± 10.6 ms. 
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Figure 1  Spontaneous and Hisian paced ECGs. A: Surface electrocardiogram (ECG; peripheral derivations and V1-V5) and endocardial electrogram (EGM; His 
bundle site) during chronic atrial fibrillation: the QRS is narrow (90 ms) (registration speed 25 mm/s); B: His bundle registration: HV 56 ms (registration speed 50 mm/s); 
C: Spike-V during direct Hisian pacing equal to the basal HV (58 ms) (registration speed 100 mm/s); D: Surface ECG (peripheral derivations and V1-V5) and endocar-
dial EGM (His bundle site) during direct Hisian pacing: the QRS is equal to the native QRS (registration speed 25 mm/s).



The mean follow-up of  our patients is currently 27 mo, 
ranging from 103 mo for the first patient enrolled to 3 mo 
for the last patient. In the medium to long-term follow-up, 

patients with para-Hisian pacing showed the same QRS 
duration as the value recorded at the implant. The pacing 
threshold in Hisian/para-Hisian region did not have any 
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Figure 2  His bundle pacing. Antero-posterior (A) and 
left anterior oblique (B) fluoroscopic projections showing 
the screw-in lead (Select Secure, Medtronic) position 
during the procedure for a direct His bundle pacing; 1 = 
quadripolar Hisian mapping catheter; 2 = screw-in bipolar 
lead positioned in close proximity to the His bundle. 
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Figure 3  Para-Hisian pacing. Antero-posterior (A) and 
left anterior oblique (B) fluoroscopic projections showing 
lead positions after dual-chamber atrio-ventricular cardiac 
para-Hisian pacing. 1 = conventional screw-in atrial lead, 
placed into the right atrium; 2 = screw-in bipolar lead (Se-
lect Secure, Medtronic) positioned near the His bundle.
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Figure 4  Spontaneous and para-Hisian paced ECGs. A: Surface ECG (peripheral derivations and V1-V5) during complete AV block with narrow QRS (90 ms) 
(registration speed 25 mm/s); B: Surface ECG (peripheral derivations and V1-V5) during para-Hisian pacing: the QRS is larger respect to the native QRS (registration 
speed 25 mm/s); C: Passage from to the native QRS to the para-Hisian paced QRS: the electrical axis is exactly the same (registration speed 25 mm/s). DDD: Dual-
chamber atrio-ventricular cardiac pacing.
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significant variations, with values remaining within accept-
able safety margins.

A significant improvement in clinical outcomes was 
obtained with Hisian/para-Hisian pacing: NYHA func-
tional class from 2.2 ± 0.5 to 1.5 ± 0.6; exercise toler-
ance (6 min walk) from 349 ± 100 to 400 ± 88 m; quality 
of  life score from 28 ± 18 to 19 ± 16; mitral regurgitation 
score from 1.6 ± 0.8 to 1.1 ± 0.8 and tricuspid regurgita-
tion score from 1.4 ± 0.9 to 1.2 ± 0.8. The mean ejection 
fraction showed a slight impairment (from 52% ± 11% 
before pacemaker implantation to 48% ± 12% in the fol-
low-up), but with absolute values always above 40%-45%; 
this fact confirms that the Hisian/para-Hisian pacing can 
prevent deterioration of  left ventricular function. 

Our data showed that a selective right ventricular pac-
ing, which is more physiological that RVA pacing, could 
prevent some detrimental effects on left ventricular func-
tion achieving a better clinical outcome. Other authors 
documented a preservation of  coronary perfusion[48] and 
ventricular synchronization[49] with Hisian pacing com-
pared with RVA pacing. Obviously, at present, we do not 
know if  the Hisian/para-Hisian pacing could prevent all 
the negative effects of  RVA pacing, discussed in the In-
troduction. Dedicated and larger studies should evaluate 
and confirm the physiopathological (dyssynchronia, atrial 
and ventricular remodeling, myocardial histopathology, 
regional myocardial perfusion, hyperactivation of  the 
sympathetic nervous system) and clinical (heart failure, 
increased risk of  atrial fibrillation, spontaneous ventricular 
arrhythmias, etc.) effects. 

FINAL CONSIDERATIONS
The main purpose of  permanent cardiac electrostimula-
tion is to maintain an adequate cardiac rhythm, and re-
store the physiology of  the normal excitatory-conductive 
physiology of  the heart as much as possible. Until now, 
importance had been given to two elements considered 
crucial for physiological pacing: maintenance of  the atrio-
ventricular sequence and the rate-responsive function. 
Pacemakers, therefore, were considered “physiological”.

Today and in the future, a truly physiological pacing, 
must: (1) maintain the correct stimulation-contraction 
sequence in the right and left atria; (2) maintain the syn-
chrony between right and left ventricles; (3) maintain the 
sequence between the atria and ventricles; and (4) help 
increase the cardiac rate according to metabolic need. 

We can identify three categories of  patient requiring 
permanent cardiac pacing: (1) patients with paroxysmal 
excitation and/or conduction diseases: in this kind of  
patient, atrial and ventricular leads could be placed at 
conventional sites (RAA and RVA), because of  the need 
for a very low rate of  pacing. Current algorithms that 
decrease the frequency of  ventricular pacing (e.g. SafeR, 
Sorin Group, Italy; MVP, Medtronic, USA; AV search hys-
teresis) could also be used in these situations; (2) patients 
with left ventricular dysfunction and electro-mechanical 
desynchronization indexes (QRS > 120 ms and/or echo-
cardiographic asynchrony): these patients should have 
resynchronization therapy (CRT) with biventricular pac-
ing (atrial, right and left ventricular leads); and (3) patients 
needing permanent atrial and/or ventricular pacing, with 
electric intraventricular conduction preserved (QRS < 
120 ms): in these patients the optimal physiological pacing 
should be performed with: (1) an atrial lead actively fixed 
on the inter atrial septum (at the triangle of  Koch site); 
and (2) a ventricular lead actively fixed at the para-Hisian 
region (Figure 5). The recently proposed biventricular 
pacing also in these patients[35] could be too invasive and 
expensive, and not even indicated in all patients.

The septal atrial lead permits a shorter and more ho-
mogeneous atrial activation, allowing better prevention of  
paroxysmal atrial fibrillation. Para-Hisian pacing can be 
obtained in a simpler and more reliable way, and is easier 
to perform compared with biventricular pacing and also 
the direct Hisian pacing. In this case, the high muscular 
part of  the intraventricular septum is activated, while at 
the same time the Hisian conduction axis is penetrated, 
with a rather narrow QRS (120-130 ms) and with the 
electric axis concordant with the non-paced spontaneous 
QRS. 

We await larger trials to consider this method of  “easy 
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Figure 5  Atrial septal and para-Hisian dual-chamber atrio-ventricular cardiac pacing. A: left anterior oblique (LAO) fluoroscopic projections showing atrial septal 
lead and para-Hisian ventricular lead positions; B: 12-lead surface ECG during dual-chamber atrio-ventricular cardiac septal pacing (atrial septal lead and para-Hisian 
ventricular lead).
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and physiological pacing” as a first approach in patients 
who require a high frequency of  pacing. 
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Abstract
Coronary artery disease (CAD) is a multifactorial disease 
wherein hereditary and environmental factors play a 
major role. Our hypothesis is that an individual’s genetic 
profile functions as soil while various environmental fac-
tors such as physical inactivity, smoking, stress etc. act 
as seeds in the etiopathogenesis of CAD. Much of the 
information regarding genetic and environmental factors 
can be determined in a pedigree chart by taking a his-
tory of the index patient, including details of major risk 
factors such as age, sex, smoking, hypertension, dia-
betes, coronary artery disease and stroke in the family. 
Preparing such a chart is a cost-effective way of initiat-
ing primary preventive measures in patients in a devel-
oping economy. The advantage of a detailed pedigree 
chart is to provide a snapshot view of the evident and 
underlying risk factors in the family as a whole, and not 
to merely study conventional risk factors. It elucidates 
the hidden stressors and hereditary factors responsible 
for cardiovascular disease in the family. We report here-
in an illustrative pedigree chart which exemplifies our 
above hypothesis. 
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INTRODUCTION
Coronary artery disease (CAD) is a multifactorial disease 
wherein hereditary and environmental factors play a major 
role. Our hypothesis is that an individual’s genetic profile 
functions as soil while various environmental factors such 
as physical inactivity, smoking, stress etc. act as seeds in 
the etiopathogenesis of  CAD. Much of  the information 
regarding genetic and environmental factors can be deter-
mined in a pedigree chart by taking a history of  the index 
patient, including details of  major risk factors such as 
age, sex, smoking, hypertension, diabetes, coronary artery 
disease and stroke in the family[1]. Preparing such a chart 
is a cost-effective way of  initiating primary preventive 
measures in patients in a developing economy. We report 
herein an illustrative pedigree chart which exemplifies our 
above hypothesis.

We had the opportunity to observe and assess three 
generations of  a family over a period of  15 years. We col-
lected information by verbal interview[2] of  individuals and 
made detailed cardiovascular assessments in both parents 
of  the index case, in 8 of  his siblings and in one child of  
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the index patient in the third generation. Thus a total of  12 
members were examined and assessed in detail (Figure 1). 
Three of  the siblings and the child were again assessed af-
ter 10 years. Primary preventive measures were initiated in 
the second generation and the effect on smoking, physical 
activity and diet were assessed over the years.

CASE REPORT
Initially, the 66-year-old father of  the index patient pre-
sented with acute myocardial infarction. He was a chronic 
heavy smoker and a known hypertensive; he had manifest 
central obesity and dyslipidemia. A few months later, the 
62-year-old mother, a known diabetic for 10 years with 
diabetic triopathy i.e. nephropathy, retinopathy and neu-
ropathy, was admitted to hospital with acute thrombotic 
stroke and myocardial infarction. She too was obese and 
hypertensive. The fact that both parents suffered from 
CAD prematurely and had multiple cardiovascular risk 

factors, led us to prepare a pedigree chart of  the entire 
family.

It was interesting to find that even with a single high 
risk behavior like smoking, the eldest son of  the second 
generation (the index patient) had developed frank CAD 
at a young age (44 years). This also provided us with a 
tool to emphasize to the entire family that they should not 
smoke, which fortunately was followed strictly by the sib-
lings and progeny of  the eldest son. However, the advice 
regarding physical activity, morning walks and a healthy 
diet was not followed strictly and regularly.

The son of  the index patient in the third generation 
passed through a phase of  prehypertension and, 10 years 
later, had developed hypertension as well as central obe-
sity. He is thus at risk of  future CAD. Another sibling of  
the index case had to undergo coronary revascularization 
at the age of  37. He had a sedentary lifestyle, central obe-
sity and hypertension. The role of  hereditary factors in 
this family is so obvious that we can see that children in 
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Year 2009
26 yr

BP 140/80
WHR 116/116
CIMT 0.038 cm

16 yr
Non smoker
BP 124/84
BMI 19.27
WHR 0.91
Lp(a) 15.6

Dyslipidemia

Year 2009
51 yr

BP 140/86 (on Rx)
BMI 38.86

WHR 120/119
CIMT 0.053 cm

Year 2009
44 yr
HTN+

BP 122/84 (on Rx)
BMI 31.12

WHR 108/98
CIMT 0.053 cm

Year 2009
37 yr

HTN (on Rx)
CIMT 0.040 cm

CAD
CAG-LAD, LCX,

OM
PTCA

BMI 30.49
hs-CRP 8.86
Lp(a) 44.6
Hcys 23.54

Fibrinogen 386
WHR 104/106

Gray, bald, skin lag

44 yr
Smoker

HTN
CAD (CART+)

BMI 31.02
WHR 1.02
Lp(a) 16.8

Dyslipidemia

42 yr
Non smoker

HTN
BMI 30.55
WHR 1.0

Dyslipidemia

39 yr
Non smoker
BP 130/80
BMI 28.77
WHR 1.02

Dyslipidemia

34 yr
Non smoker

HTN
BMI 33

WHR 1.02
Dyslipidemia

Angina

32 yr
Non smoker
BP 120/80
BMI 28.77
WHR 1.02

34 yr
Non smoker
BP 160/100
BMI 26.92
WHR 1.04
Lp(a) 22.8

Dyslipidemia

27 yr
Non smoker
BP 126/96

BMI 28
WHR 1.01

Dyslipidemia

25 yr
Non smoker
BP 120/80
BMI 27.94
WHR 1.02

Dyslipidemia

25 yr
Non smoker
BP 118/70
BMI 18.75
WHR 0.81

Dyslipidemia

66 yr
Heavy smoker

BMI 31
HTN

CAD (CART)
WHR 1.02

Dyslipidemia

62 yr
Depression
BMI 30
DM
HTN
CAD (carotid, femoral, popliteal atherosclerosis)
WHR 0.96
Lp(a)- 25.95

Generation Ⅰ

Generation Ⅱ

Generation Ⅲ

Figure 1  Pedigree chart corroborating the “seed and soil“ hypothesis. Effect of environmental factors such as smoking on the eldest child, physical inactivity 
manifesting as central obesity in all due to a sedentary lifestyle in the second generation culminating in various sequelae of metabolic syndrome and prehypertension 
evolving into hypertension in the third generation. BMI: Body mass index; BP: Blood pressure; CAD: Coronary artery disease; CAG: Coronary angiography; CART: 
Coronary arteriography; CIMT: Carotid intima media thickness; DM: Diabetes mellitus; Dyslip: Dyslipidemia; HTN: Hypertension; Lp(a): Lipoprotein (a); TVD: Triple 
vessel disease; WHR: Waist hip ratio.



the second and third generations have a high prevalence 
of  risk factors, namely central obesity, hypertension, dys-
lipidemia and CAD, at a much earlier age compared with 
the first generation parents. The explanation for the high 
prevalence of  central obesity and hypertension in the 
family is that the entire family was engaged in a sedentary 
business with no place for any physical activity and shared 
a common food habit with a high fat and salt content.

Limitations of  the present report are that it pertains 
to a single family over the years and thus the number of  
patients is limited. 

DISCUSSION
The advantage of  preparing such a detailed pedigree chart 
is to prepare a snapshot view of  the evident and underly-
ing risk factors in the family as a whole, and not to merely 
study conventional risk factors. It elucidates the hidden 
stressors and hereditary factors responsible for cardio-
vascular disease in the family. Making such a comprehen-

sive chart provides a definite basis for initiating primary 
preventive measures in high risk siblings and progeny of  
the affected patients at the earliest opportunity[3]

. We did 
succeed in persuading the second and third generation 
subjects not to smoke on the basis of  this chart; however 
much more emphatic measures are needed to implement 
dietary and exercise reforms in the family. Preparing a 
pedigree chart of  this kind is obviously a cost-effective 
way of  detecting prospective high risk individuals thus 
tackling the rising trend of  cardiovascular disease in a de-
veloping economy.
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GENERAL INFORMATION
World Journal of  Cardiology (World J Cardiol, WJC, online ISSN 
1949-8462, DOI: 10.4330) is a monthly peer-reviewed, online, 
open-access (OA), journal supported by an editorial board consist-
ing of  352 experts in cardiology from 41 countries.

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

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

ticles, thereby realizing the maximization of  the personal benefits 
of  editorial board members, authors and readers, and yielding the 
greatest social and economic benefits.

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

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

stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJC requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  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-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
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Instructions to authors

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  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

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

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

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

Abstract
There are unstructured abstracts (no 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://
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 leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; 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 se-
quence.

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

REFERENCES
Coding system
The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
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. 
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PMID and DOI
Pleased provide PubMed citation numbers to the reference list, e.g. 
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version 
of  this journal.

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

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

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast 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-diar-
rhoea. 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. Hyperten-

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

Both personal 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:10.10
97/00003086-200208000-00026]

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

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal 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 computa-

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

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

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

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

Flexible endoscopic grasping and cutting device and positioning 
tool assembly. United States patent US 20020103498. 2002 Aug 
1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express 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 pres-
sure, 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 formal-
dehyde, 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 abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.
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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.

Examples for paper writing
Editorial: http://www.wjgnet.com/1949-8462/g_info_20100312 
192220.htm

Frontier: http://www.wjgnet.com/1949-8462/g_info_20100312 
192753.htm

Topic highlight: http://www.wjgnet.com/1949-8462/g_info_2010 
0312192932.htm

Observation: http://www.wjgnet.com/1949-8462/g_info_20100312 
193224.htm

Guidelines for basic research: http://www.wjgnet.com/1949-8462/
g_info_20100312193436.htm

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

Review: http://www.wjgnet.com/1949-8462/g_info_20100312 
193839.htm

Original articles: http://www.wjgnet.com/1949-8462/g_info_2010 
0312194155.htm

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

Case report: http://www.wjgnet.com/1949-8462/g_info_20100312 
194652.htm

Letters to the editor: http://www.wjgnet.com/1949-8462/g_info_ 
20100312195004.htm

Book reviews: http://www.wjgnet.com/1949-8462/g_info_201003 
12195306.htm

Guidelines: http://www.wjgnet.com/1949-8462/g_info_20100312 
195423.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies 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
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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: +86-10-85381892
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 lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1949-8462/g_info_20100312200118.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.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 interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at 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.
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