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Abstract
Insulin resistance is a clinical condition characterized 
by a decrease in sensitivity and responsiveness to the 
metabolic actions of insulin, so that a given concentra-
tion of insulin produces a less-than-expected biological 
effect. As a result, higher levels of insulin are needed 
to maintain normal glucose tolerance. Hyperinsu-
linemia, indeed, is one of the principal characteristics 
of insulin resistance states. This feature is common in 
several pathologic conditions, such as type 2 diabetes, 
obesity, and dyslipidemia, and it is also a prominent 
component of hypertension, coronary heart disease, 
and atherosclerosis. The presence of endothelial dys-
function, related to insulin resistance, plays a key role 
in the development and progression of atherosclerosis 
in all of these disorders. Insulin resistance represents 
the earliest detectable abnormality in type 2 diabetes, 
and is one of the major underlying mechanisms of 
hypertension and cardiovascular diseases. Its early de-
tection could be of great importance, in order to set a 
therapeutic attack and to counteract the higher risk of 
diabetes and cardiovascular diseases.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Insulin resistance can be defined as a condition in which 
insulin’s target organs are resistant to its action, so that 
higher concentrations of  this hormone are needed to 
obtain a normal biological effect. Therefore, hyperinsu-
linemia is an obvious consequence of  insulin resistance, 
which contributes to the development of  endothelial 
dysfunction, playing a key role in the establishment and 
progression of  atherosclerosis. Insulin resistance repre-
sents the pivotal mechanism underlying type 2 diabetes, 
hypertension and cardiovascular diseases. Although a 
great amount of  literature shows the deleterious action 
of  insulin resistance and hyperinsulinemia in increasing 
the cardiovascular risk, nowadays there are no guidelines 
for the treatment of  insulin resistance, but its early de-
tection should be of  great importance, since a prompt 
and adequate therapeutic attack may counteract the 
higher risk of  diabetes and cardiovascular diseases. In 
this review of  the literature, we explain the principal 
mechanisms by which insulin contributes to cardiovas-
cular homeostasis, the main correlations among insulin 
resistance, visceral obesity, diabetes and cardiovascular 
risk, and, finally, the possible therapeutic approaches ac-
tually available.
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INSULIN AND CARDIOVASCULAR 
HOMEOSTASIS
Insulin is a polypeptide hormone implicated in several 
biological processes, whose action is mediated by a trans-
membrane tyrosine kinase receptor. The binding of  insu-
lin to its receptor in target tissues leads to the activation 
of  complex insulin-signaling pathways, which regulate 
the transcription of  target genes[1-3]. Two major signal-
ing branches have been identified: the phosphoinositide 
3-kinase (PI3K)-dependent pathways that mediate the 
metabolic actions of  insulin, including the regulation 
of  glucose metabolism in muscle, adipose and hepatic 
tissues, and the regulation of  nitric oxide (NO) produc-
tion from endothelium and vascular smooth muscle cells 
(VSMC)[4-7], and the mitogen-activated protein kinase 
(MAPK)-dependent pathways that mediate the non-
metabolic actions of  insulin, including the mitogenic and 
proliferative effects, the secretion of  endothelin-1 (ET-1) 
by endothelial cells, and the increased expression of  ad-
hesion molecules on the vascular endothelium[8,9]. Under 
normal conditions, both these insulin-signaling pathways 
contribute to cardiovascular homeostasis, regulating dis-
tinct biological functions: the first one (NO-dependent) 
causes vasodilation, a decrease in vascular resistance, 
an increase in blood flow, and stimulation of  capillary 
recruitment, whereas the second one (ET-1-dependent) 
causes vasoconstriction, which contributes to the acti-
vation of  the sympathetic nervous system induced by 
insulin, exerting a pro-hypertensive action, and accelerat-
ing atherosclerotic damage[10,11]. The effects on vascular 
homeostasis mainly affect the cardiovascular system and 
skeletal muscle, which, in turn, is an important target 
for the metabolic effects of  insulin, stimulating glucose 
uptake and glycogen accumulation. While glucose ac-
cumulation is mediated by translocation of  glucose 
channels to the sarcolemma, the stimulation of  physi-
ological cardiac growth and contractility are due to the 
augmented calcium influx and myofilament calcium sen-
sitivity, resulting in an increase in myocardial work and 
oxygen consumption[12-14]. These observations suggest a 
tight�����������������������������������������������      association between hemodynamic and metabolic 
actions of  the hormone.

In conditions of  insulin resistance there is a specific 
impairment in metabolic PI3K-dependent signaling path-
ways, whereas other insulin-signaling branches, including 
non-metabolic MAPK-dependent pathways, are unaf-
fected[15,16]. Compensatory hyperinsulinemia, that typically 
is associated with insulin resistance in order to maintain 
euglycemia, overstimulates unaffected MAPK-dependent 
pathways, leading to an imbalance between PI3K- and 
MAPK-dependent effects of  insulin[17,18]. This results in 
an overproduction of  vasoconstrictor mediators, such 
as ET-1, and in a reduction of  NO synthesis, with a 
resultant vasoconstrictor effect, a key feature of  endo-
thelial dysfunction[8,19,20]. In addition, hyperinsulinemia 
may lead to the development of  systemic hypertension, 
not only by increasing ET-1 secretion and sympathetic 

tone, but also by inducing antinatriuretic effects, because 
it promotes renal sodium retention by enhancing distal 
tubular sodium reabsorption[21]. Thus, these alterations 
may contribute to reciprocal relationships between endo-
thelial dysfunction and insulin resistance, typical of  both 
metabolic and cardiovascular diseases[22]. Endothelial dys-
function contributes to impaired insulin action. This es-
tablishes a reverberating negative feedback cycle in which 
progressive endothelial dysfunction and disturbances in 
glucose and lipid metabolism develop from the insulin 
resistance (Table 1).

VISCERAL OBESITY AND INSULIN 
RESISTANCE
Visceral obesity is the major risk factor for insulin re-
sistance, since it plays a crucial role in the pathogenesis 
of  this condition. The excess abdominal adipose tissue 
releases large amounts of  circulating free fatty acids 
(FFA)���������������������������������������������������     , which substantially impair ���������������������� the insulin-signaling 
pathways in the main target organs. This alteration leads 
to widespread changes in glucose and lipid metabolism. 
Indeed, in the liver, FFA cause an increased production 
of  glucose, triglycerides and very low density lipopro-
tein-cholesterol (LDL-C). Other associated metabolic 
abnormalities include a highly atherogenic plasma lipid 
profile, characterized by an increase in small and dense 
LDL-C, and a reduction in high density lipoprotein-
cholesterol (HDL-C)[23,24]. Concomitant hepatic altera-
tions include a reduction in glucose storage in the form 
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Table 1  Pathologic changes associated with insulin resistance 
and compensatory hyperinsulinemia

Alterated glucose metabolism:
   Impaired fasting glucose
   Impaired glucose tolerance
   Diabetes
Dyslipidemia:
   ↑ Triglycerides
   ↓ HDL-C
   ↑ Small, dense LDL-particles
Endothelial dysfunction:
   ↑ Adhesion molecules
   ↓ Endothelial-dependent vasodilation
   ↓ NO and ↑ ET-1 production
Hypercoagulability:
   ↑ Plasminogen activator inhibitor-Ⅰ
   ↑ Fibrinogen
Hemodynamic changes:
   ↑ Sympathetic nervous system activity
   ↑ Renal sodium retention
   ↑ Cardiac mass
   VSMC hypertrophy
Chronic inflammation:
   ↑ C-reactive protein, TNF-α, IL-6, resistin, leptin
   ↓ Adiponectin
   ↑ Oxidative stress

HDL-C: High density lipoprotein-cholesterol; LDL: Low density lipoprotein; 
NO: Nitric oxide; ET-1: Endothelin-1; VSMC: Vascular smooth muscle cells; 
TNF-α: Tumor necrosis factor-α; IL: Interleukin.



of  glycogen, and an increase in lipid accumulation in the 
form of  triglycerides. FFA also reduce insulin sensitivity 
in muscle by inhibiting insulin-mediated glucose uptake. 
The high circulating levels of  glucose and FFA cause 
an increase in oxidative stress, due to the production of  
reactive oxygen species (ROS) and the increased forma-
tion of  advanced glycation end-products, an alteration 
in the local renin-angiotensin system, and an increase 
in adrenergic activation of  VSMC, that may all act in 
concert to contribute to the development of  endothelial 
dysfunction[25,26]. 

In addition to the effects on insulin resistance deter-
mined by the high levels of  FFA, adipose tissue has an 
essential role in establishing a chronic pro-inflammatory 
state. Adipose tissue is in fact an active endocrine-
paracrine organ, since it produces adipocyte-derived 
hormones, such as leptin and adiponectin. Leptin is a key 
regulator of  appetite, body weight and energy balance in 
the central nervous system, beside exerting, under healthy 
conditions, an NO-dependent endothelium-mediated ���va-
sodilatory effect[27]. In pathological conditions, such as in 
the presence of  visceral obesity, there is an alteration in 
the effects of  leptin, which are associated with a promo-
tion of  vascular inflammation, oxidative stress and VSMC 
hypertrophy. This evidence suggests that leptin may 
potentiate both pro-hypertensive and pro-atherogenic 
effects of  insulin[28]. Adiponectin is an anti-inflammatory 
peptide whose circulating levels are positively correlated 
with insulin sensitivity. It enhances NO bioavailability and 
reduces ROS production in endothelial cells[29]. It seems 
that adiponectin may be protective against ischemia-
reperfusion injury in the heart[30]. In obesity-correlated 
insulin resistance states the secretion of  adiponectin is 
reduced. Its plasma levels are negatively correlated with 
insulin resistance, and they may represent a potentially 
useful clinical marker of  insulin resistance. In obese pa-
tients with insulin resistance, adipose cells oversecrete 
several adipo-cytokines, such as tumor necrosis factor-α 
(TNF-α), resistin[31], plasminogen activator inhibitor-1, 
and interleukin-6, which promote atherosclerosis, vas-
cular inflammation, and endothelial dysfunction, and 
impair the effect of  insulin and its secretion[32]. TNF-α 
stimulates the production of  C-reactive protein, which 
is considered an important marker of  systemic vascular 
inflammation, and whose plasma levels are correlated 
with increased risk of  cardiovascular events[33]. All these 
observations suggest that insulin resistance creates a state 
of  low-grade, chronic, systemic inflammation, which 
provides a fascinating and physiologically sound read-
ing frame bringing together the metabolic, vascular and 
hemodynamic hallmarks of  atherosclerotic disease and 
cardiovascular risk. The presence of  this constellation of  
metabolic alterations characterizes the so-called metabolic 
syndrome[34].

INSULIN RESISTANCE, DIABETES AND 
CARDIOVASCULAR RISK
Insulin resistance, as noted above, is a state in which a 

given insulin concentration produces a lower-than-expected 
biological effect on glucose levels. This condition is coun-
terbalanced by a compensatory increase in insulin secretion 
by pancreatic β cells, in the attempt to maintain normal 
glucose tolerance. Insulin resistance is the earliest detectable 
abnormality in the natural history of  type 2 diabetes, whose 
evolution involves defects in both insulin action (insulin 
resistance) and insulin secretion (β cell dysfunction). Spe-
cifically, several studies have conclusively demonstrated that 
hyperinsulinemia, which develops in response to insulin 
resistance, precedes, often by many years, the development 
of  type 2 diabetes[35,36]. Therefore, the plasma insulin con-
centration can be considered as a widely accepted surrogate 
measure of  insulin resistance. The direct “gold standard” 
technique for the evaluation of  insulin resistance is the eug-
lycemic-hyperinsulinemic clamp; however, this is an invasive 
procedure useful for physiological and proof-of-concept 
studies, but not a plausible tool for population screening. 
The homeostasis model assessment of  insulin resistance 
index [HOMA-IR = fasting insulin (μIU/mL) �� ��������×���������  fasting 
glycemia (mmol/L)/22.5] can nowadays be considered the 
best candidate non invasive surrogate marker of  insulin 
resistance, since it correlates well with the “gold standard” 
clamp-derived values[37-40]. HOMA-IR is easy to measure, 
repeatable and cheap, therefore representing a useful means 
to detect insulin resistance both in the context of  everyday 
clinical practice and in wide-scale clinical trials. 

Type 2 diabetes can be considered as a cardiovascular 
disease featuring high plasma glucose levels[41]. Indeed, 
most diabetic patients already show signs of  cardiovas-
cular disease upon diagnosis[42]; it is well recognized that 
diabetic patients without a history of  myocardial infarc-
tion have a risk of  myocardial infarction comparable to 
that of  non diabetic subjects with previous coronary 
events[43]. This is the principal reason why, in type 2 dia-
betic patients, cardiovascular risk factors must be treated 
as aggressively as in non diabetic patients with prior car-
diovascular events (myocardial infarction, stroke), accord-
ing to secondary prevention guidelines. Based on these 
observations, the need for an early intervention to screen 
and treat insulin resistance before type 2 diabetes be-
comes manifest seems warranted and obvious. Identify-
ing and treating this condition promptly could counteract 
inflammation, atherogenic dyslipidemia, endothelial dys-
function, and hypercoagulability, all features responsible 
for the greatly increased cardiovascular risk in patients 
with insulin resistance. In fact, many studies have shown 
that insulin resistance, as assessed by HOMA-IR, is an 
independent predictive factor of  cardiovascular disease, 
and a 1 unit increase in the HOMA-IR value is associated 
with a 5.4% increase in the cardiovascular risk[44]. The San 
Antonio Heart Study clearly demonstrated that HOMA-
IR was significantly and independently associated with 
the risk of  cardiovascular events in Mexican-American 
and in white non-Hispanic men and women[44]. Similarly, 
in another population study, HOMA-IR was predictive of  
cardiovascular disease, even after correction for age, gen-
der, smoking and LDL-C. The latter study showed a rela-
tive risk of  the incidence of  cardiovascular end-points of  
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1.49 in insulin-resistant subjects (95% confidence inter-
val, 1.07-2.07)[45]. It has also been shown that about 50% 
of  normotensive subjects with insulin resistance develop 
some degree of  diastolic dysfunction of  the left ventricle 
with a relevant increase of  the risk for heart failure[46]. In 
addition, insulin resistance is highly prevalent among non 
diabetic patients with chronic heart failure and it is asso-
ciated with reduced exercise capacity[47]. Other important 
evidence has been highlighted by the Study of  Inherited 
Risk of  Coronary Atherosclerosis, which showed that, 
among many metabolic and inflammatory biomarkers, 
leptin and HOMA-IR were strongly and independently 
associated with coronary artery calcifications[48]. Further-
more, Schelbert demonstrated that insulin resistance was 
also associated with functional abnormalities in coronary 
hemodynamics, and that the extent of  these abnormali-
ties was proportional to the severity of  insulin resistance. 
In particular, coronary dysfunction initially seems limited 
to a progressive worsening of  endothelium-mediated 
vasodilatation, progressing to a complete impairment 
of  vasodilatation capacity, in relation to the severity of  
insulin resistance. This endothelial dysfunction linked to 
insulin resistance, even in the absence of  coronary artery 
macrovascular lesions, can result in a failure to appropri-
ately increase coronary flow and in a drive towards the 
development of  atherosclerosis, both of  which may in-
duce myocardial ischemia[49]. On the same topic, another 
manuscript reported that insulin resistance was present in 
young subjects with early myocardial infarction, who had 
no known factors with a negative action on insulin sensi-
tivity[50]. Both insulin resistance and metabolic syndrome 
have been proved to be strong and independent predic-
tors of  cardiovascular risk in a group of  patients with 
angiographically documented coronary artery disease, 
during a follow-up of  2 years and 3 mo[51]. 

In support of  the thesis of  this review, i.e. that insulin 
resistance should be considered a strong risk factor for 
cardiovascular disease, the results of  the Bruneck popula-
tion study are very interesting. This long observational 
study confirmed that insulin resistance as assessed by 
HOMA-IR was associated with a greater incidence of  
cardiovascular events in the general population, indepen-
dently from other known cardiovascular risk factors. The 
authors of  this study emphasized that treatment of  insu-
lin resistance should be considered an important target 
to reduce the risk of  cardiovascular disease[52]. Recently it 
has been reported that patients with pre-diabetes had de-
fects in myocardial perfusion and transient left ventricular 
dilatation as measured by technetium (99mTc) sestamibi 
SPECT scintigraphy on the exercise treadmill, and that 
these defects correlated with HOMA-IR and waist cir-
cumference, independently of  glucose levels[53]. Another 
recent paper reported the results of  a study on HOMA-
IR and the risk of  cardiovascular events in middle-aged 
non-diabetic Japanese men. In this study, 2548 non-dia-
betic men aged 35-59 years were followed up for 11 years. 
The results showed that increased HOMA-IR at baseline 
predicted subsequent cardiovascular events, and that this 

association was independent of  traditional cardiovascular 
risk factors and other relevant metabolic disorders[54]. 

In a recent study published in Stroke, insulin resis-
tance, measured by the Gutt index, has been shown to 
be associated with the risk of  incident ischemic stroke in 
non diabetic older adults[55].

In addition to the data on the pathologic impact of  
insulin resistance on the cardiovascular system, recent 
papers have reported that insulin resistance could also be 
involved in cognitive impairment and neurodegeneration, 
particularly in Alzheimer’s disease (AD). Epidemiological 
studies had already reported correlations among several 
metabolic alterations, such as diabetes, dyslipidemia and 
hypertension, and the risk of  AD, but more recent stud-
ies have highlighted insulin resistance as potentially con-
tributing to the development of  AD. The increased risk 
of  AD was associated with reductions in cerebral glucose 
metabolic rate, as measured by fluorodeoxyglucose F18-
positron emission tomography, and subtle cognitive im-
pairments at the earliest stage of  disease[56]. These data 
have been in part confirmed by the results of  the Rot-
terdam study, which showed that the levels of  insulin and 
the degree of  insulin resistance were associated with a 
higher risk of  AD within 3 years of  baseline[57].

THERAPEUTIC APPROACHES
The delay in the detection and management of  insulin-
resistant patients leads inevitably to late diagnosis, often 
in the presence of  overt diabetes and established vas-
cular complications. Therefore, in order to effectively 
counteract the deleterious effects of  early, chronic hy-
perinsulinemia, screening for insulin resistance should 
be suggested at least in high risk subjects, such as those 
with abdominal obesity, and in relatives of  diabetics. 
Once insulin resistance is recognized, current therapeutic 
approaches mainly involve lifestyle modifications. How-
ever, due to poor compliance with weight-loss diets and 
increased physical activity, pharmacological treatment is 
often needed to address insulin resistance effectively in 
the long term. Indeed, the optimal drug therapy should 
aim at counteracting the underlying negative impact of  
insulin resistance on metabolism and the cardiovascular 
system. Biguanides and thiazolidinediones are two classes 
of  oral antihyperglycemic agents currently used in type 2 
diabetic patients, that can reduce insulin resistance. Spe-
cifically, the effects of  biguanides on insulin resistance 
are most likely correlated with a reduction in plasma FFA 
concentration[58]; in addition, metformin, the principal 
biguanide drug used in pharmacotherapy worldwide, 
induces a reduction in hepatic glucose production, an im-
provement in glucose uptake by skeletal muscles and adi-
pose tissues, and a reduction in caloric intake and appe-
tite[59,60]. Moreover, metformin has been shown to reduce 
the incidence of  diabetes in persons at high risk, albeit 
to a lesser extent when compared with lifestyle modifica-
tion[61]. Studies have shown that metformin lowers fasting 
glucose and hemoglobin A1c, with beneficial effects on 
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plasma levels of  triglycerides, total cholesterol (TC) and 
LDL-C[60,62]. Most common side effects are abdominal 
discomfort, diarrhea and anorexia, while lactic acidosis 
is the most serious, but rare, possible adverse effect[63]. 
Thiazolidinediones (TZD) exert their action through the 
activation of  the peroxisome proliferator-activated recep-
tor γ[64]. These receptors play an important role in the 
modulation of  glucose metabolism, involving adipocyte 
differentiation, with a reduction in the amount of  circu-
lating FFA and lipolysis. As a result, hepatic production 
of  glucose and insulin sensitivity are improved[65]. In ad-
dition, TZD inhibit the activation of  nuclear factor-k�β, 
which controls the expression of  many genes involved 
in immune and inflammatory responses, resulting in an 
improved endothelium-dependent vasodilation through 
an increased production of  NO from endothelial cells[66]. 
However, the use of  TZD is related to numerous well 
recognized side effects. TZD increased TC and LDL-C 
levels as well as body weight[67]. Troglitazone has been 
withdrawn from the market because of  its hepatotoxic-
ity[68], and a recent meta-analysis highlighted that rosigli-
tazone is associated with a statistically significant increase 
in myocardial infarction and an increased risk of  death 
from cardiovascular causes[69]. 

Another therapeutic option can be represented by the 
natural alkaloid berberine. Its effects on lipid and glucose 
metabolism have been demonstrated by several scien-
tific clinical and experimental studies[70-72]. The principal 
mechanism responsible of  its insulin sensitizing action 
is the upregulation of  insulin receptor expression[73,74]. 
Berberine lowers blood glucose, hemoglobin A1c, TC, 
LDL-C and triglycerides, and reduces body weight and 
fat mass[75]. In addition, it seems to have beneficial ef-
fects on endothelial function[74]. Its pleiotropic effects on 
glucose and lipid metabolism make berberine a good can-
didate for the treatment of  dyslipidemic insulin resistant 
subjects (Table 2).

In conclusion, early detection of  insulin resistance 
through screening of  at-risk subjects should be coun-
seled by medical societies in order to deliver prompt 
treatment to improve insulin resistance and reduce hy-
perinsulinemia. Therefore, lifestyle interventions of  diet 
and physical exercise initially, and, in the case of  poor 

outcomes, the addition of  insulin-sensitizing agents 
should be applied to the identified subjects, in order to 
counteract the higher risk of  diabetes and cardiovascular 
diseases. A large multicenter trial should be performed 
in order to demonstrate the beneficial effects of  early 
screening and intervention in insulin resistance on cardio-
vascular events, though there would be several issues be-
cause of  the need for a wide population and a very long 
term follow-up.
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Abstract
AIM: To study a cohort of consecutive patients under-

going transcatheter aortic valve implantation (TAVI) 
and compare the outcomes of atrial fibrillation (AF) pa-
tients vs  patients in sinus rhythm (SR).

METHODS: All consecutive patients undergoing TAVI 
in our hospital were included. The AF group comprised 
patients in AF at the time of TAVI or with history of AF, 
and were compared with the SR group. Procedural, 
echocardiographic and follow-up variables were com-
pared. Likewise, the CHA2DS2-VASC stroke risk score 
and HAS-BLED bleeding risk score and antithrombotic 
treatment at discharge in AF patients were compared 
with that in SR patients.

RESULTS: From a total of 34 patients undergoing 
TAVI, 17 (50%) were allocated to the AF group, of 
whom 15 (88%) were under chronic oral anticoagula-
tion. Patients in the AF group were similar to those in 
the SR group except for a trend (P  = 0.07) for a higher 
logistic EuroSCORE (28% vs  19%), and a higher preva-
lence of hypertension (82% vs  53%) and chronic renal 
failure (17% vs  0%). Risk of both stroke and bleeding 
was high in the AF group (mean CHA2DS2-VASC 4.3, 
mean HAS-BLED 2.9). In the AF group, treatment at 
discharge included chronic oral anticoagulation in all 
except one case, and in association with an antiplatelet 
drug in 57% of patients. During a mean follow-up of 11 
mo (maximum 32), there were only two strokes, none 
of them during the peri-procedural period: one in the 
AF group at 30 mo and one in the SR group at 3 mo. 
There were no statistical differences in procedural suc-
cess, and clinical outcome (survival at 1 year 81% vs  
74% in AF and SR groups, respectively, P  = NS).

CONCLUSION: Patients in AF undergoing TAVI show a 
trend to a higher surgical risk. However, in our cohort, 
patients in AF did not have a higher stroke rate com-
pared to the SR group, and the prognosis was similar in 
both groups.
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INTRODUCTION
Degenerative aortic stenosis (AS) is currently the most 
prevalent acquired valvular heart disease, occurring in 
4.6% of  adults ≥ 75 years old[1]. The classic treatment 
for symptomatic severe AS is surgical aortic valve re-
placement (SAVR), which modifies the natural history of  
the disease and has improved survival in historical com-
parisons[2-4]. Unfortunately, one third of  patients who are 
recognized to need surgery are rejected, generally because 
of  unacceptably high surgical risk[5]. Transcatheter aortic 
valve implantation (TAVI) has had successful and con-
stant development during the last few years to become a 
real alternative for these high-risk patients[6].

With more than 10 000 implants in Europe, the TAVI 
technique has reached maturity with implantation success 
in ≥ 95% and 30 d mortality < 10% in transfemoral pro-
cedures and < 20% in transapical procedures[7-9]. In the 
randomized Placement of  Aortic TraNscatheter Valve 
Trial (PARTNER), cohort B proved superiority of  TAVI 
compared with medical treatment (including aortic valvu-
loplasty) in inoperable patients, with an outstanding 20% 
absolute decrease in mortality at 1 year[10]. In the recently 
reported results of  PARTNER cohort A, the TAVI pro-
cedure met non-inferiority criteria compared with SAVR 
in a high-risk population, thus becoming an alternative to 
surgery for patients accepted for surgery but with a high 
surgical risk[11].

One of  the limitations, however, of  TAVI in the 
PARTNER cohort A trial was a significantly higher inci-
dence of  stroke in comparison with SAVR. In this elderly, 
high surgical risk population, stroke is one of  the biggest 
concerns a clinician may have because of  the associated 
disability and mortality. Stroke rates after SAVR are re-
ported to be around 5% in a high-risk population[12], and 
they are associated with aortic cross-clamping and hypo-
perfusion during cardiopulmonary by-pass. TAVI proce-
dures have reported stroke rates below 5%, albeit with a 
subclinical incidence of  70%-80% in magnetic resonance 
studies (40%-50% for similar studies in SAVR)[7,13,14]. It is 

attributed to manipulation of  large catheters in athero-
sclerotic and calcified aortas and to embolization after 
valvuloplasty or valve implantation. However, apart from 
these technical reasons for stroke in patients undergoing 
TAVI, atrial fibrillation (AF) is a potential confounding 
factor in the relationship between aortic replacement and 
stroke, and little has been reported to date on this issue. 
AF is a well-known risk factor for stroke (approximately 
1 in 5 strokes are caused by AF), and is very prevalent in 
old patients (5%-15% in ≥ ��������������������� 80-year-old patients)[15]. It is 
also a common comorbid condition in the late stages of  
aortic valve disease. This study aimed to determine the 
influence of  AF in the TAVI population, on procedure 
complications and on long-term prognosis, as well as to 
analyze the antithrombotic treatment at discharge. 

MATERIALS AND METHODS
Study population and definitions
At our center, a total of  34 implants have been performed 
(31 transfemoral and 3 transapical). All TAVI patients 
were excluded from conventional SAVR because of  high 
surgical risk in a ‘heart team’ meeting composed of  clini-
cal cardiologists, interventional cardiologists, anesthesi-
ologists and cardiac surgeons. In a dedicated prospective 
database we recorded data from all evaluated patients, 
implantations and follow-up. Variables included were 
basal characteristics of  the patients, symptoms and in-
tervention indication, EuroSCORE, echocardiographic 
data, procedural characteristics and complications dur-
ing the procedure, following the published recommen-
dations[16].

TAVI procedures were performed in a catheterization 
laboratory under general anesthesia, with most of  the 
patients being extubated before leaving the laboratory. 
All cases were implanted with the Edwards-SAPIEN 
transcatheter valve system (Edwards Lifesciences, Irvine, 
United States)[17]. Vascular access was obtained by surgical 
cutdown of  the femoral artery, and closure was secured 
by direct suture of  the femoral artery. The prosthesis 
delivery and implantation process has been previously 
described[18,19]. If  significant coronary artery disease was 
found in the preliminary study, percutaneous coronary re-
vascularization was performed approximately 1 mo prior 
to the procedure.

For this paper, we divided our implanted population 
in two groups: those in AF or with a previous history of  
AF (AF group) and those in sinus rhythm (SR) without a 
history of  AF (SR group). We calculated previously vali-
dated CHA2DS2VASC and HAS-BLED scores to assess 
the stroke and bleeding risk, respectively; and the suitabil-
ity of  antithrombotic treatment[15,20,21]. As for the HAS-
BLED score, we defined major bleeding as any bleeding 
requiring hospitalization and/or causing a decrease in 
hemoglobin of  more than 2 g/L and/or requiring blood 
transfusion, which was not a hemorrhagic stroke[21]. 
Chronic renal failure was defined as serum creatinine lev-
els ≥ 200 mmol/L (cut-off  value of  EuroSCORE risk 
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score). Left ventricular ejection fraction was estimated 
by the biplanar Simpson method. We also recorded treat-
ment at discharge of  all patients. Recommended medical 
treatment after TAVI is aspirin plus 75 mg clopidogrel for 
3-6 mo, and only aspirin afterwards, but final treatment at 
discharge was open to the clinician’s preference. If  warfarin 
was used, target INR values were 2.0-3.0. Patients without 
AF before TAVI but developing AF during or after the 
procedure were maintained in the SR group for statistical 
comparisons, but received special attention and will be de-
scribed in detail.

Follow-up
Clinical follow-up was obtained in all patients by clinical 
visits, and/or telephone interview. The following clinical 
end-points were determined: death, myocardial infarction, 
stroke, aortic valve surgery, hospitalization because of  
heart failure, and the combination of  all of  them (MACE, 
major adverse cardiac events).

Also, several echocardiographic studies were performed 
at follow-up (at discharge, at 6 mo, 1 year, and every year 
subsequently) to evaluate prosthetic function (maximum 
and mean trans-aortic pressure gradients, aortic valve area, 
aortic valve regurgitation, and left ventricular function).

Statistical analysis
Statistical analysis was performed with PASW version 17.0 
(SPSS Inc, Chicago, IL). Categorical variables are expressed 
as proportions (percentages) and continuous variables as 
mean ± standard deviation unless otherwise specified. 
Comparisons between groups were performed with the 
Student t test (comparison of  2 means) or Chi-square 
test (comparison of  proportions). Comparative survival 
analysis was performed with the Kaplan-Meier curves 
and log-rank test. Associations with a P value < 0.05 were 
considered statistically significant, although all P values are 
provided.

RESULTS
Baseline characteristics of patients with vs without AF
Main characteristics of  both AF and non-AF groups are 
shown in Table 1. There were significant differences only 
in the ‘prior warfarin use’ item, but there was a trend (P 
= 0.068) towards a higher prevalence of  hypertension 
and chronic renal failure as well as a higher mean Eu-
roSCORE in the AF group. Echocardiographic features 
of  the valve disease and other coexistent heart diseases 
were also similar between both groups. All patients had 
symptomatic AS, with no differences in the accompany-
ing symptoms: similar proportion of  heart failure (76.4% 
in AF patients vs 88.2% in SR patients, P = 0.37); a nu-
merically but not statistically higher rate of  angina in the 
AF group (43.8% vs 17.7%, P = 0.1); and 4 patients with 
syncope in each group.

Average CHA2DS2-VASC score for the whole AF 
group was 4.3 (range, 2-7) whereas the average HAS-
BLED bleeding score was 2.9 (range, 2-5).

Procedural and in-hospital outcomes
Procedural and in-hospital outcomes of  both groups are 
shown in Table 2. There were no significant differences 
in any of  the peri-procedural outcomes. There were 2 
deaths in the AF group: one patient died because of  
coronary obstruction, myocardial infarction and shock, 
and the other because of  respiratory complications at-
tributed to previous pulmonary fibrosis and severe 
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Table 1  Baseline characteristics of the transcatheter aortic 
valve implantation population in atrial fibrillation and non-
atrial fibrillation groups (n  = 17)  n  (%)

AF group SR group   P

Male gender   6 (35.3)   7 (41.2)     0.72
Age (yr)     81.3     83.9     0.15
Diabetes   8 (47.1)   6 (35.3)     0.49
Hypertension 14 (82.4)   9 (52.9)     0.07
Peripheral vascular disease   4 (23.5) 1 (5.9)     0.15
Significant coronary disease   6 (35.3) 10 (58.8)     0.17
Prior stroke   3 (17.7)   2 (11.8)     0.63
Chronic respiratory failure   2 (11.8)   4 (23.5)     0.37
Chronic renal failure   3 (17.7)       0     0.07
Hemodialysis   2 (11.8)       0     0.14
Prior warfarin use 15 (88.2)       0 < 0.01
Logistic euroSCORE (mean)     27.9     18.7     0.07
Baseline echocardiogram features
  Aortic valve area (cm2, mean)       0.66       0.72     0.35
  Peak gradient (mmHg, mean)     76.9     71.4     0.42
  Mean gradient (mmHg, mean)     44.2     41.8     0.60
  LVEF (mean)     55.9%     57.5%     0.66

AF: Atrial fibrillation; SR: Sinus rhythm; LVEF: Left ventricular ejection 
fraction.

Table 2  Procedural and in-hospital outcomes (n = 17)  n  (%)

AF group Non-AF group  P

Valve size (mm) 0.27
   23 13 (76.5)   10 (58.8)
   26   4 (23.5)     7 (41.2)
Access 0.55
   Transfemoral 16 (94.1)   15 (88.2)
   Transapical 1 (5.9)     2 (11.8)
Procedural success 16 (94.1)   17 (100) 0.31
Any peri-procedural 
complication

  7 (41.2)     7 (41.2) 1.00

   Death   2 (11.8)     2 (11.8) 1
   Emergent heart surgery       0   1 (5.9) 0.31
   Orotracheal intubation > 24 h       0   1 (5.9) 0.31
   Proshtesis embolization       0           0 -
   Endocarditis       0           0 -
   New onset AF 1 (5.9)   1 (5.9) 1.00
   Coronary obstruction 1 (5.9)   1 (5.9) 1.00
   Myocardial infarction 1 (5.9)   1 (5.9) 1.00
   Stroke       0           0 -
   Renal failure requiring 
   hemodialysis

      0           0 -

   New pacemaker implantation   2 (11.8)   1 (5.9) 0.55 
   Major access site complications       0     2 (11.8) 0.14
   Minor access site complications   2 (11.8)     4 (23.5) 0.37
   Transfusion   5 (29.4)     2 (11.8) 0.20
Post-procedural stay (mean days)     14.4         10.2 0.22

AF: Atrial fibrillation.
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pulmonary hypertension (no prosthesis dysfunction). 
There were 2 deaths in the SR group: one transfemoral 

procedure complicated by perforation with the tempo-
rary pacemaker lead, and one transapical procedure with 
post-procedural severe bleeding at the site of  ventricular 
puncture 48 h after the procedure. Only 2 patients (6%) 
had new onset AF during TAVI admission. One patient 
from the SR group had new onset AF 2 d after TAVI and 
was discharged under warfarin plus clopidogrel (this pa-
tient was kept in SR group “per protocol”, as described 
in methods). The other patient from the AF group was 
in SR at the start of  TAVI, but developed AF during the 
procedure and was discharged with AF under warfarin 
treatment. None of  these patients had events in the 
follow-up.

Post-discharge management and clinical outcome
During hospitalization (and at 30-d follow-up), 4 patients 
died: one after transapical and 3 after transfemoral proce-
dures. Therefore, survival at 30 d was 88.2% in the over-
all study population, 90.3% in patients undergoing trans-
femoral TAVI, and 66.7% in those undergoing trans-
apical TAVI. Thus, 30 patients were discharged alive: 15 
from SR group and 15 from AF group. All patients in the 
SR group were treated after valve implantation with aspi-
rin 100 mg/d plus clopidogrel 75 mg/d for 3-6 mo. AF 
patients were treated according to the clinical cardiologist’
s preference, as shown in Table 3. The most common 
treatment at discharge was warfarin alone, followed by 
warfarin plus aspirin.

Clinical follow-up was completed in 100% of  the 
patients. Mean follow-up for the whole cohort was 10.4 
mo, with a maximum of  32 mo. Kaplan-Meier curves 
for survival are shown in Figure 1A. Mean survival was 
similar in both groups: 23.8 mo in the SR group vs 25.6 
mo in the AF group (log-rank, Mantel-Cox: P = 0.98; 
hazard ratio (HR), 0.99; 95% confidence interval (CI), 
0.26-3.75). Survival at 30 d was 81.4% in the SR group vs 
88.2% in the AF group. Survival at 1 year was 74% in the 
SR group vs 80.9% in the AF group. Figure 1B depicts 
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Table 3  Antithrombotic treatment at discharge in patients of the atrial fibrillation group who survived to hospital discharge (n = 15)

Patient Age Gender CHA2DS2-
VASC

HAS-BLED Treatment at discharge Follow up 
(mo)

Non-fatal events Follow up 
(mo)

Survival

  1 87 Female 6 5 Warfarin   2 None   2 Alive
  2 76 Male 4 4 Aspirin 32 None 32 Alive
  3 81 Female 5 3 Warfarin + Aspirin   7 None   7 Alive
  4 80 Female 4 3 Warfarin   1 None   1 Alive
  5 90 Female 6 2 Warfarin 26 None 26 Alive
  6 77 Female 5 3 Warfarin 23 None 23 Alive
  7 68 Female 2 2 Aspirin + Clopidogrel 10 None 10 Alive
  8 83 Male 7 4 Warfarin + Aspirin   3 None   3 Death, 

non-cardiac
  9 80 Female 3 2 Warfarin 19 None 19 Alive
10 79 Female 5 3 Warfarin + Aspirin 30 Stroke 31 Death,

 non-cardiac
11 84 Female 5 3 Warfarin + Clopidogrel   1 Heart failure admission 31 Alive
12 87 Female 4 2 Warfarin + Aspirin   6 None   6 Alive
13 83 Female 3 2 Warfarin   5 None   5 Alive
14 82 Male 3 3 Warfarin + Aspirin   2 None   2 None
15 68 Male 3 2 Warfarin + Clopidogrel   1 Heart failure admission   3 Alive
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Figure 1  Kaplan-Meier curves. A: Survival; B: Survival free from MACE (death, 
stroke, myocardial infarction, aortic valve surgery, heart failure admission, and 
prosthesis failure). AF: Atrial fibrillation; SR: Sinus rhythm.
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survival free from a composite MACE endpoint (death, 
stroke, myocardial infarction, aortic valve surgery, heart 
failure admission, and prosthesis failure). Survival free 
from MACE was similar: 21.4 mo in SR vs 21.7 mo in 
AF (log-rank, Mantel-Cox: P = 0.92; HR, 0.94; 95% CI, 
0.29-3.11). Survival at 30 d was 81.4% in the SR group 
vs 82.4% in the AF group; whereas survival at 1 year was 
65.8% in the SR group vs 68.4% in the AF group.

Importantly, there were 2 strokes in the follow up. 
One took place in the AF group at 30.3 mo (a patient 
treated with aspirin and warfarin), and contributed to the 
patient’s death due to respiratory complications. The oth-
er happened at 3.3 mo in the SR group (aspirin), and was 
classified as atherosclerotic with the patient remaining in 
SR, and the patient was discharged with mild sequelae. 
There were no documented major bleedings either in AF 
or non-AF patients in the entire follow-up.

Echocardiographic follow-up
Follow-up echocardiography was performed at 6 mo, 1 
year, and every year subsequently. For this study we se-
lected the longest available echocardiographic follow-up, 
with a mean of  14.7 mo. There were no differences be-
tween AF and non-AF patients in any of  the echocardio-
graphic items during the follow-up (Table 4). There were 
no cases of  prosthesis thrombosis, or prosthesis failure. 

DISCUSSION
The PARTNER trial cohort A results have lifted the 
TAVI procedure from “alternative procedure” to “non-
inferior” compared to surgery in patients acceptable 
for surgery but with a relatively high risk. However, a 
new concern appeared, as stroke rates were significantly 
higher in the TAVI arm compared to the SAVR group 
(8.3% vs 4.3% at 1 year, P = 0.04)[11]. This was not totally 
unexpected, because 3-5% of  patients undergoing cardiac 
surgery suffer a periprocedural stroke[22], and prior studies 
with TAVI had described similar or even higher subclini-
cal brain ischemic events[13,14].

We analyzed the potential influence that AF, a first-
line risk factor for stroke, could have in the stroke rate of  
the TAVI population. Our cohort had a slightly higher 
prevalence of  AF compared to PARTNER population 
(50% vs 41% in the PARTNER TAVI arm), and interest-
ingly AF patients had higher risk compared to non-AF 
patients (logistic EuroSCORE 27.9 vs 18.7), with other-
wise no relevant differences in baseline characteristics. 
However, this higher risk did not translate into differenc-
es in TAVI procedure complications, with only a trend to-
ward a longer hospital stay (14 d vs 10 d, P = 0.22) and a 
more frequent need of  transfusion in the AF group (29% 
vs 12%, P = 0.2). In our cohort, we had no strokes during 
admission and the stroke rate in the follow-up was as low 
as 6%, with no differences among groups. The fact that 
the 2 strokes occurred during follow-up after discharge 
and not in the peri-operative period does not support the 
use of  embolic protection devices during TAVI, that has 
been proposed by some groups[23].

Survival and other long-term events were also similar 
between patients with and without AF before TAVI, as 
well as prosthesis hemodynamics. The follow-up estimat-
ed valve area was higher (non-significantly) in the non-AF 
group, but that was probably due to the lower number of  
patients with 26 mm valves in the AF group. This is sup-
ported also by the similar gradients found in both groups 
(Table 4). 

In spite of  the long experience with bioprosthesis, 
treatment at discharge of  patients with aortic bioprosthe-
ses is still controversial, and the recommendations after 
TAVI are based only on expert consensus. Guidelines 
for the management of  patients with valvular heart dis-
ease published by the American Heart Association and 
the European Society of  Cardiology all recommend the 
prescribing of  aspirin to all recipients of  bioprosthetic 
heart valves (Class Ⅰ, Level of  evidence C) as well as 
the consideration of  warfarin use during the first 3 mo, 
notwithstanding the lack of  evidence[4,24]. Some studies 
have found no advantage of  3-mo warfarin treatment in 
patients with no other indication for anticoagulation[25,26].

Our AF cohort received antithrombotic treatment ac-
cording to stroke and bleeding scores, as recommended 
in the AF guidelines and irrespective of  the presence of  
the aortic bioprosthesis[27,28]. This led to similar rates of  
stroke, major hemorrhage and MACE events, supporting 
this management.

The main limitation of  this paper was the small study 
population that could make some differences among 
groups non-significant. Nevertheless this is somewhat 
balanced with a long-term follow up of  the patients, that 
showed similar survival and event-free survival curves. 
We performed no routine brain imaging, assuming the 
under-detection of  clinically silent cerebral events, but 
focused on clinically evident strokes that were of  major 
relevance to the clinician. All treatment data was observa-
tional, so it should only be used for hypothesis-generating 
purposes, with limited value due to the heterogeneity of  
therapeutic strategies.

In the absence of  specific guidelines or previous 
literature to choose a specific antithrombotic treatment 
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Table 4  Follow-up echocardiographic evaluation of the 
prosthetic valve (mean follow-up 14.7 mo)

  AF group  SR group P

Aortic valve area (cm2, mean)     1.66     2.05 0.18
Peak gradient (mmHg, mean) 18.6 19.3 0.86
Mean gradient (mmHg, mean)   9.5 11.0 0.51
LVEF (mean) 59%    62.9% 0.14
Valvular aortic regurgitation
   No 70%    66.7% -
   Mild 30%    33.3% -
   Moderate   0%   0% -
   Severe   0%   0% -
Paravalvular aortic regurgitation
   No 10%    55.6% -
   Mild 70%    44.4% -
   Moderate 20%   0% -
   Severe   0%   0% -
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after TAVI in AF patients, the treatment at discharge 
was tailored to each patient, according to both bleeding 
and stroke scores. This treatment obtained similar rates 
of  stroke, bleeding or MACE events during follow-up. 
In our cohort, AF patients undergoing TAVI had similar 
prognosis despite the trend toward a higher risk com-
pared with the non-AF patients.
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Abstract
AIM: To investigate the prognostic significance of rest-
ing heart rate in patients with acute coronary syndrome 
(ACS), independent of other known factors.

METHODS: Patients 40 years of age or older who had 
been admitted with acute coronary syndrome (ACS) to 
one of the 94 hospitals participating in the Prevalence 
of Peripheral Arterial Disease in Patients with Acute 
Coronary Syndrome (PAMISCA) study were included. 
Patients were divided into two groups based on their 

resting heart rate (HR ≥ or < 70 bpm). Complications 
were recording during a follow-up period of 1 year. 

RESULTS: There were 1054 ACS patients analyzed 
(43.5% with ST segment elevation and 56.5% without 
elevation). Mean age was 66.6 ± 11.7 years, 70.6% 
were male and 29.4% of subjects were female. During 
follow-up, more patients in the HR ≥ 70 bpm group 
were hospitalized for heart failure and they also had 
a higher mortality rate. In the multivariate analysis, 
a heart rate of ≥ 70 bpm was independently related 
to overall mortality during the follow-up period (haz-
ard ratio 2.5; 95% confidence interval, 1.26-4.97, P  = 
0.009). 

CONCLUSION: A resting heart rate ≥ 70 bpm in pa-
tients who survive an ACS is an indicator of a high risk 
of suffering cardiovascular events during follow-up.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Heart rate (HR) is increasingly being postulated as a 
modifiable risk factor for cardiovascular disease. Previ-
ous studies have shown a relationship between elevated 
resting HR and the risk of  cardiovascular disease in the 
general population[1] and in patients with stable coronary 
artery disease with or without hypertension[2-6]. However, 
the threshold at which risk increases in coronary patients 
and the quantitative relationship between HR increase and 
outcome are less well defined. Data from the Coronary Ar-
tery Surgery Study suggested that risk increases at around 
83 beats per minute (bpm) and above[2], whereas analysis 
by the International Verapamil SR/Trandolapril Study 
suggested increased risk above 75 bpm, well below the 
conventional definition of  tachycardia (> 90 bpm)[7]. The 
results of  the BEAUTIFUL study (Evaluation of  the if  in-
hibitor ivabradine in patients with coronary disease and left 
ventricular dysfunction) have recently demonstrated that, 
in a large population with coronary artery disease and left-
ventricular systolic dysfunction who were well treated in 
terms of  cardiovascular prevention, a resting HR at base-
line of  ≥ 70 bpm is a marker for subsequent cardiovascu-
lar death and morbidity[8]. Results were recently published 
in patients with heart failure and ventricular dysfunction in 
whom treatment with ivabradine to decrease HR was ef-
fective and reduced cardiovascular risk[9].

There are few observational studies[10] which have ana-
lyzed the prognostic impact of  resting HR in patients with 
acute coronary syndrome (ACS), independent of  the pres-
ence of  factors associated with advanced arteriosclerotic 
heart disease (peripheral artery disease and kidney disease). 
The objective of  this study is to analyze the prognostic 
impact of  resting HR in patients who have survived the 
acute phase of  a coronary syndrome, establishing the cut-
off  point at 70 bpm as in the BEAUTIFUL study.

MATERIALS AND METHODS
The PAMISCA registry (Prevalence of  Peripheral Arterial 
Disease in Patients with Acute Coronary Syndrome), is 
an observational, prospective, multicenter study, designed 
to investigate the prevalence of  peripheral arterial disease 
in patients admitted to Spanish hospitals with a diagnosis 
of  ACS. A detailed description of  the method used in 
the PAMISCA registry has been published previously[11]. 
Informed consent was obtained from all patients and 
the study was carried out following the principles of  the 
Declaration of  Helsinki (Edinburgh Amendment, 2000). 
The study was approved by an ethics committee. Data on 
risk factors, cardiovascular history and medical treatment 
of  ACS patients were collected at discharge using a stan-
dard questionnaire. Cardiovascular risk factors included 
hypertension, diabetes mellitus, hypercholesterolemia, 
smoking habit, previous ischemic events (ACS, stable 
angina, stroke) and previous heart failure (hospital admis-
sion). Left ventricular ejection fraction was obtained by 
trans-thoracic echocardiography or ventriculography dur-
ing catheterization. Glomerular filtration rate, assessed 

by the Modification of  Diet in Renal Disease Study equa-
tion, was also recorded. HR was determined between day 
3 and 7 of  the event, once the patient was stable. The 
study population was divided into subgroups, depending 
on whether a patient’s HR was ≥ or < 70 bpm, with the 
differential characteristics of  each subgroup being stud-
ied. This cut-off  point was selected in accordance with 
the most recent bibliography[8].

Follow-up of the study population
Patients were followed up to 12 mo after hospital discharge 
to ascertain the occurrence of  clinical events. Clinical com-
plications were defined by the registry investigators’ com-
mittee and included in the data questionnaire. The primary 
endpoint was mortality (cardiovascular and non cardiovas-
cular death). Secondary endpoints were hospital admission 
for myocardial infarction (elevation of  serum markers of  
myocardial damage), heart failure, angina, coronary revas-
cularization and stroke. Angina was defined as the pres-
ence of  chest pain or discomfort with dynamic changes 
in the electrocardiogram. Heart failure was defined as the 
new onset of  signs and symptoms of  abnormal cardiac 
function and one imaging diagnosis (X-ray verification of  
pulmonary congestion or echocardiography diagnosis of  
left ventricular systolic or diastolic dysfunction). All car-
diovascular endpoints were confirmed by hospital reports. 
Every case of  death reported by the medical staff  was cer-
tified by the investigator of  each hospital (death certificates 
or hospital records at the time of  death, or direct contact 
with the family of  patients). Follow-up was performed by 
medical visits or telephone calls. 

Statistical analysis
All data collected in the study was described in terms of  
central trend, dispersion measurements and relative fre-
quencies. The Student t test was used for comparison of  
quantitative variables, the Chi-squared test for comparison 
of  the categorical variables and one-way analysis of  vari-
ance for comparison of  the continuous variables between 
multiple groups. We used a Cox multivariate regression 
analysis with adjustment based on the likelihood ratio. 
The variables entered into the model were those with a P 
value < 0.1 in the univariate analysis: age, sex, hyperten-
sion, diabetes, previous myocardial infarction, previous 
stroke, ejection fraction < 40%, end-stage renal disease, 
revascularization at admission (thrombolysis or percutane-
ous coronary intervention), treatment at discharge with 
aspirin, clopidogrel, statins, β-blockers or angiotensin 
receptor blockers, existence of  peripheral vascular dis-
ease, and HR ≥ 70 bpm. Calibration of  the multivariate 
model was tested by Hosmer-Lemeshow statistic and the 
discriminative power by the area under the ROC (receiver-
operating characteristics) curve obtained by the analysis of  
the probability of  the prognostic value of  the multivariate 
model. The Kaplan-Meier survival method was used for 
the comparison of  survival according to the HR (≥ or < 
70 bpm) using the log-rank test. A value of  P ≤ 0.05 was 
considered statistically significant. Data were analyzed us-
ing SPSS 15.0 software (SPSS Inc., Chicago, IL). 
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RESULTS
Baseline characteristics
A total of  1410 patients were included in the baseline 
study and 13 died before hospital discharge. Investiga-
tors were then invited to provide follow-up for the 1397 
remaining patients for 1 year. A total of  23 investigators 
participated in the study, while 241 patients declined the 
invitation. Therefore, the prospective phase of  the study 
included 1156 patients; 1054 (91.2%) of  these completed 
follow-up. The analysis was carried out in 1054 patients 
with ACS, of  which 43.5% had ST segment elevation and 
56.5% had no ST segment elevation. The mean age of  
included patients was 66.6 ± 11.7 years, 744 (70.6%) were 
male and 310 (29.4%) were female. Table 1 presents the 
characteristics of  the study population. 

Fifty-three percent (53%) of  patients had a resting 
HR ≥ 70 bpm. These patients were elderly with a higher 
percentage of  women, hypertension, diabetes, history of  
heart failure and diagnosed with peripheral artery disease 
(Table 1). During admission, these patients had higher 
blood sugar and cholesterol levels, while their hemoglobin 

levels were lower. Mean systolic blood pressure was higher 
in patients with HR ≥ 70 bpm, as was the percentage of  
patients with left ventricular ejection fraction < 40% at 
admission. Patients with HR ≥ 70 bpm received more di-
uretics and calcium antagonists, while the use of  β-blockers, 
statins and coronary revascularization was lower (Table 1).

During the follow-up period of  approximately 1 year 
(median 382 d, interquartile range 66), patients with HR 
≥ 70 bpm had a poorer outcome (Figure 1), with more 
hospitalizations for heart failure and higher cardiovascu-
lar and non-cardiovascular mortality rates. No differences 
were observed with respect to ischemic complications 
(re-infarction or need for revascularization) (Table 2).

In the multivariate analysis, HR ≥ 70 bpm was in-
dependently correlated with mortality during follow-up 
(hazard ratio 2.5; 95% confidence interval (CI), 1.26-4.97, 
P = 0.009), along with peripheral artery disease during 
hospitalization, ejection fraction < 40%, age and type 
2 diabetes mellitus. In-hospital revascularization (in the 
form of  thrombolysis or angioplasty) acted as a protec-
tive factor (Table 3). The multivariate analysis was accu-
rately calibrated (P = NS; χ2 = 18.5) and had discrimina-
tive power (area under the curve 0.81; 95% CI, 0.74-0.90, 
P < 0.01).

DISCUSSION
Our study revealed the prognostic significance of  resting 
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Table 1  Baseline characteristics (mean ± SD)  n  (%)

HR< 70
(n  = 480)

HR ≥ 70
(n  = 561)

P  

Mean age 65.8 ± 11.9 67.3 ± 11.4    0.035
Women 128.0 (41.7) 179.0 (58.3)    0.037
Abdominal circumference (cm)   99.5 (11.9) 100.3 (13.0) NS
Body mass index 28.1 (3.9) 28.1 (4.0) NS
Hypertension 372.0 (77.5) 470.0 (83.8)    0.011
Diabetes mellitus 136.0 (28.3) 236.0 (42.1) < 0.001
Dislipidemia 416.0 (86.7) 471.0 (84.0) NS
Smokers 144.0 (30.3) 154.0 (27.5) NS
History of heart disease 208.0 (43.3) 234.0 (41.7) NS
History of CVA 37.0 (7.7)   57.0 (10.2) NS
Peripheral Artery Disease   62.0 (12.9) 108.0 (19.3)    0.004
Previous heart failure 22.0 (4.6)   61.0 (10.9) < 0.001
EF < 40% 32.0 (7.5)   83.0 (17.0) < 0.001
Mean SBP (mmHg) 124.3 (18.5) 129.6 (22.4) < 0.001
Mean DBP (mmHg)   71.8 (11.2)   74.2 (13.4) NS
Mean HR (bpm) 60.3 (5.9)   80.6 (12.6) < 0.001
Glucose (mg/dL) 116.7 (46.5) 131.4 (55.0) < 0.001
Hemoglobin (g/L) 13.6 (1.6) 13.2 (1.9)    0.002
Total cholesterol (mg/dL) 180.6 (40.3) 180.9 (42.8)    0.015
LDL cholesterol (mg/dL) 109.9 (34.1) 109.5 (34.6) NS 
Creatinine (mg/dL) 1.03 ± 0.31 1.13 ± 0.82 NS 
GFR (mL/min every 1.73 m2) 77.70 ± 23.80 75.30 ± 26.10 NS 
ASA 409.0 (87.6) 446.0 (86.1) NS
Diuretics   81.0 (16.9) 137.0 (62.8)    0.003
β-blockers 387.0 (80.6) 379.0 (67.6) < 0.001
Calcium antagonists   72.0 (15.0) 119.0 (21.2)    0.010
ACE inhibitors 255.0 (53.1) 304.0 (54.2) NS
Angiotensin Ⅱ receptor 
blockers

  51.0 (10.6)   80.0 (14.3) NS

Statins 413.0 (86.0) 453.0 (80.7)    0.025
Coronary revascularization 
(PCI/thrombolysis)

294.0 (61.2) 287.0 (53.9)    0.001

HR: Heart rate; EF: Ejection fraction of the left ventricle; SBP: Systolic 
blood pressure; CVA: Cerebrovascular accident; DBP: Diastolic blood 
pressure; ASA: Acetylsalicylic acid; ACE: Angiotensin converting enzyme; 
GFR: Glomerular filtration rate; LDL: Low density lipoprotein cholesterol; 
SD: Standard deviation; PCI: Percutaneous coronary intervention.

Table 2  Outcomes  n  (%)

HR < 70
(n  = 480)

HR ≥ 70
(n  = 561)

P

Total deaths 13 (2.7) 45 (8.0) < 0.001
Cardiovascular death 11 (2.3) 35 (6.2)    0.001
Non-cardiovascular death   2 (0.5) 10 (1.8)    0.035
Hospitalized for heart failure 22 (4.6)   63 (11.2) < 0.001
Revascularization 
(PCI or surgical)

  48 (10.0) 53 (9.4) NS

Hospitalized for AMI 22 (4.6) 31 (5.5) NS

HR: Heart rate; PCI: Percutaneous coronary intervention; AMI: Acute 
myocardial infarction.

HR 2.5 (1.26-4.29)
P  = 0.009
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Figure 1  Kaplan-Meier curve for cumulative survival. Threshold heart rate 
(HR) ≥ or < 70 bpm.

Fácila L et al . Heart rate and ACS prognosis



HR in patients who survived ACS. We found that HR ≥ 
70 bpm identified a population that is at high risk of  suf-
fering cardiovascular events (death or heart failure) dur-
ing follow-up.

These results confirm those from studies which dem-
onstrated that baseline HR is directly and independently 
related to ischemic events, sudden death, cardiovascular 
death and mortality from any cause, both in patients with 
known ischemic events and in the normal population 
or in patients with increased cardiovascular risk[2,7,8]. It is 
probable that HR is not only a prognostic marker, but 
also has a detrimental cardiovascular effect due to several 
mechanisms: (1) an atherogenic effect (an increase in 
shear stress in the artery which causes increased parietal 
stress and decreased distensibility); (2) increased sympa-
thetic tone (which would induce a procoagulant state); 
(3) increased blood pressure (regardless of  other factors); 
and (4) an increase in the metabolic needs of  the heart. 
The above abnormalities could explain the cardiovascular 
complications in these patients[12-15].

The relationship between HR (its increase) and car-
diovascular mortality has long been known, but its im-
portance as a risk factor was only established in an article 
published in 1980 by Dyer et al[10]. Subsequently, several 
studies have observed how, in individuals with no previ-
ous evidence of  cardiovascular disease, there is a very sig-
nificant relationship between baseline HR, an increase in 
blood pressure and the adjusted rate of  all fatal and non-
fatal coronary events. Risk increased starting at a value of  
60 bpm; risk was five times greater if  baseline HR was > 
90 bpm, regardless of  age, sex and weight.

In a sample of  24913 patients with suspected or 
proven coronary artery disease monitored for an average 
of  14.7 years, Diaz et al[2] recently highlighted that total 
mortality, cardiovascular mortality and re-hospitalization 
due to cardiovascular causes were associated with an in-
crease in HR (P < 0.0001). Patients with HR ≥ 83 bpm 
in the baseline study had total mortality 32% higher than 
the reference group after adjusting for multiple variables. 
In our study conducted in patients with acute myocardial 
infarction who survived after admission, HR ≥ 70 bpm 
during hospitalization (once stabilized) was associated 

with a higher overall mortality, irrespective of  important 
variables such as age, treatment upon discharge or ejec-
tion fraction in long-term follow-up. These findings con-
cur with recent data from the BEAUTIFUL study which 
demonstrated that patients with a history of  ischemic 
heart disease and depressed systolic function who had a 
resting HR ≥ 70 bpm were at higher risk of  cardiovas-
cular complications and death[8]. However, they did not 
concur with regard to adverse events, which were not sig-
nificant in our study. The absence of  long-term follow-
up in our study could explain these differences. 

These epidemiological data are supported by the find-
ings of  various clinical trials which have demonstrated 
that a decrease in HR using drugs, such as β-blockers or 
ivabradin improves prognosis in patients with acute myo-
cardial infarction[16], heart failure[9,17-20], and angina[21-25], 
and is an essential part of  the beneficial effect of  these 
drugs in prognosis. In this respect, an important finding 
in our study is the decreased use of  β-blockers, statins 
and coronary revascularization in patients with a higher 
HR, even though they were at higher risk. The reason 
behind this therapeutic nihilism could be due to a lack 
of  awareness that increased HR can be related to poorer 
prognosis and therefore greater risk, in which case thera-
peutic strategies should be more aggressive.

The limitations of  our study are those inherent to any 
observational registry, from which only an association 
between variables can be established (and not a cause-
effect relationship), the limitations of  obtaining medical 
history data, and of  the comorbidities that could explain 
the changes in HR. 

In conclusion, our study reflects that a resting HR 
≥ 70 bpm after an ACS identifies a population that is at 
high risk of  suffering cardiovascular events, with a higher 
mortality during follow-up. It is possible that more ag-
gressive treatment of  these patients, especially with the 
use of  HR-lowering drugs, could translate into an im-
provement in their prognosis.
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Heart rate (HR) is increasingly being postulated as a modifiable risk factor for 
cardiovascular disease. Previous studies have shown a relationship between 
elevated resting HR and the risk of cardiovascular disease in the general popu-
lation. There are few observational studies which have analyzed the prognostic 
impact of resting HR in patients with acute coronary syndrome, independent of 
factors which suggest advanced arteriosclerotic heart disease (peripheral artery 
disease and kidney disease).
Research frontiers
HR is of great interest if confirmed as a cardiovascular risk factor, as measures 
can be taken to reduce it. Thus we are developing a series of drugs for its re-
duction (such as ivabradine), and for the possible prevention of cardiovascular 
events.
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Table 3  Multivariate analysis using Cox regression of overall 
mortality 

Variable Hazard ratio 95% CI  P

Heart rate ≥ 70 bpm 2.50 1.26-4.97    0.009
Peripheral artery disease 1.51 1.14-2.01    0.004
Revascularization 
at admission

0.53 0.29-0.97    0.040

EF < 40% 1.87 0.98-3.58    0.057
Age (per year) 1.08 1.03-1.12 < 0.001
Type 2 diabetes mellitus 1.80 1.01-3.22    0.047

EF: Ejection fraction of the left ventricle. The analysis includes: treatment 
with β-blockers, acetylsalicylic acid, angiotensin converting enzyme 
inhibitors, sex, history of ischemic heart disease and previous heart failure 
and all the variables in the table. C-Statistic: 0.61.
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Innovations and breakthroughs
It is possible that more aggressive treatment of these patients, especially with the 
use of HR-lowering drugs, could translate into an improvement in their prognosis.
Applications 
The study results suggest that the HR is a predictor of cardiovascular events, and 
treatment to reduce HR is beneficial for patients with ischemic heart disease.
Terminology
HR is the number of heartbeats per unit of time, typically expressed as beats 
per minute (bpm). HR can vary as the body’s need to absorb oxygen and 
excrete carbon dioxide changes, such as during exercise or sleep. Ivabradine 
is a novel medication used for the symptomatic management of stable angina 
pectoris. Ivabradine acts on the If (f is for “funny”, so called because it had 
unusual properties compared with other current systems known at the time of 
its discovery) ion current, which is highly expressed in the sinoatrial node. If is a 
mixed Na+-K+ inward current activated by hyperpolarization and modulated by 
the autonomic nervous system. It is one of the most important ionic currents for 
regulating pacemaker activity in the sinoatrial (SA) node. Ivabradine selectively 
inhibits the pacemaker If current in a dose-dependent manner. Blocking this 
channel reduces cardiac pacemaker activity, slowing the HR and allowing more 
time for blood to flow to the myocardium.
Peer review
This is a good descriptive study in which authors analyze the the prognostic 
impact of HR in patients with non-ST elevation acute coronary syndrome (ACS). 
The authors reflects that a resting HR ≥ 70 bpm after an non-ST ACS identifies 
a population that is at high risk of suffering cardiovascular events, with a higher 
mortality during follow-up. It is possible that more aggressive treatment of these 
patients, especially with the use of HR-lowering drugs, could translate into an 
improvement in their prognosis.
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Abstract
Metastatic lesions in the superior vena cava and the 
right atrium are difficult to diagnose: in computed to�
mography (CT), they are easily misinterpreted as arti�
facts, and the same region may be difficult to access 
using echocardiography. We present a case of asymp�
tomatic metastasis of a malignant melanoma which was 
overlooked initially due to deficiencies in imaging. Using 
18F-fluorodeoxyglucose positron emission tomography-
CT, the metastasis was clearly identified and finally 
treated successfully. We discuss the diagnostic value of 
the various imaging modalities for intracardiac masses.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The incidence of  primary melanomas has increased sig-
nificantly[1,2]. In autopsy studies, cardiac metastases are 
shown to be frequent in malignant melanoma (MM) 
patients[3]. However, in vivo, the diagnosis is rarely estab-
lished. Early stages are usually asymptomatic whereas the 
occurrence of  hemodynamic symptoms often indicates 
inoperability. Follow-up in melanoma patients usually 
includes whole body computed tomography (CT) ex-
amination. In CT scans, however it may be difficult to 
identify small cardiac masses due to artifacts secondary to 
movement and contrast media inflow. In this report we 
compared different imaging modalities and describe the 
successful diagnosis and treatment of  an asymptomatic 
metastasis of  the right heart.

CASE REPORT
We report the case of  a 41-year-old Caucasian with a me-
tastasis in the superior vena cava (SVC). Five years prior 
to admission, the patient was diagnosed with MM of  the 
left foot. He experienced a 2-year history of  recurrent iso-
lated metastases in the ipsilateral groin lymph nodes. Each 
time the tumors were excised successfully. During his 
follow-up the patient was asymptomatic and in excellent 
physical condition. In a whole body contrast-enhanced 
CT scan, a metastatic lymph node localized near the left 
common iliac artery was the only pathological finding. 
An additional 18F-fluorodeoxyglucose positron emission 
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Figure 1  Computed tomography scan. A: Initial computed tomography (CT) scan, with artifacts in the right atrium; B: CT of better quality; C: 18F-fluorodeoxyglu-
cose positron emission tomography-CT with specific tracer accumulation. 

Figure 2  Tumor imaging and histology. Magnetic resonance imaging (A) and transesophageal echocardiography (B) showing the tumor in the inflow of the right 
atrium. Intraoperative views of the superior vena cava from the outside (C) and the inside (D); Histologic examination reveals intracardiac metastasis of a malignant 
melanoma (E, F). Arrows indicate tumor localization.
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tomography-CT (FDG PET-CT) examination however, 
showed a high tracer uptake in the SVC close to the right 
atrium (RA) (Figure 1C). This lesion was not seen in the 
initial CT scanning due to artifacts caused by contrast me-
dia inflow (Figure 1A), but suspected in a CT-scan of  bet-
ter quality (Figure 1 B). Magnetic resonance imaging (MRI,  
Figure 2A) and transesophageal echocardiography (TEE, 
Figure 2B) demonstrated a soft tissue nodule in the su-
perior cavo-atrial junction corresponding to the area of  
PET-CT tracer uptake whereas the tumor was not visible 
during transthoracic echocardiography (TTE). A com-
bined surgical approach was chosen including resection of  
the iliac lymph node and the cardiac lesion. Following me-
dian sternotomy, the tumor was identified at the superior 
cavo-atrial confluence. It was completely excised within 
healthy tissue margins using cardiopulmonary bypass of  
the beating heart with venous cannulae in the deep jugular 
and inferior caval veins. The tissue defect was patched 
with autologous pericardium (Figure 2C and D). The re-
covery was uneventful and the patient was discharged 7 d 
after surgery. Histology confirmed a cardiac metastasis of  
MM (Figure 2E and F).

DISCUSSION
The present case demonstrates potential deficiencies in 
the diagnosis of  cardiac masses. In particular, lesions in 
the SVC and the RA are easily overlooked or misinter-
preted as artifacts in CT. Moreover, the same region may 
be difficult to access using TTE. On the other hand, 
PET-CT, MRI and TEE are expensive and of  limited 
availability. However, one should consider the diagnos-

tic values of  the various imaging modalities for specific 
lesions. In the present case, FDG PET-CT scanning 
revealed the presence of  an asymptomatic cardiac metas-
tasis with significant impact on the therapeutic strategy 
and possibly on patient survival. FDG PET-CT may be 
a helpful imaging technique for diagnosis and follow-up, 
especially in patients with melanoma and other malignan-
cies[4,5], in order to detect or exclude additional metasta-
ses, particularly in otherwise asymptomatic patients.
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areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
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Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
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Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
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 
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