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Preface

It is only 33 years since the first percutaneous transluminal

coronary angioplasty (PTCA) was carried out by the

pioneering Swiss radiologist Andreas Greuntzig in Zurich,

heralding the dawn of interventional cardiology. In this short

time, interventional cardiology has overcome many

limitations and undergone major evolutionary changes –

most notably the development of the intracoronary stent

and more explicitly the drug-eluting stent. Across the world,

many thousands of patients now safely undergo

percutaneous coronary intervention everyday and the

numbers continue to grow. In many countries, the numbers

far exceed surgical bypass operations.

Although at first, PTCA was indicated only as treatment for

chronic stable angina caused by a discrete, easily accessible

lesion in a single coronary artery, this has now progressed

enormously to encompass complex multi-lesion and multi-

vessel disease. Moreover, percutaneous coronary

intervention has now become widely used in the

management of acute coronary syndromes (which

principally include ‘heart attacks’) with definite benefits in

terms of morbidity and mortality. The effectiveness and

safety of these procedures has undoubtedly been enhanced

by the adjunctive use of new anti-platelet and anti-

thrombotic agents, and newer drugs are being evaluated. As

drug-eluting stents address the Achilles’ heel of angioplasty

and stents – restenosis – the huge increase in percutaneous

coronary procedures seen over recent years is likely to

continue.

As the indications increase and more patients are treated,

so inevitably do the demands on healthcare budgets.

Although percutaneous intervention is expensive, this

burden must be weighed against bypass surgery which is



significantly more costly and multi-drug therapy which

would be required over many years.

Although percutaneous coronary intervention has held

centre stage in cardiology, major in-roads have also been

made in non-coronary areas. Transcatheter valvular

treatments – including actual new valve implantation,

closure devices and ethanol septal ablation – have become

effective and safe alternatives to surgery, as have

paediatric interventional procedures. A greater

understanding of cardiac electrophysiology and heart failure

has led to important advances in the treatment of

arrhythmias and resynchronisation therapy. Pacemakers,

implantable cardioverter defibrillators (ICD) and cardiac

resynchronisation therapy (CRT) are benefiting ever larger

numbers of patients both in terms of life quality and

mortality.

Where are we heading? This is perhaps the biggest

question in the minds of many interventional cardiologists.

New ideas and technology generated by industry, coupled

with high levels of expertise, are fuelling advances in almost

all areas of interventional cardiology. The next decade

promises many new (and possibly unexpected)

developments in this exciting and restless field of medicine.

In writing this book, I have endeavoured to present broad

(and sometimes complex) aspects of interventional

cardiology in a clear, concise and balanced manner. To this

end, I have concentrated on an easy-to-read style of text,

avoiding jargon and exhaustive detail where possible and

supplemented with many images and graphics.

Ever D. Grech

Sheffield
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CHAPTER 1

Modifying Risk Factors to

Improve Prognosis

Kevin S. Channer1 and Ever D. Grech2

1Royal Hallamshire Hospital, Sheffield, UK

2South Yorkshire Cardiothoracic Centre, Northern

General Hospital, Sheffield, UK

OVERVIEW

Certain personal characteristics and lifestyles point to increased

likelihood of coronary heart disease and are called risk factors

The three principal modifiable risk factors are smoking,

hypercholesterolaemia and hypertension. Other modifiable

factors linked to lifestyle include a saturated-fat-rich diet,

obesity and physical inactivity

Prevention strategies (primary or secondary prevention) aim to

reduce the risk of developing or retard the progression of

atheroma, to stabilise plaques and to reduce the risk of their

erosion or rupture. These measures can collectively reduce the

risk of future cardiovascular events (mortality, myocardial

infarction and strokes) by as much as 75–80%

Percutaneous coronary intervention (PCI) or coronary artery

bypass graft (CABG) revascularisation is not a cure for coronary

heart disease and they are predominantly carried out to

improve symptoms. They may have little or no prognostic

impact in chronic stable angina. However, CABG and PCI confer

significant short- and long-term mortality benefit in acute

coronary syndromes and, in particular, primary PCI for acute ST

segment elevation myocardial infarction

 



In affluent societies, coronary artery disease causes severe

disability and more deaths than any other disease including

cancer. It manifests itself as silent ischaemia, angina,

unstable angina, myocardial infarction, arrhythmias, heart

failure and sudden death. Although this is the result of

atheromatous plaque formation and its effect, the actual

cause of this process is not known. However, predictive

variables – known as risk factors –have been identified

which increase the chance of its early development. Risk

factors can be classified as modifiable and non-modifiable

(Table 1.1).

It is clearly not possible to prevent the increased risk

associated with ageing, a positive family history or male

gender. However, there are many factors which can be

usefully ameliorated by interventions. Moreover, there are

some aspects of lifestyle that have been shown to reduce

the risk of an acute myocardial infarction.

Table 1.1 Risk factors for the development of premature

ischaemic heart disease and acute myocardial infarction.

Uncertain risk factors include: hypertriglyceridaemia, lipoprotien (a),

microalbuminuria, uric acid, renin, fibrinogen, C-reactive protien and

hyperhomocyteinaemia. *From Steeds. RR, Relative risk.

†From INTERHEART case-control study. Yusuf S et al. Lancet 2004;364: 937–52.



‡For current and former smokers.

RR for AMI: Relative risk for acute myocardial infarction. PAR for AMI(%):

Population attributable risk for acute myocardial infarction. Notes: These 9 risk

factors accounted for 90% of the population attributable risk in men and 94% in

women. Psychosocial factors included depression, stress at work or at home,

moderate/severe financial stress, one or more recent life events, low control

score. The control population was drawn from hospital in-patients with non-

cardiac conditions (58%) and community-based hospital visitors (36%). A

minority were WHO MONICA controls (3%) and unknown (3%).

 

Risk factors are not simply additive but may be

synergistically cumulative. Data from epidemiological

surveys have shown for some time that combinations of risk

factors generate exponential risks (Figures 1.1 and 1.2). This

applies to both men and women. Risk factors are not static

but increase with age – this may partly explain the

independent effect of age. Blood pressure increases

normally with age, so whatever definition is used for

hypertension, the frequency of this condition will increase

with age. Cholesterol and triglycerides increase with age as

do insulin resistance and body mass index.

Figure 1.1 The adverse effect of single and combined risk

factors on the risk of acute myocardial infarction. Smk,

smoking; DM, diabetes mellitus; HTN, hypertension;

ApoB/A1, lipid abnormalities; Obes, obesity; PS,

psychosocial factors; RFs, risk factors. From INTERHEART

case-control study. Yusuf S et al. Lancet 2004;364:937–52.



Figure 1.2 The beneficial effect of single and combined risk

factors on the risk of acute myocardial infarction. No smk,

no smoking; Fr/Veg, daily 5 fresh fruits/vegetables; Exer,

regular exercise; Alc, regular alcohol. From INTERHEART

case-control study. Yusuf S et al. Lancet 2004;364:937–52.

Impact of risk factors

Smoking



Smoking confers a fivefold relative risk for acute myocardial

infarction and cardiovascular death. By comparison,

stopping smoking has an almost immediate effect on

reducing the cardiovascular risk by about 50%. Ex-smokers

still have a higher risk than lifelong non-smokers. In one

study, the survival rate of patients who stopped smoking

after an acute myocardial infarction at 8 years of follow-up

was about 75% compared with 60% for patients who

continued to smoke. Similarly reinfarction is about twice as

common in smokers than in those who stop smoking after a

first infarction. At 8 years of follow-up, reinfarction was

about 38% in smokers compared with 22% in quitters.

Overall smoking increases mortality by about 2.5 times and

reduces absolute survival by, on average, 10 years.

Hyperlipidaemia

High blood cholesterol is associated with an increased

cardiovascular risk. However, as a single risk factor it is

relatively weak – it becomes more important when

associated with smoking, hypertension and diabetes. There

is also an important interaction with age. In men, there is a

doubling of risk from serum cholesterol in the lowest

population quintile (<200 mg/dl; 5.2 mmol/l) to the highest

(>260mg/dl; >6.7mmol/l).

Hypertension

Both diastolic and systolic hypertension have been shown to

be risk factors for myocardial infarction and cardiovascular

death. The relative risk of persistently elevated blood

pressure of > 160 mmHg systolic is 4 times the risk

compared with systolic blood pressure of < 120 mmHg.

The relative risk of persistently elevated diastolic blood

pressure > 100 mmHg is 3 times higher when compared

with a diastolic pressure of <80mmHg. Research data have



shown that reduction in diastolic pressure of 5–6 mmHg and

systolic pressure of 10–14 mmHg over 5 years with drug

therapy does reduce cardiac mortality and non-fatal

myocardial infarction in elderly people by about 20%, and in

younger people by about 14%. Data from the longitudinal

epidemiological study in Framingham showed that left

ventricular hypertrophy diagnosed by echocardiography is

associated with a twofold increased risk in death in women

and a 1.5-fold increased risk in men over a 4-year period.

Diabetes mellitus

This is a major risk factor for premature vascular disease,

stroke, myocardial infarction and death. Diabetes increases

the risk of developing coronary heart disease by 1.5 times

at age 40–49 and by 1.7 times at age 50–59 in men and by

3.7 times at age 40–49, and 2.4 times at age 50–59 in

women. There are data that show that diabetic control is

important for cardiovascular risk, with correlations between

cardiovascular events, ischaemic heart disease and death

rate and glycosylated haemoglobin. Much more effective

risk reduction is associated with aggressive treatment of the

commonly associated hypertension, lipid abnormalities and

obesity in the diabetic patient.

Obesity

Obesity has been increasing in epidemic proportions and

confers a prognostic disadvantage. Those with body mass

index (weight/ht2) of 25–29 kg/m2 are considered to be

overweight and those >32 are classified as obese. The latter

have a twofold relative increase in mortality from all causes

and a threefold increase in cardiovascular death. One study

showed that a high body mass index was associated with an

increase risk of death per se, especially when it was present

in young people aged 30–44 years. More recent evidence



suggests that waist circumference is an important

independent risk factor as truncal or visceral obesity

appears to be more atherogenic. An expanded waist

circumference is a necessary criterion for the diagnosis of

the metabolic syndrome, in addition to at least two of the

other four criteria (Table 1.2).

Table 1.2 International Diabetes Federation definition of

metabolic syndrome – focus on waist circumference.

Abdominal obesity plus at least two of the

following:
>94 cm male, >80 cm female

Elevated triglycerides ≥1.7 mmol/l

Reduced HDL-cholesterol
<1.0 mmol/l male, 1.3 mmol/l

female

Raised blood pressure >130/80 mmHg

Raised fasting plasma glucose ≥5.6 mmol/l

HDL, High-density lipoprotein.

Despite the presence of the obesity paradox – overweight

and obese patients with established cardiovascular disease

seem to have a more favourable prognosis than leaner

patients – there is data to support purposeful weight

reduction in the prevention and treatment of cardiovascular

diseases. Furthermore, interventional trials involving

bariatric surgery for severe obesity have shown that

significant weight reduction resulted in significantly reduced

mortality.

Physical activity and fitness

There is a close inverse relationship between

cardiorespiratory fitness and cardiac outcomes such as

coronary disease and death. This can be readily assessed by

exercise tolerance testing. Patients with a low level of

cardiorespiratory fitness have a 70% higher risk for all-cause

mortality and a 56% higher risk for coronary or

cardiovascular events compared with those with a high level



of fitness. Those with intermediate levels of fitness have a

40% higher mortality risk and a 47% higher coronary or

cardiovascular event rate than those with higher fitness.

Following acute myocardial infarction or coronary artery

bypass graft (CABG), cardiac rehabilitation programmes that

promote exercise and weight loss can improve

cardiometabolic risk profiles of patients.

Gender

Men have twice the cardiovascular mortality as women at all

ages and in all parts of the world. This was thought to be

related to the beneficial effect of female sexhormones,

especially oestrogens, as the cardiovascular risk in women

increases after the menopause. However, two large

randomised controlled trials showed that hormone

replacement therapy (HRT) did not reduce the

cardiovascular risk in women; rather, the thrombotic effects

of oestrogens precipitated fatal and non-fatal cardiovascular

events, especially in the early years of treatment. Women

appear to possess differently weighted risk factors than men

for reasons that are unclear.

More recent data have shown strong associations of

accelerated atherosclerosis with low levels of testosterone

in men followed up for 4–8 years. Low testosterone level in

men has been shown to be linked with increased mortality.

Male HRT has not yet been shown to reduce cardiovascular

risk, although results from animal studies are encouraging.

Psychosocial factors

Some psychosocial factors double the risk of developing

cardiovascular disease. Social class has an important effect

on mortality from heart disease with people in low-income

groups having an excess mortality compared with high-

income earners. This is not simply related to deprivation.



Within the same working cohort (e.g. Whitehall civil

servants), cardiovascular events and mortality were found

to be 2–3 times higher in those workers with low

socioeconomic status compared with those with high

socioeconomic status. In fact, there is little relationship

between actual average income and life expectancy. It is not

just a matter of money. Mortality is 2–3 times higher in

people with poor social links than in those with good social

support networks. The reasons are unclear but they are not

explained by differences in other known risk factors such as

smoking.

Depression

Depression carries an adverse prognosis, especially in

association with coronary artery disease and is associated

with an eightfold increase in cardiovascular death. Patients

with depression have a fivefold increased mortality after

acute myocardial infarction. There are no data to suggest

that treatment of depression with any specific therapy

reverses the excess mortality. Depression also influences

the outcome after coronary artery bypass surgery. After

controlling for age, sex, number of grafts, diabetes,

smoking, left ventricular ejection fraction and previous

myocardial infarction, moderate or severe depression at the

time of surgery increased the risk of death by 2.4 times, and

mild to moderate depression that persisted for 6 months

conferred a 2.2 times increased risk of death, during a 5-

year follow-up period.

How to assess cardiovascular

risk

Cardiovascular risk stratification is carried out through

clinical history, physical examination and serum biomarkers.


