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1. Summary
Coronary artery disease (CAD) is a major cause of death and morbidity. Coronary
artery bypass grafting (CABG) has been shown to be an efficacious intervention,
producing alleviation of angina symptoms, as well as improvements in life-expectancy
in defined patient groups. Nearly 90% of CAB Gs undertaken in Glasgow are for
lesions for which it has been shown to produce survival benefit. CABG has been
shown to be cost-effective in these patients.
After adjustment for demography and "need," rates of CABG in Argyll and Clyde
exceed the Scottish average by 1 7 per annum. However, Scottish CABG rates may be
insufficient to meet need since they are considerably lower than in many other Western
countries, despite Scotland possessing much higher CAD mortality rates. If USA rates
are applied to Argyil and Clyde, 223 more CABGs wouid be performed each year.
Twenty eight extra CABGs per annum would be required for Argyll and Clyde to
reach published target UK figures. These targets take no account of relative local need
which is higher in Scotland than most of the United Kingdom .
The decline in CAD mortality in Argyll and Clyde over the past decade equates to that
in Scotland as a whole. However, CABG rates have increased 6-fo!d in A..rgyll and
Clyde compared to only a 4-fold increase in Scotland. If historical trends persist, the
number of CABGs performed on Argyll and Clyde residents will be 3 79 by the year
2001, an increase of 63 % from 1994. However, a number of factors could militate
against a continuing rise in CABG numbers. Increased use of stents may lower the
restenosis rate following percutaneous transluminal coronary angioplasty (PTCA) and,
therefore, reduce the need for reinterventions. This might make PTCA a viable
alternative to CABG in a greater proportion of patients and reduce the need for CABG
following PTCA. In addition, primary and secondary prevention measures may
produce further reductions in the population incidence of CAD and its progression. In
particular, increased use of lipid-lowering drugs may reduce the need for
revascularisation procedures.
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2. Recommendations
Conflicting evidence exists on the appropriateness of the current level of CABG in
Argyll and Clyde. The current numbers exceed the Scottish average after taking
account of local demography and "need." However, comparisons with published UK
target figures suggest that additional CABGs are required to meet need. Similarly,
comparisons with other countries and historical trends suggest that increased numbers
may be required in the future. A number of future developments in CAD prevention
and management may ultimately reduce the need for CABG. The balance of evidence
suggests that provision should be maintained at the current level until such time as a
change in need becomes apparent.
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3. Introduction
CAD is an important cause of death and morbidity. CABG has been shown to alleviate
symptoms and improve life-expectancy in patients with severe or life-threatening
disease. 1·3 Over the past decade, CABG rates have increased greatly. There are wide
geographical variations in the rates of CA.BG performed, with rates highest in
populations adjacent to tertiary centres 4·5 The need for CABG has changed as a result
of changes in disease incidence and developments in alternative treatment modalities.
Trus report reviews the available evidence on the current and future levels of need for
CABG in Argyll and Clyde residents.
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4. Epidemiology
4.1. Frequencv
In Scotland, CAD is the commonest cause of death in both men and women,
accounting for more than one-quarter of all deaths which occur.6' C.A.D also accounts
7

for significant levels of morbidity, with a prevalence of up to 10% in middle aged and
elderly men 8 Treatment of CAD costs the National Health Service £500 million per
annum. 9 It also accounts for 12% of sick-leave, producing a further annual cost of
£ 1800 million in lost productivity.9
4.2. Geo£raphical variations
. .

.

.

Scotland has the second highest mortality rate from CAD m Western Europe.6 JO
•

•

Correlational studies suggest that some of this variation between countries can be
attributed to dietary differences. 11 Within Scotland, CAD mortality is 40% higher in
Giasgow than in Edinburgh due to differences in socioeconomic and lifestyle factors. 12
4.3. Time trends
In Scotland, between the l 940's and early 1970's, overall mortality rates from CAD
doubled and mortality in men under 65 years of age tripled. 10 However, mortality rates
have since declined, with a 30% reduction in men and 20% in women. Many other
countries have also witnessed a decline in CAD deaths and non-fatal myocardial
infarctions (Mls).13 Much of this decline can be attributed to changes in lifestyle,
particularly dietary changes resulting in a reduction in overall intake of fat and an
increased ratio of polyunsaturated to saturated fat13·14 Over the same period as
mortality has declined, the prevalence of CAD has increased. 6 This is partly due to
improved survival and partly to an ageing population. 6 This rise in prevalence has been
associated with an increased number of hospital admissions.
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4.4. Risk factors
Cardiovascular risk factors fall into two categories. Modifiable risk factors include
cigarette smoking, hypertension, physical activity, hyperlipidaemia, diabetes and
alcohol. 15 Non-modifiable risk factors include age, sex, hereditary factors,
psychological factors and socioeconomic deprivation. 15
4.4.1. Cigarette smoking
Smoking is the most important modifiable risk factor for CAD, with a high attributable
risk in all ages in both men and women. 16 The relative risk is highest in young men,
where it reaches five. 17 The association between smoking and CAD is dose-related and
independent of other risk factors. Consensus is still lacking on whether an association
nl8·19
. smok.mg anurlca
. between passive
exists
, u..,

4.4.2. Hypertension
CAD is the commonest cause of death in hypertensive individuals. Although the risk is
dose-related with no evidence of a threshold, most of the population attributable risk is
due to moderate hypertension because of its much higher prevalence than severe
hypertension. Anti-hypertensive agents are less effective in preventing CAD than
strokes. Lifestyle changes aimed at lowering the average blood-pressure within a
population, such as reduced salt consumption, may be more effective. 20
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4.4.3. Physical activity
An inverse association has been demonstrated between level of physical activity and
incidence of CAD. 21 Regular moderate or vigorous exercise can reduce the risk of
CAD by up to 50%. 22-24

4.4.4. Hyperlipidaemia
A high plasma cholesterol level has been demonstrated to be an independent risk factor
for the development of CAD.25 Correlational studies suggest that much of the variation
in CAD mortality between countries can be attributed to differences in dietary
cholesterol intake.26 In the WOSCOP study, Sheperd et al.27 demonstrated a 31 %
reduction in coronary events following administration of pravastatin to men with
hypercholesterolaemia and no history ofrvll Administration of simvastatin to patients
with angina or previous :MI has been shown to result in a 42% reduction in cardiac
deaths and a 3 7% reduction in the need for revascularisation procedures. 28
4.4.5. Diabetes
Both frank diabetes mellitus and impaired glucose tolerance are associated with an
increased risk of CAD

29

In a cohort study of civil servants, Fuller et al.29 demonstrated

a critical threshold of glucose intolerance above which the risk of CAD was doubled.
Below this threshold no association was demonstrated between level of glycaemia and
CAD.29 Similarly, the risk of CAD is higher in diabetics than those with glucose
intolerance. Sixty three percent of the CAD mortality experience in diabetics cannot be
attributed to the presence of other risk factors. 29
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4.4.6. Alcohol
The association between CAD and alcohol can be represented by a ]-shaped curve.
Heavy drinking is associated with a high risk of CAD, while moderate drinkers are at a
lower risk than non-drinkers. 30·31 This may reflect the fact that non-drinkers include ex
drinkers who have an increased risk of CAD.
4.4.7. Age
The incidence of CAD increases with age. In the Framingham study, men had an
incidence 3% between 40 and 44 years of age, compared to 11% between 60 and 64
years of age.32 The corresponding figures for women were <0.1 % and 8% respectively.
Similarly, Gandhi et al 33 found that the incidence of CAD in men rose from 4.4%
between 31 and 40 years of age to 23 .2% between 61 and 70 years of age. The figures
for women were 0. 8% and 10.1% respectively.
4.4.8. Sex
Men and women differ in the frequency and natural history of CAD and its response to
treatment. CAD occurs at an earlier age in men. Thereafter, the incidence in men is
higher at all ages, being equivalent to the incidence in women who are ten years older.
In men, one-quarter of cardiac deaths occur under 65 years of age, compared to one
tenth in women.34 The lower incidence of CAD in pre-menopausal women has been
attributed, in part, to the protective effect of endogenous oestrogen. Exogenous
oestrogens increase the risk of CAD in pre-menopausal women, but hormone
replacement therapy is protective against CAD in post-menopausal women.
Compared to men, women are more likely to present with angina and less likeiy to
present with :MI and sudden death_ 3 v 5 Women with CAD have a poorer prognosis
than men, including a higher mortality after acute MI. 35 ,3 6 Despite their poorer
prognosis, women with CAD are less likely to undergo investigation and treatment.
Eighty percent of CAB Gs are performed on men. Men are significantly more likely to
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undergo CABG or PTCA, even after adjustment for age, risk factors and disease
severity,3 7 leading to accusations of a sex bias However, lower intervention rates have
been justified on the grounds that interventions are less efficacious in women.35 ,36
Although the same risk factors operate in men and women, the relative risk of many
risk factors differs between the sexes.38 Therefore, the sex difference in disease
incidence cannot be explained simply by differences in the incidence of risk factors For
example, endogenous and exogenous female sex hormones affect both lipid levels and
the risk associated with a given level 39 Women have a much lower risk of CAD than
men at a given cholesterol level. In women, cholesterol level is only associated with
risk of CAD at relatively high levels. AJso, the association is stronger in post
menopausal women, suggesting a protective effect from endogenous hormones.
4.4.9 Familial and genetic factors
The population incidence of disease is dependent more on environmentai and lifestyle
factors than inherited predisposition. This is demonstrated by the tendency for migrants
and their offspring to acquire the CAD incidence of their host country. 40 Twin studies
suggest that hereditary factors do exert some influence on individuai susceptibility, 41
although it should be borne in mind that social and behavioural factors also aggregate
in families.
4.4.10. Psychological factors
There is a lack of scientific evidence supporting an association between "stress" and
CAD. However, type A personality has been demonstrated to be an independent
predictor of CAD risk 42
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4.4.11. Socio-economic deprivation
Historically, the incidence of CAD was higher in professional than manual groups.
This, in part, reflected differences in case ascertainment and diagnostic labelling, and,
in part, the higher incidence of cigarette smoking among professionals at the beginning
of this century. With changes in life-style and improved case-ascertainment, this
differential has been reversed. Since the 1960's many studies have demonstrated an
excess of CAD in lower socio-economic groups, 43-45 and the most recent evidence
suggests that this socioeconomic differential is widening. 46
4.5. Natural history
Kannel and Feinleib examined the natural history of CAD in the Framingham study.32
They demonstrated that one-quarter of men with angina suffered I'-.1Is over a five year
period, and one-third of them died over eight years. Oniy one-quarter of:Mls ,vere
preceded by angina and one-quarter were "silent" or unrecognised.
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5. Efficacy
5. 1 . Ooerative success
Early series indicated an operative mortality following CABG of 5. 8 %, and one-year
graft patency of 69%. u With technical advances and improvements in medical therapy
these have improved considerably. Operative mortality is now around 1.4%, 2 although
this is higher in elderly patients and following complex or re-do operations. Overall
graft patency rates are around 90% at two months, but are much lower for vein grafts
than internal mammary artery grafts in the long-term.
5.2. Symptom-control
Both PTCA and CABG have been demonstrated to be effective in alleviating angina
symptoms. 47 Such interventions should generally only be considered as a means of
alleviating symptoms if maximal anti-angina] drug therapy has not been effective in
controlling symptoms or is contra-indicated. PTCA is cheaper than bypass surgery, is
associated with shorter periods of hospitalisation and rehabilitation, and does not
preclude CABG at a later date. 47 However, PICA is associated with a higher re
intervention rate, and may not be technically feasible in patients with complete, long,
well-established or multiple occlusions. Therefore, CABG may be indicated for
symptom relief in some patients, either as a first-line intervention or following previous
attempts at PICA.
5 .3. Prolornrntion of life-expectancy
CABG has been demonstrated to be associated with improved life-expectancy in a
number of groups of patients. These include those with angiographic evidence of left
main stern or triple vessel disease, or two-vessel disease with proximal left anterior
descending artery stenosis, especially if these are associated with abnormal
electrocardiography or impaired left ventricular function. 1•3 Eighty eight percent of
CABGs performed in Glasgow satisfy these angiographic criteria. The European trial
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demonstrated an overall reduction in five-year mortality of 53% following CABG. 3
This is likely to be a conservative estimate since the trial included patients with no
symptoms or minimal angina, and was assessed on the basis of intention to treat.
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6. Economic evaluation

In an assessment by Williams48 the net cost of CABG per quality adjusted life year
(QALY) gained was good for cases of severe angina and extensive CAD, but much
higher for less severe cases (Table 1). This relates to the impact on survival
demonstrated for left main stem, triple vessel and double vessel disease but not for
single vessel disease.
Table 1. Cost per QAL Y of CABG by severity of symptoms and number of vessels
occluded

Severity of symptoms

Arteries occluded

Left main stem
Triple vessel
Double vessel
Single vessel

Severe

Moderate

l\1ild

£1,040
£1,270
£2,280
£11,400

£1,330
£2,400
£4,000
£12,000

£2,520
£6,300
£12,600
£10,720

(Adapted from Williams A. Economics of coronary artery bypass grafting. Br Med J
1985;291 :28,)48
These results were supported by Weinstein and Stason49 who demonstrated a range in
the net cost per QALY from $3,800 for patients with left main stem disease to $30,000
for single vessel disease. Since these studies were performed more than a decade age
the nominal costs have increased due to inflation, but this should not affect the relative
values for different procedures or patient groups. More importantly, improvements
have occurred in non-surgical management over this period. The improvements in
outcome achieved through increased use of aspirin and lipid-lowering agents reduce
the potential for further improvements following CABG. Therefore, the current net
cost per QALY for CABG is likely to be higher than the figures calculated by
Williams48 and Weinstein and Stason. 49
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Williams48 compared the cost per QALY for CABG with that for several other
common procedures. His results suggested that CABG for severe disease was more
cost-effective than haemodialysis, kidney and heart transplantation, but not as cost
effective as hip replacement and aortic valve replacement (Table 2).
Table 2. Comparison of the cost per QALY for CABG and other procedures.

Procedure

Cost per QALY

Pacemaker implantation for AV heart block
Hip replacement
Valve replacement for aortic stenosis
CABG for LMS disease and any severity of angina
CABG for 3 vessel disease and moderate/severe angina
CABG for 2 vessel disease and severe angina
Kidney transplantation (cadaver)
CABG for 2 vessel disease and moderate angina
Heart transplantation
CABG for 3 vessel disease and mild angina
CABG for 1 vessel disease and mild angina
Home haemodialysis
CABG for 1 vessel disease and moderate/severe angina
CABG for 2 vessel disease and mild angina
Hospital haemodialysis

£700
£750
£900
£1,040-£2,520
£1,270-£2,400
£2,280
£3,000
£4,000
£5,000
£6,300
£10,720
£11,000
£11,400-£12,000
£12,600
£14,000

(Adapted from Williams A. Economics of coronary artery bypass grafting. Br Med J
1985;291 :28)48

If purchasing on the basis of value for money, preference should be given to
procedures with the lowest net cost per QALY. SHPIC recently devised a system
whereby procedures are allocated into one of three categories on the basis of their net
cost per QALY. Band A comprised those less than £3,000, band B £3,000 to £20,000,
and band C those in excess of £20,000. Even after allowing for inflation, CABG for
triple vessel and left main stem disease would rank as A or B procedures.
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7. Comparative assessment
In 1994, 232 CABGs were performed on people resident within Argyll and Clyde. This
represented 10% of the 2406 operations performed in Scotland as a whole. Within
Scotland, crude rates of C.I\BG varied widely between health board areas of residence
(Figure 1 ). Excluding the island boards where absolute numbers of operations are
small, the annual incidence in 1994 ranged from 359 per million population to 629 per
million population. At 536 per million population, the incidence of CABG in Argyil
and Clyde was the third highest in mainland Scotland, being only lower than that in
Dumfries and Galloway and Greater Glasgow.
Figure 1. Incidence of CABG bv health board area of residence in 1994
Rate/million
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However, it must be borne in mind that comparisons of crude rates within Scotland
take no account of differences in need between health board areas. Age-sex
standardised mortality ratios (SMR) for coronary artery disease can be used as a prox-y
measure of "need" for CABG. In 1994, they varied between 82 and 120, with the
highest ratios occurring in the West of Scotland (Figure 2). Argyll and Clyde residents
had a SMR of 104 which was the fifth highest in Scotland. Therefore, the "need" for
CABG in Argyll and Clyde was above the Scottish average.
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Figure 2. Age-sex standardised CAD mortality ratios by health board area of
residence in 1994
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Comparisons of the age-sex standardised CABG ratio and the SMR within health
board areas of residence can give some indication of whether supply is matched to
need (Figure 3). If the ratio of these exceeds 1, residents of an area undergo relatively
more CAB Gs than in Scotiand as a whoie after taking account of their demography
and "need." A ratio below 1 indicates relatively poor provision.
Figure 3. Ratio of age-sex standardised CA.BG ratio to age-sex standardised
CAD mortalitv ratio by health board area of residence
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Argyll and Clyde residents had a ratio of 1 . 08. Therefore, the number of CABGs
undertaken on Argyll and Clyde residents only just exceeded the level of "need." There
is a very poor correlation between the incidence of CABG and level of "need" within a
given area (r=O 11). This suggests that only 1% of the observed variation in CABG
rates throughout Scotland may be attributed to variations in "need," assuming that
mortality is an adequate proxy measure.
Application of the Scottish age-sex specific rates to each health-board population
enables comparison of the actual number of CABGs performed on each health board
population and the number expected if the Scottish rates applied (Table 3).
Table 3. Comparison of the actual number of CABGs bv health board area of
residence in 1994 and the expected numbers if Scottish rates applied.

Expected nQ if Scottish rate applied
Health Board

Argyll and Clyde
Ayrshire and
Arran
Borders
Dumfries and
Galloway
Fife
Forth Valley
Grampian
Greater Glasgow
Highland
Lanarkshire
Lothian
Orkney
Shetland
Tayside
Western Isles

Actual nQ
CABGs

Unadjusted

Adjusted
for age and
sex

Adjusted
for
mortaiity

Adjusted
for age,
sex and
mortality

Extra n2
required

232

203

206

214

215

-17

151
43

177
49

184
56

189
40

197
46

+46
+3

93
126
113
238
542
93
236
320
5
4
192
18

69
165
128
248
430
97
264
354
9
11
186
14

79
166
130
238
419
101
253
343

69
174
131
227
453
87
318
307
9
10
174
13

79
175
133
218
441
91
305
297
10

-14
+49
+20
-20
-] 0 J
-2
+69
-23
+5
+6
-8
-4

JO
JO

197
15

JO

184
14
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These calculations suggest that the number of CABGs performed on Argyll and Clyde
residents in 1994 exceeded the Scottish average by 17 after taking account of
demography and "need."
However, it cannot be assumed that Scotland as a whole has an appropriate level of
provision. The crude annual incidence of CABG in Scotland is 470 per million. This is
much lower than that in many developed countries, such as Sweden (800 per million)
and the USA ( 1050 per million). Applying these international rates to the Argyll and
Clyde population suggests that an extra 114-223 CABGs would be required each year
to bring Argyll and Clyde residents in line with these countries Furthermore, these
countries have a much lower CAD mortality than Scotland. Therefore, if adjusted for
"need," the differential would be much greater.

23

8. Time-trends
8.1. Historical trends
Between 1983 and 1994, the age-sex standardised incidence of CABG rose four-fold
in Scotland and six-fold in Argyll and Clyde (Figure 4). Over the same period, the age
sex standardised CAD mortality rate fell by 24% in both Scotland and Argyll and
Clyde (Figure 5).
Figure 4. Time trends in the incidence of CABG in Scotland and Argyll and
Clvde
Rate / million

!J Scotland
Ill Argyll and Clyde

1983

1985

1987

1989

1991

1993
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Figure 5. Time trends in the incidence of cardiac mortalitv in Scotland and
Argyll and Clyde

Rate / million
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It is unlikely that the decline in CAD mortality can be attributed in any sigr1ificant part
to increased use of CA.BG, since most patients with CAD do not undergo CABG and
many other therapeutic and preventative developments have occurred over the same
period. Conversely, it cannot be assumed that the decline in CAD mortality necessarily
reflected a decline in the need for CABG. With increased investigations and improved
survival, the prevalence of diagnosed CAD in the general population has increased
over the same period.
Indications for CABG have changed over this period. Technical advances have
resulted in improved operative mortality and graft patency, and access to cardiac
surgery has also improved. Therefore, some of the increase in CABG may reflect
operations performed on patients who would not previously have been considered for
surgery. This expansion in the indications for surgery has, however, been countered by
an increase in PTCA. PTCA is now the preferred procedure in patients with localised
disease requiring revascularisation for symptomatic relief As a result, patients
undergoing CABG are now older with more diffuse, ex1ensive disease who often have
impaired left ventricular function and higher operative risk. 50·51
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8.2. Future trends
The previous trend observed in CABG incidence can be used to predict future levels of
surgery. Figure 6 illustrates the predicted age-sex standardised annual incidence of
CABG in Argyll and Clyde up to the year 2001. This graph assumes that the rate will
increase in a linear fashion which may not be correct.
Figure 6. Predicted time trends in the incidence of CABG in Argyll and Clvde up
to the vear 2001
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If the predicted age-sex standardised CABG rates are applied to the predicted Argyll
and Clyde population over this period, it is possible to estimate the annual number of
CABGs which will be performed on Argyll and Clyde residents if past trends continue
until 2001 (Table 4).
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Table 4. Predicted annual number of CABGs which will be performed on Argyll
and Clvde residents until the vear 2001

Year

Predicted annual number of CAB Gs
on Argyll and Clyde residents

1996
1997
1998
1999
2000
2001

271
293
314
336
357
379

The equivalent predictions for Scotland are contained within Figure 7 and Table 5.
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Figure 7. Predicted time trends in the incidence of CABG in Scotland up to the
year 2001.
Rate/ million

800

iOO
600
500

1983

1984

1985

1986

1987

1988

1989

1990

1S91

1992

1993

1994

1995

1996

1897

1998

199{1

2000

2001

Table 5. Predicted annual number of CABGs which will be performed on
Scottish residents until the vear 2001

Year

Predicted annual number of CAB Gs
on Scotland residents

1996
1997
1998
1999
2000
2001

2946
3158
3370
3583
3798
4018

These figures are very susceptible to changes in the level of need in the population,
referral patterns, surgical thresholds, developments in alternative methods of treatment
and supply factors. Two factors, in particular, are likely to influence future levels of
need for CA.BG, namely lipid lowering drugs and stenting. The 4S28 and WOSCOP27
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studies suggested that lipid lowering drugs have the potential to reduce the need for
revascularisation procedures. It has been speculated that these drugs stabilise
atherosclerotic plaques, thereby reducing the risk of rupture. In the 4S28 study the
incidence of revascularisation procedures in those with recognised CAD was reduced
by 3 7% However, this included PTCA and data relating to only CABG were lacking.
A number of factors militate against achieving a reduction of such magnitude in the
number of CABGs performed on Argyll and Clyde residents in the future. Treatment
compliance rates tend to be much lower outwith study situations, and the baseline
CABG rate is higher within Scandinavian countries despite lower levels of need,
suggesting a reduced threshold for intervention compared to Argyll and Clyde. Also,
patients in the 4S study were followed up for only five years. Without longer-term
follow-up, it is not clear whether lipid-lowering drugs avoid the need for CABG or
merely postpone it. Increased use of such drugs in the future may reduce the need for
both CABG and PTCA but the.magnitude of this reduction is difficult to gauge.
PTCA has a higher reintervention rate than CA.BG, but stenting has been demonstrated
to reduce the risk of restenosis after PTCA. = 2-53 Therefore, increased use of stenting
has the potential to reduce the future need for CABG through two mechanisms.
Stenting may expand the indications for PTCA to include patients currently offered
CABG as a first line procedure. Also, stenting may reduce the need for CABG
following PTCA.
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9. Normative figures
A number of expert groups have recommended target figures for CABG. In 1984, the
Kings Fund recommended a rate of 300 per million population. 54 By 1992, the Joint
Cardiology Committee (JCC) of the Royal Colleges had revised this to 600 per million,
emphasising the need to take account of difference in local need in applying this
figure. 55 In 1994, the British Cardiac Society (BCS) recommended a target
intervention rate of 1000 per million. 56 However, this related to CABGs plus PTCAs.
They emphasised that this figure represented the numbers required once a steady state
had been achieved, and that higher numbers would be required prior to this. They
advocated a 3 :2 ratio of CABGs to PTCA, thereby suggesting a CABG target figure
of 600 per million once PTCAs had achieved a rate of 400 per million. For Argyll and
Clyde to achieve the target figu res set by the JCC and BCS an extra 28 CABGs would
need to be performed per annum.
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