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Summary
The recently published Scandinavian
Simvastatin Survival Study showed that
long-term treatment with simvastatin, in
patients with ischaemic heart disease and
serum cholesterol levels between 5.5 and
8.0 mmol/l, improved survival. The
present study was conducted in order to
evaluate whether patients with ischaemic
heart disease awaiting coronary revascu-
larisation are aware of their serum
cholesterol levels and whether raised lev-
els are being treated adequately.
One hundred consecutive patients ad-

mitted from our waiting list for elective
coronary artery bypass grafting, with or
without valve replacement, were included
in the study. The patients were asked
whether they had a history of raised
serum cholesterol and, if so, how this was
being treated. Fasting serum cholesterol
levels were subsequently taken in the
morning before surgery.

Forty-six patients gave a positive his-
tory of raised blood cholesterol levels; 25
of these were on cholesterol-lowering
medication at the time of admission, 15
were on a lipid-lowering diet and six were
not being treated. Thirty-one (67%) of
these 46 patients had a serum cholesterol
of more than 5.5 mmol/l, compared with
30 (56%) of the 54 patients without a posi-
tive history ofhypercholesterolaemia, and
61% ofthe total 100 patients.
These data suggest that an inadequate

number of patients awaiting coronary
artery bypass grafting are aware of their
cholesterol status. The management of
hypercholesterolaemia among these pa-
tients could be improved.
Keywords: hypercholesterolaemia; ischaemic heart
disease; cholesterol levels

High serum cholesterol is regarded as a major
risk factor for the development of ischaemic
heart disease (IHD).1 The recently publicised
Scandinavian Simvastatin Survival Study (4S)
demonstrates that long-term treatment of
hypercholesterolaemia with simvastatin im-
proves survival in patients with IHD.2 This
improvement in survival was as great in the
lowest as in the highest quartile of cholesterol

measurements (5.5-8.0 mmol/l). Other clinical
trials have shown that lowering serum
cholesterol levels reduces IHD events.3 4 5 6

Patients awaiting elective coronary artery
bypass grafting (CABG) have IHD proven by
coronary angiography and ,therefore, comprise
a population which is particularly likely to ben-
efit from low plasma cholesterol levels. The
present study aimed to investigate whether
patients admitted to our cardiac surgical unit
for elective CABG were aware of their serum
cholesterol status and whether known hyperc-
holesterolaemia was being managed adequately
in these patients.

Methods

One hundred consecutive patients admitted to
the Cardiothoracic Department of the John
Radcliffe Hospital, Oxford, for elective CABG
were included in the study. Only patients who
had been on the routine waiting list of the
department were eligible. Patients admitted for
elective simultaneous CABG and valve re-
placement were also included in the study.
In-patients referred from the cardiology de-
partment and those patients transferred from
other hospitals were excluded. Secondary
hypercholesterolaemia was also an exclusion
criterion.
On admission, the patients were asked

whether they had a history of raised cholesterol
levels in their blood. In nearly all patients,
cholesterol levels had been measured pre-
operatively by the general practitioner or cardi-
ologist. Patients who gave a history of hyperc-
holesterolaemia were asked whether they had
been on a lipid-lowering diet, received
cholesterol-lowering medication, or had re-
ceived no active treatment. Their answers were
compared with previous data in the case notes.

Fasting serum cholesterol levels from the
morning before surgery were subsequently
analysed. Serum total cholesterol were meas-
ured enzymatically (Boehringer Ingelheim/
Boehringer Mannheim). The cut-off point for
defining hypercholesterolaemia was deter-
mined at 5.5 mmol/l, according to the 4S
study.2 Other information documented were
the age and sex of the patient, time between
coronary angiography and admission, length of
angina history, previous myocardial infarctions
and further relevant major disease.
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Table 1 Characteristics of the two groups of patients

History of No history of
hypercholesterolaemia (n=46) hypercholersterolaemia (n=54) p value

Age (years) 60.8+7.8 (43-76) 64.5±9.7(33-82) 0.04
Sex:
male 34 45 NS
female 12 9

Previous angina 42 44 NS
Previous infarct 20 27 NS
Combined AVR 1 8 0.04
Re-operation 2 0 NS

AVR = aortic valve replacement

Table 2 Cholesterol levels in relation to treatment in patients with positive history
of hypercholesterolaemia

Serum cholesterol (mmolll)
Patient group Normal (<5.5) Elevated (>5.5)

On medication (n=25) 4.5±0.5 (n=12) 6.5+0.9 (n=13)
On diet (n=15) 5.2+0.6 (n=2) 6.5+0.6 (n=13)
No intervention (n=6) 5.3 (n=l) 6.7+0.5 (n=5)
Total (n=46) 4.7+0.6 (n=15) 6.6±0.7 (n=31)

Table 3 Cholesterol levels in relation to treatment in patients with no history of
hypercholesterolaemia

Serum cholesterol (mmolll)
Patient group Normal (<5.5) Elevated (>5.5)

On medication (n=0)
On diet (n=8) 5.0±0.5 (n=4) 6.4±0.7 (n=4)
No intervention (n=46) 4.7±0.5 (n=20) 6.7+1.1 (n=26)
Total (n=54) 4.7±0.5 (n=24) 6.6+1.1 (n=30)

Results are expressed as the mean ± standard
deviation from the mean. Nominal data were

analysed using x2 test and interval data using
t-test. A p-value of less than 0.05 was

considered statistically significant.

Results

Over a period of 10 weeks, 100 consecutive
patients had elective CABG and were included
in the study. Their mean age was 62.8±9 years
(range 33-82 years). Seventy-nine patients
were male. In nine cases, simultaneous aortic
valve replacement was performed. There were

two repeat CABGs.
Forty-six patients gave a positive previous

history of raised blood cholesterol levels; 41
patients thought that they did not have hyper-
cholesterolaemia, and a further 13 patients
were not aware of their blood cholesterol
status. The 54 patients who did not give a his-
tory of raised blood cholesterol or were not
aware of their cholesterol status were regarded
as a separate group. Table 1 shows characteris-
tics of the two groups. Patients without
previous history of hypercholesterolaemia were

significantly older (p=0.04). The incidence of
previous myocardial infarction was similar
between the two groups.
Of the 46 patients with a history of raised

cholesterol, 25 (54%) had been on cholesterol-
lowering medication combined with a lipid-
lowering diet, at the time of admission for
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Figure Cholesterol levels in the two groups, broken
down in 0.5 mmol/1 aliquots

CABG, while 15 (33%) had been only on a
lipid-lowering diet, and six (13%) had been
receiving no intervention. Seventeen of the 25
patients on cholesterol-lowering medication
were receiving simvastatin, 12 of whom were
on a daily dose of 10 mg, while five were
receiving 20 mg a day.

Overall, 61 of the 100 patients had a total
serum cholesterol of more than 5.5 mmol/1.
Table 2 shows the correlation between treatment
of hypercholesterolaemia and actual fasting
serum cholesterol on the day of CABG surgery
in the group of patients with positive history of
high blood cholesterol. Thirty-one (67%) of
these 46 patients still had a serum cholesterol of
more than 5.5 mmol/1. The fasting serum
cholesterol in the group of patients with no his-
tory of hypercholesterolaemia is shown in table
3. Thirty (56%) ofthese 54 patients had a serum
cholesterol of 5.5 mmol/l or more.
The serum cholesterol concentrations bro-

ken down in 0.5 mmol/l aliquots are shown in
the figure. There was no difference between the
two groups with regards to the percentage of
hypercholesterolaemic patients (p>0.05).

Discussion

Hypercholesterolaemia is known to be an
important risk factor for the progression of
atherosclerosis.3" The publication ofthe Scandi-
navian Simvastatin Survival Study (4S) under-
lined the effectiveness of cholesterol-lowering
medication in reducing mortality and morbidity
in patients with known IHD and a serum
cholesterol of 5.5-8.0 mmol/1.2 It is also
recognised from other studies that progression
of coronary atherosclerosis after CABG surgery
is a major cause of mortality and morbidity.7
The prospective randomised Cholesterol

Lowering Atherosclerosis Study (CLAS) com-
pared the rate of coronary events in a group of
middle-aged men who had previously
undergone CABG and were receiving niacin/
cholestipol therapy postoperatively, with a con-
trol group. Short- and long-term results of
CLAS show significantly lower rates of hyper-
cholesterolaemia, progression of coronary ste-
nosis, myocardial infarctions, and coronary
deaths in the treatment group.8 9

In the 4S study, simvastatin produced a
reduction in the risk of death and myocardial
infarction in patients with known IHD who
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were not awaiting CABG. However, it is highly
likely that patients with IHD who are suitable
candidates for CABG would benefit from
cholesterol-lowering treatment with simvasta-
tin as they did with niacin/cholestipol in CLAS.
Patients awaiting CABG have a significant risk
of mortality and morbidity related to IHD.7
They also have a high incidence of angina and
previous myocardial infarction and the IHD is
invariably proven by coronary angiography. In
the present study, 86% of patients had a previ-
ous history of angina, 47% had a previous his-
tory of myocardial infarction (table 1) and
100% had undergone coronary angiography
within the 24 months before surgery. In
patients awaiting CABG, adequate manage-
ment of hypercholesterolaemia is important
pre- and post-operatively, as are the other risk
factors of smoking, hypertension and diabetes.
It is therefore mandatory that patients know
their serum cholesterol status and that they
maintain low plasma cholesterol levels. The
results of the 4S study suggest that 5.5 mmol/l
could be regarded as the cut-off point for
serum cholesterol level requiring cholesterol-
lowering intervention.
Overall, 61 of the 100 patients with proven IHD
had total serum cholesterol levels greater than
5.5 mmol/ at the time of admission for coronary
revascularisation, which ideally required further
reduction. Only 46 patients gave a positive
history of raised plasma cholesterol, and six
(13%) of these were receiving no cholesterol-
lowering intervention, mainly as a result of poor
patient compliance. Furthermore, 13 (52%) of
the 25 patients receiving cholesterol-lowering
medication, and 13 (86.6%) of the 15 patients
on a lipid-lowering diet, still had serum
cholesterol levels of 5.5 mmol/l or higher. As a
result, 67% of the patients with previous knowl-
edge of hypercholesterolaemia had raised total
serum cholesterol levels on the day of admission
for CABG.
Of the 54 patients with no previous history of
hypercholesterolaemia, eight were on low-fat
diets as prophylaxis against further deterioration
of their disease, while 46 patients were receiving
no cholesterol-lowering intervention. Thirty
(56%) of these patients had total serum
cholesterol levels >5.5mmol/l when they were
admitted for CABG.
Although the time between being placed on the
waiting list for CABG surgery and operation is
relatively short in our hospital, 56% of patients
had had cardiac catheterisation performed four
months or more prior to surgery. Sixty per cent
had a history of angina lasting more than one
year and 47% had an established previous diag-
nosis of myocardial infarction. It is likely that a
strong suspicion of IHD had existed for several
months before CABG in the majority of these
patients.
All patients with a positive history of hyper-
cholesterolaemia receiving medication had also
been advised to follow a low-fat diet. The high

Learning points
* reduction of serum cholesterol levels is known to

improve survival in patients with IHD
* a large number of patients awaiting CABG are

not aware of their cholesterol status; many of
these patients are hypercholesterolaemic

* in patients undergoing CABG, pre- and
postoperative monitoring of cholesterol levels is
very important and should be carried out by the
patients' medical advisers. Patients' education
regarding cholesterol lowering diet and
medication should also be encouraged

proportion of these patients who still had raised
plasma cholesterol levels on admission, could be
a result of inadequate diet and too low daily
dosage of simvastatin. The majority of these
patients were receiving 10 mg simvastatin a day.
The starting dose of simvastatin in the 4S study
was 20 mg daily, while 37% had their dose raised
to 40 mg daily during the study.2
The percentage of patients who gave a negative
history of raised blood cholesterol but were
nevertheless hypercholesterolaemic was high
(56%). This may indicate inadequate patient
education about this important risk factor.
All the patients in this study who were found to
be hypercholesterolaemic, were discharged
home postoperatively on newly started
cholesterol-lowering medication and diet or had
their previous cholesterol-lowering intervention
increased. Their general practitioners were
informed in writing.
In a recent editorial, Hiratzka mentioned the
intention of the American Heart Association to
stress the importance of secondary prevention
programmes for patients who have undergone
CABG.'° Involvement of the surgeon in the
education of patients and families is also
important.'1
The present study indicates that the manage-
ment of hypercholesterolaemia in patients with
IHD awaiting CABG in our unit is suboptimal.
We also suggest that the education and manage-
ment of these patients by their general practi-
tioners and cardiologists could be improved.
When patients are admitted for CABG, pre-
operative cholesterol levels should be checked
routinely. These could serve as a baseline for the
ongoing monitoring and management of hyper-
cholesterolaemia. Patients should be informed
of the adverse effect hypercholesterolaemia
could have on their IHD. Cholesterol-lowering
intervention should be commenced prior to
patients' discharge and the patients' medical
advisers should be informed.
While CABG clearly improves quality and
expectancy of life in a large number of patients
with IHD, inefficient secondary prevention of
atherosclerosis may impair the positive results of
the surgical treatment.
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