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Medicine in the elderly

Coronary artery disease, valvular heart
disease, bradycardia, and heart failure

E Smith, H Powell, IR Hastie

Case history

The patient is a 76-year-old man
with a long history of stable angina
having increasing frequency of pain
at rest. Despite medical treatment he
had ongoing rest pain and ECG
evidence of ischaemia (figure 1).
Emergency coronary arteriography
was performed (figure 2) and he had
emergency surgery, undergoing
quadruple grafting using combined
arterial and saphenous vein conduits.
The procedure and post-operative
course were uncomplicated and he
returned home seven days later.
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Diseases of the circulatory system account for approximately halfof all deaths in
the UK, with coronary heart disease accounting for over halfofthese. Rheumatic
valvular heart disease is becoming less common, but with an ageing population
degenerative valve disease is increasing.1 With improved technology available for
the diagnosis and management of heart disease it will become ever more
necessary to judge patients' suitability for a range of cardiological interventions
based on the likely benefits and risks, and not purely on age alone.2 The ethical
dilemma of elderly patient selection must be solved on the basis ofknowledge of
the morbidity, mortality, and probable symptomatic benefit.3

Thrombolytic therapy

It is now well established that elderly patients can benefit, in terms of survival, as
much or more than younger patients from the administration of thrombolysis
following acute myocardial infarction.'-6 Despite this, in the US, patients aged
over 75 are six times less likely to receive thrombolysis than younger patients,7
and in the UK, as recently as 1991 40% of coronary care units operated an
age-related admissions policy for the administration of thrombolysis.8 Others
have shown a longer delay time from the onset ofsymptoms to administration of
treatment in elderly patients.9 This may be due to atypical symptoms or to
nihilistic assumptions about the possible benefits by both patients and doctors.
One of the reasons cited for the reduced use in elderly patients is the fear of
haemorrhage, particularly intracranial.'0 Overall there seems to be an incidence
ofaround 1% for intracranial haemorrhage, but this is three times more common
in the over-65s," and is associated with the use of the relatively fibrin-specific
agents such as tissue plasminogen activator. Indeed, bleeds of all types and
severity are more common in elderly patients, particularly where heparin was
added to the regime,"2 but the benefits still outweigh the risks.

Angina

Coronary artery disease is not only more common in older people but it is usually
more severe, with greater frequency of left main stem and three-vessel disease."I
The three broad options for it management are medical, percutaneous interven-
tion, and surgery.

S122 ABNORMAL ECG - PRELIUINARY-UD Ut5T REVIEW
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Figure 1 12-lead ECG showing wide-spread ST depression indicative of ischaemia
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Figure 2 (upper) Postero-anterior view of
left coronary artery. Arrow demonstrates
critical left main stem stenosis. (lower) Left
anterior oblique view of right coronary
artery. Arrow demonstrates long segment of
occlusion in the proximal right coronary
artery

MEDICAL THERAPY
Medical therapy is often limited by the frequency of adverse drug reactions. In
the older patient the number of pacemaker cells in the sinoatrial node is reduced
by 90%," so they are more susceptible to sinoatrial depression from drugs.

Increasingly, elderly people are being referred for invasive investigation and
intervention.2 A recent national audit in the UK of the complications of
diagnostic cardiac catheterisation did not identify how many ofthe patients were
elderly (although future data collection will do so), but some impression was
gained that the severe haemodynamic upsets tended to occur more frequently in
the sick elderly group.'4

PERCUTANEOUS TRANSLUMINAL CORONARY ANGIOPLASTY (PTCA)
What are the results ofPTCA in older patients? In all the reported series there is
inevitably a selection bias which will be reflected in the success and complication
rate. Initial reported successes have improved over the last decade with advances
in techniques and operator experience. No doubt as new techniques such as
coronary artery stenting become more widespread these will be considered, and
indeed early results in elderly patients look promising."5 Initial success rates for
PTCA in elderly patients are in the order of 84-96% with major complication
rates of around 3-6%, mortality rates of 0-2% and long-term event-free
survival of 68-76%.16-19 This latter measure, however, may be unrelated to the
overall success ofthe procedure but more to factors such as global left ventricular
function, progression of the coronary disease, and development of non-cardiac
disease. One of these recent studies compared results in younger and older
patients and found no difference in success or complication rates, though their
older group was much smaller and had significantly lower percentages ofsmokers
and males which may have affected the results.'8

CORONARY ARTERY BYPASS GRAFTING (CABG)
How does PTCA compare to CABG? Clearly the patients selected for the two
procedures may differ in that patients with single-vessel disease are more likely to
be referred for PTCA, and multi-vessel disease for CABG, so comparisons are
difficult. In the US 50% of patients undergoing CABG are over 65 years of age
and 10% are older than 75.2° In the early 1980s, data from the Coronary Artery
Surgery Study showed peri-operative mortality rates of around 5% in patients
over the age of 65.21 Comparison (in a non-randomised study) of medical versus
surgical treatment suggested better survival in the surgically treated group,22
particularly for those in a high-risk group. Those with mild angina, good left
ventricular function and no left main stem disease fared equally well with either
treatment. Data from other series show varying mortality rates depending on the
number ofpatients included who were smokers, very elderly, had left ventricular
impairment and with co-existing diseases, and whether or not the surgery was
elective or emergency. Mortality figures range from 2.3%23 to 10.8%.24 This
latter study included a number of very high risk emergency patients with
mortality rates of up to 35%. Most studies show some increase in the length of
stay for elderly patients, usually in the order of two to three days and
post-operative morbidity increases with advancing years.23 25 Generally around
75% of patients are rendered angina-free, even at long-term follow-up.
Thus, although advanced age should not be a contra-indication for CABG,

other factors likely to influence the mortality should be taken into consideration.
In these days of internal markets within the health service it may be considered
that cardiologists and surgeons may be reluctant to intervene in higher risk
patients who may upset their procedural morbidity and mortality figures.

Aortic stenosis

The most common cause of aortic stenosis in elderly people is degenerative
disease with calcification.26 It carries a high mortality if left untreated - one year
survival may be as low as 57% .27

PERCUTANEOUS AORTIC VALVULOPLASTY
In the mid-1980s, with the description of successful valvuloplasty,l hopes were
raised of a useful non-surgical intervention. However, with increased experience
of the technique and longer follow-up of the patients, it has emerged that the
clinical and haemodynamic improvement is short-lived, with around 50%/
recurrence by six months,29 and the periprocedural and follow-up mortality is
high at around 15% at 30-day follow-up.'0"'l It may, however, be a useful bridge
for patients in whom it is felt they could be made fit for surgery, or as palliative
treatment for very poor risk surgical patients.
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Case history

A 75-year-old woman had a long
history of dyspnoea due to rheumatic
mitral valve disease. Dyspnoea had
increased so as to severely limit daily
activity. Transthoracic and trans-
oesophageal echo demonstrated
severe mitral stenosis with commis-
sural fusion and a valve area of ap-
proximately 0.5 cm2. There was mild
mitral regurgitation and the mitral
valve apparatus otherwise appeared
suitable for balloon mitral valvulop-
lasty. This was performed using the
Inoue balloon (see figure 3) and end
diastolic mitral valve gradient fell
from 10 mmHg to 0 mmHg and
mean left atrial pressure from
26 mmHg to 9 mmHg; 15 months
later she remains symptomatically
improved.

Box 2
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Figure 3

Cardiological interventions
in the elderly
* age alone should not be a bar to

appropriate cardiological
investigations and treatment

* the benefits ofthrombolysis for
acute myocardial infarction
outweight the risks in the majority
of cases, yet this treatment is still
being denied to some patients

* PTCA or CABG are effective, safe
treatments for angina in carefully
selected patients

* aortic stenosis carries a high
mortality ifuntreated and valve
replacement should be considered

* mitral valvotomy for stenosis may
be successful in selected patients

* the choice of pacemaker should be
determined by clinical indication
and not financial constraint

Box 3

AORTIC VALVE SURGERY
What are the current results of aortic valve surgery? Mortality rates for isolated
aortic valve replacement vary from 3.3%32 to 7%0.33 Patients requiring CABG in
addition to valve replacement have worse outcomes varying from 7.2% to
21 %.32-34. Preoperative New York Heart Association (NYHA) functional class
appeared to be the only predictor of poorer outcome. Clearly, as has been stated
previously, these results need to be interpreted in the light ofthe patient selection
that will already have occurred.

Mitral stenosis

SURGICAL TREATMENT
Mitral valve replacement carries a higher mortality than aortic - around 30% in
elderly patients, rising to 50% in those requiring CABG.33 In a more recent series
the results were a little better, mortality for isolated valve replacement of 11%
rising to 28% with CABG.32 Predictors ofpoor operative mortality and long term
survival were NYHA class, ischaemic valvular pathology, higher pulmonary
capillary wedge pressure, and poor left ventricular function.

NON-SURGICAL TREATMENT
Does percutaneous mitral valve commisurotomy have better results than the
aortic procedure? It would seem so. The technique was first described in 1984,35
and a small British study of 20 elderly patients with rheumatic mitral stenosis
showed successful dilatation in 17 patients with no procedure-related mor-
tality.' At one year follow-up, clinical improvement had been maintained in 10
patients. A larger study of 99 patients showed successful outcome in 46 patients
and a periprocedural mortality of 3%.3 Predictors of event-free survival
included lack of calcification of the valve, NYHA class and low left atrial and
pulmonary artery pressures. Thus, in suitably selected patients, it may be the
treatment of choice.

Symptomatic bradycardia

Since the inception ofpacemaker implantation in the 1950s it has become widely
accepted for patients of all ages. At St George's Hospital London, 82% of
pacemaker implants were in patients aged over 65.38 In the UK fewer pacemakers
are inserted than in other western countries - 150 per million population
annually compared with around 400 per million France and Germany.39
The indications for pacing have been summarised in guidelines produced by

the American Heart Association,e which include syncope associated with
complete heart block or sinus arrest, symptomatic sick sinus syndrome and
symptomatic incomplete atrioventricular (AV) block. Other possible indications
would be carotid sinus syndrome and malignant vasovagal syncope where
investigations demonstrated a major cardioinhibitory effect, and persistent AV
block even without symptoms, as pacing appears to prolong life expectancy.4d
What is currently more controversial is the choice of pacemaker. Recent

British guidelines4' have suggested that the general principles to be followed are
that the ventricle should be paced if there is actual or threatened AV block and
the atrium should be paced or sensed unless there is a contraindication such as
atrial fibrillation. Rate-responsive pacing is not essential if the patient is inactive.
The working party then produced specific recommendations for types of
arrhythmias. Notably, single chamber constant rate ventricular inhibited devices
were not recommended as first choice for any condition, and yet in the UK in the
late 1980s around 78% of pacemakers inserted were such devices.42 Dual
chamber pacing has many advantages. Restoring atrial transport improves stroke
volume, heart rate can respond to effort and improve exercise capacity (providing
sinus node function is normal) and it may reduce the risk of subsequent
development of atrial fibrillation and systemic embolism. The pacemaker
syndrome (due to asynchronous contraction of atria and ventricles) is abolished.
However, given the large change in practice that would occur if the working
party's recommendations were implemented, several authors have commented
that there would be enormous cost implications, ranging from a 75%e to a 94
increase in the pacingbudget8o43f Also there would be implications in terms of
staff training. Monitoring the more complex devices might require that patients
travel further for follow-up which might not be acceptable to elderly patients.
Others feel that the benefits of optimum pacing outweigh the disadvantages.45
The debate has led some to use age of the patient as a criterion for choice of

device, believing that most patients aged over 75 lead a sedentary lifestyle which
would not benefit from the insertion ofa more complex device.38 Whilst it may be
true for a number of elderly patients, there are many over the age of 75 with very
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Congestive heart failure:
Framingham study

1-year survival (%)
men 57
women 64

5-year survival (%)
men 25
women 38

Median survival (years)
men 1.7
women 3.2

Box 4

Congestive heart failure:
V-HeFT-II study

Mortality reduction in enalapril
group cf hydralazine-isosorbide
group:

1 year: 33.6%
2 years : 28.2%
3 years: 14%
4 years: 10.3%

Box 5

active lifestyles for whom a dual chamber, and possibly rate-responsive device
would be advisable. Doctors need to be wary of using age in arbitrary fashion,
particularly if the constraint to do so is largely financial.

Congestive heart failure and angiotensin-converting enzyme (ACE)
inhibitors

SURVIVAL
In 1956, Bedford & Caird demonstrated that the one year survival of elderly
patients after the diagnosis of congestive heart failure was only 37% with
subsequent survival similar to that of an age-matched control population. After
three years, 80% ofmen aged 65 or more had died.46 In 1992, a study of survival
of elderly men aged over 75 years showed a similar pattern of high mortality in
the first year after the onset of congestive heart failure with subsequent survival
running near parallel to the control population.47 Mortality in this study was 28%
in the first year. Survival data from the Framingham study are shown in box 4.
Overall mortality has not changed significantly during the 40 years of study.
Mean age at diagnosis was 57 years in the 1950s, 66 years in the 1960s, 72 years in
the 1970s, and 76 years in the 1980s. The reason for the increasing age at
diagnosis is the subject of a separate investigation.48 Yusuf has speculated that
antihypertensive treatment may postpone the development of congestive heart
failure by several decades.49

INFLUENCE OF ACE INHIBITORS ON SURVIVAL
In 1986, the Cooperative Vasodilator-Heart Failure Trial (V-HeFT I) demon-
strated that the addition of the combination of the vasodilators hydralazine and
isosorbide dinitrate reduced mortality in patients with mild to moderate heart
failure. Compared to placebo, the reduction in mortality after one year was 38%,
25% after two years and 28% over the mean follow-up period of 2.3 years. The
group treated with prazosin showed no difference in mortality compared with
placebo which showed a one year mortality of 19.5% and a four year mortality of
54% .'O This was followed up by a second trial (V-HeFT-II) which compared the
effect of enalapril, an ACE inhibitor, with hydralazine-isosorbide dinitrate in
similar patients (box 5).51 Most of the benefit occurred in the first year with
survival curves running parallel thereafter. Unlike most other studies, reduction
in mortality was attributable to a reduction in sudden death rather than pump
failure. Ejection fraction was increased in the hydralazine-isosorbide group
more than the enalapril group and peak exercise oxygen consumption and
performance was increased only in the hydralazine-isosorbide group. The
authors suggested that the profile of effects might be enhanced if the regimens
were used in combination.

In 1987, the CONSENSUS Trial Study Group reported the effect of the
addition ofenalapril compared to placebo in patients with severe congestive heart
failure (NYHA class IV).52 After six months, mortality in the placebo group was
48% whereas in the enalapril group mortality was 29%: a 40% reduction. The
trial was stopped as a consequence. The improved survival was predominantly
due to a reduction in the progression of congestive heart failure with the effect
most marked among those patients with marked neurohormonal activation.53
Similar findings were found in the V-HeFT II study, even though the reduction
in mortality in this study was attributed predominantly to a reduction in sudden
death rather than to pump failure.54 Two-year follow-up of the patients from the
CONSENSUS study (after breaking the code) demonstrated that the patients
who started in the enalapril group continued to have a significantly lower
mortality than those who started on placebo, even though enalapril was made
available to all at this stage. The carry-over effect of enalapril lasted 12 to 15
months after the end of the blinded trial. Of the survivors of the blinded study,
enalapril resulted in improved subsequent survival even though the patients in
this group were sicker at baseline.55
The Studies of Left Ventricular Dysfunction (SOLVD) investigators studied

the effect of enalapril on mortality and admission rates to hospital on symp-
tomatic patients (mostly NYHA class II & II) with low ejection fractions of35%
or less over a period of four years.56 The addition of enalapril reduced overall
mortality by 16% compared with placebo. It was estimated that treating 1000
patients with an ACE inhibitor in conjunction with conventional therapy for
three years could prevent 50 premature deaths and 350 admissions to hospital. As
with the CONSENSUS trial, reduction in mortality was mainly due to a
reduction (22%) in the risk of dying from progressive heart failure, even though
more patients on placebo were taking other vasodilators. In asymptomatic
patients with ejection fractions of 35%°/ or less, enalapril reduced the risk of heart
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failure and the rate of related admissions to hospital by 20% compared to
placebo.57 There was also a trend towards fewer deaths.

Experimental and clinical studies have demonstrated progressive left ventricle
enlargement and dysfunction after myocardial infarction.58'59 The degree of left
ventricle dysfunction correlates highly with subsequent mortality.' The Sur-
vival and Ventricular Enlargement (SAVE) trial studied whether captopril given
3- 16 days after acute myocardial infraction would lessen deterioration in cardiac
performance and improve clinical outcome in patients with left ventricular
dysfunction but without overt heart failure over a period of two to five years.61
Compared with placebo, overall reduction in mortality was 19%, cardiovascular
deaths were reduced by 21% and mortality due to progressive heart failure by
36%. Although progressive left ventricular dysfunction was reduced in the
captopril group by 15%, a proportional-hazards model for mortality from all
causes demonstrated a significant influence on mortality independent of age,
ejection fraction, history of myocardial infarct, sex, baseline arterial blood
pressure and use of thrombolytic therapy, aspirin or P-blockers. The Acute
Infarction Ramipril Efficacy (AIRE) study investigators have recently shown a
similar benefit of an ACE inhibitor given post-infarct to patients with clinical
evidence of heart failure.62 Over an average follow-up of 15 months, compared
with placebo, ramipril given 3-9 days post-infarct resulted in an overall
reduction in mortality of27% (17% v 23%). Unusually, this study demonstrated
a reduction in all-cause mortality in female patients of 31 %. The survival curves
diverged early and continued to diverge throughout the study. Patients in whom
an ACE inhibitor was considered necessary were excluded. In contrast, the
CONSENSUS II Study63 was stopped before the intended numbers of patients
were recruited as more patients died on enalaprilat/enalapril than placebo. In
that study, all patient were randomised to receive drug or placebo within
24 hours of acute myocardial infarction. This it would seem thatACE inhibition
is beneficial, but only to selected patients three or more days after myocardial
infarction.
Can the results of these studies be extrapolated to elderly people with

congestive heart failure? The average age in the CONSENSUS study was 70
years and in the AIRE study 65 years; in the other studies, the average ages
ranged from 58 to 61. The ageing human heart is typified by diminished
ventricular compliance and prolongation of myocardial relaxation time.' The
subsequent higher left ventricular diastolic pressures at rest and exercise may
cause congestive heart failure even in the presence of normal systolic function.
Normal left ventricular ejection fractions are found in 41% to 47% of elderly
patients with congestive cardiac failure.65 In those over 80 years of age, over
50% have normal or near normal systolic function.67 Congestive heart failure due
to diastolic dysfunction typically has a rapid onset.M61, In older people the
relationship between left ventricular systolic function and survival is not clear.
Some authors find no correlation4768 whilst others do.,,69 The differences in
results may be explained by the presence or absence of coronary artery disease.
Older patients with coronary artery disease in the V-HeFT studies fared badly
whereas older age alone did not shorten survival.70 A 5.8-year follow-up of
patients with isolated left ventricular diastolic dysfunction and normal coronary
arteries suggested a low cardiac mortality, but substantial morbidity. Over half
developed symptoms of congestive heart failure during follow-up.7' Agents that
may enhance diastolic ventricular filling in the presence of normal systolic
function include calcium channel antagonists, ,B-adrenergic antagonists and ACE
inhibitors. Vigorous preload reduction and the use of digitalis should be
avoided.' The use of calcium antagonists has been studied72 but the negative
inotropic effect ofthese agents and of P-adrenergic antagonists limits their use. In
V-HeFT I and II, increased age (>65) was associated with higher blood
pressure, slower heart rate, higher left ventricular ejection fraction, poorer peak
exercise performance, and more peripheral oedema. In both studies, the
favourable effect of vasodilatation was less apparent in the older age group.
However, ageing alone did not adversely effect mortality in male patients < 75
years old (older patients were excluded).70 The authors concluded that this
provided a mandate for intensive medical therapy for all patients with heart
failure, regardless of age.

In a small study of elderly patients (average age 80) with congestive heart
failure with normal ejection fractions, abnormal diastolic relaxation and prior-
myocardial infarction, treatment with enalapril improved NYHA class, reduced
cardiothoracic ratio, increased treadmill exercise duration, improved left vent-
ricular systolic and diastolic function and reduced left ventricular mass."

ACE INHIBITORS COMPARED WITH OTHER AGENTS
ACE inhibitors are an advance, albeit modest compared with cardiac transplan-
tation.73 This contrasts with the disappointing results from trials with other
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agents. Prazosin was associated with a worse prognosis, particularly in older
subjects70 and hydralazine alone showed no benefit above placebo.74 The role of
nitrates in heart failure has yet to be established.75 In V-HeFT II, ACE
inhibition was superior to the combination of hydralazine and isosorbide
dinitrate.5'
Why are ACE inhibitors superior to other vasodilators? High concentrations

of angiotensin and noradrenaline are toxic to myocardial cells. ACE inhibition
may reduce injury and thus reduce cell necrosis, fibrosis, and disease progres-
sion.76 The main mechanism ofneurohormonally mediated damage may involve
oxygen free radicals.77 This might explain why ACE inhibitors reduce mortality
to a greater extent than direct-acting vasodilators, even though the latter produce
superior haemodynamic effects5" and why the reduction in mortality with ACE
inhibitors is greater in those patients with the most marked neurohormonal
activation.5
Cyclic-AMP-dependent inotropic agents (,B-adrenergic agonists and phos-

phodiesterase inhibitors) are associated with increased mortality, which appears
to be dose-related.78 Any beneficial effect of positive inotropes may be related to
their other properties at low doses, such as peripheral vasodilatation (milrinone,
pimobendan), anti-arrhythmic effects (vesnarinone), or neurohormonal effects
(digoxin).76'79 Flosequinan was found to have cyclic-AMP-dependent positive
inotropic effects due to phosphodiesterase inhibition80 in addition to being a
putative direct-acting balanced arterial and venous vasodilator.81 In animal
studies, Greenberg found the drug to be 4.6 times more potent as a positive
inotrope than as a vasodilator8' and he postulated that flosequinan may adversely
affect myocardial work and wall tension.83 Excess mortality was seen in patients
receiving 100 mg84 and an increase in hospital admissions in those receiving
75 mg, whereupon the drug was voluntarily withdrawn from sale.85
Digoxin exerts its effect by binding to sarcolemmal Na/K-dependent ATPase

and is cyclic-AMP independent. Unlike cyclic-AMP-dependent agents, digoxin
reduces the activation of the sympathetic nervous system and the renin-
angiotensin system independently of its haemodynamic actions.77 The effect of
digoxin on survival is not known, but these properties would be expected to have
an advantageous effect. A large study in the US and Canada is addressing this
issue and should be complete by mid- 1995.86 However, the withdrawal ofdigoxin
therapy from patients in chronic heart failure and in sinus rhythm with decreased
ejection fractions receiving a diuretic andACE inhibitor has recently been shown
to result in a relative risk of worsening heart failure of 5.9.87 Withdrawal of
digoxin from elderly patients with normal ejection fractions is not associated
with any deterioration.'
Although the evidence is limited, it seems that the use of an ACE inhibitor in

addition to diuretics is appropriate in elderly patients with congestive heart
failure with both systolic and diastolic dysfunction. Because elderly patients are
more susceptible to the side effects and complications of ACE inhibitors, these
agents must be introduced with caution, particularly in patients already taking
high doses of diuretic and other hypotensives (including antidepressants).89 90
Patients who cannot tolerate an increased dose of ACE inhibitor may benefit
from the addition of spironolactone, especially when plasma or urinary
aldosterone levels are high.91'92 The role of digoxin in controlling the ventricular
rate in atrial fibrillation is not disputed. There is increasing evidence that its use
is indicated when there is reduced left ventricular ejection fraction, but not when
congestive heart failure is due to diastolic dysfunction. With a life expectancy
shorter than in many common malignancies,48 investigation should include an
echocardiogram in order to give optimum treatment in all cases.9' More study of
the use of ACE inhibitors and other agents in the elderly is needed.
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