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Abstract
Methodology has been developed to evaluate the efficacy and toxicity 

of two angiotensin converting enzyme (ACE) inhibitors when either was 

used as an adjuvant to digoxin and diuretic therapy in the treatment 

of frail elderly heart failure patients.

In an open study of enalapril only 11/17 patients mean (SD) age 83 

(5) y tolerated its cautious introduction (1 patient died despite 

uneventful introduction of enalapril). Compliance (pill counts) was 

excellent in the 9/10 patients continued in the trial. When the 

functional ability was assessed in a symptom limited walking test 

(SWT), there was nearly a three-fold increase in distance walked and a 

two-fold increase in walking speed within one week of starting 

enalapril. Although performance was maintained at this level for at 

least 3 months, the patients actually reported a worsening of some of 

their symptoms. Furthermore, beyond 3 months 8/10 patients 

experienced adverse effects which necessitated the withdrawal of 

enalapril.

The benefits of captopril an ACE inhibitor with a shorter plasma 

half-life were examined in a randomised, placebo-balanced, crossover 

trial. Twenty-six patients, mean (SD) age 82 (6) y were recruited. 

Adverse effects led to withdrawal of captopril in 6 patients in the 

pre-trial period. Compliance (monitored "pill box") was excellent in 

the remaining 20 patients who were entered into the trial. This 

consisted of 3 treatment periods, a twice daily dosage of captopril 

established during a titration period, once daily captopril (half the 

above), and the placebo, each treatment period lasting for 3 weeks.
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Functional ability was assessed by gait analysis (GA) and SWT. 

Walking tended to be best on the once daily captopril treatment and 

worst on placebo. When the effects of serum ACE activity and blood 

pressure were taken into account in a linear model a statistically 

significant (P=0.04) treatment effect on SWT distance was revealed. No 

such effect was observed on oxygen consumption or ventilation volume 

in a tailored exercise protocol.

Plasma atrial natriuretic factor (ANF) reflects the degree of 

cardiac compromise. An analytical method was developed to measure ANF 

in human plasma. Pre-exercise levels of ANF were significantly lower 

on the captopril treatments than on placebo, but still remained 

four-fold higher in patients than in 11 healthy age-matched subjects. 

Furthermore, unlike the control group, there was no apparent increase 

in ANF response to exercise in the patients. On completing the 

crossover study patients entered an open study on twice daily 

captopril. A slight deterioration in gait was observed in these 

patients after 3 months. Captopril appeared to be relatively well 

tolerated during the trial: only 3/20 patients (1 during the 

crossover, 2 during the open study), experienced adverse effects which 

led to the withdrawal of captopril.
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CHAPTER 1 : INTRODUCTION



1. INTRODUCTION

Advancing age is a major risk factor in the development of heart 

failure (HF) (McKee et al„ 1971). Treatment of HF is directed at the 

three principal elements of the pathophysiology of the syndrome: fluid 

overload, pump failure and vasoconstriction. With the development of 

the first angiotensin converting enzyme (ACE) inhibitor in 1979 a new 

class of vasodilator became available to treat HF. In middle-aged 

patients with HF the addition of an ACE inhibitor to therapy may 

improve signs, symptoms, exercise tolerance, haemodynamic 

measurements, and possibly, prognosis (Captopril Multicentre Research 

Group, 1983; Consensus Trial Study Group, 1987). However, similar 

published evidence of benefit in more elderly patients was lacking.

To address this issue appropriate methodology has been developed to 

evaluate frail, elderly patients with HF. This has subsequently been 

employed to assess the efficacy and toxicity of each of two ACE 

inhibitors when used as adjuvants to diuretics and digoxin, in the 

treatment of elderly HF patients. Sections 1.1 and 1.2 provide the 

background to this work:-

1.1 The definition of heart failure: symptoms, signs and 
pathophys iology

1.1.1 GENERAL DEFINITIONS

Heart failure is not a disease as such, but rather a common end-point 

of many heart diseases. A simple and complete definition of such a 

complex clinical syndrome is virtually impossible, since it would have
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to relate to all possible aetiologies and include all severities of 

HF. As a result HF has been defined in rather general terms. One of 

the earliest and possibly the simplest was proposed by Sir Thomas 

Lewis in 1933 - as "the inability of the heart to discharge its 

contents adequately". In 1989 a more extensive description was 

suggested by Poole-Wilson as "a clinical syndrome caused by an 

abnormality of the heart and recognised by a characteristic pattern of 

haemodynamic, renal, neural and hormonal responses".

Although general definitions can be useful to explain the symptoms 

and physical signs of HF, they may only be of limited use in achieving 

a rational approach to therapy, or in providing clues to prophylactic 

or curative treatment. In this respect a better approach would be to 

define HF in terms of an array of physiological and biochemical 

mechanisms by which the body tries to compensate for heart failure.

In the present work the symptoms and physical signs of HF will be 

explained in terms of pump failure, whilst the rationale behind 

therapeutic interventions will be explained in terms of compensatory 

mechanisms.

1.1.2 SYMPTOMS AND CLINICAL SIGNS OF HEART FAILURE

One of the simplest ways to describe and explain the clinical features 

of HF is to regard the chambers of the heart as comprising two 

separate pumps: one on the right and one on the left (Beck et al., 

1974; Julian, 1978; Braunwald, 1988). The symptoms and physical signs 

of HF will depend on which ventricle is damaged and the extent of that 

damage (figure 1).
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Left-sided failure

Symptoms:
dyspnoea on exertion 
orthopnoea 
paroxysmal dyspnoea 
dyspnoea at rest 
cough

Physical signs: 
tachypnoea 
crepitations in lungs 
hydrothorax 
pulsus alternans 
third heart sound

Right-sided failure

Symptoms:
abdominal discomfort

Physical signs: 
elevated jugular 
venous pressure 
enlargement of liver 
ascites
peripheral oedema

General clinical features

Symptoms: Physical signs:
fatigue renal failure
poor appetite 
cachexia 
confusion

Figure 1: Symptoms and clinical signs of heart failure
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Failure of the left ventricle leads to congestion of the pulmonary 

veins and capillaries resulting in dyspnoea, the most common feature 

of HF. The initial stages of left-sided failure are characterised by 

dyspnoea and excessive fatigue on exertion. As left pump damage 

progresses patients commonly experience breathlessness when lying flat 

(orthopnoea) and during sleep (paroxysmal nocturnal dyspnoea).

Finally when damage is severe a patient may be breathless at rest. 

Congestion of the bronchi may also give rise to a chronic cough.

Failure of the right ventricle leads to congestion of the systemic 

veins and capillaries. Systemic venous pressure may be seen in the 

internal jugular veins. Normally this venous pressure does not exceed 

2 cm vertically above the sternal angle when the patient is reclining 

at 45°. However, in right heart failure this value is exceeded. The 

raised venous pressure results in enlargement of the liver and 

peripheral oedema. The latter is usually most evident in the ankle 

regions. Occasionally the peritoneal fluid may be expanded to form 

ascites. Disorders of the right ventricle and atrium are often the 

end-result of left-sided HF and, therefore, the symptoms and physical 

signs of both left-sided and right-sided failure frequently appear 

together. Although the classical symptoms and signs of HF occur in 

the elderly, there may be, in addition, atypical symptoms and signs, 

such as confusion, disorientation, fatigue and falls to complicate the 

clinical picture (Beck et al., 1974).
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1.1.3 PATHOPHYSIOLOGY OF HEART FAILURE

Compensatory mechanisms

In impending HF compensatory mechanisms, both physiological and 

biochemical, are brought into play which help to maintain tissue 

perfusion pressure. The problem is exacerbated as the disorder 

progresses and these mechanisms are either overwhelmed or themselves 

contribute to a worsening of the clinical situation. Indeed, the 

clinical features of HF are largely due to the deleterious effects of 

the compensatory processes. These processes are covered in detail in 

excellent reviews, for example, Julian (1978), Francis (1985), and 

Laragh (1986).

Adaptations that occur in HF can be divided into mechanisms which 

exert either a direct or an indirect effect on the heart (table 1). 

Although these compensatory mechanisms are interrelated, for the 

purpose of this discussion, direct and indirect mechanisms will be 

dealt with separately. The next section outlines both the beneficial 

effects and the cost of these adaptive processes.

Table 1: Compensatory mechanisms activated in heart failure

Direct effects Indirect effects

Dilatation Vasoconstriction
Hypertrophy
Sympathetic stimulation

21



Direct effects

The force of contraction of the heart is proportional to the extent to 

which it is stretched prior to contraction, as stated by Starling 

(1918) (figure 2).

Positive inotropic 
effecto

€
£
§o
o0)Eo
•go*0)
s

/  Negative inotropic 
effect

End-diastolic fibre length

Figure 2: The relationship between left ventricular diastolic fibre
length and left ventricular stroke work is indicated.

The initial response of the heart to failure is to dilate and this 

dilatation allows the heart to contract more forcefully. However, as 

the ventricle increases in size, greater tension is required in the 

myocardium to expel a given volume of blood. The greater tension 

results in an increased oxygen requirement. Although this mechanism 

may help to maintain cardiac output the dilated heart works 

inefficiently, consuming more oxygen and having to perform more 

internal work. Eventually, coordination of contraction is impaired 

and this mechanism then fails to enhance contractility.
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A second method by which the heart attempts to maintain its output 

is by increasing its contractile mass (hypertrophy) by enlarging 

individual muscle fibres. The resulting decrease in ventricular 

radius is associated with a corresponding reduction in wall stress.

In the early stages of HF hypertrophy may be regarded as a 

compensatory mechanism which allows the heart to meet the increased 

demands: however, it is deleterious when it becomes excessive. The 

thickening of a muscle fibre increases the distance which the oxygen 

has to diffuse from the capillaries, leading to impaired oxygenation 

of the centre of the fibre. This hypoxia may be important in the 

fibrosis which frequently develops in hypertrophied muscle.

The release of catecholamines from adrenergic nerve endings in the 

heart further stimulates contractility. These three mechanisms, 

dilatation, hypertrophy and sympathetic stimulation, all serve to 

increase cardiac output, but all are costly 'energy-wise' if 

maintained for long periods and eventually become deleterious to the 

failing heart.

Indirect effects

Sympathetic stimulation also has an indirect effect on the heart as 

catecholamines are released into the circulation from the adrenal 

medulla. Furthermore, neurohumoral mechanisms maintain perfusion to 

vital organs by increasing circulatory volume and vasoconstriction.

The renin-angiotensin-aldosterone system plays a major part in this 

(figure 3).

23



ANGIOTENSINOGEN

RENIN

ANGIOTENSIN I

A C E

•  Direct vasoconstriction 
•►Increased afterload

•  Increased sympathetic 
activity •  Na+ and H20  retention 

+  Increased preload

Figure 3: The renin-angiotensin-aldosterone system in heart failure 
(ACE = angiotensin-converting enzyme)

In HF blood flow to the kidneys is reduced which stimulates the 

release of renin. Renin acts on a substrate, angiotensinogen, to 

produce angiotensin I which, in turn, is rapidly converted to 

angiotensin II by the action of a converting enzyme. Angiotensin II 

is a potent vasoconstrictor that has a direct effect on the arterioles 

of the kidney, further decreasing blood flow and reducing water and 

salt loss: it also stimulates the release of aldosterone from the 

adrenal cortex. The aldosterone increases reabsorption of sodium from 

the renal tubules leading to further fluid retention. Although 

moderate fluid retention may be beneficial in the early stages of HF, 

by the time failure is apparent clinically these mechanisms may, in
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fact, have 1 overcompensated1 leading to a vicious cycle of increasing 

circulatory congestion and increasing vascular resistance. This 

results in increases in both preload and afterload on the failing 

heart (figure A).

Cardiac Lesion

4  Impedance ^Cardiac Output

Compensatory Mechanisms 
4 Sympathetic activity 
4 R A A system 
4 Vasopressin

Excessive Vasoconstriction 
4 Na+ and H,0 Retention

Figure A: Vicious cycle of heart failure
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1.2 Literature survey with particular reference to the elderly patient

1.2.1 EPIDEMIOLOGY OF HEART FAILURE

There are few epidemiological studies relating to HF. The most 

reliable population survey was started in Framingham, USA in 1949. In 

this study a total of 5192 people with no initial evidence of heart 

disease were followed-up. Over a 16 year period 2.7% of these people 

eventually developed HF (McKee et a], 1971). The study revealed that 

age, and to a lesser extent, gender were important determinants of HF 

(figure 5).

05
CD>s
<DQ.
OOO

CDQ_
0)
c3
cc

10

8

2-

□  Men
□  Women

EL EL izS EL I
Age (y)

Figure 5: Prevalence of heart failure versus age 
(data from McKee et al., 1971)

A later review of the Framingham data, based on a 20 year follow-up 

(Kannel, et al., 1982), compared the incidence of HF in subjects over 

the age of 65 years with subjects under 55 years. A dramatic increase 

in the incidence of HF was seen in subjects over 65 years with a 

four-fold increase in men and an eight-fold increase in women when
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compared with subjects under 55 years.

Other sources of information, such as hospital surveys and 

mortality data, support this relationship between HF and age. Indeed, 

the work of Bedford and Caird (1956) showed that 14% of 1630 

consecutive admissions to a geriatric ward had HF. Mortality data 

suggest that heart disease is the commonest cause of death over the 

age of 65 years (World Health Organisation, 1976).

Figure 6 emphasises the poor prognosis after an initial episode of 

HF the probability of dying within 5 years of onset being 62% in men 

and 42% in women.
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Heart Failure
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Figure 6. Probability of survival for subjects after the development of
HF for subjects 45 years of age and older (-- ), compared to
the survival of the total Framingham Heart Study population ( )
(16-year follow-up results data from McKee et a/., 1971).
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A more recent review by Packer (1985) shows that most of the 

mortality 35 to 58% occurs within the first year. The implications of 

these findings are that this lethal condition should be treated 

rigorously with effective therapy and that particular attention should 

be given to the treatment of HF in the elderly patient.

1.2.2 TREATMENT OF HEART FAILURE

Pharmacological agents have been developed to counteract the three 

principal elements of the pathophysiology of the syndrome, fluid 

overload, pump failure and vasoconstriction. This section highlights 

some of the advantages and disadvantages of using the agents which are 

currently available for treating the elderly HF patient.

1.2.2.1 Treatment of pump failure
Historically HF has been viewed as pump failure, and therapy has been 

aimed at stimulating the heart to beat more forcefully. The digitalis 

glycosides have been used for this purpose for more than 200 years 

(Withering, 1984). Digoxin, a member of this family of more than 300 

compounds with similar pharmacological actions, is still one of the 

most commonly prescribed agents for the treatment of HF.

The digitalis glycosides inhibit membrane sodium/potassium 

adenosine triphosphate causing a slowing of sodium exchange and 

enhancing the calcium made available to activate the myocardial cell. 

This process improves the force and velocity of contraction of the 

heart and, hence, ventricular function.

The digitalis glycosides also have a negative chronotropic 

effect. In 1911 MacKenzie established the value of this chronotropic
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effect in cases where HF was associated with atrial fibrillation (AF) 

digitalis glycosides being able to protect the ventricles from too 

rapid a succession of electrical impulses. The drug acts by 

depressing the cardiac conducting tissue prolonging the refractory 

period of the atrioventricular node and bundle of His (Hamdy, 1984).

The benefits of digitalis glycoside therapy in patients in AF 

remain largely unchallenged. However, this is not the case in HF 

patients in normal sinus rhythm (SR). Early work by Christian (1922), 

which had documented the benefits of digitalis glycosides in patients 

in SR, was challenged by the results of later placebo controlled 

studies using digitalis glycosides, for example, Starr and Luchi 

(1969). Many other studies followed during the 1970's which attempted 

to evaluate the efficacy of digoxin by the withdrawal and/or 

introduction of maintenance therapy. Literature surveys (Dobbs et 

al., 1983, 1991b, and Guyatt, 1986) have highlighted the difficulties 

of drawing unequivocal conclusions from such work because of 

differences in the type of patient studied, experimental design, the 

prescription of inappropriate doses, non-compliance and, in some 

cases, poor documentation. Table 2 summarises the results of 15 of 

these studies. Of the 403 patients evaluated clinical deterioration 

was seen in 58 patients during the period when digoxin was withdrawn. 

Although this is only 14% of the total number of patients studied, it 

represents 37% of those definitely documented as receiving digoxin for 

HF. Clearly at least a proportion of the patients were benefiting 

from the addition of digoxin; a view also held by Guyatt (1986), in a 

similar, but less favourable, review of the literature.
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A possible insight into the type of patient that might respond to 

digoxin therapy was provided by Lee et al. t (1982). In a study of 35 

patients, responders to digoxin were identified as a subset of 

patients with more severe HF, categorised by the presence of a third 

heart sound.

Table 2. Summary of the results from 15 studies involving the 
withdrawal and/or introduction of digoxin maintenance 
therapy (data from Dobbs et al., 1983).

Study Number of patients

in whom periods 
on and off 
maintenance 
digoxin are 
compared

with indication 
other than 
heart failure 
specified

with indication 
of heart 
failure specified

deteriorating 
clinically 
during period 
off digoxin 
(deaths)

Kahler et al. (1963) 3 0 3 0

Starr and Luchi (1969) 12 6 > 1 0

(? 3)

Dali (1970) 80 40 12 13

Davidson and Gibson (1973) 7 0 4 •

Carliner et al. (1974) 8 i 0

Fonrose et al. (1974) 31 2 15 16

Hoeschen and Cuddy (1975) 9 •

Dobbs et al. (1977a) 46 0 46 16

MacDonald Hull and 
Mackintosh (1977)

17 1 15 0
(2)

Liverpool Therapeutics Group (1978) 8 9 " ... 0

McHaffie et al. (1978) 6 0 6 1

Ghouri et al. (1979) 8 0 8 0

Johnston and McDevitt (1979) 56 1 0 * " 39 8

Krakauer and Petersen (1979) 22 15 7 4
(1)

Meister et al. (1980) 9 0

Total 403 74 156 58
(3 to 6)

1 An ellipsis ( . . . )  denotes indication for digoxin not specified.
* Only physical measurements studied (see text for details).
* •  All patients had serum digoxin concentrations below the therapeutic range.
* • *  All patients had gallop or sinus tachycardia described as 'non-congestive cardiac failure'.
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In addition to its inotropic effect, digoxin may also have 

vasodilator properties enhancing the baroreceptor-mediated inhibition 

of sympathetic discharge and inhibiting renin secretion (Gillis and 

Quest, 1979).

The attention focused on the narrow therapeutic index of digoxin 

has resulted in some restriction of its routine use in patients with 

HF. Fishman (1982) estimated that 10-20% of hospitalised patients 

receiving conventional doses of digitalis glycosides suffer 

intoxication. However, there is reasonable evidence that

cardiotoxicity can largely be avoided by keeping the peak steady state

serum level of digoxin below 2.6 nmol.I"1 (Smith and Haber, 1970). Of

less certainty is the correlation between serum digoxin and 

extracardiac toxicity. Dobbs et al., (1977) found that the emetic 

effects of digoxin occurred within the therapeutic range at mean 

steady state concentrations well below the peak concentration.

For a number of reasons, the risk of digoxin toxicity is 

particularly high in the elderly and some authors have suggested that 

there is increased sensitivity of the myocardium to digoxin with age 

(Caird and Dali, 1978). Certainly, sensitivity may be potentiated by 

hypokalaemia and possibly magnesium depletion (Neff et a/., 1972).

Such electrolyte disturbances are common in the elderly and may 

precipitate arrhythmias (Schott, 1964; Chung, 1970). Furthermore, the 

age-related fall in glomerular filtration rate and hence clearance of 

digoxin may lead to accumulation of the glycoside (Roberts and Caird, 

1976). Fear of toxicity in the elderly often leads to underdosing. 

However, the work of Dobbs et al., (1987) have shown that giving the 

smallest dose to all elderly patients is not a rational approach. 

Whilst dosage requirements are normally reduced, a three-fold range of
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doses is still required in elderly subjects to achieve a target mean 

steady state serum concentration.

The possibility of only modest benefits in selected patients, 

coupled with the risks of toxicity, has led to the search for 

alternative inotropic agents to replace digoxin. These agents 

constitute a heterogeneous group and few, if any, have a 

pharmacological effect that is confined solely to the contractile 

state of the myocardium. Chronotropic and vasodilator properties are 

also present to varying degrees. The use of agents like the 

catecholamine, dopamine, is limited by intravenous administration. 

Conversely carefully controlled trials have indicated that of the 

orally active agents the p-adrenergic agonist, prenalterol, has failed 

to show long term benefit in exercise haemodynamics or exercise 

capacity. Furthermore, in the short-term at least, it has been shown 

to activate the renin-angiotensin-aldosterone system (Fitzpatrick, 

1985), possibly due to stimulation of fi-receptors in the kidney.

Early trials of the phosphodiesterase enzyme inhibitors have also 

yielded disappointing results. For example, development of the first 

of these drugs, amrinone, as an oral preparation was discontinued due 

to the high incidence of adverse effects including thrombocytopenia, 

gastrointestinal intolerance and liver function abnormality during 

long term use (Weber, 1987).

Two phosphodiesterase enzyme inhibitors are currently licenced in 

the UK, milrinone and enoximone. Milrinone is an analogue of amrinone 

and is 30-50 times more potent. In patients with HF, open studies of 

milrinone have been associated with acute and chronic improvements in 

haemodynamics and clinical parameters, without the adverse reactions 

frequently linked with oral administration of amrinone (Maskin et al.,
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1983; Le Jemtel et al., 1986). In a double-blind placebo controlled 

study of enoximone symptoms were improved significantly and exercise 

capacity and resting left ventricular ejection fraction increased in 

treated patients when compared with those receiving placebo (Chorari 

et al,, 1987). Although there is little comparative data, additional 

benefits of either milrinone or enoximone over that of the digitalis 

glycosides in the treatment of HF have not been established. On the 

contrary, within 2 weeks of commencing therapy, one parallel group 

study has shown deterioration in clinical conditions in 20% of 

patients receiving oral milrinone, compared to only 3% of those 

patients receiving digoxin. Furthermore, the frequency of ventricular 

arrhythmias was higher in the patient group receiving milrinone 

(DiBianco et al., 1989).

Although the search for more potent inotropic agents, less toxic 

than digoxin continues, recent studies have tended to restore 

enthusiasm for the use of this cardiac glycoside. For example, the 

work of Arnold et al. (1980) and of Gheorghiade and Beller (1983) have 

demonstrated an improvement in left ventricular function in a subset 

of patients, with HF, who were receiving digoxin. These observations 

were further supported by the improvement in ejection fraction during 

digoxin therapy, seen in a recent Multicentre trial (Captopril-Digoxin 

Multicentre Research Group, 1988). This improvement may alone be a 

sufficient reason for prescribing digoxin, as depression of ejection 

fraction has been shown to be one of the most powerful prognostic 

markers in HF (Cohn et al., 1987). There are also reports of digoxin 

producing significant improvements in exercise tolerance (DiBianco et 

a/., 1989).
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1.2.2.2 'Treatment of fluid overload

Currently the first line treatment of HF involves correcting the 

effects of a compensatory mechanism, that is salt and water retention, 

by the use of diuretics. Before the 1950s diuretic therapy was 

limited to the use of intravenous injections of mercurial salts. This 

rather crude treatment frequently caused renal damage, so worsening 

the condition (Dali, 1985). Fortunately, the introduction of the 

orally active thiazides in the late fifties revolutionised diuretic 

therapy and, hence, the treatment of heart failure. Not only were 

they less toxic, but also they produced a more rapid and superior salt 

and water loss than the mercurial agents (Dali, 1985). These proved 

to be useful agents in all but severe heart failure, or where the 

patient's renal function was impaired (glomerular filtration rate <30 

ml.min"', Reubi, 1962). Therefore there was a need for more potent 

agents which retained their effectiveness when renal function was 

reduced. This was met by the development of the loop diuretics in the 

early 1960s which have been shown to have an excellent dose response 

relationship over a wide range of doses. Unfortunately, this also 

makes them potentially more dangerous than thiazide diuretics, as 

diuresis is proportional to the dose even when the patient is volume 

and electrolyte depleted (MaClean and Tudhope, 1983). However, loop 

diuretics have certain advantages over their predecessors since, 

unlike the thiazide diuretics, they do not cause hypercalcaemia, but 

rather enhance excretion of calcium. Furthermore, at least at 

moderate doses, loop diuretics may disturb electrolyte balance to a 

lesser extent than the thiazides since they cause a smaller potassium 

loss (Mahabir and Laufer, 1969), and a proportionally greater water 

than sodium loss (Peltola, 1965). In the study by Mahabir and Laufer
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(1969), cardiac arrhythmias were more frequently associated with the 

patient group who were prescribed the thiazide diuretics, and were 

consequently more potassium depleted, than in those treated with a 

loop diuretic.

There is still a risk of potassium depletion in patients receiving 

either class of diuretic for prolonged periods. Severe hypokalaemia 

may lead to loss of muscular strength, constipation and mental apathy 

(Dali, 1985). This is particularly important in the elderly, as 

potassium status is often poor due to a combination of inadequate 

dietary intake, reduced potassium stores and possibly altered 

absorption from the gastrointestinal tract (Judge et al., 1974).

Until the 1960s the only way to maintain potassium homeostasis 

during prolonged diuretic therapy was by the addition of a potassium 

supplement. However, these supplements have several drawbacks. They 

may induce gastric irritation and, more seriously, intestinal 

ulceration (Fishman, 1982), and even perforation, or stenosis, of the 

small intestine (Farquharson-Roberts et al., 1975). The site of 

gastro-intestinal disturbance depends on the release properties of the 

formulation. Furthermore, effervescent formulations are unpalatable 

(Leading Article, British Medical Journal, 1978). An attractive 

alternative became available in 1962 with the development of 

spironolactone, the first potassium sparing diuretic. Although this 

third class of diuretic agents are of low potency, they may be 

usefully employed in conjunction with either a thiazide or a loop 

diuretic. Although potassium sparing diuretics are relatively 

expensive agents, they potentiate effects of both the thiazide and the 

loop diuretics (Mahabir and Laufer, 1969) as well as maintaining serum 

potassium concentration much more reliably than low doses of potassium
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supplements (Maclean and Tudhope, 1983). The most commonly prescribed 

diuretics may be categorised into three groups, depending on their 

potency, table 3.

Table 3: Classification of most commonly prescribed diuretics

Category Potency* Site of Onset of Duration of Examples
action action action

(h) (h)

High
potency

15% Loop of 
Henle

0.5 4 frusemide,
bumetanide,
ethacrinic
acid

Moderate
potency

5-10% Distal
convoluted
tubule

1-2 6-9 thiazides

Low
potency

<5% Collecting
duct

4-6 10-12 amiloride
trimterene

Aldosterone 
responsive cells

spironolactone

% increase in volume of urine excreted

All these agents achieve diuresis by altering reabsorption of 

sodium by the kidney but, since they act on different portions of the 

nephron, their potency differs. The loop diuretics are of high 

potency: they inhibit chloride transport, and hence sodium 

reabsorption, from the ascending limb of the loop of Henle in the 

renal tubule, the site where most of the reabsorption of the filtered 

sodium takes place. These compounds can cause excretion of up to 30% 

of the sodium load (Maclean and Tudhope, 1983). Thiazides and their 

derivatives act in the distal convoluted tubule, where less than 10% 

of the filtered sodium load is normally reabsorbed and are moderately 

potent diuretics. Thiazides have relatively flat dose-response curves 

and cause excretion of only between 5 and 10% of the filtered sodium
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load. The low potency potassium sparing diuretics promote the 

excretion of less than 5% of the sodium load. These may be classified 

into two groups: those that are direct inhibitors of collecting duct 

sodium conductance, and those that antagonise the effects of 

aldosterone.

Not only are the three groups of diuretic agents of different 

potency, but they also differ in their pharmacokinetic properties 

(table 3). Loop diuretics are rapidly absorbed from the gut and have 

an abrupt onset of action compared with the other diuretic agents. 

Although this rapid diuresis may cause incontinence in some patients, 

their relatively short duration of action may, on balance, prove less 

restrictive to daily living in others. Furthermore, provided these 

potent diuretics are taken early in the day, nocturnal frequency is 

less of a problem.

Although there appears to be little doubt that the various 

diuretics increase urinary output, promote weight loss and relieve 

symptoms of HF (Gold et al., 1971; Hutcheon et al., 1980) their 

effects on haemodynamic parameters, and on the functional status of 

patients with HF are less certain. This uncertainty is partly due to 

the ethical problem of carrying out placebo controlled studies to 

evaluate diuretic agents and knowledge is thus restricted to a few 

open or comparison studies. Guyatt (1986) carried out an extensive 

review of such studies and concluded that there was general agreement 

that diuretics reduced ventricular filling pressure (Franciosa et al., 

1982a; Ikram et al., 1980a) and as a result might slow the progression 

of cardiac dilatation. Unfortunately, the effect of diuretics on 

functional status had not been evaluated in these studies.
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Whilst there is little doubt that diuretics are currently the 

mainstay of therapy of HF they are not without their limitations. One

of the most serious drawbacks is that diuretic therapy stimulates the

renin-angiotensin-aldosterone system. This, in turn, leads to 

increased salt and fluid retention and exacerbation of arteriolar 

vasoconstriction, with subsequent decline in cardiac output (Ikram et 

al., 1986; Fitzpatrick et al., 1985). As a result of this and the 

progression of the underlying disease, increasing doses of more potent 

diuretics become necessary to control fluid overload. With the latter 

comes an increased risk of adverse effects and eventually, tolerance 

to diuretic therapy. Additional alternative therapies are then

required to alleviate the symptoms of HF.

The conventional treatment of HF is with diuretics and digoxin, 

however, two major problems persist. The first is that some patients 

remain symptomatic, usually breathless and fatigued, despite optimal 

therapy. The second is that prognosis remains poor. In an attempt to 

resolve these problems the following therapy for the treatment of HF 

may be added to conventional therapy.

1.2.2.3 Treatment of vasoconstriction

This third line therapy for HF aims to reduce the vasoconstriction, 

arising from natural compensatory mechanisms which try to maintain 

perfusion pressure. As HF progresses, this increase in vascular 

resistance produces undesirable increases in both preload and 

afterload on the failing heart.

Since the early 1970s a variety of drugs with vasodilator 

properties have been used in the treatment of HF. Sodium 

nitroprusside was the first of a group of drugs that achieve
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vasodilatation by relaxing vascular smooth muscle in both the venous 

and arterial beds (Guiha et al, 1974). This venodilatation results in 

pooling of blood in the peripheral veins, reducing venous return to 

the heart and thereby decreasing ventricular filling pressure. This 

reduction in preload diminishes both the workload of the heart and its 

myocardial oxygen requirements. Arteriolar dilatation decreases 

systemic vascular resistance (afterload) which leads to an increase in 

cardiac output (Drugs and Therapeutics Bulletin, 1984). Sodium 

nitroprusside is extremely short-acting and must be given by the 

intravenous route (Smith et al., 1988) and it has also been shown to 

stimulate the renin-angiotensin-aldosterone system (Ikram et al., 

1980b); all these factors have limited its use to the acute treatment 

of HF.

Nitrates, which were introduced in the late 1970's, have a similar 

mode of action, but they are active orally and remain efficacious 

during long-term therapy (Franciosa and Cohn, 1978). At low doses they 

are primarily venodilators and act by reducing preload but, at higher 

doses they may also dilate arterioles (Drugs and Therapeutics 

Bulletin, 1984). Isosorbide dinitrate is the most widely used of the 

nitrates. Several double-blind, placebo controlled studies have 

demonstrated that it produces a sustained haemodynamic and clinical 

improvement (Franciosa and Cohn, 1980; Leier et al., 1983). Leier et 

al ., (1983) have shown that long-term efficacy with isosorbide 

dinitrate was due to persistence of venodilator and pulmonary vascular 

effects, even though tolerance developed to systemic arterial 

dilatation. Because of their short half-life, nitrates require 

frequent administration. Longer acting formulations have been 

produced but, unfortunately, these have been associated with the
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development of tolerance (Packer et al., 1987). Less successful has 

been the use of hydralazine. Predominantly an arteriolar dilator it 

appears to have only short-term haemodynamic benefits. Indeed, in a 

double-blind, long-term trial hydralazine alone was no more effective 

than placebo in treating HF (Franciosa et al., 1982b).

Because of the limitations of agents that exert a direct effect on 

the vascular system, a number of neurohumoral antagonists have been 

developed. The first group of these agents act on the sympathetic 

nervous system. Since centrally acting agents and p-adrenoceptor 

blocking agents also inhibit sympathetic drive to the heart, they 

would have the undesirable effect of limiting cardiac output. The 

a-adrenoceptor blocking agents, by acting more peripherally, avoid 

most of these problems. The most widely used example of these agents 

is prazosin. Although short-term benefits were demonstrated, the 

development of tolerance has limited their long-term use (Arnold,

1979; Packer, 1979). Indeed, the results of one controlled trial 

suggested that prazosin was little better than placebo (Markham,

1983). It appears likely that tolerance to prazosin is not due to a 

progressive loss of its vasodilator properties but, is rather due to 

fluid retention caused by stimulation of the renin-angiotensin- 

aldosterone (RAA) system (Ikram et al., 1980b).

The second group of neurohumoral antagonists are inhibitors of the 

RAA system, which act by preventing the production of the powerful 

arteriolar constrictor angiotensin II. Although a number of compounds 

have been synthesised which inhibit this pathway, the only orally 

active agents are those which inhibit the angiotensin-converting 

enzyme (ACE). This competitive inhibition prevents the conversion of 

angiotensin I to angiotensin II. However, ACE inhibitors have been
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shown to improve haemodynamics by reducing filling pressure and 

increasing cardiac index (Massie et al., 1982; Sharpe et al., 1984) 

implying a balanced action on both the venous and arterial 

circulation. Clearly the action of ACE inhibitors is not explained 

solely by a direct effect on the RAA system. The venodilatation 

observed is thought to be due to the involvement of other vasoactive 

substances. Indeed, angiotensin II is known to potentiate the effects 

of noradrenaline (Zimmerman, 1978). This concomitant reduction of 

catecholamine mediated venous tone may partially explain the effects 

of ACE inhibitors on the venous circulation. In addition, ACE is 

rather a non-specific enzyme, and its inhibition affects other 

vasoactive substances. In particular, ACE is responsible for the 

inactivation of bradykinin, an important peptide vasodilator (Edwards 

and Padfield, 1985).

Captopril was the first orally active ACE inhibitor (Ondetti et 

al., 1977). It blocks ACE by fitting onto certain hydrophobic binding 

sites on the ACE molecule. The zinc ion of the enzyme forms bridges 

to the sulphydryl group of the captopril molecule (figure 7).

ANGIOTENSIN CONVERTING ENZYME

, f  Q .
C H .-CH CO —  N — L— CO, C aptopril

Figure 7. Captopril blocking the binding sites of the ACE molecule, 
including the critical interaction between the zinc ion of 
the enzyme and the zinc-binding moiety of the captopril 
molecule.
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The clinical benefits of this new agent for the treatment of HF 

were impressive. There were sustained improvements in symptoms, 

exercise tolerance, haemodynamics, and a reduction in cardiac 

dimensions (Dzau et al., 1980; Levine et al., 1980; Sharpe et al.,

1980). However, there was concern that the sulphydryl group of the 

captopril molecule was responsible for adverse effects associated with 

therapy, such as skin rash, taste disturbances and proteinuria.

Indeed, Jaffe (1986), has since described similar adverse effects with 

other compounds containing sulphydryl moieties.

Further ACE inhibitors were developed, which lacked the sulphydryl 

group. The first of these was enalapril, developed by Pachett et al., 

in 1980. The sulphydryl group was replaced by a phenylalanine-like 

complex, to achieve a much greater absolute affinity for converting 

enzyme. Enalapril is a prodrug, which is deesterified in the liver to 

its active metabolite enalaprilat (figure 8). This conversion 

accounts for its delayed onset of action (1-2 hours, compared with 30 

min for captopril).

y— V cn3 r
r  V- ch2ch2-ch-nhchcon

9 ° *  I
ENALAPRIL / ' " >iCgHj,

^  S

CHi
f ~ ' S -  CHj C hfe-CH-  NHCHC0 l /~ ~ l

c» 2h  r
ENALAPRILAT C 02H

Figure 8. The molecular structure of enalapril and enalaprilat
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Enalapril is twice as potent as captopril on a molar basis. It is 

more tightly bound to converting enzyme, which may explain its longer 

duration of action (12-24h, compared with 6-8h for captopril).

Long-term clinical trials of enalapril in patients with HF have 

revealed similar therapeutic benefits to those achieved by captopril 

therapy. For example, table 4 shows improvements in exercise 

tolerance reported in placebo controlled trials of captopril and 

enalapril.

Table 4: Improvements in exercise tolerance in placebo controlled 
trials of captopril and enalapril in the treatment of HF.

mean No. total follow mean % change
Author age patients NYHA daily up in exercise duration*dose cap/en placebo

(y) (mg) (months)

Kramer
(1983)

60 16 II-IV 300cap 3 +30 NSC

Multi- . * *centre
(1983)

60 92 II,III 300cap 2.5 +24 +0.4

Cleland
(1984)

62 20 II, IV 93.75cap 1.5 +63 +36

Jennings
(1984)

58 12 III,IV 10-20en 3 +20 NSC

McGrath
(1985)

62 25 II,III lOen 3 NSC NSC

Cleland
(1985a)

- 20 II-IV 10-40en 2 +65 +34

Franciosa
(1985)

57 17 III,IV lOen 3 +32 +10

Creager
(1985)

57 23 II,III 24.5en 3 +17 NSC

* compared with pre-trial value, NSC = no significant change
** Captopril Multicentre Research Group (1983) 

cap = captopril, en = enalapril 
NYHA = New York Heart Association Grading
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A direct comparison of the clinical responses of HF patients to 

captopril and enalapril has been made by Packer et al., (1986). In 

this parallel group study, responses to captopril (50 mg three times 

daily) and enalapril (20 mg twice daily) were not significantly 

different in 42 patients with severe HF. Both drugs produced 

sustained haemodynamic and symptomatic improvement over a one to three 

month period.

The safety profile of enalapril at first appeared superior 

(McFate-Smith et al., 1984; Walker et al., 1984). However, this may 

simply have reflected the wider use of the older drug, coupled with 

the fact that unnecessarily high doses of captopril were prescribed 

when it was first introduced (Jenkins et al., 1985). Indeed, a more 

recent review of drug company data comparing lower doses of captopril 

with enalapril (Edwards and Padfield, 1985) has tended to restore the 

balance (table 5). On the one hand the incidence of adverse effects 

attributed to the sulphydryl group of the captopril molecule is lower 

with enalapril. Conversely, the incidence of proteinuria, headache 

and fatigue appears to be higher with enalapril. However, it should 

be borne in mind that this is pooled data and not taken from 

comparable groups of patients. Indeed, many more in the captopril 

group had abnormal renal function, and the enalapril group included 

data from normal volunteers.

The incidence of other class-specific adverse effects (that is 

effects due to ACE inhibition), such as cough, azotemia and angioedema 

have been reported elsewhere to be similar with both enalapril and 

captopril (Irvin and Viau, 1986).

44



Table 5: Incidence of adverse effects in clinical 
trials with captopril and enalapril

Adverse effects Captopril Enalapril
(n=4849) (n*2203)(%) (%)

Hash 6.0 1.5
Taste disturbances 3.1 0.5
Neutropenia 0.04 O.Oi
Proteinuria 0.6 1.4
Headache 2.9 5.6
Fatigue 2.7 5.1
Hypotension 2.5 2.4

(data from Edwards and Padfield, 1985)

A comparative study of captopril and enalapril in patients with HF 

suggested that the more prolonged hypotensive effects of enalapril 

might compromise renal and cerebral function (Packer et al., 1986).

In this parallel group study there was a significant fall in 

creatinine clearance in the enalapril treated group.

Of the agents which influence vasoconstriction only the nitrates 

and ACE inhibitors appear to be efficacious for maintenance therapy in 

HF. Although the majority of the patients with HF are elderly there 

are no properly controlled clinical studies specifically assessing the 

efficacy of nitrate therapy in elderly HF patients. In the case of 

ACE inhibitors the work of Murphy et al., (1986) has suggested that 

captopril was well tolerated in a group of elderly patients (mean age 

82y): this was surprising, given that 12 out of 30 patients studied 

were withdrawn or died during the study. More favourable results have 

been obtained in a slightly younger group of patients (mean age 71y) 

in a placebo controlled study of enalapril (Consensus Trial Study 

Group, 1987). In this study there was a significant improvement in 

functional ability (as assessed by a reduction in New York Heart
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Association Grading), a reduction in cardiac dimensions and a 

reduction in mortality in patients receiving enalapril therapy. 

Furthermore, the withdrawal rate from the study was similar in both 

the groups. The only other information regarding the efficacy of ACE 

inhibitors in the elderly has been obtained by subgroup analysis of a 

Multicentre trial (Giles et al., 1988). This work implies that there 

is a similar response to ACE inhibitor therapy in HF patients over 65 

years of age to those below this age.

The impact of these vasodilator drugs on survival has also been 

examined. Although nitrates alone have not been shown to improve 

long-term outcome (Massie and Conway, 1987), there is evidence that 

enalapril (figure 9) and a combination of isosorbide dinitrate and 

hydralazine may improve prognosis (Cohn et al., 1986).
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Figure 9: Effects of enalapril and placebo on survival of patients
with heart failure (data from Consensus Trial Study Group, 
1987)
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1.2.3 COMPLIANCE WITH MEDICATION

Compliance with medication has often been said to be poorer in the 

elderly (Hulka et al., 1975; Hurd and Butkovich, 1986) but there is 

little information to substantiate this claim. Two features often 

associated with old age are polypharmacy and impairment of cognitive 

function (Evans et cl., 1989), both of which have been associated with 

poor compliance (Blackwell, 1976; Meyer et al., 1989). On the other 

hand, additional attention and continuity of care given to a patient 

taking part in a clinical trial may promote good compliance. Indeed, 

it has been shown that time spent educating patients (Lima et al., 

1976) and liaison with a specific person dealing with their medication 

(Spector et al., 1978) can improve adherence. Regardless of age, the 

likelihood is that compliance is very variable between patients 

(MacDonald and MacDonald, 1982), making interpretation of clinical 

trials in out-patients more difficult. This may be particularly 

important in the elderly, as benefits from medication are often small 

and variable in old age, but may still be crucial in terms of daily 

living and maintenance of independence: a consideration of compliance 

data may improve the reliability with which treatment effects are 

detected. Naturally, this assumes that the estimates of compliance 

are reliable. In this context 'pill counts' and interviews are of low 

sensitivity and specificity. Patient admissions of poor compliance 

are usually true, but give no indication of the extent of defaulting. 

Assessment of drug or metabolite concentration in body fluid, or the 

addition of a marker to the medication, can provide information 

relating to drug intake. However, this data will be very sensitive to 

the most immediate previous dose and be dependent on the elimination
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half-life of the substance being assayed. Where there are repeated 

administrations of medication, a tablet container which monitors 

openings and/or removals of medication is the best available single 

measure of totality and consistency of compliance (Alfredsson and 

Norell, 1981; Kass et al., 1986; Cheung et al., 1988). It is likely 

that if the container is opened according to a consistent pattern its 

contents are being consumed.

Several such devices have been used. In the 1960s and early 

seventies, Moulding et al., (1962; 1967; 1974) designed a series of 

monitors which recorded the actual removal of medication from its 

container by exposing a photographic film to a radioisotope. As each 

dose of medication was removed from the monitor a spring mechanism 

forced the uranium source down the inside of the container in equal 

steps. This resulted in a series of 'dot' exposures on the film 

strip. However, exposure density could not be converted to hours with 

any degree of accuracy. In 1974, Yee et al., pioneered the use of 

electronic monitors for measuring openings of a container for solid or 

liquid medicines. These gave much better time resolution, but did not 

monitor actual removal of medication. Recently Apex Corporation, 

California, have incorporated a microchip memory into a dial pack 

dispenser (Potter, 1989). The battery is activated when the lid of 

the pack is opened and pushing a pill out breaks a beam of light 

causing the date and time of the dispensing to be recorded. 

Unfortunately, such dispensers, unlike pill boxes, are specific to a 

particular dosage form. A pill box with a concealed microchip memory 

was developed by Dickins et al., (1986). This was designed 

particularly for the elderly patient and was capable of housing any 

size tablet or capsule. The memory capacity of this box was
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sufficient to store up to 15 events per hour for up to a period of 42 

days. This pill box has been used in the second of the two clinical 

studies described in this thesis and a detailed description of this 

device is given in section 2.3.1.1.

1.2.4 EVALUATING HEART FAILURE THERAPY 

1.2.4.1 Aims of therapy

The aims of therapy are to improve quality of life and to extend 

survival of the patient. However, physicians' expectations of benefit 

tend to depend on the severity of HF. In mild HF, where the patient 

is not markedly impaired by symptoms, treatment might be expected to 

produce a marginal improvement in quality of life but a major 

improvement in survival. When HF is severe, it may be unrealistic to 

expect significant effects of treatment on mortality and, in these 

cases improvement in quality of life becomes the clinical priority. 

Although there have been attempts to quantify quality of life (Walker 

and Rosser, 1988) there is no gold standard by which it can be 

estimated. Moreover, measures of quality of life are blunt 

instruments in trials of efficacy in well defined patient groups and 

are more useful for trials of effectiveness in the community under 

routine clinical conditions.
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1.2*4.2 Methods of evaluating symptoms

Several systems rate the severity of HF in terms of patients' 

symptoms. One of the earliest methods was devised by the New York 

Heart Association (NYHA) in 1964 (The Criteria Committee of the New 

York Heart Association, 1964). This involves an observer rating the 

degree of symptoms resulting from ordinary, or less than ordinary, 

activity on a 4 point scale (table 6).

Table 6: New York Heart Association Functional Classification

Class I Patients with cardiac disease but without resulting
limitations of physical activity. Ordinary physical 
activity does not cause undue fatigue, palpitation, 
dyspnoea or anginal pain.

Class II Patients with cardiac disease resulting in slight
limitation of physical activity. They are comfortable at 
rest. Ordinary physical activity results in fatigue, 
palipitation, dyspnoea or anginal pain.

Class III Patients with cardiac disease resulting in marked
limitation of physical activity. They are comfortable 
at rest. Less than ordinary physical activity causes 
fatigue, palipitation, dyspnoea or anginal pain.

Class IV Patients with cardiac disease resulting in inability to
carry on any physical activity without discomfort.
Symptoms of cardiac insufficiency or of the anginal 
syndrome may be present, even at rest. If any physical 
activity is undertaken, discomfort is increased.
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The simplicity of this system has widespread appeal and it has 

become a standard instrument in clinical trials. However, this 

classification is particularly difficult to apply in the elderly, 

because normality is ill-defined and the absolute differences in 

performance between class I and II and between III and TV are 

relatively small. Furthermore, the reproducibility and validity of 

this scale have been questioned by the work of Goldman et al., (1981), 

who showed only a 56% agreement between 2 physicians1 ratings of a 

group of 75 patients and an even poorer correlation with treadmill 

exercise performance (51%). In the same study more recent 

classifications, such as the Canadian Cardiovascular Society Criteria 

(CCVSC) and the Specific Activity Scale (SAS), were more reproducible 

(table 7). The SAS , based on the metabolic costs of specific 

activities, was the most closely related to exercise duration.

However, it has not really challenged the popularity of the simple 

NYHA classification, perhaps partly because the SAS is geared to 

grading patients with mild cardiovascular disease, whilst the NYHA 

method gives a broader classification.

Table 7. Reproducibility and validity of scales used to grade heart
failure

Scale Number of observers Reproducibility Validity

NYHA 2 medical
CCVSC 2 non medical
SAS 2 non medical

56%
73%
73%

51%
59%
68%

validated against exercise duration determined by a standard 
treadmill protocol to 85% of maximum heart rate.

51



A difficulty intrinsic to many of the scales mentioned is that the 

categories are often too broad to detect the small changes in 

functional ability that may occur with treatment. A more sensitive 

method would be to quantify functional capacity directly. Standard 

exercise protocols, originally used to assess angina, have been 

modified for this purpose. A typical protocol involves exercising the 

patient, on either a treadmill, or on a bicycle ergometer, to allow 

quantification of the work performed. The workload is increased in 

regular stages, at intervals of 2 to 3 min, until the point of 

exhaustion is reached (for example, Naughton and Haider, 1973). 

Functional capacity is then expressed as the duration of exercise. 

Although there have been some successful attempts at treadmill testing 

elderly patients (Moss, 1989), specially modified protocols were 

necessary to avoid termination of the test because of leg and joint 

problems rather than because of cardiac symptoms or signs. In one 

study (Moss, 1989) treadmill speed was kept constant at 2 miles per 

hour (0.88 m.s-1)» starting with a gradient of zero and increasing it 

by 3.5% every 2 min. Even this protocol involved sustaining exercise 

for a minimum of 2 min: this is beyond the capabilities of some 

elderly patients with severe HF.

Timed walking tests have been suggested by several workers (for 

example, Butland, 1982; Lipkin, 1986) and are an attractive 

alternative which can be applied to a wider group of patients.

Although the shortest timed walking test takes only 2 min, this may 

still be excessive for severely incapacitated elderly patients. 

However, the fact that these tests do not involve the use of 

treadmills or ergometers, is attractive to those involved in 

evaluating elderly patients.
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Irrespective of the method used the within patient reproducibility 

of the exercise test remains a problem. Most measurements are 

dependent on psychological factors, such as the subject's motivation 

(Posner et al., 1986 ) and the willingness of the observer to push the 

subject to exhaustion. In an attempt to overcome the subjective 

nature of exercise testing, exercise capacity has been measured using 

respiratory end-points.

Of several possible respiratory end-points maximal oxygen uptake 

(V02max) is generally considered the best measure of an individual's 

cardiorespiratory capacity. It is defined as the ability to perform 

high intensity activity without experiencing fatigue or exhaustion 

(Mitchell and Blomqvist, 1971). Maximal oxygen uptake is measured 

directly whilst the individual is subjected to increasing intensities 

of exercise. Oxygen uptake increases directly in proportion to the 

intensity of exercise. As the subject nears exhaustion, a plateau in 

oxygen uptake with increasing workload is reached. It is vital to 

distinguish between a plateau in oxygen uptake for a given workload 

and a true maximal value. Certain criteria have been used to ensure 

this, but they do not appear to be universally applied. Some 

investigators regard V02max to be the maximum oxygen consumption 

reached when the subject has exercised to exhaustion (Markrides et 

al., 1985; Lee et al., 1988). However, others regard V02max as the 

point where oxygen uptake increases by less than, or equal to 54 
ml.min“* (Mitchell et al., 1958) or less than 1 ml.min-1 Kg"1 (Weber 

et al., 1982) with increasing workload.

Measuring maximal oxygen uptake directly requires specialised 

apparatus and a near maximal test: this has limited the appeal of this 

method in assessing patients. Moreover, those investigators who have
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attempted to measure V02max in patients with cardiovascular 

abnormalities, have generally failed to show a plateau in oxygen 

uptake, despite near maximal testing (Lipkin et al., 1985).

An alternative method of assessing cardiorespiratory function 

without the need for maximal testing is by measuring anaerobic 

threshold. This is characterised by an increase in lactate production 

and occurs if oxygen supply to contracting muscle becomes inadequate 

(Hill et a/., 1925). However, measurements of lactate for these 

purposes has not become widely used due to the inconvenience of 

obtaining and assaying blood lactate levels. Wasserman and Mcllroy 

(1964), suggested that pulmonary gas exchange at the mouth could be 

used to detect the onset of anaerobic threshold. This is based on the 

principle that lactate released during exercise is buffered by 

bicarbonate producing carbon dioxide (C02) in excess of that resulting 

from oxidative metabolism. This ventilatory threshold is usually 

determined by a non-linear increase in minute ventilation or CO2 

production relative to oxygen consumption. However, the concept of 

this respiratory measurement of anaerobic threshold has been 

challenged by the fact that patients unable to produce lactate, 

(McArdles disease), still have a ventilatory threshold (Hagberg et 

al., 1982), probably due to hyperventilation caused by pain. 

Furthermore, a study by Lipkin et al., (1985) implies that it may not 

be possible to measure a ventilatory threshold in some patients with 

severe HF, since irregularity in breathing, whether due to anxiety or 

not, produces imprecise data.

Although all methods of evaluating symptoms of HF have their 

problems, it is particularly important to keep the methodology 

relevant to the normal habits of the patients and within the patients'
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capabilities. Unless this is borne in mind, it is unlikely that 

reliable information about the usefulness of the therapy will be 

obtained. It is equally important to consider the patients' own 

evaluation of their condition. Whilst visual analogue scales have 

their limitations (Nicholson, 1978), they are a method by which the 

patient can express how they feel in terms relative to their own 

previous experience.

1.2.4.3 Methods of evaluating cardiac impairment

The severity of cardiac dysfunction in patients with HF has been 

expressed in terms of the degree of activation of the compensatory 

mechanisms already mentioned in section 1.1.3. Measurement of cardiac 

dimensions provide information relating to dilatation and hypertrophy, 

whilst haemodynamic measurements relate to contractility and 

vasoconstriction. The usefulness of these measurements as therapeutic 

end-points in the evaluation of HF therapy will now be considered.

The combined effect of dilatation and hypertrophy is an enlarged 

heart and the measurement of heart size allows these effects to be 

quantified. In clinical practice, chest X-rays are used to provide an 

intermittent record of changes in heart size and the state of the lung 

vessels. Whilst radiological changes may be assessed subjectively 

specific quantitative data can also be obtained. Heart size is 

expressed in terms of the cardiothoracic (C/T) ratio (the maximal 

transverse diameter of the heart shadow as a percentage of the maximal 

transverse diameter of the chest). The normal upper limit of the C/T 

ratio is just less than 50%. Cardiac dimensions obtained by X-ray 

examinations of the chest have been reported to be prognostic 

indicators. Fuster et al., (1981) found that HF patients with C/T
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ratios above 55% had a much higher mortality than those with ratios 

below this value. However, others have failed to agree with this 

finding (Yatteau et al., 1974; Unverferth et al., 1984).

Interpretation of chest X-rays and estimation of C/T ratios may be 

more difficult in elderly subjects, due to the presence of 

abnormalities in the shape of the chest wall and spinal deformities. 

Indeed, Cowan (1959; 1960; 1965) showed that in elderly women the C/T 

ratio was related to the degree of thoracic kyphosis, and values for 

C/T ratio above 50% could be found when the heart was clinically 

normal (Caird, 1976). Furthermore, lack of standardisation of 

individual X-ray films can make the comparison of a series of films 

and the estimates of the C/T ratio difficult in any patient group. 

Overall ratings may be dependent on the experience/background of the 

clinician: a respiratory physician may have a specialist interest in 

the lung fields, a cardiologist in the heart and vessels. Whilst the 

use of chest X-rays may be more than adequate to assess gross changes, 

for example, acute HF, they may be less successful in the evaluation 

of the smaller differences between films which may occur in response 

to chronic therapy.

At the end of the 1960's ultrasound came into use. This provides 

a non-invasive method of obtaining accurate measurements of cardiac 

chamber sizes (Popp et al., 1969). Unlike X-rays, sound waves are 

able to distinguish between soft tissue and fluid, allowing 

visualisation of structures within the roentgenographic cardiac 

silhouette and measurement of wall thickness. Surprisingly, left 

ventricular dimensions, measured using an ultrasound technique known 

as M-mode echocardiography (ECHO), was found to be less sensitive at 

predicting survival than was C/T ratio (Baker et al., 1986). It has
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been suggested that the wide variability of pressure-volume 

relationships and changes in diastolic function in patients with HF, 

might be responsible for this lack of sensitivity (Franciosa et al., 

1987). The value of measures of left ventricular dimensions as 

therapeutic end-points in patients with HF, has further been 

questioned by their failure to correlate with objective measures of 

functional capacity, such as maximal oxygen consumption (Franciosa et 

al., 1981).

Association has been found between high mortality and haemodynamic 

measures of cardiac function such as, elevated left ventricular 

filling pressure, increased systemic vascular resistance and reduction 

in cardiac output. Moreover, in acute HF a close relationship exists 

between the clinical signs of HF, and haemodynamic responses. Not 

surprisingly, haemodynamic measurements have also been used to assess 

outcome of therapy in patients with HF. However, there is now 

considerable evidence that, during chronic therapy, resting 

haemodynamic measurements do not correlate with symptoms or the 

functional capacity and that they are of little value in predicting 

the long-term clinical response to treatment (Franciosa et al.,

1987). Furthermore, a review of the literature shows that the 

relationship between haemodynamic measures, such as ejection fraction 

and prognosis is disappointing (Bigger et al., 1987) (figure 10)
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Figure 10: Relationship between left ventricular ejection fraction 
(LVEF) and survival (data from Bigger et al., 1987)

Much of the haemodynamic data that have been obtained has involved the 

insertion of catheters into the heart to measure cardiac pressures. 

Cardiac catheterization holds a significant risk for the patient. As 

a result, this type of invasive procedure is used mainly as a 

diagnostic technique or as a research procedure for assessing 

short-term effects of therapy, (for example, the response to a single 

dose of a drug in small groups of patients).

Ideally any measure of cardiac dysfunction which seeks to monitor 

the success of treatment, should possess the following prerequisites. 

It should be sensitive to therapy, objective, reliable, relate both to 

functional ability and symptoms, and be a prognostic indicator. 

Unfortunately, the estimates of cardiac dimension and haemodynamic 

measurements mentioned so far fall short of these requirements. The 

use of atrial natriuretic factor (ANF) as a marker molecule for 

cardiac status is therefore an attractive possibility.
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ANF is a recently discovered family of peptides produced by the 

atrial muscle cells. It has diuretic, natriuretic and hypotensive 

properties and is an inhibitor of renin and aldosterone secretion.

ANF interacts with several neurological and hormonal regulatory 

mechanisms which are involved in the homeostatic control of body 

sodium and water and of blood pressure. Basal concentrations of ANF 

exist in the circulation of normal healthy subjects suggesting that it 

is released continuously at low levels. The major accepted stimulus 

for the release of ANF is atrial stretch or, more precisely, atrial 

transmural pressure (Lang et al., 1985). It is not surprising, 

therefore, that elevated plasma levels of ANF have been found in 

patients with HF (Burnett et al., 1986). Plasma concentrations of ANF 

appear to provide a means for obtaining information about cardiac 

pressures without the need for invasive techniques such as cardiac 

catheterisation. Indeed, in patients with cardiovascular disease, 

circulating concentrations of ANF appear to show positive correlations 

with both cardiac filling pressure (Burnett et al., 1986), and 

pulmonary capillary wedge pressure (Ogawa et al., 1986) and negative 

correlations with ejection fraction (figure 11) (Schiffin and 

Taillefer, 1986) and cardiac index (Ogawa et al., 1986). However, 

disproportionately high values have been found in patients with 

valvular disease, where pressure overload is more severe. This is 

probably due to tissue damage (Lang et al., 1986).
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Concerning chronic HF, in a group of patients of mean age 55y, 
range 25-73y (Class I-III,-median II, NYHA Classification), plasma ANF 
levels correlated positively with right atrial pressure, mean 
pulmonary capillary wedge pressure (PCWP) and left ventricular 
end-diastolic pressure (Tsutamoto et a/., 1989), the latter being the 
best predictor of plasma ANF. The correlation between plasma ANF and 
both pulmonary artery pressure and mean PCWP confirmed the findings of 
Ogawa et al (1986) in patients of similar mean age and median Class of 
chronic HF. These findings suggest that, even in chronic HF, ANF is 
regulated by preload. Similar studies have not been reported for 
elderly patients with severe chronic HF.
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Figure 11: Relationship between left ventricular ejection fraction 
(LVEF) and plasma atrial natriuretic factor 
(data from Schiffrin and Taillefer, 1986)

With the exception of patients with valvular disease, it has been 

suggested that ANF concentrations may follow symptomatic and 

functional responses to therapy in cardiac impairment. Anderson et 

al., (1986) showed ANF to be sensitive to therapeutic interventions in 

HF. There was a dramatic fall in ANF in 5 patients with acute HF in 

the first 24 h following treatment with frusemide, and this was 

accompanied by clinical improvement. ANF has also been shown to 

correlate with symptomatic ratings such as NYHA rating (table 8), 

(Ogawa et al., 1986).*
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There is, however, evidence that, despite high circulating levels, 
plasma ANF can still respond to changes in filling pressure in 
patients with chronic HF. For example, an acute physiological 
experiment, designed to reduce filling pressure by applying negative 
pressure to the lower body for lh, produced a decrease in plasma ANF 
in middle-aged patients with severe chronic HF (Creager et al.,
1988). Other acute experiments, using vasodilators to reduce filling 
pressure, have shown a similar time course between reductions in 
plasma ANF and filling pressure in mild to moderate HF (Webster et 
al., 1989), as well as in severe chronic HF (Crozier et al., 1989).



Table 8: Relationship between New York Heart Association (NYHA) 
grading and plasma atrial natriuretic factor (ANF)

NYHA
Grading number of patients

ANF 
(pmol.l”’)

I
II
III
IV

controls 38
8
6
7
3

42
65
194
494
888

The symptoms of HF become apparent, or are exacerbated, during 

exercise. Exercise is known to cause an increase in atrial pressure 

(Smith and Kampine, 1984) thus providing a physiological stimulus for 

the release of ANF (Somers et al., 1986; Bollerslev et al., 1987).

ANF response to exercise may, therefore, provide a sensitive test to 

assess cardiac impairment. There is in fact some evidence that ANF 

response to exercise is blunted in patients with cardiac failure 

(Raine et al., 1986). This may reflect a depletion of atrial stores 

of ANF as a result of having to maintain high circulating 

concentrations of ANF, as demonstrated in an animal model of HF 

(Edwards et al., 1986).^

1.2.5 ADVERSE DRUG REACTIONS IN THE ELDERLY WITH PARTICULAR 

REFERENCE TO HEART FAILURE THERAPY

Estimates of the incidence of adverse drug reactions (ADRs) in elderly 

patients vary. However, there is general agreement that it is at 

least twice as high as in younger patients (Nolan and O'Malley,

1988). According to Vestal (1984a) the incidence is 4.8 to 15% for 

patients over 60y, 8.7 to 21% in those over 70y and as high as 24% in 

those over 80y. The reasons for this high incidence are manifold.
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Firstly, multiple pathology is common in the elderly (Wilson et al., 

1962): frequently, progression of disease in one organ system stresses 

another, already abnormal system, which then begins to fail. This is 

especially true of patients with HF, as seen by the high incidence of 

renal impairment. Multiple pathology is accompanied by polypharmacy. 

The more drugs a patient takes, the greater his chance of having an 

untoward event (Kellaway and McCrae, 1973), whereas the simplification 

of drug regimens has been shown to reduce this risk dramatically.

Smith (1966) showed a fall in ADR rate from 24.3% to 7% when the 

average number of drugs used by a group of patients aged over 60y was 

reduced from 7.8 to 6.9.

Age-related changes in physiology may lead to alterations in both 

the pharmacokinetics and pharmacodynamics of cardiovascular drugs 

which may also contribute to the high incidence of ADRs in the elderly.

Pharmacokinetics is concerned with the rate and extent of drug 

absorption, distribution, metabolism and excretion. Although each of 

these processes will be described in turn, in life they act in concert.

The majority of drugs are absorbed by passive diffusion. Many 

physiological changes occur within the gastrointestinal tract with 

age, (table 9), but there is little evidence that the extent of drug 

absorption is altered in the elderly.

Table 9: Age related changes in the gastrointestinal tract

Elevated gastric pH
Decrease in blood flow
Reduction in number of absorbing cells
Reduction in motility
Delay in gastric emptying
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There is evidence, however, that the rate of absorption of certain 

drugs may be changed. For example, Cusack et al., (1979) observed a 

delay of 60 min in the time to peak concentration of digoxin after 

oral administration in elderly subjects, compared with that in younger 

subjects. Such a delay in onset of action could have important 

consequences when introducing potent cardiovascular drugs, for example 

vasodilators. When screening elderly patients for initial ADRs they 

should therefore be observed for relatively long periods of time 

following dosage.

Body composition is an important determinant of drug 

distribution. With increasing age total body water and lean body mass 

declines, whilst body fat increases (although in the very elderly even 

fat is reduced). These changes result in a reduction in the 

proportion of lean body mass per unit total body weight. Drugs 

distributed mainly in body water or in lean body mass might have 

higher blood concentrations in the elderly (Vestal et al., 1977). 

Indeed, reduction in skeletal muscle, to which digoxin binds, may 

contribute to increased plasma digoxin concentrations. Furthermore, 

alteration in body fat may result in accumulation and prolongation of 

action of highly lipid soluble drugs.

Serum albumin concentrations are reduced in old age, although 

Woodford-Williams et al., (1964) have suggested that disease may be 

more important than age per se. As many drugs are bound to albumin in 

the plasma the reduction in albumin implies more free drug is 

available for diffusion into body tissue, for action or for 

elimination.

Autopsy studies have shown a decline in liver mass with age (Boyd, 

1933; Thompson and Williams, 1965), although a more recent study by
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Kitani et a l (1977) failed to show any such changes. Hepatic blood 

flow has also been shown to decline by as much as 40% in subjects aged 

65y as compared with those aged 25y (Vestal, 1984b). These two 

factors might be expected to cause changes in hepatic metabolism of 

certain drugs in the elderly. Although there are some important 

examples of this there is wide interindividual variation, due to a 

variety of genetic and environmental factors and, in fact, age itself 

probably has only a minor influence on the rate of drug metabolism 

(Vestal, 1984b). However, amongst the cardiovascular drugs it has 

been suggested that the metabolism of propanolol, which is converted 

to an active metabolite during its first pass through the liver, is 

altered with age (Castleden et al., 1975). The ACE inhibitor 

enalapril is a prodrug that is metabolised to its active metabolite, 

enalaprilat, in the liver. Whether a reduction in this conversion 

occurs in the elderly is unknown.

Glomerular filtration rate falls with age (Davies and Shock, 1950) 

so, not surprisingly, accumulation can occur of drugs which are 

principally excreted unchanged by the kidneys. The elimination of 

digoxin has been shown to decline with age (Ewy et al., 1969) and may 

contribute to the high incidence of overdosage of this drug in the 

elderly. Both the ACE inhibitors, captopril and enalapril, are 

renally excreted and have been shown to be cleared more slowly in 

elderly subjects (Creasey et a/., 1986; Hockings et al., 1986).

Indeed, a new ACE inhibitor, fosinopril, is marketed primarily for the 

elderly hypertensive patient because of its dual elimination: it has 

been shown that if renal elimination fails hepatic clearance takes 

over as the main route of elimination, so preventing accumulation of 

the drug (Hui et al., 1991). Deterioration in kidney function in the
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elderly does not necessarily make them more sensitive to effects of 

drugs. For example, the elderly, with reduced renal function and a 

decline in the number of functioning nephrons, have a smaller response 

to a diuretic dose than younger subjects.

Pharmacodynamics is concerned with the ways in which the body 

systems are affected by drugs. Although it is widely believed that 

the elderly are more sensitive than younger patients to the effects of 

any free concentration of drugs, there is little evidence for this. 

Indeed, many instances of apparently increased sensitivity have been 

shown to be due to altered pharmacokinetics (for example, digoxin). 

However, there is good evidence that peripheral vascular 

responsiveness may decline with age, as demonstrated by decrease in 

responsiveness to vasodilators, for example, glyceral trinitrate and 

3-adrenoceptor agonists such as isoprenaline (van Brummelen et al., 

1981). Nevertheless, there are no reports of diminished efficacy of 

glyceral trinitrate with respect to the control of angina. Rather 

impaired baroreflexes in the elderly (Gribbins et al., 1971), makes 

orthostatic hypotension as a result of vasodilator therapy more 

likely, leading to increased risk of falls and fractures.
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CHAPTER 2: METHODS



2. METHODS

Two clinical studies were made in the course of this work: an open 

trial of enalapril (study 1) and a placebo controlled trial of 

captopril (study 2). In each study, the efficacy and toxicity of 

these two angiotensin converting enzyme (ACE) inhibitors have been 

evaluated in a group of elderly patients with HF. Efficacy has been 

assessed from 5 perspectives: symptoms, physical signs of HF, 

functional ability and physiological and biochemical responses to 

therapy. Symptoms and signs of toxicity were documented.

The following section describes the methodology used in these 

studies. Features common to both studies will be presented with study 

1, whilst methods unique to the captopril trial will be presented 

separately. Each of the studies involved 3 stages:

1. Selection of patients

2. Titration of therapy

3. Evaluation of therapy.

2.1 Study 1 - an open trial of enalapril

2.1.1 SELECTION OF PATIENTS

After an initial screening, according to the inclusion and exclusion 

criteria given below, patients were invited to participate in the 

trial, which had Local Ethics Committee approval. Having given their 

informed consent, 17 patients entered the trial.
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'The further diagnostic step that HF was secondary to myocardial 
ischaemia was also made on clinical grounds after reviewing present 
evidence and previous documentation, with particular reference to 
electrocardiogram, and, where indicated or available, non-invasive 
cardiac imaging (Dali, 1985; Rogers, 1992; Schamroth, 1984). Hospital 
Doctors and General Practitioners were made aware of the studies, and 
consecutively referred patients fulfilling the inclusion criteria were 
recruited.

Patients with other major pathology were only included where HF was 
judged clinically to be the overriding management problem, and the 
other condition(s) were adequately controlled and stable.



2.1.1.1 Inclusion criteria

Patients 70 years and over with HF secondary to myocardial ischaemia

were considered for possible introduction of enalapril. The diagnosis

of HF was def ined by the Framingham study criteria (McKee et al.,

1971; see table 10), which requires that at least one major and two

minor features of HF be present concurrently for a definite diagnosis 
sicto be made.

2.1.1.2 Exclusion criteria

The three main groups of patients which were excluded from the study 

are shown in table 10. Firstly, those which were excluded on safety 

grounds, including a history of intolerance to an ACE inhibitor, or a 

heart condition where vasodilation might have led to severe 

hypotension. Secondly, those in which a reliable evaluation was 

thought to be impossible: this included patients clinically unstable 

due to a myocardial infarction (MI) within the previous 3 months, and 

patients who were considered mentally frail: mental test score (MTS) 

less than 8 as assessed by a modified Tooting Bee questionnaire 

(Denham and Jefferys, 1984, Appendix 1). Thirdly, those patients 

judged unable to respond, or likely to have only a limited response 

because of specified condition(s), for example, a heart condition 

requiring surgical intervention, or patients already receiving an ACE 

inhibitor.
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Table 10: Selection of patients

INCLUSION CRITERIA

Patients £ 70 years with HF as defined by the Framingham study 
criteria (see below). For establishing a definite diagnosis of HF, 2 
major, or 1 major and 2 minor criteria had to be present concurrently.

Major criteria
Paroxysmal nocturnal dyspnoea or orthopnoea
Neck-vein distention
Rales
Cardiomegaly
Acute pulmonary oedema
S,gallop
Increased venous pressure
* Circulation time £ 25 sec 
He^jpatojugular reflux

Minor criteria
Ankle oedema 
Night cough 
Dyspnoea on exertion 
Hepatomegaly 
Pleural effusion
* Vital capacity 1/3 of maximum 
Tachycardia (rate of £ 120/min)

Major or minor criteria
Weight loss £ 4.5 Kg in 5 days in response to treatment

EXCLUSION CRITERIA

Reason

Safety

Reliability of 
evaluation

Response 
limited/modif ied

Conditions

History of intolerance to ACE inhibitor 
Obstructive cardiomyopathy 
Primary valvular heart disease

Recent MI (within the previous 3 months) 
Mentally frail

Rheumatic heart disease 
Congenital heart disease
Patient already receiving an ACE inhibitor

* Data was not available
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xThe current recommendation (APBI Data Sheet Compendium 1990-91) for 
the use of ACE inhibitors in the treatment of HF is that they should 
be used as an adjunctive therapy with "diuretics and where 
appropriate, digitalis" (in the case of captopril) and with "digitalis 
and/or diuretics" (enalapril). It is generally accepted that cardiac 
glycosides are appropriate to control a rapid ventricular rate where 
HF is accompanied by AF. However, there continues to be controversy 
regarding its effectiveness in HF where the rhythm is sinus. It has 
been suggested that only a proportion of these patients may actually 
benefit, possibly those with severe HF benefiting the most (Lee et 
al., 1982). All patients in the present work were elderly and most 
had severe HF. The elderly often have impaired baroreceptor reflexes 
(Gribbin et al., 1971), and there was concern that the patients 
studied should have as much inotropic boost as possible, in order to 
maintain a functionally adequate standing/sitting blood pressure when 
exposed to the vasodilating effects of an ACE inhibitor. Digoxin was, 
therefore, prescribed to all patients, regardless of their cardiac 
rhythm.

The aim was to titrate the patients to 'dry' body weight, with 
respect to peripheral oedema and systemic venous congestion, and to 
minimise radiological signs of interstitial and alveolar pulmonary 
oedema. However, in some patients increasing the dose on the above 
grounds had to be curtailed because of postural hypotension, 
haemoconcentration, or electrolyte disturbances (such as secondary ADH 
syndrome (Smith et al., 1988), or 'sick cell syndrome1 (Whitby et a/.,
1988).

***After completing the schedule for optimisation of digoxin and 
frusemide therapy, patients were asked to perform a symptom-limited 
exercise test (see section 2.1.3.3 for details of the test, and tables 
19 and 21 for the results prior to the introduction of enalapril or 
captopril, respectively). If physical activity was still judged on 
clinical grounds to be comprised by HF, ACE inhibitor therapy was 
introduced. It appeared reasonable to expect that additional benefits 
may be gained by exhibiting a drug with a different mode of action, 
particularly as one of the major limitations of diuretic therapy is 
its activation of the RAA system, the very system which ACE inhibitors 
block.



2.1.2 TITRATION OF THERAPY

2.1.2.1 Optimisation of digoxin and fruseuide

Patients not already receiving digoxin were prescribed loading and

maintenance doses appropriate for their creatinine clearance and age

(Dobbs et a/., 1977; 1987).^ Existing diuretic therapy, including

potassium sparing agents, was replaced by frusemide alone, the dose of

which was titrated against body weight and other clinical and
9fC3fCradiological signs of fluid overload. To reduce the likelihood of

first dose hypotension, frusemide was withheld for 24 h before

beginning ACE inhibitor treatment.

After discharge, measurements of serum digoxin concentration were

made throughout the open study (for details of the assay procedure see

section 2.4.3.). These measurements were interpreted in the light of

compliance with therapy, the dose being adjusted to give a pre-dose
slcskslcconcentration of approximately 1.3 nmol.l”’.

2.1.2.2 Introduction of enalapril

Enalapril was started in an amount equal to, or less than, the

recommended 2.5 mg dose (Committee on Safety of Medicines, 1986). In

the absence of unwanted effects the dose was doubled daily until that

appropriate for the patient's renal function (APBI Data Sheet

Compendium, 1985-86) was reached. Those whose estimated creatinine 

clearance (Siersback-Nielsen et al., 1971) was greater than 30 

ml.min"’ received 10 mg daily, whilst those with a clearance of 30 

ml.min“' or less received half this amount.
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2.1.3 EVALUATION OF THERAPY

2.1.3.1 Study design

Once patients had been established on maintenance therapy they were 

entered into the open study. Assessments were made at 3 monthly 

intervals from the time they were discharged from hospital, until they 

had been monitored for a period of 1 year.

2.1.3.2 Compliance uith therapy

There is some evidence that the ability to comprehend and recall 

instructions for administering medication deteriorates significantly 

in patients over the age of 75 years (Hulka et al., 1975). All 

maintenance therapy was therefore supplied at monthly domiciliary 

visits by a research nurse, at which times compliance with trial 

medication was measured by counting residual tablets. The actual 

number of tablets taken by the patient was then expressed as a 

percentage of the total number which would have been taken if 

compliance had been perfect.

2.1.3.3 Efficacy of treatment

Evaluation of efficacy

The efficacy of treatment was evaluated by assessment of:

i. Symptoms

ii. Physical signs of HF 

iii. Functional ability
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The time points at which these assessments were made are summarised in 

table 11 at the end of this section.

i. Assessment of symptoms 

Patients were asked to rate their level of dyspnoea and fatigue using 

visual analogue scales. The scales used were 100 mm in length, the 

left hand end of each scale representing the worst the patient had 

ever felt with respect to that symptom and the right hand end the best 

(Appendix 2).

ii. Assessment of physical signs of HF 

Physical signs of HF were assessed by clinical examination, chest 

X-ray and electrocardiography (ECG). Chest X-rays and ECGs were 

analysed by a physician blind to their sequence.

iii.Assessment of functional ability

The duration of incremental exercise is the most common measure of 

functional status used to evaluate ACE inhibitor therapy (Captopril 

Multicentre Research Group, 1983; Kramer et al., 1983; Cleland et al., 

1984; Jennings et al., 1984; McGrath et al., 1985). This involves 

either exercising a patient on a treadmill or on a bicycle ergometer. 

Such procedures are too demanding for frail elderly patients. 

Therefore, for the purpose of this study, the following simple walking 

test (SWT), tailored to the exercise capacity of elderly HF patients, 

was developed.
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Simple walking test

Patients were required to walk on the flat to a maximum distance of 

100 m without stopping, or steps being retraced. They were simply 

asked to walk at their own speed until they felt the need to stop.

The test was timed, and the distance walked and the reason for 

stopping were noted. Studies were carried out to assess the 

reproducibility of the SWT in both healthy elderly volunteers and in 

elderly HF patients (see section 3.1.3).

Factors affecting efficacy

Serum ACE activity, plasma renin activity (PRA) and blood pressure 

were selected as measures of the biological activity of enalapril and 

therefore possible modulators of response to enalapril therapy. The 

pharmacological activity of enalapril was assessed both from 

measurements of serum levels of the drug and its active metabolite, 

enalaprilat. Details of these measurements follow in the next section.

i. Activity of the RAA system

Blood for the measurement of serum ACE activity was drawn into plain 

vacutainers (Becton Dickinson Vacutainer Systems Europe, Meylan Codex, 

France). For the measurement of PRA blood was drawn into vacutainers 

containing disodium ethylenediaminetetraacetic acid (EDTA). Serum ACE 

activity was measured spectrophotometrically (Brunner et al., 1981; 

Maguire and Price 1985), and PRA was measured by radioimmunoassay (see 

section 2.4.1 for details of the assay procedures).
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ii. Blood pressure

Systolic and diastolic blood pressures, lying and standing, were 

measured using a sphygmomanometer. Mean arterial blood pressure (MAP) 

was calculated using the following formula shown below (West, 1985).

MAP = Diastolic pressure + 1/3 (systolic pressure - diastolic pressure)

iii. Serum levels of enalapril and enalaprilat

Serum concentrations of enalapril and enalaprilat were measured using 

RIA. Analysis was carried out by workers in the analytical 

laboratories of Merck, Sharp and Dohme Ltd. Samples were coded to 

ensure that the analysts were blind to the nature of the samples they 

were measuring.

Table 11: Time points at which assessments were made during the
enalapril study

Assessment Pre-enalapril Titration Discharge 3-monthly
intervals 

after discharge

VA ratings
Clinical
examination
Chest X-ray
ECG
SWT
BP
Serum ACE activity 
PRA
Serum enalapril 
Serum enalaprilat 
Biochemical screen 
Haematological 
screen

• X X

X - - X

X - - X

X • - - X

X X - X

X - - X X

X X - X

X - X *

X X - -

X X - -

X * * X X

X _ X X

* A single measurement made 3 months after discharge
** Electrolytes, urea, creatinine measured daily during introduction 

of enalapril
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2.1.3.4 Toxicity

Adverse effects were monitored using clinical observation, and 

laboratory tests for recognised side-effects (see below) and by 

questioning the patients about their therapy. Leading questions were 

avoided, patients were asked only whether they had experienced any 

problems with their medication. In the event of adverse reactions, 

these were carefully documented and where appropriate, further 

clinical investigations were pursued (see section 3.1.4).

Recognised Side-effects

First dose hypotension is a well recognised side-effect of ACE 

inhibitor therapy (Cleland et al., 1985c). Blood pressure (lying and 

standing) was therefore measured throughout the study (see table 11). 

Renal failure has been associated with enalapril therapy in patients 

with severe HF (APBI Data Sheet Compendium, 1990-91): kidney function 

was assessed by measuring serum urea and creatinine concentrations. 

Since haematological and biochemical abnormalities have been reported 

after ACE inhibitor therapy (APBI Data sheet compendium, 1990-91), 

routine biochemical and haematological screens were carried out during 

the study, including daily measurement of serum electrolyte 

concentrations during the introduction of enalapril.

All routine samples were analysed by the pathology department of 

Northwick Park Hospital. Biochemical analysis was carried out on 

serum samples using a Kodak Ektachem XR 700 analyser (Eastman Kodak 

Company, Rochester, New York). This measured electrolyte 

concentrations potentiometrically and urea and creatinine 

concentrations colorimetrically. Haematological screens were 

performed using a Coulter S + IV analyser (Coulter Ltd., Luton, UK).
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2.2 Study 2: Captopril trial

2.2.1 SELECTION OF PATIENTS

Patients were screened according to the inclusion and exclusion 

criteria given for Study 1 (see table 10), and were invited to 

participate in the trial, which had Ethics Committee approval. 

Twenty-six patients gave their informed consent and subsequently took 

part in the trial.

2.2.2 TITRATION OF THERAPY

2.2.2.1 Optimisation of digoxin and frusemide

For details of optimisation of digoxin and frusemide prior to 

introduction of ACE inhibitor therapy refer to Study 1. However, in 

contrast to Study 1, the dosages established during the initial 

titration period were not altered during the trial in the light of 

subsequent serum digoxin concentrations.

2.2.2.2 Introduction of Captopril

Unlike enalapril, fewer guidelines existed for the selection of an 

appropriate maintenance dose of captopril. For the treatment of HF, an 

initial maintenance dose of 25 mg two or three times a day, with a 

maximum dose of 150 mg daily is recommended (Data sheet Compendium 

1990-91): no recommendations are made for titrating dose in accordance 

with the patients' renal function. A review of the literature for 

maintenance doses of captopril used in the treatment of HF revealed a 

wide variation in younger patients, from 94 mg daily (Cleland et al., 

1984) to 225 mg daily (Captopril Multicentre Research Group, 1983).
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Data relating to the elderly was limited to one study in which a dose 

of 75 mg daily had been used (Murphy et al., 1986). In view of the 

age and poor renal function of the patients in the present study, it 

was decided to use 25 mg twice daily (b.d.) as the lowest maintenance 

dose, with 50 mg b.d. as the upper limit.

The choice between 25 and 50 mg b.d maintenance doses was based on 

the level of serum ACE inhibition necessary for efficacy. From the 

literature, it appears necessary to suppress serum ACE activity to 

below 20 nmol.ml"’.min-’ (80% inhibition of pre-dose serum ACE 

activity) to reduce either plasma angiotensin II concentrations 

(Brunner et al., 1981) or the blood pressure response to exogenous 

angiotensin I (Biollaz et al., 1981) significantly. This level of 

inhibition has been observed in patients both with, and without, renal 

impairment 3 h after an oral dose of captopril (1 mg.kg-1) (Richer et 

al., 1984; Giudicelli et al., 1984).

Captopril was introduced at a dose of 6.25 mg b.d.. In the 

absence of adverse effects the dose was doubled daily until a dose of 

25 mg b.d. was reached. The selection of an appropriate maintenance 

dose was based on the level of serum ACE inhibition achieved 3 h after 

the first 25 mg dose. Patients with greater than 80% inhibition of 

the enzyme, compared with their pre-dose enzyme activity, or with 

activities below the limit of detection of the assay (12.2 113.1"’) 

(Maguire and Price, 1985) remained at 25 mg b.d., whilst patients with 

less than 80% inhibition were increased to 50 mg b.d..

77



2.2.3 EVALUATION OF THERAPY

2.2.3.1 Study design

The study consisted of three phases: a run-in period, a placebo 

controlled crossover trial, and finally a long-term open study.

Run-in period

Patients remained on the maintenance therapy established during the 

introduction of captopril for an initial 2 week run-in period. This 

was primarily to ensure that the patients were clinically stable on 

the new regimen, to monitor for any adverse effects and to allow poor 

compilers to be identified and counselled appropriately.

Tolerance to captopril therapy, as assessed by the percentage of 

serum ACE inhibition and the blood pressure response to a single 

maintenance dose, were also measured during the run-in period and 

approximately 5 days after the start of maintenance therapy.

Placebo controlled crossover study

Patients received the following 3 treatments in random order:

Time Treatments

1 2 3

10.00 A A P

22.00 A P P

A = maintenance dose of captopril established during titration 

(25 or 50 mg) and P ~ appropriate placebo.
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Each treatment lasted for 3 weeks. At the end of each treatment the 

efficacy of therapy was assessed clinically with the help of certain 

objective methods. To avoid possible hypotensive effects when 

changing from placebo to either captopril treatment, a gradual 

crossover scheme was used (table 12).

Table 12: Protocol for a double-blind crossover to the next treatment 
regimen

DAYS
PREVIOUS 1 2 3 4 5 NEXT
TREATMENT TREATMENT

xP 10.00 Assessment* 12.5A 25A 50A xA
XP 22.00 xP 6.25A 12.5A 25A 50A xA

XP 10.00 Assessment* 12.5A 25A 50A xA
XP 22.00 xP 6.25A 12.5P 25P 50P xP

xA 10.00 Assessment* 12.5A 25A 50A xA
xP 22.00 xP 6.25A 12.5A 25A 50A xA

xA 10.00 Assessment* 12.5P 25P 50P xP
xP 22.00 xP 6.25P 12.5P 25P 50P xP

xA 10.00 Assessment* 12.5A 25A 50A xA
xA 22.00 xA 6.25A 12.5P 25P 50P xP

xA 10.00 Assessment* 12.5P 25P 50P xP
xA 22.00 xP 6.25P 12.5P 25P 50P xP

* Previous treatment withheld until the patient had been assessed 
xA = 25 or 50 mg of captopril, 
xP = 25 or 50 mg of placebo 
A = Active drug 
P = Placebo
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The first line in table 12 shows the crossover from 25 mg or 50 mg of 

placebo (xP) to 25 or 50 mg b.d captopril (xA). Days 1 and 2 were 

assessment days for treatment xP; on each of these the morning dose 

was withheld until assessments had been carried out. The crossover to 

xA treatment started at 22.00 h on day 2 when a 6.25 mg dose of 

captopril (6.25A) was administered. This dose was then doubled daily 

until the correct maintenance dose was reached (day 4 for 25 mg b.d., 

day 5 for 50 mg b.d.). To ensure that both the observer and the 

patients remained blind to the order in which the treatments were 

received, the scheme incorporated a placebo-balance as shown in table 

12.

Open Study

Patients who completed the crossover study entered an open study on 

the maintenance therapy received in the run-in period. A full 

assessment was carried out at 3 months and routine clinical 

observations were made thereafter.

2.2.3.2. Compliance uith therapy

For the captopril crossover it was essential that 10.00 h (am) and 

22.00 h (pm) medication were taken appropriately. In addition to pill 

counting (study 1 section 2.1.3.2.), further steps were taken to 

monitor the consistency with which the patients took the trial 

medication. This was achieved by using monitored pill boxes (Dickins 

et al., 1986) for the captopril trial medication. A detailed 

description of the monitored box is given in Section 2.3.1.
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It was also desirable to keep compliance with medication as high 

as possible. With this in mind, steps were taken to aid compliance; 

careful consideration was given to the way in which the medication was 

presented. For the trial medication different coloured boxes were 

used to distinguish am from pm captopril. In addition to the normal 

labelling (contents, daily dose, time), the lids of each box were 

clearly marked "morning" or "bedtime". Where conventional tablet 

bottles were used child-resistant lids, which are now used routinely, 

were replaced by simple screw caps because it is known that the 

ability to open childproof containers is reduced in the elderly 

(Bellamy et al, 1981). At each visit the patients were also given 

verbal information on dosage and scheduling of their medication which 

was reinforced by written information in the form of a medication 

card. Where appropriate, the spouse and/or family were included in 

the counselling to reinforce the need to take medication and, in 

certain cases, to supervise the administration of medication. Since 

advice and reassurance may help to prevent non-compliance, patients 

and/or their carers were encouraged to make contact if they ran into 

any problems.

To assess the level of compliance and to accustom the patients to 

using the boxes before the trial started compliance was monitored 

during the run-in period. A major concern was whether the patients 

would appreciate the need to use both boxes and to use them at the 

appropriate times. Patients were given one week's supply of tablets 

over and above that needed for the particular study period, to allow 

for loss of tablets, or for inability to keep a scheduled hospital 

appointment.
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2*2.3.3 Efficacy of treatment

Evaluation of efficacy

The efficacy of the therapy was evaluated by assessment of: 

i. Symptoms

ii. Physical signs of HF

iii. Functional ability

iv. Physiological response to therapy 

v. Biochemical response to therapy

Unless otherwise stated, the following methodology was applied both to 

the crossover and the open phases of Study 2. Assessments were 

carried out immediately before the introduction of captopril, at the 

end of each period of the crossover and at 3 months after completion 

of the crossover trial. Patients were familiarised with both the 

functional and physiological tests during the titration period.

i. Assessment of symptoms 

Clinical studies have suggested captopril may induce a sense of 

well-being (Zubanko and Nixon, 1984; Croog et al., 1986; Deicken, 

1986). For this reason, in addition to rating scales for dyspnoea and 

fatigue (detailed in Study 1 section 2.1.3.3.) a visual analogue scale 

for patients to rate their general well-being was also included. The 

left hand end represented the worst that the patients had ever been, 

the right hand end the best the patient had ever been (Appendix 2).
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ii. Assessment of physical signs of HF 

Routine clinical investigations were carried out as detailed in Study 

1 (section 2.1.3.3).

iii. Assessment of functional ability 

Simple walking test

The maximum distance of 100 m was achieved on four occasions during 

simple walking tests performed during Study 1. Restricting the 

maximum distance may have underestimated improvement in these 

patients. For this reason an upper limit was not imposed in Study 2. 

Therefore, patients were asked to walk continuously around a 50 m 

circuit, the instructions given being identical to those in Study 1. 

(Section 2.1.3.3.) The test was timed, the distance walked and the 

reasons for stopping were noted.

Gait analysis

A second, more sophisticated method of measuring walking ability was 

applied in Study 2. This involved the measurement of distance/time 

parameters of gait using a gait assessment trolley (Weller et al.,

1989), a detailed description of the apparatus is given in Section

2.3.2.. Patients were instructed to walk a marked distance of 20 m at 

their own speed in a 2.5 m wide empty corridor. To initiate the walk, 

the investigator asked them whether they were ready and started them 

with a single command of "go". The test was carried out on two 

occasions ten minutes apart. Gait was recorded for 30 s, if 20 m had 

not been covered in this time.
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iv. Assessment of the physiological response to therapy 

Maximal oxygen uptake (V02max) is generally considered the best 

measure of an individual's cardiorespiratory endurance capacity, that 

is the ability to perform high intensity activity for a prolonged 

period without experiencing fatigue or exhaustion (Mitchell and 

Blomqvist, 1971). This is difficult to measure in elderly HF patients 

since direct measurement often involves incremental exercise with each 

stage lasting a minimum of 3 minutes for steady state oxygen uptake to 

be achieved for that workload (Lipkin et al., 1985). Furthermore, the 

test must be near maximal. To avoid having to subject individuals to 

maximal tests, indirect measurements of V02max from submaximal tests 

have been designed to predict V02max using the linear relationship 

between heart rate and oxygen consumption (Foster et al., 1986).

Whilst this may be acceptable in young, healthy individuals, it is 

obviously unsuitable in patients with cardiovascular abnormalities.

A test was developed to measure the cardiorespiratory efficiency 

of elderly HF patients. This involved measuring oxygen uptake and 

ventilation volume both at rest, and during and after a period of 

exercise tailored to the capacity of the individual patient.

Oxylog test

Oxygen and ventilation measurements were made using a portable oxygen 

consumption meter (oxylog) designed for use in the ambulatory subject 

(P.K. Morgan Ltd., Gillingham, Kent). Infra-red telemetry allowed 

readings to be taken during exercise. The test protocol is shown in

figure 12. On very frail patients measurements were made before, 

during and following a 2 minute period of standing. In the case of 

patients who were more mobile, this standing period was followed by a
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walk. The time for which the walk was measured was equal to 50% of 

the maximum walking time achieved by the patient prior to the 

introduction of captopril. In no case did a patient sustain a timed 

walk for more than 2 minutes.

Rest period Exertion Recovery period

(sit) (stand) (walk* (sit)
or
sit)

I ■"  I------------1-------------1----------- 1------------1------------ 1------------1—  r  ■ 1 i  ~~ l------------- ------------------1 i---------

1 2 3 4 5 6 7 8 9  10 11 12 ? ?

Time (min)

Figure 12: Oxylog test
* for 50% of maximum time walked before introduction of 
captopril

During the test one investigator observed the patient and supported 

the mouthpiece, a second investigator took serial readings from the 

oxylog and bore the weight of the instrument (2 Kg) during the walking 

part of the test.

As this was a particularly difficult test for elderly patients to 

perform, the duration of the test was made as short as possible. The 

rest period was kept to the minimum necessary both to wash out dead 

space from the apparatus, and for three baseline readings to be 

obtained, at 5, 6 and 7 min after starting the test. The recovery 

period was terminated as soon as two readings were obtained at, or 

below, the mean of the baseline values. All tests were completed 

within 30 min.

To keep the frequency of testing to a minimum, the patients had 

only a single practice before the crossover study to familiarise
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themselves with the procedure. During the practice, it was emphasized 

that a tight seal should be maintained around the mouthpiece, to 

ensure all the inspired air passed into the oxylog (this point was 

also reinforced on each test occasion). Although a face-mask could 

have been used instead of the mouthpiece this was ruled out for two 

reasons:- firstly, it would have been difficult to ensure a reasonable 

seal, because the majority of patients had rather cachectic facies; 

secondly, it was thought to be more claustrophobic for the patient, as 

it would certainly have been more difficult for them to remove the 

mask than for them to remove the mouthpiece.

v. Assessment of the biochemical response to therapy

ANF response to exercise in heart failure patients

There appears to be a close relationship between invasive haemodynamic 

measures of cardiac function and circulating ANF concentrations (Bates 

et al., 1986). ANF may therefore be useful as a marker of cardiac 

impairment.

Plasma ANF levels were measured both at rest and in relation to 

exercise at the end of each period of the crossover study. The scheme 

for the test is shown in figure 13.
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Rest period Exertion Recovery period

(sit) (walk*) (sit)

i------------------- 1-----------1-----------»---------
to tQ tmax tmax tmax
-30 min + 10 min + 20 min

Time

Figure 13: Biochemical response to therapy. Where tQ is the time at 
the start of the walk and tmax is the time at the end of 
the walk. The spacing of the other critical time points 
are shown relative to these. (* for 75% of maximum 
distance walked before introduction of captopril).

Venous blood samples were drawn from an indwelling cannula which 

had been inserted into a superficial vein of the forearm at least 30 

min before baseline measurements were made. After the patient had 

rested for 30 min samples were drawn into plastic syringes for the 

measurement of plasma ANF. Blood was immediately transferred into 

pre-chilled vacutainers containing disodium EDTA and aprotinin, (1.5 

mg, and 800 KIU, per ml of whole blood, respectively).

Once the baseline samples had been collected, patients were asked 

to walk a fixed distance equivalent to 75% of their maximum distance 

walked before the introduction of captopril (this was to ensure the 

task was within the patient's capabilities on all treatments).

Samples were drawn immediately after the walk was completed and twice 

during the recovery period, at 10 min and at 20 min post exercise.

All samples were kept on ice prior to separation by centrifugation, 

(Coolspin MSE) at 2400 rpm (1208 g) for 15 min at 4°C. Plasma was 

removed and divided into 2 aliquots which were flash frozen prior to 

storage at -20°C. Details of the assay method for measuring plasma 

ANF are given in section 2.4.2.
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Biochemical response to exercise in healthy elderly volunteers.

Plasma concentrations of ANF and of angiotensin II (Angll) were 

measured in 11 healthy volunteers aged 70 y and over, both before and 

following a period of exercise. Following a 30 min rest period 

(sitting), they were asked to walk, on the flat, at their own pace, 

around a 50 m circuit until the first occurrence of any relevant 

symptom. On a subsequent occasion they were asked to repeat the 

procedure, walking for the same period of time, with blood sampling 

before and immediately after the walk, and at 10 and 20 min after 

completion of the walk.

Blood for the measurement of plasma Angll was transferred into 

pre-chilled vacutainers containing 0.05 ml of the following solution:

1,10-phenathroline (0.025M), EDTA (0.125M) and neomycin sulphate 

(0.002M) per ml of whole blood. Collection of blood samples for the 

measurement of ANF was as detailed in the previous section. All 

samples were kept on ice prior to centrifugation at 4°C. Aliquots of 

plasma were flash frozen prior to storage at -20°C. Details of the 

assay procedure for Angll is given in Section 2.4.1.3.

Factors affecting efficacy

i. Activity of the HAA system

Blood was drawn for the measurement of serum ACE activity, immediately 

before, and at 3 h after a morning dose of captopril had been 

administered. These samples were taken daily during the titration 

period, once during the run-in period, at the end of each treatment 

period of the crossover study and once at the end of the open study.

88



ii. Blood pressure

Systolic and diastolic blood pressures, both lying and standing, were 

measured (as detailed in study 1 section 2.1.3.3.), immediately 

before, at lh and 2h after a morning dose of captopril. These 

measurements were made each time samples were taken for serum ACE 

activity.

2.2.3.A. Toxicity

Monitoring for adverse effects was carried out as for Study 1, 

detailed in section 2.1.3.A.
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Specialised apparatus
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2.3 Specialised apparatus

Three specialised apparatus were used during the captopril study:

1. Monitored pill box

2. Gait assessment trolley

3. Oxylog

A description of their use and the analysis of the data generated now 

follows.

2.3.1 MONITORED PILL BOX

2.3.1.1 Description of the monitored pill box

The monitored pill container consisted of a brightly coloured plastic 

box (110 x 90 x 35 (length x width x height) mm) with a hinged lid, 

(The Plastic Box Co. Ltd., Lincolnshire, UK). The box contained a 

removable inner tray below which was concealed an electronic recording 

device (figure 14).

The box was held closed by two bar-magnets, one fixed to the lid 

and the other to the body of the box. These bar-magnets operated a 

reed switch which triggered the recording system each time the box was 

opened (figure 15). The number of openings in any hour were counted 

on an event counter. At the end of an hour, a quartz-controlled clock 

incremented an 'hours counter', the count was transferred to the 

memory and the event counter reset to zero. The current consumption 

was less than one microamp over the study period which allowed 

operation from a small inexpensive battery.
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2.3.1.2 Collecting and accessing data

Before collecting data, it was necessary to 'initialise' the microchip 

memory. Firstly, the inner tray was removed and an external interface 

was attached to a ten pin polarised socket on the printed circuit 

board. This external interface was controlled by a microcomputer 

containing the appropriate software to initialise the memory. The 

memory capacity was sufficient to store up to 15 openings for each of 

1024 hourly intervals (42 days). Once the memory had been initialised 

the inner tray was replaced before being filled with the captopril 

trial medication. At the end of a trial period the external interface 

was reconnected to the box and the stored data was accessed. A 

computer program allowed the data to be read out and represented 

graphically.

2.3.1.3 Analysis of pill box data

Display of the pill box data

A typical computer printout of the records of compliance from the box 

memory is shown in figure 16. The raw data is displayed graphically, 

each box opening being represented by a vertical bar above a 

horizontal time scale. The position of the bar indicated the time at 

which the opening occurred. The height of the bar corresponded to the 

number of openings in that particular hour. Inset is the data 

displayed numerically, the first column of numbers corresponding to 

the time in hours at which the box was opened, measured from the time 

the box was initialised (zero). The second column is the number of 

openings occurring in that hour. Only data obtained from a whole 

day's recording was used in the analysis. Data recorded on the
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calendar days that the pill box was issued to, or returned by the 

patient were excluded from the analysis.
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Figure 16: A typical example of pill box data obtained from a patient
during the captopril crossover study

2.3.1.4. Measures of compliance using the monitored pill box

Pill counts

(see Study 1, section 2.1.3.2)

95



Box openings

Totality of compliance was assessed by box openings, that is the 

number of times the box was opened expressed as a percentage of the 

ideal number of openings had compliance been perfect.

Consistency Index

The regularity with which the patients took their trial medication was 

also assessed. This was expressed in terms of a Consistency Index

(Cl) which is the number of intervals of ideal length expressed as a

percentage of the ideal number had compliance been perfect. For a

once daily regimen the length of an ideal interval was 24 ± 2 h.

2.3.1.5 Rel iabil ity of pill box data

Pill boxes were tested before they were issued to the patients to

check that they were functioning correctly and to assess the accuracy

of the timer. Pill boxes were initialised and then opened at regular 

intervals over a period of 3 weeks. Boxes which were clearly faulty 

on initial testing (either failing to record openings or registering

an opening at the wrong time) were not used.
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The standard protocol in use involved walking for 30s or up to a 
maximum distance of 20m, and might be more representative of the 
amount of continuous activity which frail, elderly patients undertake 
between rests than a symptom-limited test in which they walked until 
they felt the need to stop. The trolley method gives an accurate 
measurement of free walking speed, free from the errors of inclusion 
of observer and patient reaction times. As the technique allows the 
basic components of walking to be analysed, it has the potential to 
characterise any abnormality in gait in HF, and to determine which of 
its components is the most sensitive to treatment. It is well 
recognised that exercise tolerance is limited in HF, but it is not 
known whether, when walking on the flat, patients have a similar 
pattern of gait to healthy subjects. For example, analysis might 
reveal whether a reduction in free walking speed is due to a 
shortening of strides or greater hesitancy between strides. New data 
can be viewed in the light of reference ranges (Dobbs et al., 1992).



2.3.2. GAIT ASSESSMENT TROLLEY

2.3.2.1 Descript ion of the gait apparatus

Measurement of distance/time parameters of gait were made using a gait 

assessment trolley (figure 17). The method allowed the patient to
jigwalk unhindered using a walking aid if necessary. A 3 m length of 

strong cotton was clipped to the heels of the patient's shoes. This 

cotton passed around a pulley attached to a shaft encoder mounted on 

the lightweight trolley. When the patient walked a length of cotton 

was transferred from behind one foot to behind the other thereby 

pulling the trolley along behind the patient and causing rotation of 

the shaft encoder. The length of cord transferred represented the 

distance moved and the direction of rotation of the encoder indicated 

which foot had moved. The trolley was designed to maintain tension in 

the cotton as the patient walked. A battery-powered, infra red 

transmitter sent the encoded information to a receiver connected to a 

computerised recording system.

SHAFT ENCO DE R

Figure 17: Principle of the gait assessment trolley
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2,3.2.2 Analysis of gait data

Display of data

Gait on a given occasion was represented by a single plot of distance 

against time (figure 18), upward and downward deflections being 

proportional to distances moved by left and right foot respectively. 

Points A, C and E correspond to the left foot, the right and left 

again being lifted off the ground and B, D and F, to the left, right 

and left again striking the ground. A left step of length BG is 

followed by a right stride, HD, and then a left IF. BC and DE are 

double support times, the time during which weight is borne on both 

feet between successive strides. Three measures of gait were 

analysed. These were, free walking speed, mean stride length and mean 

double support time.

D
is
TA
NCE

TIME

Figure 18: Anotated display of gait data
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Editing gait data

In addition to a graphical representation of the walk the computer 

generated a series of indices which described the individual steps. 

Each trace was checked by hand to ensure that these indices correlated 

with the graphical representation. For example, steps were 

occasionally missed or unrealistic values were ascribed for stride 

lengths or double support times. Other artefacts at the end of gait 

traces caused by a reduction of stride length towards the end of a

walk were defined using a cone method (figure 19). This involved

constructing lines joining the double support times at the end of the

trace. Starting from the last double support time, Z, a line was

drawn back through the preceding double support times on that side of 

the trace, until the line did not intercept any part of the preceding 

trace, (in this case X). The process was repeated from the 

penultimate double support Y back through W, so creating the cone.

The first stride to make contact with either side of the cone (in this 

case W) and all subsequent strides were eliminated from the analysis. 

In the simple case given it was only necessary to eliminate the last 3 

strides.

Figure 19. Cone method for editing gait artefacts
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It was then possible to re-evaluate the data using a piece of editing 

software and to correct for any of these artefacts. Only when a trace 

had been checked in this way were values used. A typical trace 

together with the corresponding indices of gait is shown in figure 

20. The third stride had been counted as 2 strides (marked 3 and 4 on 

the trace and in the table), resulting in unrealistic stride lengths. 

This was corrected by addition of these 2 strides. A reduction of 

stride length (defined using the cone method) occurred after stride 37 

and subsequent strides were eliminated.

Finally, for each individual walk the editing software allowed the 

edited data to be reduced to mean values which were then stored as 

summary files. Appendix 5.1.6 contains the summary files for the 

walks performed during study 2. Occasionally the software was unable 

to produce these summary files; in these cases it was necessary to 

calculate the mean values manually and these are shown in Appendix 

5.1.6c.

2.3.2.3 Reproducibility of gait analysis

Studies were made on the reliability and variability with time of gait 

measurements. Gait analysis was performed in 10 healthy, elderly 

volunteers with the same protocol as used for the patients (section

3.2.2.3.). The procedure was repeated in these volunteers 18 months 

later.
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Gait indices

S tr id e S t r id e S t r id e Swing Support
sue P. sue L len g th t i e e t ia e

■■ ae ■a sec sec
L R L R L R

0 3 83 .5 0 .0 38 3 .5 0 .4 5 8 0.0 2 6
1 383 .5 8 4 3 .3 8 4 3 .3 0 .5 4 4 0 .0 5 3
e 1270.0 8 4 3 .3 8 8 4 .5 0 .5 4 4 0 .0 4 8
3 1270.0 87 8 .8 3 5 .4 0 .0 4 2 0 .0 1 4

1270.0 1704.3 8 2 5 .5 0 .4 2 4 0 .0 7 2
5 220 9 .8 1704.3 9 3 9 .8 0 .4 9 4 0 .0 5 2
6 2209.8 2439.1 9 3 4 .7 0 .4 7 4 0 .0 4 2
7 3149.& 2439.1 93 9 .8 0 .4 9 0 0 .0 4 8
8 3149.4 3 58 3 .9 9 4 4 .9 0 .5 0 2 0 .0 4 0
9 4099.4 358 3 .9 95 0 .0 0 .4 7 2 0 .0 6 2

10 4099.4 4 53 3 .9 95 0 .0 0 .4 7 4 0 .0 74
11 5042.2 4 53 3 .9 9 4 2 .7 0 .4 9 4 0 .044
12 5042.2 549 4 .4 9 4 2 .7 0 .4 8 2 0 .0 4 2
13 402 4 .9 549 4 .4 94 2 .7 0 .4 8 8 0 .0 40
14 4024.9 444 1 .8 9 4 5 .2 0 .4 7 4 0.04<t
IS 4992.4 4 44 1 .8 94 7 .7 0 .4 7 4 0 .0 4 6
16 4992.4 74 3 9 .7 9 7 7 .9 0 .4 7 4 0 .0 5 8
17 7980.7 7 4 3 9 .7 988.1 0 .4 7 8 0 .0 3 6
18 7980.7 8 43 7 .9 9 9 8 .2 0 .4 8 4 0 .0 5 6
1? 894 4 .2 8 4 3 7 .9 98 5 .5 0 .4 3 4 0 .0 3 2
20 8944.2 9 42 0 .9 9 8 3 .0 0 .4 8 0 0 .0 6 8
21 9944.4 9 42 0 .9 980 .4 0 .4 9 2 0 .0 6 0
22 9944.4 10375.9 9 5 5 .0 0 .4 8 2 0 .0 5 4
23 10919.5 10375.9 972 .8 0 .5 1 2 0 .0 3 6
24 10919.5 11348.7 9 7 2 .8 0 .4 8 4 0 .0 6 4
25 11874.5 1134B.7 95 5 .0 0 .5 0 0 0 .0 54
2 4 11874.5 12275.8 9 27 .1 0 .4 7 4 0 .0 8 6
27 12804.1 12275.8 929 .4 0 .4 8 8 0 .0 54
28 12804.1 13215.4 9 3 9 .8 0 .4 8 4 0 .0 7 2
29 13759.2 13215.4 95 5 .0 0 .4 9 4 0 .0 4 4
30 13759.2 14140.5 9 4 4 .9 0 .4 9 0 0 .0 5 2
31 14483.7 14140.5 92 4 .4 0 .4 9 2 0 .044
32 14483.7 15085.1 9 2 4 .4 0 .4 8 0 0 .0 6 8
33 15421.0 15085.1 93 7 .3 0 .4 9 4 0 .0 5 4
34 15421.0 14022.3 9 3 7 ,3 0 .4 8 0 0 .0 6 4
35 14543.3 14022.3 94 2 .3 0 .4 7 4 0 .0 5 6
36 14543.3 14944.7 9 4 2 .3 0 .4 7 2 0 .0 2 0
37 17524.0 14944.7 942 .7 0 .4 8 4 0 .0 5 6
38 17524.0 17919.7 9 5 5 .0 0 .4 7 8 0 .0 5 4
39 18427.7 17919.7 901 .7 0 .4 8 0 0 .0 1 0

Figure 20. A typical example of a gait trace and the corresponding 
indices obtained from a patient during the captopril 
crossover study
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2.3.3. OXYLOG

2.3.3.1 Description of oxylog apparatus

The oxylog consists of a 2 Kg metal box (18.5 x 8.2 x 21.5 cm) 

containing oxygen sensors connected via a flexible pipe to a 

mouthpiece through which the subject breathed (figure 21).

2.3.3.2 Principle of the method

By measuring the difference in the partial pressure of oxygen in 

inspired and expired air using the oxylog, the volume of oxygen 

extracted from the inspired air could be calculated.

2.3.3.3 Method of operation

The patient breathed through a mouthpiece which had inspiratory and 

expiratory valves: breathing through the nose was prevented by a nose 

clip and inspiratory volume (ventilation volume) was measured by a 

turbine type flow meter attached to this mouthpiece. Expired air 

passed via a flexible pipe into the main chamber of the instrument. A 

pressure gradient was created by dividing this chamber in two leaving 

only a small orifice between the two parts. This forced a proportion 

of the expired air (1.2% of the total) into a specially designed 

mixing and by-pass unit. The nature of the sample mixing was such 

that it was representative of the oxygen consumption from all the 

expired air over the previous minute. By means of a double piston 

pump a sample was drawn from this unit via a drying tube into a stable 

polarographic oxygen sensor for analysis. Ambient air was pumped 

through a separate drying tube into a second sensor which measured the 

partial pressure of the oxygen in the inspired air.
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2.3.3.4 Precautions uhen using the oxylog

The volume of inspired air and the partial pressure of oxygen are 

affected by changes in temperature and humidity and the partial 

pressure of oxygen is also sensitive to changes in barometric pressure 

(see calibration of oxygen sensors). The oxylog was designed in such 

a way that changes in atmospheric conditions have a minimal effect on 

subsequent measurements. Suitable circuits in the computer calculate 

oxygen consumptions with at least first order correction for changes 

in barometric pressure and temperature, assuming 50% relative humidity 

in the inspired air. Digital displays gave a retrospective indication 

of oxygen consumption and ventilation volume per minute.

Temperature and humidity

Temperature was monitored by thermistors in the flow meter and in the 

oxygen electrodes. The effects of humidity were minimised by drying 

samples of both inspired and expired air before analysis. This was 

achieved by passing the samples through drying tubes containing 

"drierite" (anhydrous calcium sulphate) (P.K. Morgan Ltd) before 

analysis. These tubes were replaced if more than 75% of the drierite 

had been exhausted which was indicated by a change in colour from blue 

to pink.

Calibration of oxygen sensors for barometric pressure 

Calibration of the oxygen sensors for barometric pressure was carried 

out each time the instrument was used. Ambient air was used as the 

calibrating gas. Air was drawn through both drying tubes (the sample 

connector was removed from the drying tube for expired air) by running 

the pump until a stable reading was obtained (2 min). Both oxygen
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sensors were then measuring the partial pressure of oxygen in ambient 

air (assuming that the oxygen concentration was 20.95%). The oxygen 

sensors were then set to current barometric pressure by adjusting the 

controls on the display panel.

Setting the oxygen sensors to zero

The oxygen sensors zero setting was checked periodically for a given 

set of sensors and on installing a new set of sensors. Oxygen-free 

nitrogen (used as the calibrating gas) was blown through an adaptor 

placed over both drying tubes. As in the previous calibration the gas 

was pumped through both sensors. The gain switches for each sensor 

(housed within the instrument) were adjusted until the selector 

display for each oxygen sensor read zero.

2.3.3.U Analysis of the data

Calculation of oxygen consumption

Oxygen consumption (V02) was derived from three measurements: the 

volume of inspired air (ventilation volume in l.min"’) and the partial 

pressure of oxygen (P02) in both inspired (ambient) air and in expired 

air. The volume of oxygen consumed was then given by:

V02 consumed =

(P02 inspired air - P02 expired air) x vol. inspired air

760

where 760 refers to atmospheric pressure in mmHg
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The following values were then derived from the raw data using a 

software package for analysis of non-linear models ( Statistical 

Consultants Inc, 1986).

i) baseline values for minute oxygen consumption and for minute 

ventilation volume,

ii) Area under the curve for the recovery period (AUCr ) for both 

oxygen consumption and ventilation volume, 

iii) Decay constants (A) for the recovery period for both oxygen 

consumption and ventilation volume.
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Figure 22: A typical oxygen consumption profile for the oxylog test

1 0 6



Figure 22 shows the typical results for a test in this case for oxygen 

consumption: a similar profile would result for ventilation volume.

The software package used values during the initial rest period, (5, 6 

and 7 min) and values during the recovery period (all values greater 

than T,) in the decay curve equation:

Y = B + He”^  " T. )*

Where Y = oxygen consumption at a specified time t,

B = baseline oxygen consumption 
T, = time at the start of the recovery period

H = oxygen consumption at the start of the recovery period

k = decay constant

The software package calculated the area under the curve shown hatched 

in figure 22 before adding the smaller cross-hatched area, to give 

AUCR.

To obtain the total oxygen consumption for the entire test, it was 

necessary to calculate the area under the curve for the stimulus 

(corrected for baseline oxygen consumption) by using a trapezoidal 

method and adding this to AUCR.
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Biochemical Methods
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2.4. Biochemical methods

In the course of this work the following biochemical entities were 

measured.

1. Measurement of the activity of the RAA system in terms of: 

i) serum ACE activity

ii) plasma renin activity

iii) plasma angiotensin II

2. Measurement of plasma atrial natriuretic factor

3. Measurement of serum digoxin

The analysis of each will now be described in some detail.

2.4.1. MEASUREMENT OF THE ACTIVITY OF THE RAA SYSTEM

2.4.1.1. Serum ACE activity
Principle

The method used depends upon the ACE catalyzed hydrolysis of the 

substrate, furylacrylylphenylalanylglycylglycine (FAPGG) developed by 

Holmquist et al., (1979). The reaction pathway may be represented by:

ACE
FAPGG ------------- > FAP + Glycylglycine

The reaction obeys first order kinetics, the rate of hydrolysis of

FAPGG being proportional to ACE activity in the mixture. Both FAPGG

and furylacrylylphenylalanyl (FAP) can be measured spectro-

photometrically (Brunner et al., 1981; Maguire and Price, 1985).

Moreover, the difference in the spectrum between FAPGG and the product

FAP is extremely sharp, the difference being maximal at 328 nm. Thus

ACE activity can be calculated by monitoring the change in absorbance

that occurs on mixing substrate and ACE.
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Preparation of the substrate solution

FAPGG (lOmg) was dissolved in assay buffer (25 ml) containing Tris 

(50 mmol.1-1), sodium chloride (400 mmol.I”1) and an amount of 

concentrated hydrochloric acid (0.2%) such that the final pH was 8.3 ± 

0.1 at room temperature.

Instrument

A Multistat MCA analyser (Instrumentation Laboratory UK Ltd., 

Warrington, UK) was used. This consisted of an automatic pipetting 

station, a centrifugal analyser in which the reaction between 

substrate and sample was allowed to take place, an absorption 

spectrometer and a computer. Although the maximum difference in 

absorbance between substrate and product occurs at 328 nm, a filter at 

this wavelength was not available so the closest available filter (334 

nm) was used. Hoya red filters were placed over the heating lamps to 

reduce photodecomposition of the substrate.

Assay procedure

To prevent mixing of sample and reagent outside the analyser, samples 

and substrate were pipetted into a disposable plastic rotor.

Substrate (150 yl) was transferred to the outside position of the 

cuvette on the rotor and sample (15 yl) plus diluent (water) (25 yl) 

was transferred to the inside position. The rotor was placed in the 

analyser and spun at 100 rpm until the optimal reaction temperature of 

37°C was reached. The rotor was first accelerated to 4000 rpm 

transferring the sample into the substrate compartment and then 

stopped to allow mixing of sample and substrate. The absorbance was 

measured 30 sec after first mixing and every 60 sec for the next 12 min
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Precision

Quality control material of known ACE activity was obtained from Sigma 

Diagnostics (Poole, Dorset, UK). However, this only provided 

information at high levels of ACE activity (that is greater than 100 

IU.1"1). Samples collected after administration of an ACE inhibitor 

would be expected to contain lower levels of ACE activity. Therefore, 

quality control material with intermediate and low levels of ACE 

activity were required. These were obtained by collecting serum from 

normal healthy volunteers and were measured on each occasion that 

fresh samples were assayed. The between assay coefficient of 

variation of samples assayed in duplicate was 7.1, 6.8 and 3.5% at 

mean (se) levels of 29(1), 44(1) and 109(1) IU.l”1 respectively.

2.4.1.2 Plasma renin activity

Principle

Renin is a proteolytic enzyme which cleaves the substrate 

angiotensinogen forming the decapeptide angiotensin I (Angl). Plasma 

renin activity (PRA) has therefore been determined by measuring the 

rate of generation Angl in plasma samples, under conditions which 

prevent degradation of Angl. It is also necessary to measure Angl 

already present in the samples to allow for this in the calculation of 

PRA.

Angiotensin I was measured by radioimmunoassay (RIA) using a 

commercial kit (Cis, UK). The method depends on the competition 

between Angl and radioactively labelled Angl (12SI-AngI) for binding 

sites on the Angl antibody (AB). The reaction pathway may be 

represented by:
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Angl + •2 EI-AngI + AB v ^ Angl-AB + ,a*I-AngI-AB 

unbound fractions bound fractions

The binding of 12 *I-AngI to the antibody is inversely related to the 

proportion of endogenous Angl present in the mixture. Hence 

measurement of the proportion of 12 *I-AngI bound to the antibody 

enables the concentration of endogenous Angl present in the sample to 

be calculated.

Assay procedure

Angiotensin I general ion

The enzymatic inhibitor phenylmethylsulphonylfluoride (10 pi) and 

generation buffer (50 yl) were added to tubes containing plasma 

samples (500 yl) kept in an ice-bath. The contents of the tubes were 

mixed and 200 yl of each sample was transferred into a second series 

of tubes. The original tubes were kept in the ice-bath (sample 

blanks), whilst the second series were incubated for 90 min in a 

thermostatically controlled water bath (generation tubes). At the end 

of the incubation period these generation tubes were immediately 

placed in the ice-bath.

RIA procedure

The amount of Angl generated in the samples and the concentration of 

Angl already present in the sample blanks was determined by RIA. To 

allow antibody bound fractions to be easily separated from the unbound 

fractions the inner surface of the assay tubes were coated with Angl 

antibody. Samples (50 yl) or standards (50 yl) together with
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125I-AngI (500 yl) were added to the antibody coated assay tubes. The 

tubes were mixed and incubated for 3 h at room temperature. Unbound 

fractions were then removed by aspirating the contents of the tubes. 

The 12 5I-AngI bound to the antibody was measured by counting the 

radioactivity remaining in the tubes.

Calculation of results

The concentration of Angl in the samples was determined from a 

standard curve of B/Bo (radioactivity bound to the antibody expressed 

as a proportion of that of the zero standard) versus log 

concentration. Plasma renin activity in the samples is then 

calculated as nanograms (ng) of Angl generated per ml per h using the 

following formula:

(ng 37°C - ng 4°C) x D
PRA = ---------------- = ng .ml"1 h"1

hours of incubation

(where ng 37°C represents the amount of Angl generated in each sample 
incubated at 37°C and ng 4°C the corresponding sample blank kept in an 
ice-bath. D = 1.12, a dilution factor as samples are initially 
diluted 1: 1.12.)

Precision

The between assay coefficient of variation of samples assayed in 

duplicate was 9.6% at a mean PRA of 4.6 ng-Angl.ml”^ " ’

2.4.1.3 Angiotensin II

Principle

Angiotensin II (Angll) was measured by RIA using a commercially

available kit (Peninsula laboratories, Merseyside, UK). The

principle of this method has already been described for Angl in
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section 2.4.1.2 and may be summarised by the following equation:

AnglI + ’2 51-AnglI + AB ^  Angll-AB + '2 5I-AngII-AB 

unbound fractions bound fractions

Assay procedure

Details of the assay procedure are summarised in figure 23

Diluted antibody to human-Angll 
Standard or Sample

100
100

yl
yl

♦vortex, preincubate at 4°C overnight 
♦

12 5 I-AngII 100 yi

♦ .vortex, incubate at 4 C overnight 
♦

Diluted goat-anti-rabbit IgG serum 
Diluted normal rabbit serum

100
100

yi
yi

♦vortex, incubate at room temperature
♦

2 h

Assay buffer 500 yi

♦
vortex, centrifugation 2700 rpm, at 20°C, 20 min

♦
aspirate off supernatant 

♦
count 12 s I-activity of pellet

Figure 23: Flow diagram showing the radioimmunoassay procedure for the 
measurement of angiotensin II.
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Antibody to Angll (100 yl) was added to assay tubes containing 

standards or samples (lOOyl). The tubes were mixed and incubated at 

4°C overnight. ,asI-AngII (100 yl) was then added to the mixture.

This was followed by a second overnight incubation period at 4°C. 

Separation of bound and unbound fractions of Angll was achieved using 

a second antibody (100 yl) specific to the gamma-globulin of the 

species in which the Angll antibody was raised. In this case the 

second antibody was raised against rabbit immunoglobulin (IgG) in a 

goat. The reaction mixture was then incubated at room temperature for 

2 h. The reaction was then stopped by the addition of assay buffer 

(500 yl), prior to centrifugation for 20 min at 2700 rpm. The 

supernatant was removed by aspiration and the radioactivity of the 

precipitate was counted.

Calculation of results

The concentration of Angll in samples was determined from a standard 

curve of B/Bo versus log concentration. This was constructed using 

the software available in the gamma counter (RIA calc, LKB, Wallac, 

Turku, Finland). A typical standard curve is shown in figure 24.
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Figure 24: Standard curve for angiotensin II 

Measurement of angiotensin II in human plasma

Circulating levels of Angll in plasma are in most cases too low for 

direct immunoassay. Furthermore, the presence in whole plasma of 

'factors' which interfere with the antibody-antigen binding, have led 

most workers to extract the Angll from plasma before assay. Besides 

concentrating the Angll content of the sample, an extraction step has 

the important practical advantage that standard solutions of Angll can 

be prepared in assay buffer rather than in specially prepared 

Angll-free plasma. This allows easy dilution of samples containing 

high levels of endogenous Angll as seen in disease states, such as 

HF. The major disadvantages of this extraction procedure are the 

large sample volumes required, the losses during extraction and the 

additional time and expense involved.
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In this work Angll was extracted from plasma by passage through 

Sep-Pak C,9 cartridges (Millipore, UK) using the procedure of Morton 

and Webb, (1985). The cartridges were pre-treated with methanol (5 

ml) and then distilled water (5 ml). Plasma (2.5 ml) was then passed 

through the cartridge. After washing with water (2.5 ml), Angll was 

eluted with aqueous 80% methanol (1 ml). The extract was dried under 

a gentle stream of nitrogen at 37°C taking approximately 3 h and 

re-dissolved in assay buffer.

Precision

Mean (se) recoveries as determined by the addition of synthetic Angll 

to aliquots of a plasma pool were 74 (8) and 86 (2)% at plasma 

concentrations of 39 and 128 pg.ml"1, respectively. All samples were 

assayed within the same run: the within assay coefficient of variation 

for samples assayed in duplicate was 7.8% at a plasma concentration of 

24 pg.ml"1
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2.4.2 MEASUREMENT OF PLASMA ATRIAL NATRIURETIC FACTOR

Atrial natriuretic factor (ANF) was determined by RIA. The principle 

of the method has already been described for angiotensin I in section

2.4.1.2 and may be summarised by the following equation:

ANF + 1 2 5I-ANF + AB ̂  ANF-AB + 1 2 5I-ANF-AB

unbound fractions bound fractions

2.4.2.1 Development of RIA

Requirements of the assay

An assay should be arranged to suit a clinical purpose. The most 

precise part of the standard curve (usually the central portion) 

should be set so that it coincides with the range of practical 

interest. Therefore it was necessary to consider the possible range 

of plasma concentrations in the samples to be analysed. This included 

samples from elderly HF patients and healthy age-matched subjects, 

both before and after exercise.

In young healthy subjects plasma concentrations of ANF are in the 

region of 10 pmol.l"1 (Linuma et al., 1987; Tan et al., 1987; Hartter 

et al., 1985). However, in patients with HF a wide range of plasma 

concentrations of ANF have been cited (table 13).

Comparable data in healthy elderly subjects is limited to a study 

by Ohashi et al., (1987). In their study plasma ANF was measured in 

two groups of male volunteers of mean age 25 y (n=19) and 75 years 

(n=31). An almost five-fold increase in plasma ANF was found in the 

elderly group of 39 (7) pmol.l"1 compared with 8(2) pmol.l"1 in the 

younger subjects.
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Table 13: Published plasma ANF concentrations in heart failure patients

Author Severity Mean No. Plasma ANF
HF* Age Studied mean (sem)

(y) (pmol.l’’)

Tikkanen (1985) I,II 76 7 16 (4)
III,IV 68 10 60 (14)

Crozier (1986) II,III 60 7 67 (11)
Katoh (1986) II-IV 63 15 30 (9)
Ogawa (1986) I-IV 53 24 -

I 8 65 (14)
II 6 194 (31)
III 7 494 (63)
IV 3 888(131)

Cody (1986) - - 31 71 (10)
Nishiuchi (1986) - 21-67(range) 7 116 (14)
Raine (1986) - 53 26 87 (21)
Morris (1987) III-IV 36-85(range) 7 85 (26)

* New York Heart Association grading

Plasma levels of ANF have been shown to increase during exercise 

(table 14), the peak concentrations occurring immediately after 

exercise (Richards et al., 1986) followed by a rapid return to 

baseline (Bollershev et al., 1987). Although the ANF response to 

maximal exercise is variable, the magnitude of the increase in ANF 

appears to be proportional to the intensity of exercise. Table 14 

indicates a two to five-fold increase in plasma ANF over pre-exercise 

values in young healthy subjects exercising to exhaustion.

Table 14: Published plasma ANF response to exercise in healthy 
volunteers

Author Age No. Plasma ANF (pmol.l’1)
(y) (Y) Studied Pre-exercise Maximum response

(mean(SEM))

Somers (1986) 27-38 8 5 (1) 17 (5)
Hodsman (1986) 18-36 6 7 (1) 27 (1)
Bollerslev (1987) 20-35 10 7 (1) 33 (7)
Saito (1987) 24-29 8 16 (2) 32 (4)
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In the present study it was anticipated that plasma samples taken 

from healthy elderly subjects before exercise would contain the lowest 

concentrations of ANF, that is in the region of 30-50 pmol.1”’. Thus 

the assay had to be sufficiently sensitive so that concentrations of 

approximately 30 pmol.l”1 could be detected. The upper limit of the 

assay was more difficult to predict. However, it was known that in 

patients with HF increases in ANF after exercise are less marked than 

in healthy subjects (Raine et al., 1986). It was thus considered that 

a standard curve capable of detecting levels up to 200 pmol.l"’ would 

be adequate, particularly as a suitable dilution procedure was 

available for samples whose ANF concentrations were in excess of this 

value.

Source of materials

Synthetic human ANF (99-126) and rabbit antibody to human ANF- 

(99-126) were purchased from Peninsula Laboratories (Merseyside, UK). 
Radioactively labelled ANF (3-[12sI-iodotyrosyl ’2«Human ANF (99-126)) 

was purchased from Amersham International (Amersham, UK). For 

simplicity this will be referred to as ’**I-ANF. Iodination was 

performed using the lactoperoxidase method. Sac Cell, solid phase, 

antibody coated cellulose suspension (donkey-anti rabbit) was obtained 

from Immunodiagnostics, (Tyne & Wear, UK).

Preliminary work

The method was based on the procedure recommended by Peninsula 

Laboratories, suppliers of the antibody used in the assay. It uses a 

sequential radioimmunoassay with delayed addition of the labelled 

antigen and separation of free from bound fractions by a second
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antibody. The first step in the development of the assay was to set 

up a standard curve according to the Peninsula procedure. Preparation 

of the reagents, the temperature and times for incubation, were as 

recommended but a different technique was used to separate antibody 

bound ANF from unbound ANF. Details of this initial procedure are 

summarised in figure 25.

Diluted rabbit antibody to human ANF(99-126) 100 yl
Standard or sample 100 yl

1vortex, preincubate at 4 C 
♦

, for 24 h

125 I-human ANF(99-126) 100 yl

vortex, incubaticm at 4°C, 
♦

for 24 h

Sac-cell solid phase second antibody 100 yi

♦vortex, incubation at 4°C, for 30 min

Distilled water 1000 yl

♦
centrifugation 2700 rpm at 4°C for 20 min

♦
aspirate

♦
count ’2 5 I-activity of pellet

Figure 25. Flow diagram showing the initial RIA Procedure for the 
measurement of ANF

This procedure yielded a curve of low sensitivity and specificity, the

latter characterised by a high level of non-specific binding (NSB).

The NSB was evident from the level of 12sI-activity in the pellet

after precipitation of the labelled peptide with the second antibody.
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The following series of experiments were made to optimise the assay 

conditions.

Optimisation of assay conditions 

Specificity

Possible reasons for the high level of NSB were thought to be adhesion 

of the ,25I-ANF to either the assay tube, or to the solid phase second 

antibody. Figure 26 shows the steps that were taken to improve the 

specificity of the assay.

NSB = 5-6%

NSB = 1 1 % N S B = 1 2 %

Tried alternative 
washes

Initial procedure 
NSB = 18-31%

Final procedure 
NSB < 3%

Second antibody 
solution 
diluted 1:4

Reduced 
concentration of 
second antibody

BSA concentration 
increased from 
0.1 to 2 %

NSB unchanged 
and precision 
of the assay 
reduced

Deionised water 
replaced by assay 
buffer containing 
0.1% BSA

Increased the 
concentration of 
protein (BSA) and 
detergent in assay 
buffer

BSA concentration of 
wash buffer increased 
from 0.1 to 2 %  and an 
additional washing 
step included_______

Figure 26. Flow chart showing steps taken in an attempt to improve 
specificity of the ANF assay
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For this series of experiments it was both impractical and 

unnecessary to set up a complete standard curve for each of the 

conditions tested. A simple comparison between the NSB and the 

zero-binding (the binding of the zero standard to the antibody) 

allowed several different conditions to be evaluated within the same 

assay. Ideally NSB should be reduced whilst zero binding is sustained 

or even increased. For example, figure 27 shows the effects of 

changing the detergent (triton x-100) and the protein composition 

(bovine serum albumin, BSA) of the assay buffer on NSB and zero 

binding. Increasing the protein content of the buffer had the largest 

effect whilst increasing the detergent concentration made little 

difference.
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Figure 27: Effects of increasing the concentration of BSA and triton 
X-100 in assay buffer on specificity of the ANF assay.
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In a further experiment, the effect of increasing the BSA 

concentration beyond 1% was investigated (figure 28). The optimal 

concentration of BSA in assay buffer was found to be 2%.
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Figure 28: Optimisation of BSA concentration in assay buffer

The pellet formed after precipitation of labelled peptide with the 

second antibody undergoes a 'washing' procedure. The influence on NSB 

of altering the nature of the washing reagent was also examined. In 

the Peninsula Procedure a single wash with deionised water was 

recommended. However, it was found in this work that washing the 

pellet with the assay buffer reduced the degree of NSB by 50% (figure 

29). Repeating the washing step was also found to halve the level of 

NSB.
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Figure 29: Effects of different washing reagents on specificity of the 
ANF assay.

The adhesion of 12fI-ANF to the solid phase second antibody could have 

been decreased by reducing the concentration of the second antibody.

In practice this was found to make very little difference to the NSB. 

Moreover, the pellet was more fragile and the precision of replicates 

decreased.

Sensitivity

Sensitivity is defined as the minimal detection limit of an assay. In 

this case it may be expressed as the least concentration of unlabelled 

antigen which can be distinguished from a sample containing no 

unlabelled antigen (Chard, 1990). In theory it is possible to improve 

the sensitivity of a RIA assay by changing one or more of the 

conditions listed below.



i) Reducing the amount of antibody 

ii) Reducing the amount of labelled antigen 

iii) Increasing sample volume 

iv) Changing the incubation time 

v) Extracting and concentrating the sample 

vi) Changing the incubation temperature, 

vii) Improving the specificity of the assay

In this work, the effects of these seven parameters on assay 

sensitivity were assessed in a stepwise manner. The results of this 

work are presented in the next section.

i Reducing the amount of antibody

Although reducing the amount of antibody will increase the sensitivity 

of an assay, the increase which can be achieved is constrained by the 

precision of the assay: that is the variation observed between 

repeated determinations of the same sample. It is generally accepted 

that the use of conditions in which the zero standard is 20% or less 

of the total counts is often counter-productive, any increase in 

apparent sensitivity being negated by the decrease in precision 

(Chard, 1990).

In this work sensitivity of the assay was assessed by comparing 

the binding of the zero standard with that of a standard solution 

containing a low concentration of ANF, at various dilutions of the 

antibody. The inset in figure 30 shows the results of this 

experiment: the solid line representing the zero standard and the 

broken line the standard containing a low concentration of ANF.
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figure 30: The effects of reducing the antibody concentration on the 
sensitivity of the ANF assay.

It appears possible to distinguish the low standard from the zero 

standard at dilutions of the antibody at and below 50% of the 

recommended concentration. Sensitivity appears to be highest with a 

25% dilution. However, at this dilution the zero standard is only 28% 

of the total counts which could well have affected the precision of 

the assay. A second experiment was therefore carried out to examine 

the sensitivity and precision of the entire standard curve at 

concentrations of 50, 33 and 25% of the recommended dilution of 

antibody. The results of this experiment are shown in figure 30, the 

solid line represents the standard curve at 50% dilution, open circles 

the 33% dilution and the triangles 25% dilution. An increase in
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sensitivity is indicated by a shift of the standard curve towards 

lower ANF concentrations. The steeper the curve the better the 

precision. On this basis sensitivity is marginally better for the 25% 

dilution than for the 50% dilution but at the expense of poorer 

precision. This is shown by the relatively larger scatter of points 

for the antibody dilution of 33 and 25% (figure 30). A 50% dilution 

of the recommended concentration was therefore taken to be optimal.

ii Reducing the amount of labelled antigen 

Reducing the amount of radioactively labelled antigen (in this case 

,2SI-ANF) present in the assay mixture will increase the sensitivity 

of an assay. However, it is important to consider the NSB since the 

contribution of this 'blank' valve to the overall measurement is 

proportionately greater at low concentrations of labelled antigen. 

Indeed, the magnitude of the NSB can have a considerable effect on the 

sensitivity of the assay. A series of standard curves were therefore 

set up using various dilutions of ,2SI-ANF. The results of this 

experiment are shown in figure 31. The main figure shows that the 

most sensitive standard curve was produced when the specific activity 

of the 12SI-ANF was 4000 cpm. However, the highest standard was not 

detectable at this concentration. Furthermore, the inset in figure 31 

shows that the NSB (broken line) increased as the number of total 

counts (solid line) decreased. Thus, there appeared to be no apparent 

advantage in decreasing the amount of 12 EI-ANF below a level of 8500 

cpm.
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Figure 31: Effects of reducing the amount of ,25I-ANF on the 
sensitivity of the ANF assay.

iii Increasing sample volume

In theory the sensitivity of an assay can be improved by increasing

the proportion of sample present in the assay mixture. This approach

is limited by the fact that biological fluids themselves may produce

non-specific interference at high concentrations. However, this

problem would be less in this case since an extraction step was

included and the sample was reconstituted in an assay buffer.

Therefore, an experiment to examine the effects of doubling the sample

volume on assay sensitivity was carried out.

To keep the volume and concentration of assay medium constant

solutions of the antibody and 12 5I-ANF were prepared at twice the

original concentration, but only half the initial volume of each was
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added. Figure 32 shows the results of this experiment. The open 

circles representing the recommended sample volume (100 yl) and the 

closed circles a sample volume of 200 yl.
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Figure 32: Effects of increasing the sample volume on the sensitivity 
of the ANF assay

Both the sensitivity (shift of the standard curve to lower 

concentrations of ANF) and the precision (steeper curve) of the 

standard curve were improved by increasing the sample volume.

iv Changing incubation time 

Terminating an assay before equilibrium is reached, reduces the zero 

binding and the apparent sensitivity of the assay may be increased. 

Reducing incubation times is also of practical interest. Therefore, 

attempts were made to reduce both the pre-incubation time of the
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sample with the antibody and the incubation time of the assay mixture 

with the 12SI-ANF. In the first of these experiments pre-incubation 

time of a zero standard with the antibody of 2, 4, 6, 8, 16, 18, 20,

22 and 24 hours were set up. To assay all the tubes at the same time 

it was necessary to store the 12 SI-ANF solution at 4°C during the 

experiment. To avoid overnight storage of ,2SI-ANF at this 

temperature, tubes for pre-incubation of 16-24 hours were set up 8 

hours before the remaining tubes. This meant that addition of 

12 5I-ANF to tubes 0 and 16 and 2 and 18, etc. were made at the same 

time. The results are shown in table 15.

Table 15: Effects of reducing pre-incubation time with the antibody on 
the sensitivity of the assay.

Unfortunately, it became apparent that the 125I-ANF was deteriorating 

over the time course of the assay. This is illustrated by the fact 

that the zero binding was dependent on the time-point at which the 

,2SI-ANF was added, rather than the pre-incubation time with the 

antibody. Although it was not possible to draw conclusions about the 

optimal pre-incubation time, it was clearly important to minimize the 

storage time of the 125I-ANF at 4°C prior to its addition to the assay 

mixture.

Incubation with antibody 
(h)

Zero binding 
(Percentage of total binding)

0
2
4
6
8
16
18
20
22
24

26.0
20.0
15.8
14.8 
11.0 
26.5
22.3
19.4 
15.3
11.5
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The effects on zero binding and NSB of reducing the incubation 

time with ’2*I-ANF was now examined.

After a pre-incubation of 24 hours with the antibody, ’2*I-ANF 

tracer was added to all the assay tubes. The reaction was stopped at 

2 hourly intervals, such that, separate incubation times with the 

12IFI-ANF of 2, 4, 6, 8, 16, 18, 20, 22, 24 hours were achieved. The 

results of this experiment are shown below in table 16.

Table 16: Effects of reducing incubation time with the 12*I-ANF on the 
sensitivity of the assay

Incubation with 125I-ANF Zero binding NSB Percentage of
(hrs) (% of total binding) binding at 24 h

2 2.9 0.6 47.0
4 3.2 2.6 25.3
6 3.1 3.0 24.4
8 2.7 2.7 21.0
16 10.9 1.5 85.9
18 11.8 1.4 93.0
20 12.1 1.3 95.2
22 12.6 1.4 99.3
24 12.7 1.1 100.0

Clearly an overnight incubation was required to distinguish the zero 

binding from the NSB. From a practical point of view there was 

minimal changes in either NSB or zero binding after 18 hours, it 

therefore seemed little point in extending the incubation time beyond 

this period.

v Extraction and concentration of the sample 

The means by which the sensitivity can be enhanced by extracting and 

concentrating the sample are described more fully later in this 

section.
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vi Temperature of incubation

The rate of approach to equilibrium of a binding assay will 

approximately double for every 10 degree rise in temperature. This 

principle may be used to enhance the speed of an assay, however, it 

does not usually improve sensitivity. From a practical point of view 

it was important to examine the feasibility of carrying out an assay 

at room temperature rather than at A°C. Figure 33 shows that there 

was a reduction in the sensitivity of the standard curve when the 

assay was performed at room temperature (open circles) compared to 

incubation at A°C (closed circles).

Figure 33: Effects of incubation temperature on the sensitivity of the 
ANF assay

vii Improving the specificity of the assay

Improving the specificity of a system can produce a substantial 

increase in sensitivity. Indeed the sensitivity of an assay is often 

limited by background interference. Improving assay specificity has 

already been described earlier in this section.

O03

100 -i

80-

40-
60 -

20 -

0-J i i i » ii i n ■ i ri ....   i-i i i 11111

1 10 100 1000 

ANF concentration (pmol.l'1)

133



Steps taken to improve the sensitivity as the assay are summarised in 

figure 34., together with an indication of the final sensitivity of 

the assay.

•Yes

Yes

Yes-

No-

Yes- See figure 25

Two-fold
concentration

As recommended

As recommended

Change incubation 
time

Improve specificity

Two-fold increase of 
recommended volume

Change incubation 
temperature

Extract and 
concentrate sample

Increase sample 
volume

Reduce concentration 
of antibody

50%  of recommended 
concentration

Reduce concentration 
of labelled antigen

Optimal conditions

As recommended

Initial procedure 
sensitivity > 50 pmol.l"1

Final procedure 
sensitivity 15-30 pmol.r1

Figure 34: Flow diagram showing the steps taken to improve sensitivity 
of the ANF assay
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Stability of standard solutions on storage

The stability of standard solutions of ANF stored at four different 

temperatures was investigated. Over a period of one month there was 

little difference between storage at -20°C with storage at -70°C. 

(figure 35)

100 n

60-
o
0? 40 -CD
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Figure 35: Effects of storage temperature on the stability of standard 
solutions of ANF: a comparison of storage at -70°C 
(open circles) with storage at -20°C (closed circles).

However, standard solutions deteriorated when stored either at 4°C or 

at room temperature for the same period (figure 36). For convenience 

standard solutions were prepared monthly and stored at -20°C.
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Figure 36: Effects of storage temperature on the stability of standard 
a comparison of storage at -20°C (closed circles) with 
storage at 4°C (open circles) and at room temperature 
(triangles).

2.4.2.2 Final RIA procedure

Reagents

Synthetic human ANF-(99-126), 200 yg (purity 84.4%) was reconstituted 

in the following phosphate buffer: Na2HP04 (81 mmol.l_,)r NaH2P042H20 

(19 mmol.l-1)# NaCL (0.05 mol.l"’) containing 200 yl of a 20% 

suspension of lactose per 10 ml, to give a 2 yg.ml"’ stock solution, 

(the lactose was to provide additional bulk for freeze drying 

purposes). Aliquots (1 ml) of this stock solution were lyophilised to 

improve stability during long-term storage at -20°C. Eight standard 

solutions were prepared in assay buffer from the stock material. 

Correcting for purity, the final concentration of the standard
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solutions ranged from 0 pmol.l-’ (assay buffer) to 411 pmol.l-’. 

Several aliquots of each of these 8 standards were frozen on dry ice 

and stored at -20°C.

Antibody was used at 50% of the recommended concentration. ,25I 

has a half-life of approximately 60 days. To ensure that the activity 

of the labelled peptide would remain optimal over the course of a 

series of experiments it was necessary to allow for this decay. 

Therefore, the labelled peptide was reconstituted with assay buffer 

such that 50 yl was equivalent to approximately 14000 cpm. Sac-cell 

suspension was used at the manufacturers recommended concentration.

Two buffers were used in the analysis: assay buffer and wash buffer. 

The composition of the assay buffer was: Na2HP04 (81 mmol.I-’), 

NaH2P042H20 (19 mmol.l"1)# NaCl (0.05 mol.l-’), NaN3(0.01%), BSA (2%), 

triton x-100 (0.1%), aprotinin (1000 KlU.ml-’). The wash buffer was 

identical to the assay buffer except for the omission of aprotinin.

Assay procedure

The final assay procedure is summarised in figure 37. Standard ANF 

(200 |il) or plasma extract (200 yl) was incubated for 24 h at 4°C with 

antibody to ANF (50 yl). 125 I-ANP (50 yl) was then added and the 

mixture incubated for a further 18 h at 4°C. Separation of antibody 

bound antigen was achieved by addition of a solid phase second 

antibody suspension (Sac-Cell, 100 yl). The assay mixture was 

incubated on ice for a further 30 min. Wash buffer (1000 yl) was 

added and the mixture was centrifuged at 2800 rpm (1645 g) at 4°C for 

20 min. Most of the supernatant was aspirated. The precipitate was 

washed with wash buffer (1000 yl), centrifuged as described
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previously, aspirated and the ’2sI-activity in the pellet was counted 

in a gamma scintillation counter.

Diluted rabbit antibody to human ANF(99-126) 50 yl
Standard or sample 200 yl

♦vortex, preincubate at 4°C, for 24 h 
♦

12S I-human ANF(99-126) 50 yi

vortex, incubation at 4°C, for 18 h
_________________ i_________________

Sac-cell solid phase second antibody 100 yl

♦vortex, incubation at 4°C, for 30 min 
♦

wash-buffer 1000 yl

i
Centrifugation 2800 rpm at 4°C, for 20 

1
min

t
Aspirate supernatant 

i
♦Repeat washing step from

♦
Count ? 2 s I-activity of pellet

Figure 37: Flow diagram showing final RIA Procedure for measurement of 
ANF

Data analysis

The concentration of ANF in patient samples was determined from a 

standard curve of B/Bo versus Log concentration. The standard curve 

was constructed using the software available in the gamma counter (Ria 

Calc, LKB Wallac, Turku, Finland).
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Sensitivity of the standard curve

Under the final assay conditions reproducible standard curves were 

obtained. A typical curve is shown in figure 38.

i.0

0.8

0.4

0.2'

0. 1. 2. 5. 20. 50. 100. 500.

cone • LOG

Figure 38: Standard curve for the measurement of ANF

The minimum amount of ANF clearly distinguishable from zero was in the 

range 15-30 pmol.l”1. Zero binding ranged between 25-32% of the total 

counts. Non-specific binding did not exceed 3% of the total counts.

Characteristics of antibody

The cross reactivity of the antibody shown in Table 17 was determined 

by Peninsula laboratories. The antibody recognizes both the 

C-terminal and the N-terminal portions of the molecule. An antibody 

dilution twice greater than that proposed by Peninsula was found to be
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optimal: this concentration bound 25-32% of freshly prepared tracer.

Table 17. Specificity of rabbit anti-ANF (99-126) antibody

Human peptide tested % cross-reactivity

ANF (99-126) 
ANF (116-126)
Antiparallel dimer

100
60
50

ANF (99-126) 
ANF (1-126) 40

10ANF (101-125)

2.4.2.3 Measurement of ANF in plasma

Sample preparation

ANF was extracted from 1 ml of plasma on C,8 reverse phase columns 

(Sep-Pak, Waters Associates) according to the method of Richards et 

al., (1986). Sep-Paks were preactivated with methanol (5 ml) and 

washed with distilled water (5 ml), before application of acidified 

plasma (0.25 ml 2N HCL per ml of plasma). The cartridges were then 

washed three times with 0.1% vol/vol trifluoroacetic acid (TFA) (5 

ml) and the adsorbed peptide was eluted with 60% acetronitrile/0.1% 

TFA (2 ml). The extracts were dried down under nitrogen at 60°C, 

reconstituted in assay buffer and assayed immediately.

Recovery experiments

Table 18 shows the results of analytical recovery studies with 2 

different quantities of synthetic human ANF (99-126) which had been 

added to samples taken from a human plasma pool (18a) and to samples 

taken from individual plasma matrices (18b) prior to extraction. In
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each case, plasma samples (1 ml) were supplemented with 100 p1 of one 

of the following solutions of synthetic human ANF (99-126) : 0 
pmol.l-’ (blank), 205.5 pmol.l”’ (level I), All pmol.l”’ (level II) 

prepared in assay buffer. All the samples were acidified prior to the 

Sep-Pak extraction procedure described earlier. The concentration of 

the spiking solutions were chosen to give final concentrations of the 

synthetic peptide in assay buffer of Al.l pmol.l”! (Level I) and 82.2 

pmol.l”’ (level II), assuming recovery to be 100%.

Table 18: Results of analytical recovery studies of synthetic ANF from 
human plasma

a) Recovery of synthetic ANF from a plasma pool

plasma ANF (pmol.l”1)
Blank Level I Level II

8.0 42.6 87.2
12.8 42.3 90.5
7.6 52.0 80.4
3.8 36.1 90.5
- 47.1 60.0

mean (se) 8.1 (2) 44.0 (3) 81.7

b) Recovery of synthetic ANF from individual plasma i

plasma ANF (pmol.l"1)
Subject Blank Level I Level II

1 12.2 41.8 84.8
2 19.2 53.5 94.2
3 31.9 72.0 114.9
4 76.9 112.4 161.3

Mean recovery as determined by addition of synthetic ANF to aliquots 

of a plasma pool was 70(16) and 87(14)% at plasma concentration of 44 

and 82 pmol.l”1, respectively.
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Parallelism of dilution curves

When assaying plasma extracts it is vital that the assay is only 

measuring the ANF content of the samples and not any background 

interference. To investigate this ANF was extracted from plasma 

samples taken from a patient at the end of each of the treatments in 

the captopril trial (PP,AP,AA). Serial dilution of these extracts 

were made prior to assay. All the samples from one subject were 

extracted and assayed in the same rim. Dilution curves were plotted 

for the three treatments (open circles) in figure 39. These curves 

are parallel to the standard curve (closed circles), which suggests 

the presence of a substance or substances which were immunologically 

indistinguishable from the synthetic peptide.

100 H

80 -

60 -

AP

AA PP
20 -

0 i MirTI 1 I I 1 I I I l|
1 10 100 1000 

ANF concentration (pm ol.l'1)

Figure 39: Parallelism of dilution curves of plasma extracts with 
synthetic human ANF (99-126)
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Precision

Quality control material of human origin was not commercially 

available for the assay. A plasma pool was therefore collected from a 

group of healthy volunteers to evaluate the precision of the assay. 

Concentration of the endogenous ANF from this plasma pool by Sep-Pak 

extraction made it possible to obtain 2 quality control levels of 

human ANF. To allow long-term storage of this material the dried 

extracts were reconstituted in assay buffer, lyophilized and stored at 

-20°C.

These plasma extracts were assayed with each batch of samples over 

a period of four months and gave between assay coefficients of 

variation of 7.8 and 9% at mean concentrations of 49 and 100 pmol.l’’ 

respectively. The within assay coefficient of variation were 9.2 and 

5.1% at mean concentrations of 40.3 and 74.9 pmol.l’1 (18 and 22 

replicates of the same plasma extracts), respectively.

2.4.3. Measurement of serum digoxin

For Study 1 serum digoxin concentrations were measured by the author 

by radioimmunoassay using a commercially available kit (Dac-Cel 

Digoxin kit, Wellcome Pharmaceuticals). Samples were taken at least 

two weeks after any change in dose. The between assay coefficient of 

variation was 4% at a digoxin concentration of 1 nmol.l"’.

For Study 2 serum digoxin concentrations were measured by the 

Clinical Chemistry Department at NPH using a fluorescent polarisation 

immunoassay (TDx system analyser, Abbott Laboratories Ltd.,

Maidenhead, Berks). The between assay coefficient of variation was 6.4 

and 7.5% at mean concentrations of 1.4 and 3.2 yg.l"’, respectively.
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Statistical Methods
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2.5 Statistical methods

The statistical methods used in both studies will be described in the 

next section.

STUDY 1

In this open study comparison between time points of parametric data 

was analysed using t-tests. Comparison between dosage regimens of the 

number of patients suffering adverse drug effects was carried out 

using Fisher's exact test.

STUDY 2

In the crossover study measurements of efficacy were subjected to 

analysis of variance, using GLIM. The model can be expressed using 

the following notation (McCullagh and Nelder, 1983)

1 + S + C + P * T ,  

where S denotes subject and was fitted as blocking factor, P period of 

the crossover (first, second or third), C carry-over and T direct 

treatment effects (of PP, AP or AA). Period, carry-over and treatment 

were fitted as within subject effects. The subject term was fitted 

first followed by the period. The first order carry-over effect was 

adjusted for the direct treatment effect and, regardless of whether 

the carry-over effect was negligible the treatment effect was adjusted 

for carry-over. Contrasts were used to compare each active treatment 

(AP or AA) against the placebo control (PP). An analysis of 

covariance was performed to allow for the effects of potential

145



modulators of outcome (serum ACE activity and mean arterial blood 

pressure).

The adequacy of the fit of the final models was assessed by 

residual analysis. The Shapiro Wilkes W test (Royston, 1982) was used 

to test for normality and the Schweder (1981) test was used to test 

equality of variance, in the case of mean double support time, a log 

transformation fulfilled these requirements. If the assumptions were 

violated the standardised residuals were examined to ascertain which 

data points appeared suspicious: any such points were excluded and the 

analysis repeated.

The introduction and the open study were analysed using a two-way 

analysis of variance performed using the GLIM (1986) system.

Orthogonal polynomial contrasts were used to test for linear and 

quadratic trends over dose or time.

Reliability

The sensitivity to the treatment effects is viewed against background 

information on the reliability of the tests used. For estimation of 

reliability coefficients see appendix 3.
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CHAPTER 3: RESULTS



At the time of recruitment, and before the titration of medication in 
the protocol, the severity of HF as indicated by the New York Heart 
Association Classification was: Class II in 2, Class III in 9 and 
Class IV in 6 patients.



3.1 Study 1: an open study of enalapril

3.1.1. PATIENTS

Patient characteristics before the introduction of enalapril are shown 

in table 19. Seventeen patients were recruited (11 female, 6 male) of 

mean (SD) age 83(5) years. Twelve patients were in sinus rhythm and 5 

in atrial fibrillation with a controlled ventricular rate. Four of 

the patients were already receiving digoxin. All patients had been 

receiving diuretic therapy; this consisted of frusemide in total daily 

doses from 40 to 320 mg (median 80 mg) (all patients) and, either the 

potassium sparing diuretics, amiloride or spironolactone (11 

patients), or potassium supplements (2 patients). The mean (SD) 

distance walked by 16 of these patients was 23(25)m. The other 

patient had undergone bilateral mid-thigh amputations and dyspnoea 

prevented him from using limb prostheses.

Ten of the 17 patients tolerated the introduction of enalapril and 

entered the open study. The mean (SD) doses of digoxin and frusemide 

received by patients at the time of discharge from hospital were 0.113 

(0.057) and 104 (73) mg, respectively. The dosage of digoxin was 

optimised during the course of the open study. Four patients required 

an increase in dose to achieve a pre-dose serum digoxin concentration 

of 1.3 nmol.I"1 (having taken into account compliance with therapy). 

The dosage of frusemide was adjusted during the open study to maintain 

fluid balance. This required an increase in dosage in 2 patients and 

a decrease in dosage in 1 patient. The maintenance doses of enalapril 

were 5 mg daily in 6 patients and 10 mg daily in the remaining 4 

patients; these were not altered during the open study. For details 

of other medications received during the study refer to appendix 4.7.
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3.1.2. COMPLIANCE

Before presenting the results of efficacy and toxicity associated with 

enalapril therapy it is important to consider the extent to which the 

patients were compliant with the prescribed medication. Monthly 

counting of digoxin, frusemide and enalapril tablets showed that, as a 

whole, compliance was surprisingly good (figure 40) the most extreme 

deviations being in the 2 months after discharge. Thereafter, 

fluctuations were more marked for frusemide than for digoxin or for 

enalapril. The most non-compliant patient was RH, who tended to 

undercomply with enalapril therapy, her mean (SD) compliance during 

the open study being 79 (18)%.

200 n Digoxin

150 -

100

75 2001
;g
o 150-

Frusemide

100

50 JQ_

200 n Enalapril

150-

100

50 J
1 2 3 4 5 6 7 8 9 10 11 12

Months after discharge

Figure 40: Compliance with triple therapy during the enalapril
study. Patients were supplied with twice the number of 
tablets required. Data is shown for 9 patients, therapy 
was administered to the other patient by staff at a 
residential home.
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3.1.3. EFFICACY OF TREATMENT

Evaluation of efficacy

All 10 patients remained on enalapril and were assessed at 3 months 

and 8 of these patients were assessed at 6 months. Beyond this time, 

however, the incidence of adverse effects increased: by 9 months 

enalapril had been withdrawn in a further 3 patients and by 12 months 

only 2 patients remained on enalapril, (for details of this toxicity, 

see section 3.1.4). Due to the small number of patients studied 

beyond 6 months statistical analysis was only performed on efficacy 

data collected at 3 months and at 6 months. Any trends in efficacy 

data collected at 9 months and at 12 months will be commented on.

Efficacy was assessed from 3 perspectives; symptoms, physical 

signs of HF, functional ability. The first of these involved a 

self-rating by the patient using visual analogue scales. The second 

involved routine clinical assessments including; ECG and chest X-ray. 

The third a simple walking test to a symptom limited end-point. The 

results are presented below, (for the relevant raw data refer to 

appendix 4).

Symptoms

There was a trend towards a worsening of patients symptoms as measured 

by visual analogue (VA) scales following discharge from hospital. The 

mean (se) VA scores for fatigue being 47(7) mm at discharge, 43(ll)mm 

at 3 months, and 38(8)mm at 6 months. Similarly, patients considered 

themselves to be more breathless during enalapril maintenance therapy 

than at the time of discharge from hospital. The mean (se) VA scores 

for dyspnoea being 55(9)mm at discharge, 34(ll)mm at 3 months, and

151



41(10)mm at 6 months. However, only the increase in the level of 

dyspnoea at 3 months, compared with the rating at the time of 

discharge actually reached statistical significance (P=0.03). By 9 

months symptoms had worsened in the 5 patients remaining on enalapril 

therapy, again more so for dyspnoea than for fatigue, being 25(12)mm 

for dyspnoea and 36(16)mm for fatigue compared to 44(18)mm and 40(8)mm 

respectively at the time these patients were discharged from hospital.

Physical signs of HF

ECG appearances improved in 7 patients, but were unchanged in the 

other 3 patients. Following the introduction of enalapril chest X-ray 

appearances rated according to the severity of heart failure and heart 

size, showed continuing improvement in 7 patients, but deteriorated in 

2 patients at 3 and 6 months respectively, despite an initial 

improvement.

Functional ability

ReproducibiI ity of the simple ualking test

The reproducibility of the simple walking test was assessed as 

follows: healthy volunteers (7 male,4 female): mean (SD) age 71 (4) y, 

exercised on a mean of 8.4 occasions (range 6 to 10). The arbitrary 

maximum distance of 100 m was completed on all occasions. The overall 

range in walking speed was from 0.7 to 1.4 m.s’1, but was very 

consistent within each subject, the estimated 95% range of values (one 

way analysis of variance) being ± 0.1 m.s’1 about the subject's mean.
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Eleven clinically stable outpatients (three men and eight women, 

mean (SD) age 83(A) y receiving treatment for HF exercised on two 

occasions (figure Al). Only one patient completed the maximum 

distance of a 100 m and that on only one occasion. The mean (se) 

distance walked (28(7) m and 36(9) m) and walking speed (0.A2 (0.06) 

and 0.A0 (0.06) m.s”1) were similar on both occasions (paired t-test, 

P^O.l and P=0.5, respectively).

Simple walking test

Figure A2 shows the performance in serial exercise tests in 9 of the 

10 patients discharged on enalapril, (a patient whose prosthetic leg 

was changed was excluded from the analysis). In these 9 patients 

there was a considerable increase in the distance walked from a mean 

(se) of 19 (5) m before enalapril was introduced, to 39 (10) m on the 

third day and 55 (9) m on the seventh day after starting enalapril 

therapy, (P=0.02 and P=0.002 respectively). Improvement was 

maintained at 3 months 51 (11) m, and at 6 months A9 (10) m, (PC0.01 

in each case). Walking speed was a less labile measure of performance 

than was distance. Speed increased from 0.31 (0.07) m.s"1 before 

enalapril, to 0.A9 (0.07) m.s."1 on the third day and 0.57 (0.11) 

m.s"1 on the seventh day, (P^O.OOl and P<0.01 respectively). This 

initial improvement was maintained during follow-up being 0.55 (0.08) 

ms"1 at 3 months and 0.56 (0.06) m.s"1 at 6 months, (P^O.OOl and 

P=0.002 respectively).
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Factors affecting efficacy

Serum ACE activity and blood pressure were selected as measures of the 

biological activity of enalapril. The impact of enalapril therapy on 

both serum ACE activity and blood pressure regulation will be examined 

in the next section. Any associations between these measures and 

efficacy will be reviewed.

Serum ACE activity

After the introduction of enalapril serum ACE activity was inhibited 

(figure 43) and the expected rise in plasma renin activity occurred in 

all patients (4.5(3.9) to 13.3(13.3) ng.Angl.ml”1).

140 n

1 20 -

Z>
>»
1  80- 
co
g  60- 
<
|  40-
V-0)
W  20-

0 1.25 2.5 5 10

RH

M W

0* 3 6 9 12
Dose of enalapril (mg) Months after discharge

Figure 43. Serum ACE activity in the ten patients maintained on 
enalapril. Interrupted lines indicate missing values 
0 represents the response to the first maintenance dose 
of enalapril. In the cases of M.W. and R.H., serum ACE 
activity from a subsequent day of the admission period 
have been substituted for missing data on day 3.
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After discharge the pre-dose serum ACE activity rose markedly in 

two patients, RH and MW, with a corresponding fall in plasma renin 

activity, in RH (compliance approximately 75%) but not in MW (minimum 

compliance 98%). In MW serum ACE activity fell initially after a dose 

to 10 IU.1“I at 4 h; in this case loss of inhibition at 24 h may have
i
I reflected induction of serum ACE activity.I
|
i

Blood pressure

There was a significant reduction in mean arterial pressure lying 

(MAPL) at the time of discharge from hospital, the mean (se) value 

being 87(3) mm Hg compared with values measured before the 

introduction of enalapril, 97(5) mm Hg (P=0.03). However, the effect 

was transient, as values for MAPL at 3 and at 6 months after discharge 

from hospital were not significantly different from pressures measured 

before the introduction of enalapril. Enalapril had no apparent 

effect on mean arterial pressure (MAP) standing at any of the time 

points measured above.

157



3.1.A. TOXICITY ASSOCIATED WITH ENALAPRIL THERAPY 

Enalapril was withdrawn in 1A of the 17 patients due to adverse 

effects, 6 patients during its introduction and 8 patients within one 

year of receiving enalapril maintenance therapy. The following 

section contains a description of the nature of these adverse effects 

and examines the relationship between toxicity (incidence and nature 

of the effects) and both the duration of enalapril therapy and the 

dosage of enalapril. Finally, any associations between patient 

characteristics before initiation of enalapril and toxicity will be 

examined with a view to identifying patients at high risk of 

experiencing adverse effects.

Nature of adverse effects

The nature of the adverse effects associated with enalapril therapy 

fall into 5 categories - severe hypotension, impairment of renal 

function, mesenteric ischaemia, impairment of cerebral function and 

myocardial infarction. In all cases symptoms resolved on withdrawing 

the enalapril. All but one of the 1A patients in whom enalapril was 

withdrawn tolerated substitution of isosorbide dinitrate; one patient 

was persistently dizzy on isosorbide dinitrate.

Hypotension

Two cases occurred. These patients became hypotensive during 

introduction of enalapril. One patient experienced postural 

dizziness; her blood pressure was unrecordable when sitting. The 

other patient became cyanosed with a fall in systolic blood pressure 

lying from 120 to 85 mmHg, 30 min after the first dose of enalapril. 

She was confined to bed with the foot of the bed elevated. This
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hypotensive episode persisted for a further 90 min. This patient died 

2 days later of intractable HF.

Impairment of renal function

Five cases occurred. One patient went into acute renal failure during 

the introduction of enalapril: urine output was reduced and blood urea 

was elevated. Three further cases of uraemia and one patient with 

anuria occurred during follow-up. In the 4 patients whose renal 

function deteriorated during follow-up the serum creatinine rose from 

a mean (SD) of 148 (64) to 204 (86) ymol.l"1.

Mesenteric ischaemia

This of course is a purely clinical diagnosis. However, four such 

cases occurred. Two patients appeared to have acute mesenteric 

ischaemia (one during introduction, the other during follow-up), both 

patients experiencing severe epigastric pain, abdominal distension, 

tenderness without rigidity, and increased bowel sounds were noted. A 

mild pyrexia was noted in one of the patients. Two other patients 

developed intermittent symptoms of ischaemia, 'intestinal angina', 

during follow-up.

Impairment of cerebral function

Two cases occurred during the introduction of enalapril. One patient 

went into an acute confusional state, another patient felt 'drunk' and 

developed an ataxic gait while on enalapril. In both cases symptoms 

recurred on rechallenging with enalapril.
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Myocardial infarction

One case occurred. The patient had a non-fatal myocardial infarct 

during follow-up. Enalapril was withdrawn.

Duration of therapy

The time of occurrence of adverse effects is shown in figure AA. 

Cerebral problems and hypotensive episodes sufficiently severe to 

cause withdrawal of enalapril were associated with the introductory 

period only. Renal impairment and mesenteric ischaemia were seen in 

the initial period and during follow-up, the frequency ranking higher 

during follow-up.

1 death (GT) Titration n=17
Withdrawals

2 hypotension (VG, SS)
1 acute renal failure (MF)
1 mesenteric ischaemia (IP)
2 cerebral steal (GS, AM)

Open study n=10

I
3 months n=10 

1 Withdrawals

T
6 months n=8 

1 Withdrawals

y
9 months n=5 

1 Withdrawals

y
12 months n=2

1 anuria (EW)
1 uraemia (AT)

2 uraemia (FS, AS)
1 mesenteric ischaemia (WA)

2 mesenteric ischaemia (FY, MWL) 
1 myocardial Infarction (RH)

Figure AA: Flow diagram showing the nature and time of occurrence of 
adverse effects associated with enalapril therapy
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Dose of enalapril

The incidence of adverse effects was lower (3/13) when enalapril was 

introduced at a dose of 1.25 mg initially, compared with introduction 

at 2.5mg (2/2) but this did not reach statistical significance 

(Fisher's exact test, P=0.1).

The nature of adverse effects did not appear to be related to the 

dose of enalapril (initial or maintenance dose) table 20. However, 

serum levels of enalaprilat in 3/6 patients who experienced adverse 

effects during introduction were much higher than the mean level of 

the group as a whole figure 45.

Table 20: Nature and incidence of adverse effects versus the dose of
enalapril

a) Introduction

Initial No. of patients Adverse effects
Dose studied affected hypotension renal mesenteric cerebral
(mg/day)

1.25 13 3 1 1 1
2.5 2 2 1 1
5* 2 1 1

b) Open study

Maintenance 
Dose (mg)

5 6 4 1 3 1
10 4 3 1 2

* 2.5 mg given twice daily

161



o>
co

c
CDo  c oo

jg
*kiD.jg
CDc
CD

T3CCD
Q_

jg
CDc0
E13k—0CO

□ GS

□ MF

□ VG

1.25 2.5 5
Dose of enalapril (mg)

Figure 45. Mean (se) serum enalapril (open circles) and enalaprilat
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3 (* indicates the number of missing data points).
Serum enalaprilat concentrations achieved in three 
patients who suffered adverse reactions are available 
for comparison (open squares).
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Characteristics of patients experiencing adverse effects

Initial biochemical measurements in the 5 patients who suffered 

non-renal adverse reactions to the introduction of enalapril were not 

significantly different from those of the 11 patients who tolerated 

it; the mean (se) values in those with and without such reactions were 

139 (1) and 139 (1) nmol.I"1 respectively for serum sodium, 152 (33) 

and 131 (15) ymol.l"1 for serum creatinine, 71 (17) and 62 (10) IU.l-1 

for serum ACE activity, and 4.88 (1.31) and 4.47 (1.22) 

ng.AngI.ml~1.h_1 for plasma renin activity (unpaired t-test, P=1.0, 

P=0.5, P=0.6 and P-0.8 respectively). The mean arterial blood 

pressure (MAP) before introduction was also similar in those who 

suffered non-renal adverse reactions and those who tolerated 

enalapril. This applied to both the lying and the standing pressures 

being 88 (4) mmHg compared with 95 (5) mmHg for MAP Lying and 87 (3) 

mmHg compared with 95 (4) mmHg for MAP standing (P=0.4, P=0.2).

Patient MF who developed acute renal failure during the introduction 

of enalapril was found to have had very high baseline plasma renin 

activity, 47.07 ng.Angl.ml-1 h_1, but unremarkable sodium (136 

nmol.I-1), creatinine (137ymol.1~1) and serum ACE activity (38 IU.l”1).

163



At the time of recruitment, and before the titration of medication in 
the protocol, the severity of HF as indicated by NYHA Classification 
was Class II in 2, Class III in 20 and Class IV in 4 patients.



3.2. Study 2: captopril study

3.2.1. CROSSOVER STUDY

3.2.1.1. Patients

Patient characteristics before the introduction of captopril are shown

in table 21. Twenty-six patients were recruited (16 female, 10 male)
sicof mean(SD) age 82(6) y. Thirteen patients were in sinus rhythm and 

13 in atrial fibrillation with a controlled ventricular rate.

Fourteen of the patients were already receiving digoxin. The mean(SD) 

distance walked by these patients was 54(79)m before the introduction 

of captopril.

Twenty patients entered the crossover study. The mean (SD) doses 

of digoxin and frusemide received during the study were 0.147 (0.076) 

mg and 84 (31) mg, respectively. These were not altered during the 

course of the study. The maintenance dose of captopril was 25 mg b.d. 

in 4 patients, and 50 mg b.d. in the remaining 16 patients. For 

details of other medications received during the study refer to 

appendix 5.4.
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3.2.1.2. Compliance

In addition to the pill counting method (Study 1), the use of 

monitored pill boxes for the captopril trial tablets, provided 

information about the consistency of compliance during Study 2. In 

the next section totality of compliance with triple therapy (as 

measured by pill counts) will be considered first. This will be 

followed by a review of compliance with the captopril trial medication 

including a comparison of the measures of compliance used (pill 

counting, box openings, and consistency index) and a comparison 

between compliance with 10.00 h (am) and 22.00 h (pm) trial 

medication. Finally, effects of nature of treatment (active or 

placebo) on compliance will be presented.

Compliance with triple therapy

Totality of compliance with HF medication over the entire study period 

as assessed by pill counts is shown in figure 46. Each point 

represents the mean compliance of an individual patient over the 

entire period for which they participated in the crossover study. 

Overall compliance appeared to be excellent, the mean (se) values 

being 100 (1)% for captopril trial medication, 100(1)% for digoxin and 

100(1)% for frusemide. All but one patient (GF) returned some 

residual tablets; GF requested additional captopril trial tablets on 

his second treatment (placebo) 4 days before he was due to have that 

treatment assessed. Sufficient tablets for the remaining 4 days were 

supplied.
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Figure 46: Compliance with triple therapy during the captopril
crossover study as assessed by pill counts. Where data 
points overlap, the number of coincident points are 
indicated within the open circles and the line projecting 
from the circle shows the position of the overlap. 
Captopril* refers to captopril trial medication.

Compliance with captopril trial medication

The use of the monitored pill box for captopril trial medication 

provided a second measure of totality of compliance, this being on the 

basis of the number of box openings. Data was also obtained about the 

regularity with which the patients took their trial medication. This 

was expressed in terms of a consistency index (Cl) (see section 

2.3.1.4.). Compared with pill counts box openings (mean (se) 122(7)% 

tended to overestimate compliance (figure 47a). Although the Cl mean
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(se) 86 (2)% suggested that the interval between openings was less 

than ideal (figure 47b), there was no significant relationship between 

the two measures of compliance obtained from the pill box (that is, 

box openings and Cl) (figure 47c). It should be noted that the range 

of values for both variables was rather narrow and that multiple 

openings in the same hour would affect compliance as measured by box 

openings, without affecting the Cl.

Comparison betueen am and pm compl iance

From the pooled data, compliance with captopril trial medication was 

excellent. However, overcompliance with am, and undercompliance with 

pm medication, or vice versa, may still have led to 100% compliance. 

Figure 48 shows the data separated into am and pm compliance. There 

was no apparent difference between am and pm totality (pill counts or 

box openings), or consistency of compliance. Furthermore, with the 

exception of one patient the tendency was to overuse both boxes to a 

similar extent (figure 48b). There was no suggestion of excessive use 

of one box with concomitant underuse of the other. Patient CP 

appeared to show excessive curiosity, both am and pm at the start of 

the study. Her mean box openings were 458% for treatment 1 (Tl), this 

diminished during the course of the study to 229% (T2) and 134% (T3).
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Figure 47: Compliance with captopril trial medication: a comparison 
between different measures of compliance. Where data 
points overlap, the number of coincident points are 
indicated within the open circles and the line projecting 
from the circle shows the position of the overlap.
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Interestingly, there was a tendency to have a few isolated fbad' days, 

where both of the boxes were opened on multiple occasions, perhaps 

when visitors arrived?.
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Figure 48: A comparison between compliance with lO.OOh (am) and 22.00h 
(pm) captopril trial medication. Where data points 
overlap, the number of coincident points are indicated 
within the open circles and the line projecting from the 
circle shows the position of the overlap.
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Effect of nature of treatment on compliance

Nature of treatment, that is captopril (active), or placebo, appeared 

to have very little effect on compliance in the majority of patients. 

Figure 49 shows the data broken down into compliance on active and 

placebo treatments. All the compliance data on active treatment was 

pooled together, that is the compliance with the am dose of the AP 

treatment was combined with all the data of the AA treatment. All the 

data on placebo was pooled together in a similar manner. One patient, 

GF, did however show a particular liking for placebo and actually 

requested additional tablets. This was reflected in both measures of 

totality of compliance but not in the Cl. Maybe the patient was 

convinced it was necessary to take tablets but not convinced it was 

necessary to space the doses out.

Distribution of dosage intervals over the study period 

Figure 50 shows the regularity with which the patients took the 

captopril trial medication. Approximately 75% of the openings of each 

box were made at intervals between 22 and 26 hours. This was similar 

for both active (78%) and placebo (77%), (figure 50a), as it was for 

am (79%) compared with pm (76%) (figure 50b).
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Figure 50: Distribution of dosage intervals over the study period
a) hatched area represents placebo and non-hatched area 
active captopril treatment, b) hatched area represents 
am. and non-hatched area pm. captopril trial medication



3*2*1*3+ Efficacy of treatment

Evaluation of efficacy 

Patients

Twenty patients entered the crossover study. Seventeen of these 

completed all 3 treatments. Three patients completed only 2 

treatments; 1 patient died suddenly whilst receiving placebo, 1 

patient had placebo treatment withdrawn because of increased angina 

(but tolerated the 2 captopril treatments) and 1 patient had captopril 

(AA) treatment withdrawn because of symptoms suggestive of acute 

mesenteric ischaemia.

Efficacy was assessed from 5 perspectives; as for Study 1 these 

included symptoms, physical signs of HF and functional ability. In 

addition, physiological and biochemical responses to therapy were 

evaluated. The results of these measurements will be presented in the 

next section. For the relevant raw data, refer to appendix 5.

Symptoms

As for Study 1 visual analogue (VA) scales were used as a rating of 

patient symptoms. Unlike Study 1 there was no significant treatment 

effect on VA scores for dyspnoea, fatigue and well-being. In fact 

scores were remarkably similar to each other, the mean (se) scores for 

treatments PP, AP, AA being: 67(4), 66(4), and 63(4)mm for dyspnoea, 

65(4), 57(4) and 64(4)mm for fatigue and 71(4), 72(4) and 73(4)mm for 

well-being.
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Physical signs of HF

Physical signs of HF were assessed by ratings of both chest X-rays and 

ECGs by 2 physicians blind to the treatment and to their sequence. 

Neither the combined chest X-ray nor ECG scores for the 2 physicians 

differed significantly between treatments.

Fund ional ability

In addition to the simple walking test used in Study 1 gait analysis 

was used to assess functional ability, the results of these tests are 

shown below.

Simple walking test

There was a tendency for patients to walk further while on treatment 

AP before becoming symptomatic (figure 51). The mean (se) values for 

SWT distance on treatments PP, AP and AA being: 75(16), 123(15), 

94(16)m. However, the treatment effect did not reach statistical 

significance at P=0.05. Walking speed during the SWT was similar on 

the 2 captopril treatments (AP and AA) and was slightly better than on 

placebo.

Gait analysis

There was a consistent tendency for 3 measures of walking ability 

obtained by gait analysis: free walking speed, mean stride length, and 

mean double support time to be best on AP, next best on AA, and worst 

on PP (figure 52).
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Figure 51. Performance on the simple walking test at the end of each 
of the three treatment periods, a) Overall speed and b) 
Distance. The 95% confidence limits of the mean values 
are shown.
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Figure 52. Gait analysis at the end of each of the three treatment 
periods, a) free walking speed, b) mean stride length 
and c) mean double support time. The 95% confidence 
limits of the mean values are shown.
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Physiological measures of efficacy

Cardiorespiratory efficiency as measured by oxygen uptake and 

ventilation volume both at rest and during and after a period of 

exercise were not significantly different between the 3 treatments 

(PP,AP,AA). Table 22 shows baseline values for minute ventilation 

volume, minute oxygen consumption, and their ratio and the areas under 

their exercise response/time curves for the 3 treatments.

Table 22: Minute ventilation and oxygen consumption and their ratio at 
rest, and in relation to exercise, on three treatments in 
the 16 subjects capable of cooperating with the procedure.

Respiratory Treatment P-value
measurement PP AP AA

mean (se) mean (se) mean (se)

Baseline
ventilation volume (l.min-1) 8.33 0.23 7.99 0.22 8.66 0.22 0.5
oxygen consumption (l.min-1) 0.198 0.009 0.201 0.008 0.217 0.008 0.4
ratio 43.1 1.9 41.1 1.8 41.1 1.8 0.5

Response to exercise

ventilation volume (l.min-1) 17.70 4.36 21.16 4.08 25.98 4.21 0.2

oxygen consumption (l.min-1) 0.600 0.054 0.651 0.050 0.671 0.052 0.7

ratio 61.1 14.8 41.4 13.8 50.1 14.3 0.8
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Biochemical measures of efficacy

Eleven healthy subjects (4 men, 7 women) of mean (SD) age 80(6), range 

70-89 y, were studied. The first occurrence of symptoms was after 

walking a mean (SD) distance of 634 (596) m for a mean (SD) time of 

547 (471) s, range 110-1815 s. The biochemical response to this 

exercise is shown for plasma ANF ( figure 53) and Angll (figure 54) 

concentrations. With respect to ANF, there was a sustained response, 

the concentrations immediately post-exercise (P=0.004), 10 min 

post-exercise (P<0.001) and 20 min post-exercise (P=0.006) being 

significantly different from those pre-exercise. The maximal response 

tended to occur at 10 min into the recovery period.
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Figure 53: The response of plasma ANF to a walk to a symptomatic
end-point in 11 healthy volunteers. The solid lines gives 
the mean responses and their 95% confidence limits, and 
the dotted lines the response in individuals.
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In contrast to the ANF response any increment in Angll concentration 

during the test was transient, there being a significant (P=0.01) rise 

over baseline values only at the immediately post-exercise time 

point. Neither the age of the patient, nor the amount of exercise 

performed, (distance walked or duration of exercise) influenced the 

maximal response to exercise in ANF (10 min after) or in Angll 

(immediately after).
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Figure 54: The response of plasma angiotensin II to a walk to a
symptomatic end-point in 11 healthy volunteers. The solid 
lines gives the mean responses and their 95% confidence 
limits, and the dotted lines the response in individuals.
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Pre-exercise plasma ANF values were nearly four times higher in 

patients while on placebo (264(10) pmol.l”') than in 11 healthy 

age-matched controls (66(5) pmol.l’*1) (PC0.0001).

Although pre-exercise plasma ANF levels were significantly lower 

on the 2 captopril treatments (245(9) pmol.l”1 on AP and 214(9) 

pmol.l-1 on AA) than they were on placebo (P=0.02 and 0.03, 

respectively), they remained well above the control values. 

Furthermore, in contrast to the increase seen in the age-matched 

controls there was no apparent increase in plasma ANF on exercising 

these patients. Pre-exercise minus the mean (se) post-exercise plasma 

ANF concentrations did not differ between the treatments, being -3(5) 

on PP, -1(5) on AP, and -3(5) on AA.

Factors affecting efficacy

The effects of dose and dosage interval on serum ACE activity and 

blood pressure will be presented in the next section.

Serum ACE activity

During the crossover study both pre-dose serum ACE activity and the 

change at 3 h post-dose were significantly affected by treatment 

(figure 55) (P=0.0003 and 0.0001 respectively). It appeared that 

pre-dose ACE activity had been induced on both active treatments. The 

change in ACE activity 3 h post-dose (that is the pre-dose activity 

minus the activity 3 h post-dose) was significantly greater on AP than 

on AA treatment, mean (se) values being 34(4) and 22(3) IU.l”’ 

respectively (P<0.005).
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Figure 55. Mean (95% confidence limits) serum ACE activity, a)

pre-dose and b) the change at 3h post-dose, at the end of 
each of the three treatment periods.
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Blood pressure

Lying and standing blood pressure measurements were made pre-dose and 

at 1 h and 2 h post-dose on each of the 3 treatments. There was no 

significant treatment effect on mean arterial pressure (MAP) lying for 

any of the time points. However, pre-dose MAP standing was 

significantly lower (P<0.05) on AP treatment (mean (se) 91 (2) mmHg) 

than on PP (98 (2) mmHg), but not significantly different between AA 

(97 (2) mmHg) and PP (figure 56).
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Figure 56. Mean (95% confidence limits) mean arterial blood pressure 
standing at the end of each of the three treatment 
periods.
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Analysis of covariance

Analysis of covariance was performed to allow for the effects of serum 

ACE activity and blood pressure on 4 selected measures of efficacy.

i SWT distance

ii Ratio of ventilation volume/oxygen consumption at rest 

iii Ratio of ventilation volume/oxygen consumption in response to 

exercise 

iv Pre-exercise plasma ANF

SWT distance was selected as a measure of efficacy, since the 

magnitude of the treatment effect (although not statistically 

significant) ranked higher for this variable than for other functional 

measures. The ratios of ventilation volume to oxygen consumption, 

both at rest and on exercise, were selected since they combined most 

of the physiological data. Pre-exercise ANF was selected since there 

was no effect of exercise on plasma ANF.

The analysis of covariance, with SWT as dependent variable and 

using the change in serum ACE activity and MAPS as covariates showed a 

significant treatment effect (P=0.04). In order to give an idea of 

the magnitude of this treatment effect, the change in serum activity 

and MAPS were set to the following mean values; 20 IU.l”’ and 95 mmHg: 

the adjusted mean (se) values for SWT distance, were 48 (11) on PP, 122 

(10) on AP and 83 (11) m on AA. The parameter estimates were for 

change in ACE activity, -1.22 (0.61) and for mean arterial pressure, 

0.74 (0.88) (P=0.06 and 0.4 respectively). That is for one unit 

increase in the change in ACE activity the SWT distance decreased by 

1.22 m and for one unit increase in MAPS walking distance increased by
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0.74 m. In this small amount of data only one of the potential 

modulators of response to treatment, change in ACE activity, 

approached statistical significance as a covariate.

When the same approach was used with pre-exercise plasma ANF 

concentration as the dependent variable the overall effect of 

treatment was enhanced (P=0.02) by adjusting for the same two 

variables. The corresponding adjusted mean ANF concentrations were 292 

(10) on PP, 221 (10) on AP, and 215 (10) pmol.l-1 on AA. The 

parameter estimates were, for change in ACE activity 1.18 (0.71) and 

for MAPS, -1.44 (0.87) (P=0.1, in each case).

A similar analysis of the ratios of minute ventilation to oxygen 

consumption at rest and on exercise revealed no significant treatment 

effect.

Reliability coefficients

Reliability coefficients for a single determination of each of the 

measures of efficacy used in the crossover study and for the duplicate 

determinations of gait are shown in Table 23. The number of 

determinations required to obtain a coefficient of 0.9 is estimated, 

the maximum possible value being 1. Fleiss, (1986) rated values less 

than 0.4 as poor, 0.4 to 0.75 as fair to good and greater than 0.75 as 

excellent.
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Table 23: Reliability and requirements for replication of measures of
efficacy used in the captopril crossover study

Number of 
Reliability of determinations 
a single required for

Test Measure determination reliability of 0.90

Simple walking speed 0.93 1
test distance 0.46 11

Gait analysis* free walking speed 0.79 3
mean stride length 0.80 3
mean double support 
time

0.75 3

Oxylog ratio at rest 0.63 6

Plasma ANF 
concentration

Pre-exercise 0.96 1

* reliability coefficients for two determinations, as used in the 
study, were for speed 0.88, for stride length 0.89 and for double 
support time 0.86.
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3.2.2. OPEN STUDY

3.2.2.1. Patients

Having successfully completed the crossover study, 17 patients were 

re-established on captopril therapy on a twice daily regimen (as for 

the AA treatment of the crossover) and entered an open study. Dosages 

of frusemide and digoxin remained unchanged.

3.2.2.2. Compliance

Compliance was monitored for the first 3 months of the open study, 

figure 57 shows the mean compliance with triple therapy in 16 of the 

17 patients during this period. Patient DE has been excluded. This 

was the first patient studied and at that time only captopril 

medication was supplied by the hospital, other medication being 

supplied by the General Practitioner. There were serious drawbacks to 

this approach, firstly it made it impossible to monitor compliance 

with digoxin and frusemide therapy. Furthermore, patients had become 

accustomed to receiving all medication from hospital during the 

crossover trial and there was concern that the need for them to 

initiate renewal of prescriptions and lack of continuity in the source 

of medication might adversely effect compliance. Indeed, compliance 

with captopril medication was slightly lower in patient DE (67%) 

compared with the other patients. Subsequently, provision was made 

for the hospital Pharmacy to supply all medication in the first 3 

months of the open study.

As for the crossover study, compliance, as measured by pill 

counts, was excellent during the open study. Additional measures of 

compliance with captopril therapy were obtained from the monitored
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pill boxes. This data also revealed good compliance, mean (se) values 

for box openings and Cl were 106 (3) and 80 (5)%, respectively.

110 n

o
-4—»c3Oo
Q_

Figure 57. Compliance with triple therapy in 16/17 patients during the 
open study. Patient DE has been excluded as only 
captopril medication was monitored.

J.2.2,3, Efficacy of treatment

Evaluation of efficacy

The tests of efficacy carried out during the crossover study (with the 

exception of the biochemical response to exercise) were repeated at 

the end of the first 3 months of the open study. A comparison was 

made between these and those measurements obtained during the AA
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treatment of the crossover study. This revealed a deterioration in 

functional ability as assessed by gait analysis at 3 months. Both 

walking speed and mean stride length were lower at 3 months than at 

the end of AA treatment, although only the latter reached statistical 

significance. The mean (se) values for walking speed were 0.56(0.04) 

m.s”1 at 3 months compared with 0.62(0.05)m.s”' (P=0.06) at the end of 

the AA treatment of the crossover. The mean (se) values for stride 

length were 0.71(0.05)m compared with 0.78(0.05) m (P=0.04).

Otherwise no significant difference was found in other measures of 

efficacy.

Variability with time of gait analysis

The variability with time of gait analysis was investigated in a group 

of healthy volunteers, (5 male and 5 female), mean (SD) age 82(2) y. 

Gait analysis was carried out on 2 occasions: 18 months apart. The 

mean (se) values for the 3 relevant measures of gait on the first and 

second occasions, respectively, were for free walking speed, (0.79 

(0.05) and 0.82(0.06) m.s-1, for mean stride length 0.94(0.02) and 

1.00(0.05) m, for mean double support time 0.08 (0.01) and 0.07 (0.01) 

s. There was no significant difference between the 3 gait parameters 

obtained on these 2 occasions, although the values tended to be better 

on the second occasion particularly for mean double support time.

Factors affecting efficacy

The effects of duration of captopril therapy on serum ACE activity and 

MAP was investigated. Measurements were made pre-dose and following a 

single maintenance dose of captopril. The time points taken being, 

the mornings of the first maintenance dose (Day 1), a mean (se) of 5
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(1) days later (Day 5*), the end of the AA treatment and the 3 month 

follow-up. The results are shown below.

Serum ACE activity

Both pre-dose and the change in serum ACE activity 3 h post-dose 

increased with duration of captopril therapy (figure 58). Not only 

was there a significant difference between the time points measured 

for the pre-dose and change in serum ACE activity 3 h post-dose (P 

<0.0001 and P=0.03 respectively) but there was also a significant 

linear trend in both these measurements with time (P <0.0001 and 

P=0.007 respectively).

100 -

Pre-dose
9 0 -

f; 80-

£  7 0 -

1  60 - o co
lu 50 - O  <
E 4 0 -
=3

<8 3 0 -
Change at 3h 
post-dose

20 -

3m follow-upEnd of AA 
treatment

Day 5 *

Time points on titrated dosage of Captopril
Figure 58: Effects of duration of captopril therapy on serum ACE

activity mean values and their 95% confidence limits are 
given at each time point.

190



Blood pressure

There was a tendency for MAP to increase with duration of captopril 

therapy. The most marked effects were seen in the pre-dose MAP lying 

(figure 59) which differed significantly between the time points 

(P=0.007) and showed significant linear trend over time (P=0.0008). 

There was also a significant effect of time on the change in lying 

pressure post-dose (P=0.04 and P=0.05, for the changes at 1 h and 2 h 

respectively). Pre-dose standing MAP also showed a tendency (P=0.08) 

to differ between the time points and there was again a significant 

linear trend with time (P=0.01). There was no significant difference 

in postural fall in blood pressure with duration of captopril therapy.

Pre-dose
_  100 - 
o> 
x  
E
E 80 -
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40 -
Change post-dose:

at 2h 
at 1h20 -

3m follow-upEnd of AA 
treatment

Time points on titrated dosage of Captopril

Day 1 Day 5 *

Figure 59: Effect duration of captopril therapy on mean arterial blood 
pressure lying. Mean values and their 95% confidence 
limits are given at each time point. (Day 5* had a mean 
(se) of 5 (1) days).
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3.2.3. TOXICITY ASSOCIATED WITH CAPTOPRIL THERAPY

In the following section some comparison will be made with the 

toxicity associated with enalapril (Study 1), although it is 

constantly borne in mind that the doses used may not be comparable in 

terms of efficacy.

3.2.3.1. Nature of adverse effects

The incidence of adverse effect was lower with captopril than with 

enalapril. Captopril was withdrawn in 9 of the 26 patients studied 

due to adverse effects - 2 patients during introduction, 4 patients 

during the run-in period, 1 patient during the crossover and 2 

patients during the open study. The nature of these adverse effects 

fall into 4 of the 5 categories described for study 1 - impairment of 

renal function, mesenteric ischaemia, impairment of cerebral function 

and myocardial infarction. Unlike with enalapril, hypotension did not 

necessitate withdrawal of captopril at the dosages used.

Impairment of renal function

Two cases occurred during the run-in period. One patient went into 

acute renal failure, blood urea and serum creatinine levels rose from 

pre-captopril values of 24.2 mmol.!"’ and 336 ymol.l”’ to 41.4 

mmol.l"’ and 516 ymol.l”1 respectively by the fourth day of the run-in 

period. The recovery was gradual, blood urea remained above 

40 mmol.l”’ for at least 6 days after the captopril had been 

withdrawn. By 28 days post withdrawal the blood urea had declined to 

26.9 mmol.!”' and serum creatinine to 464 limo!.!-' •
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A second patient experienced a more gradual deterioration in renal 

function and a quicker recovery. Blood urea rose in this patient from

13.5 mmol.l”' to 17.1 mmol.l-1 by the fourteenth day of the run-in 

period. With a return to below pre-captopril levels 2 weeks after 

withdrawal of captopril.

Mesenteric ischaemia

Four cases were diagnosed. Two patients developed severe abdominal 

pain and vomiting (one during introduction of captopril, one during 

the AA treatment of the crossover study). In both patients this was 

accompanied by abdominal distension, tenderness without rigidity and 

increased bowel sounds. Laboratory investigations revealed in one 

patient positive faecal occult blood and a raised white cell count of

17.6 x 109.1“1. This patient also had a postural fall, mean arterial 

pressure lying being 113 and standing 83mmHg. Two patients developed 

symptoms of intestinal angina, one at the end of the crossover study 

(his last treatment being AA) and the other 6 months after completing 

the crossover study.

Impairment of cerebral function

Two cases occurred during introduction. One patient felt 'drunk' and 

was vomiting during the introduction of captopril. Another patient 

became confused and drowsy by the tenth day of the run-in period. In 

both cases symptoms resolved after stopping the captopril. However, 

there was only a temporary recovery in the first case followed by a 

return of symptoms specified above and worsening renal function.
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Myocardial infarction

One case occurred. This patient had a non-fatal myocardial infarction 

(diagnosed on enzyme criteria alone) 9 days into her captopril 

maintenance therapy.

3.2.3.2. Duration of therapy

The time of occurrence of adverse effects is shown in figure 60. As 

with enalapril cerebral problems were confined to the initial period 

of therapy. The incidence of renal toxicity associated with captopril 

was less than with enalapril and occurred at an earlier stage in 

maintenance therapy. Mesenteric ischaemia as with enalapril occurred 

both initially and during follow-up.

1 death (RRD) ^

1 death (LR)

1 death (MW)

2 deaths (JD, EP)

Titration n=26

>f

Run-in n=24

>f

Crossover n=20

f

Withdrawals 1 mesenteric ischaemia (ME) 
1 cerebral steal (CB)

Withdrawals
1 acute renal failure (SB)
1 uraemia (RRN)
1 cerebral steal (RB)
1 myocardial infarction (LA)

Withdrawals
2 mesenteric ischaemia (MM, RN)

Open study n=17

i
3 months n=17 

I
T

6 months n=15 
I
I

9 months n=14 
I
T

12 months n=12

Withdrawals
1 mesenteric ischaemia (MH)

Figure 60: Flow diagram showing the nature and time of occurrence of 
adverse effects associated with captopril therapy
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3.2.3.3. Dose of captopril

Table 24 shows the relationship between incidence and nature of 

adverse effects versus the dose of captopril. Unlike enalapril 

toxicity was not associated with the first dose of captopril. Indeed 

patients had received several doses of captopril before the onset of 

adverse effects (table 24a). Neither the incidence nor the nature of 

adverse effects appeared to be related to the maintenance dosage of 

captopril (table 24b). In two patients, administration of captopril 

was associated with a deterioration in renal function. After 

discontinuing the drug, the patient who had received 50 mg b.d. 

recovered more slowly than the patient who had been taking 25 mg b.d.

Table 24. Nature and incidence of adverse effects versus dose of 
captopril

a) Introduction

Max dose No. of patients Adverse effects
received studied affected renal mesenteric cerebral myocardial 

(mg)

12.5 26 1 _ - 1 _

25 25 1 - 1 - -

b) Maintenance therapy

Maintenance
dose (mg.b.d)
25 6 3 1 1 - 1
50 18 4 1 2 1 -
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J. 2.3.4. Characteristics of patients experiencing adverse effects
As with Study 1 initial biochemical measurements in the 7 patients who 

suffered non-renal adverse reactions during the captopril trial were 

not significantly different from those patients who tolerated it: the 

mean (se) values in those with and without such reactions were 131(5) 

and 133(12) ymol.l-1 for serum creatinine, 8.7(1.0) and 10.9(1.0) 

mmol.l-1 for serum urea and 40(5) and 52(5) IU.l"1 for serum ACE 

activity, (unpaired t-test P=0.9, P=0.2, P=0.1, respectively).

Although the mean arterial blood pressure (MAP) before the 

introduction of captopril was slightly higher in the patients who 

suffered non-renal adverse effects than in those who tolerated it, 

being 99(5) compared with 92(3) mm Hg for lying MAP and 97(3) compared 

with 88(3) mm Hg for standing MAP, only the latter reached statistical 

significance, (P=0.05, and P=0.2 for MAP standing and for MAP lying, 

respectively). It should be noted that both patients who experienced 

a deterioration in renal function had the highest serum creatinines of 

the group, and 2/5 patients with mental test scores less than 9 

experienced impairment of cerebral function. Furthermore, 

retrospective history taking revealed that both the patients that had 

experienced acute mesenteric ischaemia had occasional episodes of 

epigastric pain before.
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CHAPTER 4: DISCUSSION AND PROPOSALS FOR FUTURE WORK
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4. DISCUSSION
ACE inhibitors have been shown in some, but not all, studies to 

improve general well-being (Croog et a/., 1986) and to produce mood 

elevation (Cohen et al., 1984) in hypertensive patients (Dahlof, 1985; 

Callender et al., 1983). In middle-aged patients with HF the addition 

of an ACE inhibitor to therapy has been shown to improve symptoms, 

signs, exercise tolerance, haemodynamic measurements and, possibly, 

prognosis (Captopril Multicentre Research Group, 1983; Consensus Trial 

Study Group, 1987). Indeed, improvements in both dyspnoea and fatigue 

(as recorded by the patient using visual analogue (VA) scales) have 

been observed in HE patients (mean age 56 y) following captopril 

therapy (Schofield et al., 1991). Moreover, exercise tolerance, as 

assessed by duration of treadmill exercise, has been increased by 

captopril in groups of HF patients (mean age 60 y) who were able to 

walk for at least 3 min, at either 0.44 m.s"1 (Captopril Multicentre 

Research Group, 1983) or at 0.88 m.s"1 (Cleland et al., 1984).

In the studies presented neither enalapril nor captopril appeared 

to relieve symptoms of HF, as assessed by self-rating using VA scales 

for well-being, fatigue and dyspnoea. In fact symptoms tended to 

worsen during the course of the open study of enalapril. However, 

apparent improvement in well-being reported in middle-aged 

hypertensive patients is subject to a number of confounding effects, 

such as the knowledge of adequate blood pressure control and freedom 

from the side effects of other previously taken anti-hypertensive 

agents and may well be unassociated with clinical improvement.

In the present work patients were considered too frail for 

treadmill testing. The patients followed up had a baseline exercise 

duration and walking speed of 60(36) s and 0.35(0.17) m.s-1 in Study 1
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A further impression of the deficit in gait of the patients in study 
2 can be obtained by comparison of the gait analysis data with 
reference ranges (Dobbs et al., 1992). Subject characteristics which 
affect gait must, of course, be taken into account. In the case of 
free walking speed, the most important of these is age, in the case of 
stride length, the most important is height (ibid). The mean speed of 
the patients studied (0.59 m.s-1 as determined on PP) was at, 
approximately, the fifth centile for their mean age (81y), and their 
mean stride length (750 mm as determined on PP) was below the fifth 
centile for their mean height (1.62 m). Thus, the shortening of 
stride length appeared compatible with the reduction in free walking 
speed. There was no evidence for an altered relationship between the 
basic components of gait in HF. Moreover, no single component of gait 
appeared to be more sensitive to treatment than any other: a similar 
trend towards gait being better on once daily captopril (see below) 
was found for each component of gait studied.



and 80(50) s and 0.52(0.25) m.s-1 in Study 2, walking on the flat to a 

symptom limited end-point. Therefore, they would not even be able to 

complete the first stage of a standard treadmill protocol.

Clearly conventional laboratory methods of testing were not 

practical in these patients, nor would they be analogous with their 

normal walking habits. An idea of the degree of the functional 

impairment of the patients is given by the free walking speed being 

about three quarters and the symptom limited walking distance less 

than one fifth of those of age-matched, healthy controls (see section 

3.1.3.1; Dobbs et al ., 1991a).*

Despite their level of disability functional ability, as assessed 

by performance in a simple walking test, was improved in patients who 

tolerated ACE inhibitor therapy. In the case of enalapril there was 

nearly a three-fold increase in distance walked and two-fold increase 

in walking speed within one week of starting therapy. Improvement was 

maintained at this level for at least 3 months after discharge from 

hospital.

The short-term benefits of captopril therapy assessed during the 

placebo controlled study were more modest than those observed in the 

open study of enalapril. However, it should be recognised that 

controlled trials of ACE inhibitors have shown as much as a 36% 

improvement in exercise duration in patients receiving placebo therapy 

(Cleland et al., 1984), an effect not taken into account in the 

enalapril study. Furthermore, some adjustments were made to the 

dosage of concurrent HF medication during this study, which may have 

contributed to the improvements seen.

During the captopril study improvements were more marked for once 

daily than they were for twice daily administration. This difference
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was despite the fact that the single maintenance dose of captopril was 

associated with the greatest change in serum ACE activity and the 

lowest pre-dose standing blood pressure. Both these factors were 

shown in the statistical model to adversely affect walking ability.

In this small amount of data only the change in serum ACE activity 

approached statistical significance as a covariate, suggesting a minor 

contribution to the overall effect. Nevertheless, lower standing 

blood pressure as a side effect of potentially beneficial treatment 

may of itself limit exercise capacity.

During the captopril crossover study performance appeared to be 

optimal on a total daily dose of 25 mg or, more usually, 50 mg. In 

patients of a similar age group Murphy et al., (1986) recommended a 

dose at 75 mg daily in divided doses (d.d.d.), whereas Cleland et al., 

(1984) and the Captopril Multicentre Research Group (1983) advocated 

doses of 94 mg (d.d.d.) and 225 mg (d.d.d.) respectively for the 

treatment of 60 year old patients with HF.

During the captopril study gait analysis was recorded over a 

maximium distance of 30 m. Interestingly, patients did not appear to 

be able to speed up when required only to walk this short distance; 

speed during gait analysis was similar to the overall speed in the 

symptom limited test. Thus patients appeared to have one speed for 

walking regardless of the distance covered.

Gait analysis also revealed a significant deterioration in 

functional ability (as measured by stride length) after a 3 month 

period on captopril therapy, an effect not detected by the simple 

walking test. This deterioration contrasts with the findings in 

younger patients where the treatment effect improved towards 12 weeks 

(Captopril Multicentre Research Group, 1983) and with the stability of
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gait over 18 months which was found in healthy controls, age-matched 

for patients in the captopril crossover study, (see section 3.2.2.3).

It is difficult to relate the magnitude of changes in functional 

ability seen in the present studies to improvement in treadmill 

exercise time of 30-40% seen in younger HF patients treated with ACE 

inhibitors. It is more meaningful to compare the post-treatment 

performances of patients in the two studies with the performances of 

age-matched controls measured during the course of this work. During 

the enalapril study a maximium walking distance of 100 m was imposed 

during the simple walking test. This was well within the capabilities 

of all the healthy elderly volunteers tested. Although walking 

distance and speed improved during the enalapril maintenance therapy 

only 3 patients achieved the maximium distance of 100 m. In the 

captopril study healthy elderly subjects were asked to walk to a 

symptom limited end-point as part of a biochemical stress test. The 

mean (se) distance achieved was 634(181) m. This was well above the 

best performance achieved by the patients during the captopril 

crossover study of 123(15) m (on AP treatment). Although improvements 

may appear small, it should be remembered that the benefits were 

sustained in the enalapril study against a background of progressive 

disease. Although functional ability improved patients recorded an 

increase in their level of dyspnoea and fatigue during enalapril 

maintenance therapy. However, this might have simply been due to an 

increase in their level of activity.

Two studies have reported that there was a time-lag before the 

functional benefits arising from ACE inhibitor therapy become apparent 

(Kramer et al., 1983; Jennings et al., 1984). If true, this might be 

due to either a delay in the improvement in the oxygen supply to
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exercising muscle or in its subsequent utilization. However, in the 

open study of enalapril improvement in functional ability was observed 

during the first week of therapy. Although it is possible that this 

initial improvement may have been the result of training this level of 

improvement was sustained for at least a further 3 months. In the 

captopril trial the crossover study took 3 months to complete and was 

followed by a further 3 month open study. Over this period of time 

there was some evidence of deterioration in patients' walking ability 

(assessed by gait analysis) which would imply, if anything, that 

benefit was decreasing with time. Although in some respects, it would 

have been desirable to follow up our patient sample over a longer 

period of time it was necessary to remember that our elderly patients 

had a limited life expectancy and that further progression of cardiac 

compromise with subsequent cardiovascular events was likely.

A comparison of the physiological and biochemical effects of ACE 

inhibition in younger and older subjects is also of interest. Two 12 

week, parallel group, placebo controlled studies of ACE inhibitors in 

HF patients have shown a significant increase in the maximal oxygen 

consumption in symptom limited, incremental exercise tests (Kramer et 

al., 1983; Franciosa et al., 1985). These observations cannot be 

directly compared with the present work because our patients found the 

oxylog test far more stressful than the simple walking test. They 

were not, therefore, asked to perform a maximal (symptom limited) 

oxylog test.

In contrast to the previous studies there were no improvements in 

the respiratory measurements; minute ventilation, minute oxygen 

consumption or their ratio during the captopril study. It is possible 

that our patients were not sufficiently stressed to show a difference
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between treatments in the crossover study. However, it is difficult 

to suggest an alternative means of assessing such frail patients. In 

this context, Lipkin et al., (1985) were unable to obtain a reliable 

respiratory end-point during submaximal testing in some patients with 

severe HF. It may also be the case that the treatment periods were 

too short for benefits to be detected. Indeed, in one of the studies 

mentioned above (Franciosa et al., 1985), no significant changes in 

oxygen consumption were observed during the first two weeks of 

maintenance therapy, but only became apparent at the next time point 

tested which was 6 weeks. However, it does seem unlikely that 

inadequate length of treatment periods could be a reason for the lack 

of responsiveness reported here since, the elderly patients tested in 

the captopril study showed no apparent benefit even at the end of the 

3 month open study.

In younger patients (mean age 53 y) resting plasma concentrations 

of ANF are elevated in severe HF compared with those in healthy 

subjects (Ogama et al., 1986). Their plasma ANF concentration 

correlated with clinical measures of failure (Tikkanen et al., 1985, 

Anderson et al., 1986; Katoh et al., 1986) and with more direct 

measures of cardiac afterload (Bates et al., 1986, Burnett et al., 

1986, Dietz et al., 1986, Lang et al., 1986, Raine et al., 1986, 

Richards et al., 1986). There is also a negative correlation with 

cardiac function in older HF patients: in patients of mean age 71 y, 

the mean plasma concentrations were 16 pmol.l"1 in the New York Heart 

Association Classes I and II and 60 pmol.l"1 in Classes III and IV 

(Tikkanen et al., 1985).

These latter concentrations should be compared with the resting 

concentration of over 200 pmol.l"1 which were found in patients during
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the captopril crossover study. Moreover, the mean resting ANF 

concentration in the age-matched controls was 66 pmol.l"1 (see section 

3.2.1.3). Thus the increase in resting ANF could not be attributable 

to age alone (Ohashi et al., 1987), but suggests a severe degree of 

cardiac compromise with considerably higher atrial intramural 

pressures than in younger HF patients. Although active treatment 

significantly lowered the resting plasma ANF concentrations, they 

remained grossly elevated throughout the crossover study. This 

suggested that captopril therapy did not have a major impact on 

cardiac compromise. Certainly, there was no radiological evidence of 

a reduction in heart size.

The effect of a given work load on plasma ANF concentrations in 

patients with severe cardiac compromise is to produce higher absolute 

concentrations, but a smaller proportionate increase over resting 

concentrations (Raine et al., 1986, Morris et al., 1987,). An 

increase in ANF in the region of 30% has been reported in young, 

healthy volunteers (mean age 30 y) exercising to exhaustion (Hodsman 

et al., 1986, Somers et al., 1986, , Bollerslev et al., 1987, Saito et 

al., 1987). This maximal response appears to occur immediately after 

exercise, with a recovery of ANF concentrations to pre-exercise values 

within 10-15 min (Somers et al., 1986, Bollerslev et al., 1987).

Saito et al., (1987) have reported that a delay in ANF response 

occurred with submaximal exercise, such that ANF levels were not 

significantly increased until 15 min after the period of exercise had 

ceased.

In the present studies healthy elderly subjects produced a 47% 

increment in ANF above baseline in response to a symptom limited 

exercise test and maximium ANF response was recorded 10 min post
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exercise. This delay in response suggests that these elderly subjects 

may not have been performing a maximal test. However, even exercising 

to this degree produced an increment in ANF well above that reported 

in younger subjects exercising to exhaustion. Furthermore, increasing 

concentrations of one component of the RAA system, angiotensin II, 

suggests the exercise test was near maximal (Tanaka et al., 1986, 

Richards et al ., 1987).

For the patients to achieve the end-point on all treatments, the 

distance walked during the biochemical stress test was set at 75% of 

that limited by symptoms. Even at this curtailed end-point, their 

rise in atrial pressure is likely to have been greater than in the 

controls. However, patients showed no significant increment in ANF in 

response to exercise: a dramatic finding, but in line with the animal 

model (Edwards et al., 1986) which shows reduced storage of ANF 

because of high turnover.

The effect of treatment on resting ANF concentration was 

emphasized by incorporating standing blood pressure and change in 

serum ACE activity as covariates in the statistical model. For a 

given maintenance dose of captopril the response assessed in terms of 

ACE activity was greater when the patients had been receiving the drug 

on a once, rather than on a twice, daily basis (that is in the 

crossover on the AP rather than on the AA treatment). Interestingly, 

the greater change in ACE activity was also associated with higher 

plasma concentrations of ANF. It follows that the overall decline in 

ANF may have been limited by a compensatory increase in the activity 

of the RAA system.

During the captopril study there was evidence of serum ACE 

induction, which occurred together with a rise in mean arterial
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pressure. However, although the pre-dose ACE activity rose so did the 

change in activity following a dose of captopril. It would be of 

interest to study the relevance of the two modulators arterial 

pressure and serum ACE activity in the longer term (see proposals for 

future work).

In the two studies presented adverse effects led to the withdrawal 

of ACE inhibitor therapy in 43% of the patients studied. Because 

there are few studies carried out using enalapril or captopril in the 

elderly, it is difficult to compare this incidence with literature 

values. However, in elderly HF patients treated with captopril Murphy 

et al., (1986) reported a similar number of withdrawals (40%). Trials 

of ACE inhibitors in younger patients have reported a much lower 

incidence of adverse effects (Kramer et al., 1983, Cleland et al., 

1984; 1985a; Creager et al., 1985) but the reason for this disparity 

is unclear.

The incidence of enalapril toxicity in the elderly patients 

studied could not be explained by higher plasma concentrations of the 

active drug as a result of poor renal function. This is in contrast 

to the work of Fruncillo et al., (1985); they found that when the 

creatinine clearance was 40 ml.min.-1 or less a standard dose of 

enalapril markedly increased the serum concentration of enalaprilat, 

the active metabolite. Although most of the patients in Study 1 had 

even lower clearances, enalaprilat concentrations achieved on the 

initial doses were small compared with those found in uneventful 

single dose pharmacokinetic studies (Biollaz et al., 1982; Davies et 

al., 1984, Johnston et al., 1984).

Cleland et al., (1985b) observed only three adverse reactions (all
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profound hypotension) when enalapril was introduced at a dose of 5 or 

10 mg in twenty patients, of mean age 55 y, with HF. In Study 1 there 

appeared to be some relationship between the incidence of adverse 

effects and the size of the initial dose of enalapril, since when 

enalapril was introduced at the recommended dose of 2.5 mg three out 

of four patients reacted adversely. When the initial dose was reduced 

to 1.25 mg the frequency, but not the severity, of adverse reactions 

was also decreased. The frequency of adverse reactions did not appear 

to be related to the size of the maintenance doses used in either of 

the studies presented.

Cleland et al., (1985b) recommended that patients should be 

observed carefully for at least 4 h after the first dose of 

enalapril. Here only one patient had hypotension in the 4 h after the 

first dose of enalapril, other adverse effects occurring after 8 h or 

more. In healthy volunteers serum enalapril concentrations peak 

within 1 h of receiving a dose, peak enalaprilat concentrations 

occurring 1 h to 4 h later (Biollaz et al., 1982; Johnston et al., 

1984). The delayed onset of adverse effects in Study 1 may reflect a 

change in metabolism of the drug, reduced hepatic function secondary 

to heart failure delaying the appearance of enalaprilat (Johnston et 

al., 1984; Schwartz et al., 1985; Dickenstein et al., 1987). The 

present work suggests that patients of this age group should be 

monitored carefully until they have reached an appropriate maintenance 

dose. Captopril, which has a different metabolic pathway and shorter 

half-life, may not pose so many problems. Indeed, in Study 2 toxicity 

was not associated with the first dose of captopril.

Biollaz et al., (1982) found almost complete inhibition of serum 

ACE activity (90%) at enalaprilat concentration in the region of 20-30
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ng.ml"1 in healthy volunteers aged 22-33 y. However, it must be 

remembered that there is considerable variability in sensitivity 

between patients (Johnston et al., 1983). In Study 1, an average of 

68% inhibition had occurred 24 h after the third dose of enalapril, 

when enalaprilat concentrations were 23(11) ng.ml"'. Thus, the 

elderly patients studied did not appear to be more sensitive to the 

effects of ACE inhibition.

The level of adverse effects seen in the present work is greater 

than that reported in the literature. However, this may simply 

reflect general bias of the literature to reporting only positive 

findings, indeed, even Murphy et al., (1986) concluded that captopril 

was well tolerated in the elderly, despite withdrawing 40% of the 

patients. On the other hand the greater severity of disease in the 

elderly with gross impairment of perfusion of essential organs may 

make them particularly vulnerable to steal effects during exercise.

It must be admitted that some of the adverse effects during the 

present studies may have been independent events, for example, the 

incidence of myocardial infarction is known to be particularly high in 

patients with HF (Califf et al., 1982). Intestinal angina may simply 

reflect a progression of the arteriosclerotic disease, as it often 

recurred some time after the ACE inhibitor had been withdrawn. 

Nevertheless, acute cases of mesenteric ischaemia were probably due to 

ACE inhibitor therapy since they resolved on withdrawal of the ACE 

inhibitor. There is some evidence that 'desensitization1 following 

spontaneous recovery from adverse effects may allow successful 

reintroduction of an ACE inhibitor (Girard, 1987). However, 

irreversible ischaemic damage to the kidney, heart and brain have also 

been reported after introduction of enalapril in patients with HF
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(Cleland et al ., 1985c). It was, therefore, decided not to 

rechallenge patients suffering adverse effects on a routine basis.

The nature of the observed adverse effects was similar with 

captopril and enalapril. These included well-reported effects such as 

deterioration of renal function and hypotension. Renal insufficiency 

associated with ACE inhibitors has been attributed to disturbed 

autoregulation of glomerular filtration due to reduced glomerular 

arteriolar pressure. However, worsening glomerular function rarely 

requires the withdrawal of the drug, except in patients with renal 

artery stenosis (Todd and Heel, 1986) where glomerular function 

becomes increasingly dependent on the efferent arteriolar pressure 

(Hricik et al., 1983; Bender et al., 1984). Renal function 

deteriorated dramatically in two patients during the run-in period of 

the captopril study and in four patients during the enalapril study.

In all cases it returned to baseline after ACE inhibitor therapy was 

withdrawn. One of these patients died three months after the 

enalapril had been withdrawn: post-mortem examination revealed an 

aortic aneurism involving the renal arteries whose lumina were 

virtually occluded by atheroma. The risk of occult renal artery 

stenosis suggests elderly patients treated with ACE inhibitors should 

be regularly screened for renal function. The effects of cerebral 

steal and mesenteric ischaemia were seen with equal frequency to the 

other adverse effects, although these are considered to be rare 

complications (Data Sheet Compendium 1985-86). This local 

underperfusion may have been the result of a steal phenomenon or may 

have occurred in association with failure of local autoregulation.

In the two studies presented the incidence of adverse drug 

reactions was greater with enalapril (14/17) than with captopril
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(9/26). This contrasts with the similar rates of class related 

adverse effects, such as hypotension and renal failure, with the two 

drugs that have been reported in younger patients (Edwards and 

Padfield, 1985). The increased frequency of adverse effects 

associated with enalapril may be the result of a more sustained 

inhibition of ACE activity. In accordance with the findings of 

Cleland et al., (1986c) and Packer et al., (1984) adverse reactions 

were not predictable on the basis of baseline patient 

characteristics. However, one patient who developed acute renal 

failure during the introduction of enalapril had very high 

pre-treatment plasma renin activity, suggesting a highly activated RAA 

system. This may have made the patient more sensitive to the effects 

of ACE inhibition. Furthermore, in the captopril study patients who 

experienced deterioration in renal function had the highest serum 

creatinines and patients who experienced impairment of cerebral 

function had some of the lowest mental test scores (MTS) of the group.

In the studies presented compliance of elderly patients with their 

HF medication was excellent, despite the mean (se) number of 

concurrent medications prescribed for the patients being 3.6(0.13). 

However, these studies did not include patients with impaired 

cognitive function (that is, patients with clinical dementia, or MTS 

less than 8 were excluded from the studies).

In summary, the benefits of the two ACE inhibitors evaluated here 

appear modest in the elderly, HF patients studied compared to those 

reported for their use in younger patients. Furthermore, toxicity 

associated with their use was much higher than previously reported in 

the literature. On a more positive side the present work suggests the 

possible benefits of inhibiting ACE activity for shorter periods each
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day. Firstly, the incidence of adverse effects was lower with the 

shorter acting agent captopril than with enalapril. Secondly, the 

benefits were greater with once daily captopril than with the 

conventional twice daily regimen. There is now need for further 

investigation to optimise the efficacy of once daily captopril in low 

dosage.
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PROPOSALS FOR FUTURE WORK

Methodology

Of the functional measurements used the SWT was the most relevant to 

the patients normal habits and could be easily applied in clinical 

practice. Furthermore, it was the only functional test that was 

sensitive to treatment effects. Although the reproducibility of the 

test was demonstrated in healthy elderly volunteers and in elderly 

patients with HF, the reliability of a single measurement of the 

distance walked during this test was classified as only "fair" (table 

23). “Good" reliability could be obtained by increasing the number of 

tests carried out on each treatment.

Gait analysis was a much more reliable technique. However, until 

the gait apparatus becomes commerically available its use is limited 

to a research environment. The range of this apparatus has now been 

extended to cover walks up to 50 m. It would be interesting to see if 

it will now be more sensitive to treatment effects, particularly in 

more mobile patients.

The oxylog test was very difficult for the patients to perform and 

was not acceptable to all. Reliability of the test was only fair to 

good. Furthermore, even in those patients willing to cooperate with 

the procedure the test was not sensitive to treatment. At present, an 

average value is displayed at minute intervals although measurements 

of oxygen content of samples of inspired air is made every 10 seconds. 

More frequent readings would have improved the precision of the test. 

However, since no trend was seen in the present data it would seem 

unlikely that, even with this modification the test would be useful in 

defining the treatment effect in such patients.
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Resting plasma ANF was sensitive to treatment effects and was the 

most reliable of the measures of efficacy chosen. In fact reliability 

was excellent. However, the changes in ANF were small compared with 

the difference in ANF concentrations between the patients and healthy 

age-matched controls. Further work is needed to relate these changes 

to measures of performance. If used on a regular basis it might be 

expedient to try to simplify the assay procedure. The literature 

suggests that analysis time may be reduced by eliminating the 

extraction step and carrying out a direct analysis. It would of 

course be necessary to validate any new procedure against the existing 

method.

Both the pre-dose standing blood pressure and the change in serum 

ACE activity following a single maintenance dose of captopril appeared 

to be modulators of response to ACE inhibitor therapy; this needs 

confirmation. Ambulatory blood pressure monitoring may provide 

further clues to the effects of ACE inhibitors on exercise tolerance. 

The present work also needs extending to investigate the serum ACE 

profile following a single daily dose during maintenance therapy. This 

could establish for how long, and to what extent, the ACE needs to be 

inhibited to obtain a therapeutic effect prior to the next daily 

dose. It would also be desirable to establish whether performance 

alters during the course of the day on such a regimen and the optimal 

time of day for adminstration.

Drug Studies

From the present work shorter periods of ACE inhibition each day 

appeared to be associated with a better safety profile; the incidence 

of adverse effects being greater for the longer acting ACE inhibitor
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enalapril than for captopril. It is of course recognised that 

assumptions have been made about the relative efficacy of these two 

drugs, their dosage equivalents and biological half-life in the 

elderly. In the study of captopril functional ability also appeared 

to be better with shorter periods of ACE inhibition each day, that was 

when patients were receiving captopril once rather than twice daily. 

However, in this study patients were receiving half the total daily 

dose on the once daily regimen that they were receiving on the twice 

daily regimen. It is not possible therefore to tell whether the 

beneficial effects were due to the smaller total daily dose, or to 

less frequent adminstration. A short-term, two-way crossover study 

comparing once daily captopril at the maintenance doses (MD) used in 

the present study, with same MD but divided between adminstration 

times would be required to resolve this issue. The most efficacious 

treatment could then be compared in a long-term, placebo controlled, 

parallel group study. As with the present work this new study would 

need to be placebo-balanced to ensure that the patients and observers 

were blind to which treatment they were receiving. The use of the 

monitored pill box would be vital to confirm whether or not the am and 

pm doses were taken appropriately.
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APPENDICES



Appendix 1: Modified Tooting Bee questionnaire

'Some people as they net older ojien fend to forget things. I should like to ask you some questions to see how well 
you remember things which have happened recently and in the past.’

(a) What is your name?

(b) I low old arc you?

(c) Arc you married?

(d) What was your work? (aik women ib o u t Iheir work before marriage)

(c) What year is it?

( I )  What is Ihc name of (his hospital? <irno< known-inform)

(g) I am going to tell you an address, and 1 want you (o rem em ber it: 74 Columbia Road

(h) What year did the Second World War start? and finish?

(i) Who was (he Prime Minister al Ihc end of the war?
The beginning or the war?

0) Who is the Prime Minister now?

(k) What is the name oC the queen?

(I) What is the name of her eldest son?

.(m) Where is Belfast?

(n) What is happening there now?

(o) Now tell me the name of the hospital again?

(p) Tell me the address that I told you.

Conditions in which mental test questionnaires are inapplicabler

• Dysphasia

• Deafness
• Depression

• Disturbed consciousness
o Native language difficulties
• Severe Illness, making the patient unable to cooperate
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Appendix 2: Visual analogue scales used to rate symptoms of heart 
failure

aj Dyspnoea scale

most breathless not breathless
ever been at all

bj Fatigue scale

extremely tired not tired at all

cj Uell-being scale

worse I have best I have
ever been ever been
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Appendix 3: Reliability of measurements of efficacy

When a determination of a measurement is made, the observed value, x,

can, in theory, be broken down into two parts: the underlying true

value, and an error of determination, e. Then, the variance of the
observed value, o2, is given by

o,2 + oe2

where o,2 is the variance of the true value and oe2 the variance of 

errors. Fleiss (1986) defined the reliability coefficient of a 

determination as

°,2 

o,2 + ae2

that is the proportion of the variance of the determination which is

due to true subject to subject differences.

In practice, the reliability of one determination of a measurement 

of performance, R, can be estimated from an analysis of variance by

BMS-WMS

BMS+(n-l)WMS'

where BMS is the between subject mean square, WMS the within subject 

mean square, and n the number of determinations per subject. A 

minimum of two determinations is needed for each subject for a value 

of R to be calculated. If the measurement is reliable, BMS would be 

large compared with WMS, so R would be large. The maximum value for R 

is 1: this is achieved when the determination is exact. Fleiss (1986) 

rated R values less than 0.4 as signifying poor reliability, greater 

than 0.4 but less than 0.75 as fair to good, and greater than 0.75 as
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excellent. There is no minimum for R since it is possible for WMS to 

be greater than BMS: R will then assume negative values. Small 

positive and negative values for R indicate that there is a lot of 

error in each determination, that is a single determination would be 

an unreliable estimate of the true value.

Reliability can be increased by taking several determinations 

under the same conditions and using the mean of those determinations. 

Using the Spearman-Brown formula (Fleiss, 1986) the reliability of the 

mean of m determinations, Rjq is given by:

m.R
R m  **

l+(m-l).R

where R is the reliability of a single determination (as above). 

However, the gait analysis measures used were already the mean values 

from two walks: the reliability of a single measurement is given by,

R ■ R2 

2-R,

The Spearman-Brown formula can also be rearranged 

of replicate measurements, m, needed to provide a 

coefficient, R , of specified value:-

R* (1-R)*m = -------
R(l-R*)

to obtain the number 

reliability
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Appendix 4: Data from the enalapril open study



Appendix 4.1. Compliance with heart failure medication during Study 1, 
as measured by pill counts and expressed as a percentage 
of the ideal number

aj Compliance uith enalapril therapy

Patient Months after discharge
1 2 3 4 5 6 7 8 9 10 11 12

MWL 106 132 100 100 100 100 103 100 104 98 * *
AS 100 97 100 95 97 93 100 * * it * it

VL 100 100 100 100 100 97 100 100 92 100 104 100
JM 100 83 100 121 84 105 93 90 100 87 it it

EW 94 100 94 * * * * * * it it it

WA 94 100 94 92 100 81 * * it it it it

FY 100 100 100 108 97 85 95 92 88 it * it

FS 103 100 100 100 100 118 * * * it it it

RH 48 60 73 96 100 77 100 87 63 84 it it

AT * * * * * * * * * * it it

bj Compliance uith digoxin therapy

Patient Months after discharge 
1 2 3 4 5 6 7 8 9 10 11 12

MWL 106 132 100 100 100 68 95 100 101 90 * it

AS 103 181 96 95 97 96 82 * * * * it

VL 100 100 100 109 100 100 118 100 92 100 107 100
JM 104 105 100 100 89 117 105 96 108 105 * *
EW 100 100 100 * it it * it it it * it

WA 97 100 92 96 100 91 * it it it it it

FY 100 100 100 100 100 91 103 101 95 it it it

FS 100 105 95 109 113 100 * * * it it it

RH 100 100 89 100 100 77 132 97 96 100 it it

AT * it * it * * * * * it it it
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Appendix 4.1. (continued)

cj Compl iance uith fruseuide therapy

Patient Months after discharge
1 2 3 4 5 6 7 8 9 10 11 12

MWL 160 185 100 100 100 100 112 121 122 112 it ft
AS 96 90 92 82 85 88 92 * * ft it *
VL 100 101 100 108 101 100 105 100 111 100 103 100
JM 92 96 116 119 51 76 82 62 77 47 * ft
EW 100 102 95 * it * * * * it * ft
WA 81 93 100 92 100 91 * it * ft * *
FY 100 101 98 93 96 85 157 75 78 * * ft
FS 140 102 104 145 73 101 it it * * * ft
RH 68 76 91 112 91 70 132 97 96 96 * *
AT * ft * ft * ie it * it it ft ft

Data not available
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Appendix 4.2. Patient's self-assessment of symptoms using visual 
analogue scales during Study 1

aj Scores for dyspnoea CunJ

Patient Duration of enalapril therapy (months)
0.25 3 6 9 12

MWL 80 33 64 28 *
AS 93 93 52 * it

VL 72 58 71 71 49
JM 10 9 2 10 9
EW 72 9 * * it

WA 55 36 36 * it

FY 40 1 19 9 it

FS 59 70 76 * it

RH 40 1 6 8 it

AT * * * * it

bj Scores for fatigue (wa)

Patient Duration of enalapril therapy (months)
0.25 3 6 9 12

MWL 42 50 30 18 *
AS 95 95 54 * *
VL 51 20 80 95 46
JM 50 31 21 35 19
EW 63 20 * it *
WA 40 72 32 it *
FY 29 6 25 11 it

FS 38 32 52 * it

RH 18 3 7 6 it

AT it * * * it

Data not available
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Appendix A.3. Patient's walking ability during Study 1 

aj Distance (u)

Duration of enalapril therapy 
Patient Initial admission Following discharge

(days) (months)
0 3 7 3 6 9 12

MWL 0.0 25.0 30.0 30.0 42.7 44.6 *
AS 40.0 63.0 100.0 85.2 70.2 ft *
VL 33.0 35.0 33.0 45.8 72.0 16.6 27.0
JM 8.5 22.9 25.5 12.7 17.0 13.0 9.0
EW 38.9 100.0 90.0 50.0 * * *
WA 13.5 43.1 44.4 88.0 18.0 * *
FY 8.6 37.3 51.7 31.0 16.0 13.0 *
FS 23.2 14.5 37.8 100.0 100.0 ft *
RH 2.6 5.8 81.3 19.9 53.8 11.4 *

b) Speed (w.sr')

Duration of enalapril therapy 
Patient Initial admission Following discharge

(days) (months)
0 3 7 3 6 9 12

MWL 0.00 0.28 0.32 0.46 0.58 0.49 ft
AS 0.57 0.79 1.37 0.91 0.81 * ft
VL 0.25 0.34 0.38 0.43 0.39 0.26 0.33
JM 0.13 0.33 0.34 0.22 0.34 0.23 0.07
EW 0.53 0.63 0.70 0.64 * ft ft
WA 0.50 0.74 0.71 0.68 0.72 ft *
FY 0.32 0.37 0.59 0.49 0.40 0.39 ft
FS 0.33 0.38 0.41 0.83 0.77 ft *
RH 0.15 0.18 0.34 0.31 0.46 0.26 *

Data not available
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Appendix 4.4. Serum angiotensin converting enzyme activity (IU.l-1) 
during Study 1

aj During the introduction of enalapril therapy
Dose of enalapril (mg)

Patient 0 1.25 2.5 5 10

MWL * * 62 30 23
AS 48 21 13 10 *
VL 136 70 31 22 *
JM 35 33 * 15 25
EW 98 45 50 32 22
WA 41 21 12 11 *
FY 38 20 18 16 *
FS 41 21 21 9 *
RH 68 43 32 14 *
AT 58 28 26 14 it

bj During enalapril maintenance therapy

Patient 1st MD**
Months after discharge 
3 6 9 12

MWL 23 62 50 95 *
AS 10 14 16 * *
VL 22 10 9 13 3
JM 25 26 17 6 26
EW 22 16 * * it

WA 11 9 15 * *
FY * 6 33 7 it

FS 9 9 11 it it

RH 14 109 55 77 it

AT 14 4 it * *

Data not available
MD = maintenance dose (either 5 or 10 mg of enalapril)
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Appendix A.5. Mean arterial blood pressure (moHg) during Study 1

Patient Duration of enalapril therapy (months)
0 0.25** 3 6 9 12

L S L S L S L S L S L s

MWL 103 103 100 97 110 110 117 117 130 130 * *
AS 100 100 83 83 123 120 100 100 * * * *
VL 95 93 83 87 100 83 83 78 112 87 87 70
JM 82 83 87 83 83 87 83 * 137 113 73 87
EW 90 90 80 80 90 80 * * * * * *
WA 130 130 93 93 117 120 123 133 * * * *
FY 107 97 107 110 120 112 150 137 150 147 * *
FS 87 87 77 77 90 77 97 100 * * * *
RH 77 77 77 77 92 102 93 95 105 103 * *
AT 100 93 85 117 72 93 * * * * * *

L = Lying 
S = Standing

Data not available
measured at the time of discharge from hospital
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Appendix 4.6. Serum enalapril and enalaprilat concentrations during 
introduction of enalapril and after 3 months of 
maintenance therapy

aj Enalapril (ng.ml~* J

Patient Dose of enalapril (mg)
1.25 2.5 5 MD**

MWL * * * *
AS * 5.7 * *
VL 4.7 2.8 8.5 30.0
JM 0.6 * 0 4.1
EW 1.7 2.1 2.8 34.0
WA 2.1 1.4 8.5 0
FY 1.0 0 0 0
FS 0.4 0 0 *
RH 1.1 1.8 * *
AT 3.5 1.0 * *

bj Enalaprilat (ng.ml-

Patient Dose of enalapril (mg)
1.25 2.5 5 MD**

MWL * * * *
AS 5.6 14.5 34.0 92.0
VL 6.0 15.0 27.0 9.1
JM 1.6 * 4.9 58.0
EW 3.1 4.8 11.0 33.0
WA 3.8 13.0 20.0 40.0
FY 2.3 5.0 13.0 *
FS 5.6 13.0 42.0 *
RH 3.0 4.4 * *
AT 5.3 9.3 * *

data not available 
MD = maintenance dose (either 5 or 10 mg enalapril)
** Sample taken after 3 months of maintenance therapy

227



Appendix 4.7: Concurrent medication prescribed for patients during 
Study 1

Patient Concurrent medication

MWL None 
IP Nifedipine SR 
VG None
GS Terbutaline sulphate 
AS* None 
VL None
JM Aminophylline, Salbutamol 
EW None
WA Thyroxine, Aminophylline, Salbutamol
SS None
FY Thyroxine
FS None
RH Amiloride
AT None
MF* None
AM Salbutamol
GT None

These patients received short courses of antibiotics during 
Study 1, assessments were tailored not to coincide with periods 
of acute infections
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Appendix 5.1. Data from the captopril crossover study
Appendix 5.1.1 Randomisation of trial medication for the 

crossover phase of Study 2.

Patients'
initial

Study
number

1st

Treatment

2nd 3rd

DE 1 PP AA AP
LR 2 AP PP AA
AE 3 AA PP AP
MH 5 PP AP AA
CT 7 AA AP PP
CP 8 PP AA AP
EP 9 PP AP AA
FT 10 AP PP AA
RRD 11 AP AA PP
MM 14 PP AP AA
RN 15 AP PP AA
AW 16 AA PP AP
HL 17 PP AA AP
GW 18 AP AA PP
JD 19 AP PP AA
JH 20 AA AP PP
JB 21 PP AP AA
GF 22 AA PP AP
GP 23 PP AA AP
MW 24 AP AA PP

AA = captopril (25 or 50 mg) given twice daily at 10.00 and 22.00h 
AP = captopril (25 or 50 mg) given once daily at lO.OOh with the 

appropriate placebo at 22.00h 
PP * appropriate placebo given twice daily at 10.00 and 22.00h
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Appendix 5.1.2: Compliance with medication during the crossover phase 
of Study 2.

aj Captopril trial medication

Patient Consistency index (%) Box openings (%) Pill counts (%)

PP AP AA PP AP AA PP AP AA

DE 65 70 59 84 88 91 92 86 74
LR 100 94 97 119 119 107 100 100 100
AF 97 97 93 107 107 119 100 100 100
MH (100) 98 90 (100) 142 102 (100) 98 94
CT * * * * * * 100 94 86
CP 59 80 49 458 134 229 123 106 121
EP 92 94 87 109 123 103 100 100 100
FT 74 58 86 112 112 109 97 97 97

RRD (100) 68 88 (113) 119 103 (107) 103 94
MM 78 100 (87) 120 122 (113) 98 100 (96)
RN 94 89 91 111 104 114 100 100 109
AW 97 85 63 114 103 125 113 103 93
HL 92 91 75 112 118 88 96 100 88
GW 78 71 82 137 115 130 103 100 100
JD 84 76 * 113 113 * 94 95 100
JH 85 91 100 124 127 111 100 100 100
JB 86 89 100 109 116 109 95 100 106
GF 79 94 75 198 118 93 153 112 90
GP 95 100 88 112 100 107 98 96 100
MW 96 94 88 100 107 115 100 100 100

* data not available
Where it was necessary to withdraw a particular treatment compliance 
prior to withdrawal is indicated in brackets
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Appendix 5.1.2 (continued)

bj Digoxin and fruseuide therapy

Pill counts (%)
Digoxin Frusemide

Patient PP AP AA PP AP AA

DE 84 100 109 102 100 103
LR 100 100 100 100 100 100
AF 100 102 100 100 102 100
MH (100) 100 92 (100) 100 92
CT 100 96 91 100 94 88
CP 110 85 100 110 83 95
EP 100 100 100 100 100 100
FT 100 100 100 100 100 95

RRD (100) 106 100 (100) 106 100
MM 98 100 (89) 100 100 (114)
RN 100 100 105 100 100 100
AW 106 103 100 100 100 100
HL 100 100 100 94 105 97
GW 103 94 95 100 94 74
JD 112 115 100 121 115 100
JH 103 91 100 100 90 100
JB 100 89 100 105 86 100
GF 96 120 106 77 145 106
GP 100 82 108 93 86 100
MW 100 100 100 100 100 100

Where it was necessary to withdraw a particular treatment 
compliance prior to withdrawal is indicated in brackets
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Appendix 5.1.3. Patient's self-assessment of symptoms during the
crossover phase of Study 2

Visual Analogue Scores (mm)

Patient Dyspnoea Fatigue Well-being

PP AP AA PP AP AA PP AP AA

DE 27 16 52 38 7 45 43 72 45
LR 91 91 92 75 70 83 74 65 83
AF 67 51 56 73 35 82 81 84 86
MH * 61 93 * 12 53 * 63 89
CT 96 11 8 63 12 7 71 16 5
CP 34 73 49 98 71 51 95 75 91
EP 70 88 87 68 89 88 50 91 88
FT 53 70 81 44 64 57 51 73 74

RRD * 73 81 * 55 53 * 57 75
MM 83 37 * 14 13 * 76 79 *
RN 6 48 43 43 39 27 76 45 44
AW 90 92 78 91 95 78 93 99 90
HL 92 93 85 92 91 84 89 87 82
GW 56 80 47 94 90 99 43 92 94
JD 69 79 83 81 64 87 63 78 93
JH 89 86 53 93 . 86 75 95 95 80
JB 67 51 11 53 5 8 57 6 17
GF 57 45 41 36 66 49 91 90 73
GP 92 93 97 56 83 97 50 85 83
MW 73 87 61 57 94 98 83 81 97

* data not available
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Appendix 5.1.4. Clinical Investigations during the crossover phase of
Study 2

CHEST X-RAY ELECTROCARDIOGRAM

Patient Observer Observer Observer Observer
A B A C

PP AP AA PP AP AA PP AP AA PP AP AA

DE 2 3 1 = = = 2 1 3 3 2 1
LR 2 1 3 2 1 3 3 1 2 2 1 3
AF 2 3 1 1 3 2 1 3 2 = = 3
MH a 2 1 * = = * 1 2 A 1 2
CT 1 3 2 2 3 1 2 3 1 2 1 3
CP 1 2 3 = = = 2 1 3 3 2 1
EP 1 2 3 = = 3 1 2 3 1 3 2
FT 2 3 1 = - 1 2 3 1 2 1 3

RRD * 2 1 * 2 1 A 2 1 A 1 2
MM 1 2 * 2 1 * 1 2 A 1 2 A

RN 1 3 2 1 3 2 2 1 3 1 3 2
AW 1 2 3 2 1 3 1 3 2 3 2 1
HL 3 2 1 2 1 3 3 1 2 3 1 2
GW 3 2 1 = = = 2 1 3 = = JB

JD 3 2 1 3 2 1 2 * 1 2 A 1
JH 1 2 3 1 2 3 3 2 1 3 1 2
JB 1 2 3 1 2 3 3 1 2 2 1 3
GF 1 2 3 1 = = = 3 = 2 3 1
GP 3 1 2 2 1 3 1 2 3 3 2 1
MW 3 1 2 2 1 3 1 2 3 3 2 1

* data not available
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Appendix 5.1.5. Patient's walking ability during the crossover phase
of Study 2

Simple Walking Test (SWT)

Patient Distance (m) Speed (m.s-1)

PP AP AA PP AP

DE 64.2 54.0 57.0 0.51 0.46 0
LR 94.6 114.9 130.5 0.82 0.85 0
AF 199.5 229.2 137.7 0.82 0.76 0
MH * 24.0 58.3 * 0.52 0
CT 4.9 1.1 2.0 0.16 0.05 0
CP 38.2 328.2 74.5 0.37 0.45 0
EP 13.0 16.4 20.3 0.17 0.14 0
FT 74.0 55.5 74.9 1.04 0.93 0
RED * 237.2 98.0 * 0.56 0
MM 14.3 9.8 * 0.19 0.14
RN 64.5 47.5 75.6 0.87 0.81 0
AW 139.1 89.5 108.5 0.79 0.76 0
HL 18.9 6.1 43.9 0.15 0.14 0
GW 140.6 173.0 188.2 0.96 1.02 0
JD 26.8 79.9 27.7 0.25 0.48 0
JH 141.7 134.6 95.8 1.03 1.04 1
JB 136.5 141.2 141.2 0.95 0.83 0
GF 48.2 47.6 64.9 0.72 0.72 0
GP 59.5 538.1 309.8 0.55 0.95 0
MW 72.0 132.0 86.2 0.65 0.90 0

* data not available

AA

41
85
69
58
13
35
20
97
51
*
92
68
22
92
21
00
87
75
81
84
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Appendix 5.1.6. Gait analysis during study 2

This appendix contains the summary files for gait analysis 

performed during study 2. Each test occasion was assigned a 4 digit 

study code (column 1), the first 2 digits refer to the patients' study

number (see Appendix 5.1.1), and the last 2 digits the time points at

which the assessments were made. These time points being:

01 The first treatment of the crossover phase

02 the second " " " "

03 the third " " " 11 "

3m the end of the 3 monthly open study

Two walks were performed on each test occasion.

Please note that there is an error in the edit program such that

values for speed should be divided by a factor of tuo.
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Appendix 5.1.6 Gait analysis during study 2

a) Crossover study

Study Valk Ho. of 
code nu iiber steps

Distance
walked

<■)

Valk Speed 
tlse
<s> <■.*-’>

Stride
length

(■>
Man <SD>

Swing Double support 
t i m  tine 
(s) (s)

M a n  CSD) M a n  (SD>

0101 i 46 2 3 .0 7 2 8 .0 5 0 .8 2 3 5 0 1 .5 3 0 .3 3 0 .4 7 3  0 .2 7 7 7 E -0 1  Q .H ?  0 .2 7 0 7 E -0 1
46 2 3 .0 3 2 7 .7 4 0 .8 3 0 5 0 0 .7 2 7 .5 6 0 .4 7 4  0 .2 6 2 4 E -0 1  0 .1 1 0  0 .2 3 7 1 E -0 1

0102 1 
? * *

45 22 .3 1 2 6 .7 7 0 .8 3 3 4 7 5 .7 2 0 .2 8 0 .4 7 2  0 .2 3 7 4 E -0 1  0 .1 0 2  0 .3 2 6 4 E -0 1

0103 1 46 2 4 .2 3 2 7 .5 6 0 .8 7 ?  • 5 2 6 .8 3 4 .4 5 0 .4 3 7  0 .2 3 3 3 E -0 1  0 .1 1 2  0 .2 6 1 8 E -0 1
46 2 4 .8 2 2 7 .4 7 0 .7 0 4 5 3 7 .6 2 7 .8 7 O .470  0 .3 7 4 4 E -0 I 0 .0 7 7  0 .2 5 8 7 E -0 1

0201 1 37 3 7 .0 3 23 .6 1 1.568 1000.0 5 2 .7 2 0 .5 8 2  0 .2 3 0 4 E -0 1  0 .0 5 6  0 .3 2 6 0 E -0 1
41 4 1 .7 8 25 .5 1 1 .633 101 7 .0 4 6 .0 5 0 .5 7 7  0 .3 0 1 7 E -0 1  0 .0 4 3  0 .2 7 4 6 E -0 1

0202 1 26 27 .6 1 16.71 1 .652 1062.0 8 7 .8 2 0 .5 3 1  0 .3 5 8 1 E -0 1  0 .0 6 2  0 .3 8 1 1 E -0 1
* * * * * * *  *  *  *

0203 1 37 3 6 .7 7 2 6 .7 4 1.376 7 7 4 .2 5 6 .6 2 0 .6 5 2  0 .4 5 3 5 E -0 1  9 .0 7 0  0 .4 3 7 3 E -0 1
37 4 1 .1 0 . 2 6 .5 4 1 .547 1054.0 4 7 .1 5 0 .6 1 7  0 .6 4 8 3 E -0 1  0 .0 6 3  0 .4 6 3 5 E -0 1

0301 I 44 4 1 .7 2 23 .3 1 1.481 9 5 2 .7 6 5 .7 6 0 .5 6 6  9 .2 B 4 3 E -0 l;0 .0 7 8  0 .3 3 1 2 E -0 1
41 4 1 .5 0 2 5 .1 4 1.651 1012.3 4 4 .4 2 0 .5 5 0  0 .2 0 2 IE -0 1 1 0 .0 6 3  0 .2 5 6 1 E -0 1

0302 1 34 2 8 .7 8 2 1 .5 7 1.343 8 5 2 .4 5 6 .1 3 0 .5 2 1  0 .2 7 6 5 E -0 1  0 .1 1 4  0 .4 6 6 8 E -0 1
* * * * • * *  *  | *  *

0303 1 30 1 4 0 .3 4 2 4 .3 7 1.655 1061.6 6 8 .6 5 0 .5 7 4  0 .2 5 6 4 E -0 1  0 .0 6 7  0 .3 0 4 0 E -0 1
37 4 1 .2 3 23 .31 1.767 1114.3 4 7 .0 3 0 .5 6 8  0 .1 8 5 3 E -0 1  0 .0 6 2  0 .2 4 7 0 E -0 1

0501 J * * * • * * *  *  *  — *
♦ • * * • * *  *  *  *

0502 1 30 17 .74 2 4 .6 7 0 .7 2 6 5 7 7 .8 3 5 .8 5 0 .7 0 7  0 .4 7 1 0 E -0 1  0 .1 1 6  0 .6 1 4 2 E -0 1
2? 18 .3 0 2 4 .5 3 0 .7 4 6 631 .1 27.51 0 .7 2 3  0 .5 3 3 7 E -0 1  0 .1 2 3  0 .6 5 4 7 E -0 1

0503 1 34 : 2 6 .7 0 2 3 .4 3 1.14B 771.1 77 .3 1 0 .6 4 5  0 .4 6 3 6 E -0 1  0 .0 4 4  0 .5 7 0 1 E -0 1
20 2 0 .5 2 2 1 .3 6 0 .7 6 0 7 3 2 .7 5 7 .3 5 0 .7 0 7  0 .4 8 2 7 E -0 1  0 .0 5 4  0 .4 5 0 2 E -0 1

0701 1 34 5 .7 6 17 .0 2 0 .3 1 3 175 .3 4 0 .0 3 0 .2 6 4  0 .3 8 8 3 E -0 1  0 .2 7 6  0 .4 3 0 8 E -0 1
46 1 2 .4 6 2 6 .3 0 0 .474 2 7 0 .7 4 7 .2 7 0 .3 2 7  0 .3 0 6 3 E -0 I 0 .2 4 5  0 .5 3 4 4 E -0 1

0702 1 * * * * * * *  *  ♦  *
* : * * ♦ * * •  *  *  •

0703 1 36 7 .3 5 2 2 .1 4 0 .4 2 2 25 7 .8 2 7 .4 0 0 .3 7 2  0 .2 8 1 6 E -0 1 '0 .2 2 3  0 .7 5 4 3 E -0 1
26 4 .2 2 15 .8 4 0 .2 6 6 162 .3 2 6 .6 3  | 0 .3 0 7  0 .6 1 4 8 E -0 1  0 .3 0 1  0 .4 3 3 1 E -0 1

0001 1 •1CCJ 1 4 .44 2 0 .5 7 0 .7 0 2 5 7 7 .4 31 .21 0 .5 7 7  0 .7 0 2 IE -0 1  0 .2 2 4  0 .2 3 1 7
27 15 .7 7 2 2 .1 1 0 .7 2 2 5 5 0 .7 6 5 .5 7 0 .5 5 7  0 .4 3 4 7 E -0 1  0 .2 0 6  0 .1 5 2 3

0002 1 27 16 .0 3 2 1 .7 5 0 .7 3 0 5 7 3 .0 6 3 .4 2 0 .6 6 8  0 .5 4 6 3 E -0 1  0 .1 4 5  0 .1 2 3 3
23 1 7 .1 3 2 2 .3 7 0.8 54 6 3 3 .3 7 3 .2 7 0 .6 6 3  0 .6 3 6 3 E -0 1  0 .1 3 7  0 .1 271

0803 1 27 17 .2 0 2 4 .7 6 0 .6 3 7 6 3 7 .0 65 .0 4 0 .6 8 ?  0 .B 226E -01  0 .2 3 5  0 .1 5 3 6
25 1 5 .5 3 2 2 .7 3 0.67B 623 .1 6 7 .2 3 0 .6 7 7  0 .7 0 4 5 E -0 1  0 .2 4 2  0 .1 9 4 4

0701 1 23 4 .7 4 14.61 0 .3 3 3 2 1 4 .9 2 2 .6 0 0 .3 4 0  0 .3 4 0 4 E -0 1  0 .2 7 5  0 .7 4 1 7 E -0 1
38 11 .1 5 2 3 .6 4 0 .4 7 2 2 7 3 .4 4 1 .3 5 0 .4 1 0  0 .3 7 3 1 E -0 1  0 .2 1 2  0 .7 7 5 5 E -0 1

070 2 1 33 5 .7 0 2 0 .1 ? 0 .2 3 2 172 .6 23 .6 1 0 .3 1 4  0 .3 5 8 0 E -0 1  0 .2 7 8  0.8Q09E-Q1
33 5 .7 0 2 0 .5 2 0.2 9 7 170 .7 3 3 .7 2 0 .3 2 7  0 .4 7 4 2 E -0 1  0 .2 7 4  0 .1 1 3 1

0703 1 46 13.81 2 5 .8 5 0.5 34 3 0 0 .3 56 .1 4 0 .3 7 1  0 .5 3 4 5 E -0 1  0 .1 9 1  0 .5 2 2 2 E -0 1
35 6 .8 2 18 .3 7 0.371 174 .7 2 4 .7 8 0 .3 1 1  0 .4 5 3 4 E -0 1  0 .2 1 3  0 .B 233E -01

1001 1 36 3 7 .1 1 2 0 .0 8 1.B43 1030.7 4 2 .8 2 0 .5 2 1  0 .3 3 2 0 E -0 1  0 .0 3 7  0 .2 1 7 0 E -0 1
3? 3 7 .4 ? 2 1 .5 0 1.337 1 01 2 .5 2 7 .7 3 0 .5 1 2  0 .3 4 2 7 E -0 1  0 .0 3 ?  0 .2 3 7 2 E -0 1

1002 1 36 3 3 .2 ? 17 .8 3 1.67? 7 2 4 .8 4 7 .1 2 0 .5 0 3  0 .1 7 7 4 E -0 1  0 .0 4 8  0 .1 7 0 0 E -0 1
36 3 4 .1 1 17 .57 1.743 7 4 7 .4 3 2 .2 7 0 .4 8 7  0 .1 3 3 4 E -0 1  0 .0 5 4  0 .1 4 0 5 E -0 1

1003 1 38 4 0 .0 4 1 7 .7 3 2.0 0 7 105 3 .6 4B .13 0 .4 7 7  0 .3 0 5 6 E -0 1  0 .0 4 0  0 .2 1 7 7 E -0 1
42 4 3 .7 4 2 2 .6 4 1.732 1041.4 2 7 .2 3 0 .4 7 ?  0 .4 2 7 1 E - 0 I .0 .0 4 0  0 .21B 7E -01

1101 1 3? 35 .4 1 2 4 .6 0 1.437 7 0 7 .7 107 .5 0 .5 8 6  0 .4 4 8 1 E -0 1  0 .0 4 5  0 .5 4 2 7 E -0 1 .
37 3 3 .1 3 2 4 .5 3 1.348 8 7 5 .3 85 j 30 0 .6 1 4  0 .5 5 0 7 E -0 1 : 0 .0 5 0  0 .6 0 3 6 E -0 1

1102 1 31 2 0 .1 4 2 2 .3 0 ,  0 .7 0 3 6 4 7 .B 55 .4 1 0 .5 7 8  0 .6 1 3 6 E -0 1 10 .1 2 1  0 .7 2 3 7 E -0 1
33 2 2 .3 2 2 3 .0 3 0 .76? 6 7 6 .3 5 3 .3 3 0 .6 0 4  0 .7 0 5 6 E -0 1 .0 .0 7 4  0 .7 4 8 2 E -0 1

1103 1 * * * -* • * *  *  e *
* * * * * * e *  * e

1401 1 34 2 0 .4 7 2 4 .0 2 0 .8 5 2 602 .1 107 .6 0 .4 7 3  0 .7 4 7 0 E -0 1  0 .2 1 3  0 .1 6 0 6
31 IB . 01 2 2 .8 5 0.7 8 3 •' 5 8 0 .8 7 3 .4 4 0 .4 7 0  0 .5 6 2 2 E -0 1  0 .2 4 7  0 .2 0 4 4

1*102 1 31 1 6 .6 0 2 1 .7 3 0 .761 5 3 8 .2 7 3 .2 8 0 .5 6 2  0 .7 5 6 2 E -0 1  0 .1 4 6  0 .2 2 3 7
33 2 1 .7 4 2 4 .1 8 .0 .7 0 7 6 6 4 .7 12 0 .8 0 .6 3 6  0 .8 3 1 7 E -0 1  0 .0 7 6  0.168.1

1403 i . * + • • • • •  •  *  *
2 * * • • • * * *  *  * e
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Appendix 5.1.6 Gait analysis during study 2

a) Crossover study (continued)

Study Valk 
coda nusber

■o. of 
steps

Olstanca
walked

<■)

Valk
tl»e
<s>

Speed

<s.s-'

Stride Swing 
length tlse 

> <n> (s) 
mean (SD> seen CSC)

Double support 
tlse
<s>

■ean (SD)

1501 1 36 6 3 .1 8 2 3 .3 3 1.8 6 7 1 1 7 7 .5 6 6 . 8 5 .0 .5 8 5  0 .256O E-V1 0 .0 6 5  0 .2 6 0 5 E -0 1

1502
2 32 3 7 .8 7 2 1 .0 ? 1 .7 7 7 118 6 .1 5 8 .0 2  0 .5 8 5  0 .3 7 7 8 E -0 1 0 .0 7 6  0 . 3 160E-01
1 30 3 5 .0 7 1 7 .0 7 1 .8 3 8 1 1 6 7 .6 5 6 .0 ?  0 .5 7 7  0 .3 0 0 0 E -0 1 0 .0 6 0  0 .3 2 2 6 E -0 1

1503
2 28 3 3 .7 ? 16 .7 ? 2 .0 2 6 1 2 1 3 .9 5 0 .9 8  0 .5 3 6  0 .5 1 7 S E -0 I 0 .0 6 6  0 .2 9 7 8 E -0 1
1 32 3 7 .0 7 2 0 .1 5 1 .7 3? 1 2 2 0 .9 6 6 .8 6  0 .5 7 0  0 .3 2 6 5 E -0 I 0 .0 6 0  0 .2 1 3 9 E -0 1
2 30 3 7 .1 7 1 8 .7 7 1 .7 7 8 123 7 .1 6 0 .6 7  0 .5 7 2  O .3 1 3 2 E -0 I 0 .0 5 6  0 .2 3 2 6 E -0 1

1601 1 38 3 7 .1 2 2 5 .7 1 1 .5 1 0 1 0 2 7 .6 6 3 .7 5  0 .5 7 6  0 .6 2 0 0 E -0 1 0 .0 3 8  0 .5 5 7 1 E -0 1
2 60 3 7 .6 5 2 5 *7 5 1 .5 2 8 9 7 1 .6 5 2 .5 0  0 .5 6 6  0 .5 7 7 8 E -0 1 0 .0 3 2  0 .7 5 9 3 E -0 1

1602 1 62 6 0 .8 ? 2 5 .7 6 1 .5 7 5 9 7 3 .5 8 7 .7 8  0 .5 6 6  0 .5 6 7 5 E -O I 0 .0 7 6  0 .5 6 3 1 E -0 1
2 61 6 2 .5 1 2 5 .5 6 1.6 6 6 1 0 3 6 .B 5 6 .8 1  0 .5 5 6  0 .5 7 1 6 E -0 1 0 .0 6 ?  0 .6 2 5 5 E -0 1

1603 1 62 6 2 .5 1 2 7 .1 3 1 .5 6 7 1 0 1 2 .3 6 3 .1 1  0 .5 6 1  0 .7 3 2 5 E -0 I 0 .1 0 5  0 .6 B Q 0E -0 I
2 62 6 3 .2 5 2 6 .6 7 1 .6 36 1 0 2 7 .9 6 1 .0 2  0 .5 5 3  0 .6515E -Q 1 0 .0 7 7  0 .3 3 3 3 E -0 1

1701 1 22 6 .6 0 1 8 .8 7 0 .3 3 7 . 2 7 0 .7 6 5 .7 2  0 .3 6 3  0 .6 5 9 3 E -0 1 0 .6 7 5  0 .2 6 1 2
2 25 7 .2 3 2 1 .8 7 0 .3 3 1 2 8 7 .2 6 1 .8 2  0 .3 5 1  0 .5 0 1 2 E -0 1 0 .5 2 6  0 .1 7 0 5

1702 1 18 3 .5 3 1 5 .6 6 0 .2 2 ? 1 7 6 .2 6 1 .3 0  0 .2 2 8  0 .3 6 2 6 E -0 I 0 .6 3 0  0 .3 5 8 3
2 21 6 .3 5 2 3 .1 5 0 .1 8 3 2 0 7 .0 6 1 .7 3  0 .2 5 5  0 .5 2 8 2 E -0 1 0 .3 6 7  0 .3 6 5 2

1703 1 23 7 .3 3 2 1 .7 7 0 .3 3 6 3 2 0 .7 5 6 .0 0  0 .3 7 6  0 .8 6 7 IE -0 1 0 .5 7 ?  0 .3 6 0 ?
2 27 7 .3 1 2 1 .5 6 0 .6 3 2 3 2 0 .7 6 3 .3 5  0 .3 5 1  0 .7 1 66E-01 0 .3 7 2  0 .2 3 7 1

1301 1 3B 6 0 .3 6 2 3 .0 6 1 .7 5 0 1062.1 6 3 .5 6  0 .5 3 8  0 .2 7 3 6 E -0 1 0 .0 6 8  0 .2 7 6 2 E -0 1

1 80 2
2

• *  1
37 6 0 .2 ? 2 1 .3 7 1 .8 3 5 1 0 8 8 .8 6 6 .3 3  0 .5 2 1  0 .2 6 7 8 E -0 1 0 .0 5 7  0 .2 8 3 3 E -0 1

1803
2
1 35 3 8 .3 0 . 2 2 .0 ? 1.7 3 6 10 7 6 .6 6 5 .6 8  0 .5 7 8  0 .2 3 6 7 E -0 1 0 .0 5 3  0 .2 6 0 5 E -0 I
2 37 6 1 .2 7 . 2 3 .1 0 1 .7 8 7 1 1 1 6 .0 5 2 .2 3  0 .5 6 0  0 .I6 0 1 E -0 1 0 .0 6 5  0 .2 9 6 IE -0 1

1701 1 32 2 6 .0 2 2 5 .2 2 1 .0 3 2 8 1 3 .1 6 8 .2 ?  0 .7 1 0  0 .5 0 7 1 E -0 1 0 .0 7 8  0 .6 3 3 7 E -0 I
2 31 2 6 .5 3 9C re  CJ» JJ 0 .7 6 0 7 7 1 .3 6 5 .0 3  0 .7 3 6  0 .6 0 7 8 E -0 1 0 .0 7 0  0 .8 1 23E-01

1702 1 26 1 1 .8 8 2 0 .8B 0 .5 6 ? 67 5 .1 7 5 .5 6  0 .6 2 9  0 .1 0 3 2 0 .2 6 1  0 .1 6 6 6
2 26 1 2 .7 3 2 1 .8 ? 0 .5 8 2 5 3 0 .3 6 6 .6 3  0 .6 7 3  0 .B 368E -01 0 .2 3 ?  0 .1 3 7 6

1703 1 31 12 .7 6 2 3 .7 0 0 .5 3 8 6 1 1 .1 3 7 .5 6  0 .5 6 3  0 .6 7 7 0 E -0 1 0 .2 2 2  0 .7 6 3 2 E -0 1
2 27 10 .8? 2 3 .3 ? 0 .6 6 6 6 0 3 .6 6 1 .5 2  0 .5 7 3  0 .5 3 6 1 E -0 1 0 .2 7 6  0 .1 2 6 8

2001 1 37 61 .8 1 2 1 .2 0 1 .7 7 2 1 1 2 9 .7 6 3 .5 5  0 .5 2 3  0 .2 2 1 7 E -0 1 0 .0 5 0  0 .2 1 7 3 E -0 1
2 36 6 1 .1 ? 2 0 .0 5 2 .0 5 5 1 1 6 6 .3 5 2 .8 3  0 .5 0 3  0 .I7 5 0 E -0 1 0 .0 6 ?  0 .2 5 7 2 E -0 1

2002 1 36 3 6 .2 6 2 0 .7 0 1 .6 3 8 9 5 1 .2 6 0 .1 7  0 .5 3 0  0 .3 1 10E-01 0 .0 5 1  0 .2 0 2 6 E -0 1
2 36 3 3 .6 8 2 0 .8 3 1 .6 1 7 7 3 5 .5 6 2 .6 6  0 .5 3 1  0 .1 7 7 IE - 0 I 0 .0 6 8  0 .2 2 1 5 E -0 1

2003 1 35 3 3 .5 8 17 .7 6 1 .7 01 9 5 7 .6 6 0 .7 ?  0 .5 0 6  0 .2 07B E -01 0 .0 5 8  0 .2 1 6 3 E -0 1
2 36 3 2 .6 5 1 7 .3 2 1 .6 8? . 9 6 0 .2 3 7 ,7 6  0 .5 1 8  0 .1 8 7 5 E -0 1 0 .0 5 1  0 .2 6 6 1 E -0 1

2101 1 35 3 5 .2 1 1 7 .6 7 1 .7 7 0 1 0 0 6 .I 7 3 .2 6  0 .5 1 ?  0 .2 3 7 1 E -O I 0 .0 6 3  0 . I6 2 2 E -0 1
2 33 3 8 .6 0 2 0 .7 5 1 .8 5 0 1 01 0 .6 6 7 .6 2  0 .5 0 3  0 .2 7 3 6 E -0 1 0 .0 6 3  0 . I6 0 0 E - 0 I

2102 1 60 3 2 .7 8 2 2 .7 8 1 .6 3 ? 8 1 7 .5 5 1 .3 3  0 .5 1 ?  0 .2 2 7 3 E -0 1 0 .0 5 0  0 . 1 I7 5 E -0 1
2 37 3 3 .6 0 2 2 .7 8 1 .6 5 3 8 5 6 .3 3 7 .1 5  0 .5 2 ?  0 .2 6 6 6 E -0 I 0 .0 6 0  0 .2 05B E -01

210 3 1 61 3 3 .3 7 2 3 .7 2 1 .3 7 5 8 1 3 .8 6 3 .8 ?  0 .5 3 0  O .I730 E -O 1 0 .0 5 3  0 .1 8 0 6 E -0 1
2 37 3 6 .0 2 2 1 .7 0 1 .5 5 3 8 7 2 .3 3 7 .1 6  0 .5 1 3  0 .2 3 5 0 E -0 1 0 .0 6 3  0 .1 3 7 6 E -0 1

2201 1 63 6 0 .7 3 2 5 .7 8 1 .5 7 6 7 5 1 .8 8 8 .6 9  0 .5 2 6  0 .2 6 2 3 E -0 I 0 .0 8 0  0 .3 5 3 2 E -0 1
2 3? 3 8 .7 ? 2 3 .6 2 1.651 7 7 7 .8 8 3 .7 6  0 .5 2 ?  0 .2 7 1 6 E -0 1 0 .0 7 7  0 .3 7 3 7 E -0 1

2202 1 66 3 6 .6 8 2 8 .0 ? 1 .3 0 6 8 3 3 .7 6 2 .6 3  0 .5 6 6  0 .2 I7 0 E - 0 ! 0 .0 7 5  0 .3 I7 6 E -0 1
2 37 3 3 .6 7 2 5 .6 6 1.3 0 6 8 5 8 .3 6 3 .7 3  0 .5 5 6  0 .2 7 0 IE -O I 0 .1 0 2  0 .6 5 3 3 E -0 1

2203 1 38 3 5 .1 6 2 3 .6 ? 1 .6 8 6 7 2 6 .7 5 1 .5 5  0 .5 6 6  0 .2 B 8 7 E -0 1 0 .0 3 0  0 .2 5 2 5 E -0 1
2 60 3 6 .0 1 2 6 .7 1 1 .6 6 6 7 0 0 .2 6 6 .7 5  0 .5 3 7  0 .3 1 7 5 E -0 1 0 .0 3 5  0 .3 I6 3 E -0 1

2301 1 31 2 2 .7 8 2 3 .7 6 0 .7 6 8 7 6 1 .6 3 6 .6 8  0 .6 8 5  0 .6 7 B 2 E -0 1 0 .0 8 0  0 .8 7 1 2 E -0 I
2 36 2 7 .8 0 2 6 .6 1 1.211 8 7 6 .6 3 6 .7 8  0 .6 6 2  0 .3 2 5 6 E -0 1 0 .0 6 2  0 .3 8 I2 E - 0 I

2302 1 31 3 7 . B2 2 1 .3 6 1 .8 6 6 1 2 8 6 .6 5 5 .0 ?  0 .6 3 0  0 .2 3 7 7 E -0 1 0 .0 5 8  0 .2 2 0 7 E -0 1
2 35 6 3 .1 6 2 3 .6 6 1 .8 6 0  1 2 3 3 .2 5 7 .3 2  0 .6 2 2  0 .3 1 6 2 E -0 1 0 .0 6 8  0 .2 7 6 6 E -0 1

2 30 3 1 33 3 5 .5 6 2 2 .8 3 1 .5 5 8  1 0 7 7 .5 5 2 .3 3  0 .6 6 3  0 .2 6 5 0 E -0 1 0 .0 6 8  0 .6 3 6 6 E -0 1
2 31 3 2 .2 8 ' 2 1 .7 6 1 .6 6 5  1 0 6 1 .3 5 6 .5 5  0 .6 5 5  0 .2 3 0 5 E -0 1 0 .0 6 6  0 .6 1 3 IE -0 1

2601 1 3B 3 1 .2 6 1 7 .8 2 1 .5 7 7 8 2 2 .7 8 7 .3 7  0 .6 7 0  0 .2 5 7 9 E -0 1 0 .0 5 2  0 .2 0 6 3 E -0 1
2 66 6 3 .7 2 2 2 .7 6 1 .7 0 6 7 7 3 .7 1 6 0 .6  0 .6 7 7  0 .3 7 7 7 E -O I 0 .0 6 5  0 .I8 B 6 E -G I

2602 1 61 3 2 .1 5 2 2 .7 7 1 .3 7 9 7 3 6 .2 6 7 .6 8  0 .5 0 8  0 .3 3 6 9 E -0 1 0 .0 5 2  0 .3 0 IB E -0 1
2 66 3 5 .5 8 2 6 .3 0 1 .6 6 6 8 0 3 .7 6 6 .6 1  0 .6 7 0  0 .2 6 9 6 E -0 1 0 .0 6 2  0 .6 I6 6 E -0 1

260 3 1 66 3 3 ,6 7 2 6 .6 0 1 .2 7 5 7 3 2 .0 6 2 .6 0  0 .5 0 3  0 .2 3 5 8 E -0 1 0 .0 7 1  0 . 1 968E-01
2 61 3 2 .6 ? 2 2 .6 5 1 .6 3 5 7 7 2 .5 5 7 .8 3  0 .6 8 ?  0 .2 5 2 6 E -0 I 0 .0 6 3  0 .3 I5 7 E -0 1



Appendix 5.1.6 Gait analysis during study 2
b) Open study

Study Valk Ho. of Distance Valk Speed Stride Swing Double support
code number steps walked time length time time

(m) (s) (m. s~'> (m) (s) (s)
mean (SD) mean (SD7 mean (SD)

0103m 1 46 22.82 27.35 0.834 496 .0 23.77 0.494 0.2396E-01 0.101 0.1941E-01
2 46 22.32 26.93 0 .829 485 .2 26 .47 0.488 0.3325E-01 0.097 0.3399E-01

0803m 1a** 39 30.04 25.92 1.159 770 .3 119.9 0.550 0.6374E-01 0.115  0.5749E-01

0303m
2
1 >42 43.72 27.03 '1 .6 1 8 1041.0 52 .95 0.574 0.3855E-01 0.070 0.4628E-01
2 40 46.00 25.53 1.802 1150.1 34.95. 0.584 0.2937E-01 0.055 0.2597E-01

0503 m 1 34 25.10 23.64 1.062 738 .2 132.4 0.626 0.1189 0.070 0.4567E-01
2 32 24.30 23.71 . 1.025 759 .3 46.22 0.635 0.5169E-01 0.056 0.4520E-01

0703 m 1 46 13.36 26.20 0.510 290.4 32.96 0.384 0.3041E-01 0.185 0.5930E-01
2 45 11.59 23.01. 0.504 257 .6 41.41 0.352 0.404BE-01 0.160 0.6140E-01

0BG3m 1 18 8.43 19.23 0.438 468 .2 57.51 0.560 0.5377E-01 0.509 0 .1337
2 17 7.22 20.75 0 .348 4 24 .5 85.17 0.528 0.6964E-01 0.693 0 .3058

0903 m I 46 15.68 26.60 0 .589 340 .8 40.71 0.422 0.3293E-01 0.156 0.5211E-01
2 46 13.79 25.71 0.537 299.8 51.74 0.390 0.4749E-01 0.169 0.6491E-01

lo o s m *  

1603 m

‘1
2
1 3a 35.24 24.07 1.464 927.4 50.54 0.564 0.2674E-01 0.070 0.3571E-01
2 41 37.37 26.63 1.403 911.4 44.69 0.575 0.3081E-01 0.075 0.3504E-01

1703m 1 19 . 4 .22 15.77 0.267 221.9 33.83 0.271 0.4078E-01 0.540 0.1829
2 29 7.06 20.01 0.353 243.3 33.95 0.319 0.4330E-01 0.371 0.2375

1803m 1 34 32.22 20.39 1.580 947 .7 43.35 0.533 0.2199E-01 0.067 0.2609E-01
2 35 33.96 20.66 1,643 970.2 31.59 0.531 0.151BE-01 0.059 0.1483E-01

1903m 1 17 6.41 14.22 0.451 377 .3 97.45 0.497 0.1312 0.340 0.1646
2 17 5 .72 16.20 0 .353 336 .3 42.13 0.489 0.6790E-01 0.464 0.1247

2003 m 1 33 32.20 IB .26 1.764 975.9 55.21 0.498 0.2666E-01 0.055 0.3802E-01
2 35 34.76 19.50 .1 .7 8 3 993.3 49.23 0.506 0.4467E-01 0.051 0.4878E-01

2103m 1 36 30.97 19.62 1.578 860.3 66.56 0.494 0.2414E-01 0.051 0.1736E-01
2 38 32.97 19.90 1.657 867.6 57.12 0.480 0.2391E-01 0.043 0.1622E-01

2203 m 1 3B 34.03 24.23 1.405 895 .5 47.71■ 0.552 0.2621E-01 0.085 0.4013E-01
2 37 33.95 22.85- 1.486 917.6 27.80'' 0.53B 0.3295E-01 0.080 0.282BE-01

2303m 1 37 37.19 27.48 1.353 1005.2 38.99 0.675 0.3206E-01 0.067 0.3762E-01
2 37 35.84 26.41 1.357 968.7 29.79 0.670 0.3134E-01 0.044 0.3553E-01

8403171 1 46 29.74 25.52 1.165 646 .5 68.29- 0 .497 0.3113E-01 0.05B 0.2583E-01
2 46 32.83 25.04 1.311 713 .8 37.59 0.489 0.2556E-01 0.056 0.1956E-01

c) Summary data calculated by hand for walks performed during Study 2

Stud? walk Number Distance walk speed stride swing double support
code nusber of steps walked time length time time

(m) (s) (m.s"') (m) (s) (s)
mean (SD) mean (SD) mean (SD)

0102 2 45 11.32 27.5 0.412 492.1 35.40 0.493 0.237E-01 0.105 0.177E-01
1802 1 41 22.08 26.22 0.842 1051.3 111.21 0.542 0.409E-01 0.082 0.339E-01

2 38 21.73 26.65 0.919 1114.5 118.80 0.540 0.302E-01 0.066 0.260E-01
0203m 2 39 15.25 27.4 0.556 762.6 135.9 0.547 0.828E-01 0.139 0.100
1003m 1 40 21.48 23.0 0.934 1063.0 45.4 0.530 0.253E-01 0.046 0.18E-01

2 38 20.99 21.24 0.988 1092.0 33.4 0.512 0.290E-01 0.047 0.29E-01
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Appendix 5.1.7: Physiological response to exercise during crossover
phase of study 2

aj Minute oxygen consumption

Patients Baseline AUC Decay
(l.min”') Constant

PP AP AA PP AP AA PP AP Ai

DE * ft ft ft ft ft ft ft ft
LR 0.09 0.06 0.12 0.47 0.52 0.46 0.97 1.06 0.43
AF 0.26 0.30 0.27 1.41 1.26 1.83 0.44 0.42 0.34
MH * 0-20 0.19 ft 0.58 0.55 * 0.62 0.54
CT * ft ft ft ft ft * ft ft
CP ft ft * * ft ft ft ft ft
EP 0.19 0.13 0.17 0.42 0.51 0.76 0.99 0.20 0.19
FT * ft ft * ft ft ft ft ft
RRD ft 0.25 0.24 * 0.76 0.71 ft 0.62 0.56
MM 0.07 0.16 * 0.09 0.12 ft 2.14 3.10 ft
RN 0.31 0.32 0.31 0.26 0.24 0.26 1.06 1.00 0.53
AW 0.23 0.21 0.26 0.96 1.11 0.61 0.51 0.33 0.88
HL 0.21 0.18 0.24 0.67 1.15 0.51 0.88 0.23 0.87
GW 0.22 0.21 0.27 1.61 1.18 1.25 0.67 0.97 1.44
JD 0.21 0.17 0.15 0.02 0.54 0.28 7.18 0.08 7.18
JH 0.17 0.22 0.20 0.48 0.31 0.8 0.86 0.83 0.29
JB 0.17 0.17 0.15 0.52 0.70 0.39 0.68 0.63 3.84
GF 0.22 0.14 0.27 0.42 0.39 0.61 0.61 2.09 0.72
GP 0.26 0.21 0.24 0.34 0.34 0.41 0.39 0.99 0.49
MW 0.17 0.18 0.17 0.74 0.71 0.60 0.82 0.47 0.83

* data not available
AUC area under the curve for oxygen consumption
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Appendix 5.1.7 continued 

bj Minute ventilation volume

Patients Baseline
(l.min*1)

PP AP AA PP

DE A * * *
LR 5.7 5.7 6.1 11.4
AF 9.7 9.9 8.6 55.5
MH a 5.2 5.2 a

CT a * a A

CP * * a *
EP 8.2 6.8 8.1 16.7
FT * * a a

RRD * 9.7 11.2 a

MM 3.3 5.2 A 4.5
RN 10.5 11.7 11.9 10.0
AW 9.1 8.9 8.0 10.9
HL 9.6 8.1 9.5 -1.9
GW 7.5 6.3 7.0 42.0
JD 11.9 11.8 9.8 8.8
JH 6.6 6.4 6.1 20.7
JB 4.7 4.9 5.3 8.4
GF 10.4 9.4 11.8 14.6
GP 12.5 10.4 13.5 20.3
MW 7.0 7.4 7.8 25.9

AUC Decay
Constant

AP AA PP AP AA

A A A A A

44.0 15.7 8.57 0.11 0.35
30.7 70.2 0.16 0.45 0.11
12.5 5.8 A 1.09 1.44

* A A A A

A A A A A

10.5 11.3 0.81 1.03 1.67
A A A A A

32.3 16.7 A 0.68 0.89
11.8 A 1.68 1.49 A

6.3 4.7 0.59 0.92 0.85
16.6 15.5 1.00 0.50 0.58
23.7 8.7 1.27 0.17 1.45
14.0 33.5 0.64 1.81 1.11
50.0 103.3 -4.07 0.05 0.05
15.2 40.2 1.27 1.02 0.14
15.2 13.0 0.70 0.85 0.78
17.8 27.0 0.51 1.33 0.81
22.0 10.7 0.19 0.72 0.41
15.9 13.2 0.86 0.36 0.68

data not available
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Appendix 5.1.8: Biochemical response to exercise during the crossover
phase of study 2

Atrial Natriuretic Factor (pmol.l"’)

Patients Pre-exercise Mean Post-exercise

PP AP AA PP AP AA

DE 107.7 65.0 78.2 111.0 78.6 85.5
LR 265.4 256.2 288.6 268.3 251.1 250.9
AF 131.3 102.3 175.4 115.7 100.8 181.3
MH * 321.6 218.8 ft 343.5 181.7
CT 790.4 892.0 755.5 752.1 766.5 744.9
CP 103.1 55.9 100.1 122.4 70.0 97.8
EP * 149.1 107.7 153.8 153.0 133.8
FT 152.1 152.7 120.9 150.3 143.1 118.1
RRD * 398.0 301.0 ft 402.3 363.0
MM * * * ft ft ft
RN 103.4 67.8 113.7 113.0 112.8 106.3
AW 142.7 62.9 63.9 113.3 65.5 56.7
HL 229.0 * 172.9 222.1 ft 197.2
GW 99.1 57.0 71.8 144.5 111.5 128.0
JD 589.2 433.8 ft 538.2 432.8 272.0
JH 585.6 720.8 680.0 619.3 694.8 651.2
JB 199.6 202.4 166.6 225.1 190.8 163.6
GF 124.6 104.6 88.4 102.7 117.8 89.5
GP 370.3 228.6 222.6 344.9 218.2 242.7
MW 233.0 139.2 117.8 233.3 133.7 114.6

* data not available
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Appendix 5.1.10: Serum angiotensin converting enzyme ACE activity
during the crossover phase of study 2

Serum ACE activity (IU.L"1)
Patients Pre-dose 3h post-dose

PP AP AA PP AP AA

DE 49.5 70.5 57.5 65.5 33.5 39.0
LR 62.5 68.5 44.5 38.0 29.5 30.5
AF 31.0 42.5 34.5 62.0 19.5 15.5
MH 4 79.5 110.0 4 21.0 104.5
CT 45.0 65.0 81.0 52.0 57.0 67.0
CP 82.0 98.5 105.0 73.5 86.0 78.5
EP 117.5 134.5 83.5 125.5 75.5 47.5
FT 60.0 83.0 58.0 56.5 68.5 62.0
RED 4 99.0 94.8 4 80.0 75.0
MM 55.5 49.0 4 48.0 38.0 4

RN 32.5 52.5 49.0 35.5 40.0 41.5
AW 74.5 71.0 91.0 84.0 53.0 74.5
HL 96.5 137.0 124.0 89.5 77.0 90.5
GW 60.5 90.0 97.5 62.5 43.5 63.0
JD 65.0 102.5 65.0 57.0 63.5 39.5
JH 98.5 142.0 97.5 101.5 65.5 60.0
JB 58.0 100.0 118.0 58.0 40.5 98.5
GF 64.0 82.0 79.5 54.5 55.0 38.0
GP 43.0 63.5 64.0 39.0 35.5 44.5
MW 89.0 124.5 107.0 81.0 88.5 71.5

* data not available
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Appendix 5.1.11. Mean arterial blood pressure during the crossover
phase of Study 2

Patients Pre-dose Mean Arterial Blood Pressure (nnnHg)

PP AP AA
L S L S L S

DE 100 97 100 93 95 107
LR 88 90 77 77 87 80
AF 97 93 87 87 87 87
MH * * 87 83 90 97
CT 77 77 77 73 107 103
CP 107 105 97 97 98 87
EP 100 92 77 77 128 105
FT 143 138 127 120 142 140
RRD * * 90 80 103 98
MM 100 88 113 100 * *
RN 137 125 120 97 113 120
AW 115 93 100 77 103 80
HL 113 107 107 100 107 100
GW 142 153 127 133 137 140
JD 87 77 85 78 87 83
JH 90 85 97 107 88 88
JB 102 107 112 103 88 83
GF 80 73 97 73 82 87
GP 92 67 100 77 87 67
MW 95 88 100 80 87 83

= Lying 
~ Standing 

data not available
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Appendix 5.2: Data from the captopril open study

Appendix 5.2.1. Compliance during the open phase of Study 2

Patients Captopril Digoxin Frusemide

Box
openings

(%)

Consistency
index
(%)

Pill
Counts
(%)

Pill counts
(%)

DE 76 47 67 ft ft
LR 105 96 99 100 100
AF 104 100 100 101 99
MH 104 79 95 94 97
CT * * 103 99 98
CP 106 91 103 103 104
EP * * 96 98 98
FT 106 35 98 99 100
RED * * ft * ft
MM * * ft ft ft
RN * * * ft ft
AW 109 99 102 102 98
HL 100 93 94 98 81
GW 120 72 86 108 92
JD 123 97 99 104 104
JH 119 91 102 100 100
JB 107 91 99 101 99
GF 92 51 96 85 94
GP 105 74 97 105 96
MW 117 87 99 97 103

data not available
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Appendix 5.2.2 Functional ability and patients' self-assessment of 
symptoms at the end of the open phase of Study 2.

Patient Distance walking test Visual analogue scores (mm)

Distance Speed Dyspnoea Fatigue Well-being
(m) (m.s-1)

DE 43.5 0.56 66 44 82
LR 7.2 0.36 53 17 19
AF 232.6 0.80 66 74 80
MH 48.5 0.53 52 03 46
CT 11.4 0.16 49 88 88
CP 47.8 0.17 65 66 81
EP 16.5 0.24 94 90 88
FT 55.6 0.98 79 45 73
RRD * * * * *
MM * * * * *
RN * * * * *
AW 161.2 0.93 95 82 78
HL 22.6 0.18 92 91 88
GW 186.8 0.93 83 96 80
JD 38.0 0.34 50 54 78
JH 179.3 1.06 85 95 94
JB 188.1 0.95 08 20 22
GF 47.9 0.69 33 54 74
GP 1017.0 0.79 96 63 78
MW 47.8 0.65 61 69 16

data not available
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Appendix 5.2.3: Comparison of clinical investigations at the end of 
the open phase of study 2 with AA of the crossover 
phase of study 2

Chest X-rays Electrocardiogram
Patient Observer A Observer B Observer A Observer C

AA OP AA OP AA OP AA 01

DE 1 2 s 2 1 1 2
LR 2 1 2 1 1 2 2 1
AF 1 2 2 1 2 1 2 1
MH 1 2 = = 1 2 1 2
CT 1 2 1 2 1 2 2 1
CP 1 2 = = 1 2 1 2
EP 2 1 = = 1 2 1 2
FT 1 2 1 2 2 1 2 1
RRD * * ft * * ft ft ft
MM * * * * * ft * ft
RN * * ft * ft * ft ft
AW 2 1 2 1 2 1 1 2
HL 1 2 2 1 1 2 2 1
GW 2 1 = 2 1 = =
JD 2 1 2 1 1 2 2 1
JH 2 1 2 1 2 1 2 1
JB 1 2 = 1 2 2 1
GF 2 1 2 1 1 2 1 2
GP 2 1 2 1 2 1 2 1
MW 2 1 2 2 1 1 2

OP end of the open phase 
AA captopril (25 or 50mg) twice daily 

data not available
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Appendix 5.2.4: Physiological response to exercise at the end of the 
open phase of study 2

Minute Oxygen
Patients Baseline AUC

(l.min-i) (l.min“»)2

DE * *
LR 0.16 0.13
AF 0.32 1.00
MH 0.19 0.44
CT * *
CP * *
EP 0.21 0.79
FT * *
RRD * *
MM * *
RN * *
AW 0.27 0.94
HL 0.24 0.67
GW 0.17 1.48
JD 0.22 0.08
JH 0.23 0.64
JB 0.19 0.54
GF 0.18 0.17
GP 0.22 0.64
MW 0.19 0.75

K
Minute 

Baseline 
(l.min-’)

Ventilation
AUC 

(l.min"1)2 K

* * * *
1.70 8.9 19.6 1.01
0.61 11.2 30.3 0.46
1.06 6.4 8.5 4.00
* * * *
* * * *
0.28 9.3 35.4 0.18
* * * *
* * * *
* * * *
* * * *
1.03 9.4 24.9 0.34
1.07 10.3 20.3 0.72
0.83 5.9 26.5 1.46
7.68 13.7 4.9 0.00
0.50 5.7 11.1 2.14
0.59 5.2 10.1 0.68
0.68 8.0 8.3 0.81
0.50 11.9 26.6 0.47
0.51 7.6 25.1 0.33

AUC area under the curve K decay constant
data not available
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Appendix 5.2.5: The response of mean arterial pressure and serum 
angiotensin converting enzyme (ACE) activity to a 
single maintenance dose of captopril at the end of 
the open phase of study 2

Patients Mean Arterial Pressure Serum ACE Activity
(mmHg) (IU.l"')

Lying Standing Pre-dose 3h Post

DE 97 95 * *
LR * * 63.0 54.0
AF 97 100 47.5 38.5
MH 120 122 94.5 65.0
CT 103 105 70.0 54.0
CP 83 87 86.5 64.0
EP 123 118 123.0 61.0
FT 142 132 81.5 52.5
RRD * * * *
MM * * * *
RN * * * *
AW 90 73 40.0 13.5
HL 118 127 74.5 17.0
GW 137 132 112.0 97.0
JD 77 70 87.5 68.5
JH 113 97 133.0 107.0
JB 93 95 155.0 126.0
GF 93 72 106.0 77.0
GP 110 77 76.5 48.5
MW 113 88 109.0 66.0

data not available
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Appendix 5.3 continued

Patients
PP

Haemoglobin (G.DL"1) 
AP AA

DE 13.2 14.7 14.6
LR 11.9 12.5 12.1
AF 14.1 14.3 14.6
MH * 12.1 12.5
CT 11.7 12.8 14.4
CP 13.2 14.0 13.2
EP 16.5 16.9 16.2
FT 12.0 11.7 11.6
RRD * 14.7 14.8
MM 14.2 12.5 *
RN 16.6 16.4 16.1
AW 10.9 10.1 10.9
HL 11.8 11.8 12.3
GW 11.2 12.3 11.1
JD 14.0 14.8 14.6
JH 12.0 12.5 12.6
JB 10.6 10.9 10.7
GF 14.0 13.2 13.6
GP 16.2 13.3 13.2
MW 8.1 9.8 9.1

data not available
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Appendix 5.3 (continued)
bj Open phase

Patients Sodium Potassium Urea Creatinine Urate Haemoglobin
(mmol.l-t) (vunol.l"’) (G.DL"1)

DE 141 3.9 7.0 133 * 14.6
LR 133 5.0 15.7 153 751 12.6
AF 138 3.3 5.9 85 482 13.9
MH 136 4.1 7.3 105 298 12.2
CT 145 3.6 7.5 133 848 11.2
CP 140 3.1 6.5 93 419 12.6
EP 140 4.7 12.1 161 728 17.2
FT 141 3.9 16.3 247 624 12.9
RRD * * it * it *
MM it * it * it *

RN it it * * it it

AW 138 4.7 8.8 172 573 11.4
HL 140 3.9 6.4 115 629 12.0
GW 139 4.2 8.5 122 508 11.1
JD 136 4.0 9.4 103 291 13.7
JH 142 4.3 6.3 87 544 13.2
JB 138 4.6 6.8 65 401 11.2
GF 142 3.5 7.3 85 439 13.0
GP 142 4.5 10.8 119 548 13.5
MW 132 3.5 7.8 100 547 8.8

data not available
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Appendix 5.4: Concurrent medication prescribed for patients during
Study 2

Patient Concurrent medication

DE Glyceryl trinitrate, Sinemet Plus
LR Glibenclamide, Metformin
AF None
RE Aspirin , Ferrous sulphate
MH Glyceryl trinitrate
LA Isosorbide dinitrate
CT None
CP Aminophylline
EP Aspirin
FT None

RRD Allopurinol*
ME None
RRN None
MM Aspirin*
RN Salbutamol, beclomethasone, dipropionate
AW Aspirin*
HL Salbutamol
GW None
JD None
JH None
JB Thyroxine
GF Theophylline, Salbutamol
GP None
MW None
CB None
SB None

Interactions of these drugs with ACE inhibitors have been described 
and are commented on next page
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Appendix 5.A (continued)

Captopril and allopurinol

Three cases of serious Stevens-Johnson syndrome (one fatal) and 

another case of hypersensitivity have been attributed to the 

concurrent use of captopril and allopurinol (Stockley, 1991).

Captopril and aspirin

The antihypertensive effects of captopril can be reduced or 

abolished by aspirin. Eight patients with essential hypertension 

showed a 20 mmHg fall in diastolic blood pressure when given a single 

25-100 mg dose of captopril. When additionally given aspirin (600 mg 

every 6h for 24h) the diastolic blood pressures of four of the 

patients rose by an average of 7 mm Hg (Moore, 1981). In Study 2, 

three patients were receiving a much smaller dose of aspirin 300 mg 

once daily for its anticoagulant effects. Since the morning dose of 

the captopril trial medication was withheld on the test days, it seems 

unlikely that concurrent use of aspirin would affect the measurements 

of efficacy made in this study.
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