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Background.

Disease states affecting the heart represent a major and costly burden to both society and to

the individual. In this context, both intermediate coronary syndrome and chronic congestive

heart failure are associated with unacceptably high levels of morbidity and mortality;

especially among certain "high-risk" individuals. The studies described in this thesis were

designed to identify and address (through the application of relatively novel and potentially

useful adjunctive therapeutic strategies) some of the determinants of sub-optimal therapeutic

respons€ in both of these conditions.

Obscmational studics o!perhexiline mølcatc therapy in intermediate coronøry syndrome-

perhexiline is a relatively novel pharmacological agent that has been recently shown to have

,,oxygen-sparing" effects via inhibition of carnitine palmitoyl transferase-l and which has

been previously used in the management of chronic angina pectoris refractory to conventional

therapy. In a preliminary examination of the acute use of perhexiline in the management of

..high risk" patients admitted to a coronary ca¡e unit with intermediate coronary syndrome and

symptoms refractory to conventional therapy (n = 40), we demonstrated that perhexiline has

incremental anti-anginal effects over those of standard treatment. Moreover, it is shown that in

a similar cohort of individuals (n = 40), that perhexiline maleate is associated with an overall

improvement in platelet responsiveness to the anti-aggregatory effects of the "direct" nitric

oxide donor, sodium nitroprusside (as measured by ex viva ADP-induced aggregation) and

that such an improvement is strongly correlated with resolution of ischaemic symptoms'

These studies support the use of perhexiline maleate in the management of acute coronary

syndromes and raise the possibility of developing analogous, but less complex, agents that

also improve platelet (and possibly vascular) responsiveness to nitric oxide; thereby providing
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signif,rcant clinical benefits to the sub-set of 'high risk" patients who currently fail to respond

(completely) to conventional pharmacotherapy.

Randomised controlled studies otmultidiscíplinary, homc-based intemention in chronic

c o n g estiv e heart føilure.

rwe initially examined the effects of a relatively unique home-based intervention among a

large cohort of older, chronically ill patients with and without cardiac disease discharged to

home following acute hospital care (n = 762): demonstrating an overall benefit as regards

subsequent unplanned readmission and mortality at six months. Its particular effects on the

sub-set of chronic congestive heart failure patients (n = 98) participating in the study were

subsequently examined. Consequently, it was demonstrated that this intervention was

particularly useful in limiting hospital-use among such patients. Moreover, it was

demonstrated that its apparent beneficial effects are sustained in the medium-term.

A subsequent study, undertaken to prospectively examine the effects of this t¡pe of

intervention among chronic congestive heart failure patients (n = 200), demonstrated a

significant reduction in hospital-use ¿¡ssociated with the study intervention, in addition to

prolonged event-free survival, prolonged survival overall and generally improved health-

rclated quality of life. As such, it represents the first time that a non-pharmacological

intervention of this type has been shown to simultaneously improve such outcomes arnong

chronic congestive heart failure patients discharged to home Post acute hospiølisation.

These studies suggest that the widespread application of this type of intervention, especially if

targeted towards "high risk" patients with chronic congestive heart failure, will provide

significant benefits to both the individual and the health-care system overall.
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CHAPTER 1

[1.U CHAPTER OVERVIEW.

This chapter describes the overall burden of cardiovascular disease states in Western

developed countries. Within this context, this chapter also contains an examination of the

likely pattern of health-care utilisation associated with cardiovascular disease in the

foreseeable future due to the combination of an ageing population and the general

postponement (rather than elimination) of cardiovascular-related morbidity and mortality

secondary to the application of more effective primary prevention, acute treatment and

secondary prevention strategies. In particular, it focuses upon two cardiac disease states that

are simila¡ in that:

1) Both are likely to become more prevalent in the foreseeable future.

2) Although they are ma¡kedly different in respect to pathology and urgency of treatment,

both are associated with a significant proportion of individuals in whom conventional

treatment has clear limitations as regards the amelioration of subsequent morbidity and

mortality.

As suÇh, this chapter overviews the pathophysiology and current pharmacological

management of two complex and debilitating syndromes - acute coronary syndrome (ACS)

and chronic heart failure (CIf). In particular it focuses upon specific therapeutic issues

relating to the management of sub-sets of individuals with ACS and CIIF who clearly fail to

gain maximal benefit from current treatment options.

It is within this context that some of the potential determinants of an individual's response to

any given treatment and their specific relevance to the current therapeutic limits of treatment

for ACS and C1IF are discussed. The chapter then discusses the rationale for examining

adjunctive strategies that have the potential to optimise the therapeutic impact of the current

armoury of pharmacological agents used in the acute management of ACS and the longer-term

management of CHF. More specifically it will outline the rationale for undertaking the four

2



CHAPTER 1

prospective studies described in this thesis: two of which examine the role of perhexiline

maleate as adjunctive pharmacological therapy in the initial management of the patient

admitted to a coronary care unit with "intermediate coronary s¡mdrome" and symptoms

refractory to conventional therapy and the two remaining studies which examine the role of a

multidisciplinary, home-based intervention in the longer-term management of the patient with

severe, chronic congestive heart failure recently discharged to home from acute hospital care.

Abbreviations used in this chapter (in order of use):

3

ACS
CIIF
CAI)
AMI
ADP
ATP
LMWII
NTG
ACE

Acute coronøry sYndrome

Chronic heartføilure
Coronary artery disease

Acute my ocardiøl infarction
Adenosíne diphosPhate
Adeno s ine t ripho s Phate
Low rnolecular weight heParin

Nitroglycerine
An g iot en s in c onv e rtin g enzrye



CHAPIER 1

It,2l THE BURDEN OF CARDIOVASCIILAR DISEASE STATES:

IMPLICATIONS FOR TIIE NEW MILLENIT]M.

U'z.ll Introduction

Throughout Western developed countries cardiovascula¡ disease, and in particular coronary

artery disease (CAD), continues to be the number one cause of premature death whilst

consuming a significant proportion of health-care resour""s.l For example, a recent analysis

of The Framingham Study data suggests that the lifetime risk of developing CAD at age 40 is

one in two for men and one in three for *o-"n.2

Although impressive inroads have been made to curb the incidence of CAD in the past few

decades, especially among individuals aged < 75 years, the combination of the trend towards

larger and significantly older populations in Western developed countries 3,4 and better

overall treatment of CAD among younger individuals has meant that the prevalence (and

therefore burden) of CAD has increased markedly among older individuals.l For example,

data for the period lgBT-94 in the United States suggested that whilst the annual rate of

hospitalisation for acute myocardial infarction (AMD was essentially stable for this period

(representing approximately two and forrr hospitalisations/IO0o women and men respectively)

the survival rate following an AMl-related admission was markedly increased's

tl.2.2l The burden of coronary artery disease in Australia.

The characteristics and impact of CAD in Australia over the past few decades represent a

good example of world-wide trends.l For example, The National Heart Foundation of

Australia have reported an approximate 507o reduction in age-adjusted cardiovascular

mortality rates over the past 20 - 30 years in this country.6,7 However, in 1994, 43Vo of all

deaths in this country were still attributable to cardiovascular disease; CAD being the largest

4



CIIAPTER 1

single cause of death, accounting for 25Vo of deaths.T kr this respect, Australia compares

favourably to some northern European countries, has similar rates and trends to those reported

in the United States, whilst comparing poorly in absolute terms to other countries (most

notably France and Japan¡.6,7

Il.2.3l The treatment-response paradox.

The major advance in confronting the impact of CAD has been the significant reduction in the

number of 'þremature deaths" associated with this condition (defined as any death occurring

5 years or more below the average life-span).6'7 This is not surprising considering the

combined impÉrct of mole effective prirn4ry prevention, açute, treatment and secondary

prevention strategies designed to reduce the overall incidence of the common risk factors of

CAD (thereby minimising the risk of developing CAD), improve the immediate survival

prospects for individuals who do experience an acute coronary event and to modify their risk-

profile and longer-term survival prospects thereafter. Such strategies include:

1) Implementation of large-scale anti-smoking and exercise campaigns designed to combat

smoking, sedentary lifestyles and obesity.T

2) Introduction of more effective lipid lowering agents and identification of more effective

targets for reducing cholesterol levels; in particular low density lipoprotein cholesterol.

In this respect a number of recent studies, including The Scandinavian Simvastatin

Survival Study (4S),8 The'West of Scotland Coronary Prevention Study (WOSCOPS), 9

The Cholesterol and Recurrent Events Trial (CARE),IO and the LIPID Study ll have

demonstrated that aggressive lowering of cholesterol levels with 3-hydroxy-3-

methylglutaryl coenzyme A reductase inhibitors (eg. simvastatin and pravastatin) is

effective in both primary and secondary prevention. For example in The Scandinavian

Simvastatin Survival Study of individuals with known CAD and hypercholesterolaemia,

5



CHAPTER 1

simvastatin therapy was associated with a 3OVo reduction in mortality compared to

control.S

3) Introduction of more effective anti-hypertensive agents and identification of more

effective targets for lowering systolic and diastolic blood pressures in hypertensive

individuals. For example, the recently reported Hypertension Optimal Treatment (HOT)

Trial demonstrated that more intensive lowering of blood pressure in hypertensive

individuals (aiming for a target diastolic pressure of 80 mmHg using a combinatiort of

the long-acting calcium channel antagonist felodipine t an angiotensin converting

enzyme (ACE) inhibitor or a p-adrenoceptor blocker) was associated with a lower rate

sf cardiovascular events. I 2

'4)'Introduction of mOre effective treatment strategies :for the immediate'management of

ACS's (eg. use of thrombolytics 13-17 or primary, angioplasty l8-20 in the management

of evolving âcute transrnural MI) in addition to use of ACE inhibitors to prevent late

deterioration of ventricular funct io¡.21'22

5) Introduction of more effective treatment of chronic asymptomatic and symptomatic

heart failure resulting in more prolonged survival among such patients (eg. the ACE

inhibitors 23-28¡.

paradoxically, however, the initially improved survival prospects of individuals with 4¡¡41, 29

for example, have contributed to an older patient population more susceptible to morbidity

associated with advanced CAD and,/or the development of CHF.30 As Kelly (1993)

appropriately warns, our apparent ability to reduce the incidence of CAD (even when taking

into account the common practice of ignoring the subsequent "age-creep" of CAD into much

older, and less scrutinised, age-groups) is being undermined by larger populations, and

therefore by the increasing prevalence of CAD, The problems associated with a greater

6
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prevalence of older individuals with CAD (representing the "residual" effects of better health

strategies overall), are becoming increasingly apparent; for example the increasing burden of

CIIF on health-care systems throughout Western developed countries.l

Í1.2.41 Other "residual" issues of coronary artery disease prevention and treatment.

As with most treatment strategies, however, the advances in primary and secondary

intervention, although contributing to the changing pattern of CAD, are far from perfect. In

Australia the overall CAD risk-factor profile of the population remains unacceptably high; for

€xarnple approximately l57o of Australians are estimated to require treatment for hypertension

andV1po,çontinue.to smoke.T These figures suggest that CAD will continue to be associated

I ,, , witþ high:rates of prernaturc morbidity and mortalit¡l,in the foreseeable future. Similarly, it is

. wgll, known that proven pharmacological strategies including thrombolytic therapy for AMI

,31 and use of ACE inhibitors to prevent and treat heart failure 32'34 are frequently under-

utilised. This situation also applies to non-pharmacological strategies; for example, it is

estimated that less than half the patients with CAD in Europe and the United States receive

appropriate cardiac rehabilitati ot-23'24

t1.2.51 The combincd problem of failure of primary and secondary prevcntion
measnres.

Clearly, therefore, there are major two problems confronting 'Westem developed countries

such as Australia in relation to limiting the future impact of cardiovascula¡ disease states and

in parricular CAD. The fîrst of these is the significant proportion of individuals within the

population (particularly in lower socio-economic groups) who do not embrace or adhere to

prirnary prevention strategies and who therefore have an increased risk of developing

symptomatic CAD. The second of these relates to the increasing number of patients who

7
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survive a first ischaemic event (eg. AMI) and are therefore likely to develop more acute

ischaemic events thereafter, or require chronic management for chronic angina pectoris or

C1IF; especially if secondary prevention strategies are incomplete by virtue of inadequate

prescribed measure and/or poor compliance.

ll.2.6l The cost of health-care utilisation associated with coronary artery disease.

Not surprisingly the cost of managing cardiovascular disease is enormous. For example, $3.5

billion is a conservative estimate of the cost of managing cardiovascular disease in Australia

for the perid of 1989-90.6"7 A major cost{omponent of this expenditure is hospital

admissions.ln 1994 there were approximately 20,000 admissions associated with AMI; male

patients accounted for two thirds of such hospitalisation whilst three quarters represented a

.'first presentation" MI-7 Hospital statistics from 1995-96 indicate that circulatory disorders

were the single leading cause of public hospital separations for an illness (almost 300,000)

and resulted in 1.6 million days of hospitalisation in public hospitals, (second only to

disorders of the nervous system). Unfortunately, unlike countries such as Scotland,35 there is

limited coordinated data in Australia concerning both the cost and health-care utilisation

associated with specific disease states. However, the data from a number of Western

developed countries indicate the enormig of costs associated with the most common

manifestations of cardiovascular disease. For example, data from the United States suggest

that the total combined costs of MI and stroke in that country amount to nearly $US500,000

per second.36 Consistent with data from Canada 37 anð Finland,3S Jonsson (1996) reported

that the management of cardiovascular disease states consumes almost líVo of annual health-

care expendin¡re in Sweden.39

I
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t1.31 CLINICAL CHARACTERISTICS AND MANAGEMENT OF
ACUTE CORONARY SYNDROME: FUTURE IMPLICATIONS.

tl.3.11 Introduction.

As discussed above, the combination of a generally larger and older population, better

management of AMI and less acute ty¡les of ischaemic events is likely to result in an older

patient population presenting to hospital with more advanced and more complex CAD.

Moreover, such patients are likely to have concurrent disease states (eg. mature onset

diabetes) likely to complicate treatment and limit treatment options. In this context, the

following section is an overview of the clinical characteristics, pathology and acute treatment

of ACS with particular focus upon the typical treatment issues surrounding the management

of patients admitted to a coronary care unit with an interim diagnosis of "intermediate

cofonary syndrome".

t1.3.21 Clinical characteristics of acute coronary syndrome.

"Acute coronafy s¡mdrome" is a term that encompasses the spectrum of clinical presentations

associated with acute myocardial ischaemia resulting from a combination of coronary

thrombus formation I vasospasm: from "uncomplicated" unstable angina that results in little

or no petmanent damage to the myocardium, to a large, transmural MI resulting in cardiogenic

shock and death.40lvhilst the initial treatment of acute evolving MI, characterised by acute S-

T elevation and severe, prolonged angina at rest, is well established following the widespread

introduction of proven reperfusion strategies (most notably thrombolytic therapy 13-17¡

management of the other ischaemic-related presentations that encompass the spectrum ACS

(including recurrent myocardial ischaemia following initial treatment of AMÐ are lnore

difficult to define. For the purpose of the immediate discussion and the thesis overall,

therefore, ACS is defined as:
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A complex syndrorne resulting from the combination of a fissuring atherosclerotic lesion

and vasospasm of a coronary srtery, that initiates the clotting cascade leading to thrombus

formation and thereþre, regional impairment of coronary blood flow. Symptomatically

patients will typically experience prolonged chest pain at rest despite initial treatment with

sub-lingual nitrates. Such angina is commonly øssociøted with pathological ønd reversible

ECG chønges indícative of acute myocardial ischaemía. Il lelt uninterrupted this

pathologícal process has the potential to lead to the complete occlusion of a coronary

ørtery and, in the absence of significønt colløteral perfusion, result in myocardial

infarction.4l,42

In managing patients with ACS it is inherently difficult, especially for those patients who do

not present with an acute evolving MI, to determine the risk of subsequent MI and/or death.

Classifying such patients has long been problematic. The term "unstable angina" is widely

referred to in the literature and is applied in many different contexts and refers to a wide

spectrum of ischaemic conditions of the myocardium.43 Fot example, Braunwald (1989¡ 44

has classified '1¡nstable angina" on the basis of clinical characteristics ranging from new onset

exertional angina corresponding to Canadian Cardiovascular Society Classification class III

(angina causing marked limitation of activities),45 ,o rest angina persisting for more than 20

minutes ("intermediate coronary syndrome").

In order to distinguish between those patients who present with acute evolving MI at risk of

developing transmural necrosis and the associated development of Q-waves on the ECG (Q-

wave MI) and those patients who present with apparently less acute myocardial ischaemia and

are typically admitted to the coronary care unit with a provisional diagnosis of "unstable

angina" (and therefore, the clear potential to limit subsequent myocardial damage), terms such

as "intermediate coronary syndro me" 46 or "acute unstable coronary artery disease" 47 ,48 ñe

used. In general, therefore, these terms are nou/ used to describe any individual admitted to a
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specialist coronary care unit with an ACS but without clear-cut clinical evidence of acute

evolving MI requiring immediate intervention with thrombolytic therapy and/or coronary

angioplasty. For the purpose of this discussion, the term "intermediate coronary syndrome"

will be used to denote patients who tlpically require admission to coronary ca¡e and acute

pharmacological intervention because of prolonged angina at rest with associated ischaemic

ECG changes * elevated cardiac enzymes and a provisional diagnosis of "unstable angina" or

sub-endocardial ML

t1.3.31 Pathophysiology of acute coronary syndrome.

As discussed briefly above, the underlying pathophysiology of ACS commonly represents the

combination of an intracoronary thrombus * coronary vruiospasm which intemrpts blood

supply to the myocardium. Intermediate coronary syndrome, unlike an acute evolving MI, is

typically associated with non-occlusive thrombus formation + coronary vasospasm in the

absence of increased myocardial demand that limits coronary perfusion without causing a

sustained intemrption of coronary blood flow; thereby causing intermittent but prolonged

episodes of myocardial ischaemia.4l However, the potential for more sustained and complete

occlusion of the "unstable" coronary artery is obviously great. In this respect there appears to

be three important components of this pathological process that determine whether it results in

relatively minor (eg. a small sub-endocardial lvtr) or significant damage to the myocardium

(eg a Q-wave MI located in the anterior wall):

l) The intensity and duration of the thrombogenic stimuli.

2) The haemostatic and coronary vasoconstrictor response to the above.4l

3) The process of ischaemic preconditioning.49'5O

The exact mechanism by which the ischaemic cascade is triggered in a previously stable

coronary artery environment remains the subject of much conjecture. Most recently, it has
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been suggested that inflammation plays a major role in this syndrome as va¡ious inflammatory

markers have been detected in such patients during prolonged periods of clinical stability'sl'

52 One possible explanation for the "activation" of previously stable coronary artery plaques

and therefore detection of inflammatory markers is an infective procets.4l Evidence to

support this hypothesis include the improved prognosis (in pilot studies) associated with

antibiotic treatment for Chlamydia pneumoníøe among patients with ACS's;53-55 although

only SOVo of patients with a diagnosis of unstable angina were found to be seropositive for

Chlamydiain one of these studies.53

'Whatever the exact stimulus for instability, it is known that patients with ACS have more

complex lesions and are more likely to have thrombus involvement in comparison to patients

with stable CAn.56 Such a thrombus is likely to be platelet-rich 41 as the ruptured coronary

plaque stimulates platelet aggregation and the clotting cascade via release of tissue factors

which then leads to thrombin formation and the subsequent conversion of fibrinogen to fibrin;

57-59 both thromboliarrc 46,ffi and seroton¡n 61 çboth of which are implicated in platelet

activation and vasoconstriction) have been shown to be present in significant concentrations

within the coronary circulation of patients with unstable angina.

The combination of the typical thrombus formation and coronary vasoconstriction associated

with ACS results in reduced coronary perfusion to the affected myocardium creating a

imbalance between myocardial supply and demand. When there is optimal coronary perfusion

the environment within individual myocytes is maintained in a state of equilibrium. In this

state, optimal oxygen and substrate utilisation produce adenosine diphosphate (ADP) and

adenosine triphosphate (ATP); mainly through the processes of aerobic respiration in the

cytoplasm in addition to the citric acid cycle and oxidative phosphyloration in the

mitochondria. The major limiting factor of this whole process is the availability of myocardial

t2
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oxygen and metabolic substrate supply (mainly carbohydrates and free fatty acids), in addition

to the enzymes which mediate the cascade of metabolic reactions. The availability of ATP, as

expressed in the ADP: ATP ratio, modulates demand for substrate utilisation.62Inh"t"nt bio-

protective mechanisms ensure that the harmful by-products of normal metabolism (such as

lactate and oxygen free radicals) are either re-cycled or cleared in inactive form.63

In ACS, however, a lack of metabolic substrates and/or oxygen will derail the normal

metabolic processes and precipitate a parallel disruption of diastolic and then systolic

myocardial function. As discussed above, the degree of ischaemia and therefore its potential

threat to the viability of affected myocardium, depends on the time-frame and severity of

coronary hypo-perfusion- As such, the most severe form of ACS, Q-wave MI, occurs when

coronary perfusion is severely limited for a sufficiently sustained period so as intra-mural

necrosis (rccurs. Alternatively, intermediate coronary syndrome, in the majority of cases

represents the "brink of the precipice" as myocytes rely upon anaerobic glycolysis to

sufficiently sustain cellular function during the associated periods of prolonged ischaemia; In

this context, anaerobic glycolysis produces only 2 net moles of ATP per mole of oxygen

utilised in the cytoplasm: enough only for continuing cytoplasmic function rather than for

sustained mitochondrial or sarcoplasmic contractile function. V/ith the increased catabolism

of ketones and triglycerides, an increase in lactate and H+ ion production results. The increase

in lactate levels and subsequent decrease in pH during prolonged and severe hlpoxia, has the

potential to inhibit the actions of glycolytic enzymes thereby reducing the ability of the cell to

produce energy; even via anaerobic glycolysis.64 Sirnitarly affected are the 'scavenging'

molecules glutathione and catalase, which protect the cell from the normal production of the

potentially harmful oxygen free radicals. An environment favourable for oxygen free radical

production is therefore established, with the greater likelihood of ineversible darnage

(myocardial necrosis) the more prolonged the period of hypoxia/anoxia.65
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U.3.4] Initial pharmacological management of intermediate coronary syndrome.

h this context the challenge of clinical management of patients admitted to hospital with any

form of ACS is to not only restore coronary perfusion during the initial presentation but to

prevent subsequent episodes of ischaemia. As such the goals of acute management of

intermediate coronary syndrome can be summarised as follows:

l) Rapid termination of the ischaemic event and alleviation of associated symptoms.

2) Stabilisation of the environment within the coronary artery (imitation of thrombus size

and vasospasm).

3) hevention of progression to AMI (and possible death).

4) To apply more definitive treatment to address the underlying atherosclerosis (eg

coronary angioplasty or coronary artery by-pass) without the occurrence of permanent

damage to the myocardium.

As such, patients with intermediate coronary syndrome usually receive a combination of the

following pharmacological agents.

Aspirin ønd anfractiontlcd heparin. Both unfractionated heparin and aspirin are commonly

used in the management of all forms of ACS as a means to limit the typical thrombus

formation surrounding an unstable coronary plaque. Aspirin limits platelet aggregation via

inhibition of cyclic adenosine monophosphate and consequently reduces levels of the potent

pro-aggregatory mediator thromboxane A2. Although there is some evidence that aspirin rnay

adversely affect collateral blood flow during acute ischaemic episodes,66 it is commonly used

in the acute phase of clinical instability associated with ACS and as a long-term prophylactic

agent thereafter. In this context, aspirin alone has been shown to significantly reduce the

medium-term incidence of AMI among patients treated for intermediate coronary syndrorne.

66-71
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Targeting a different part of the clotting cascade, unfractionated heparin binds to and activates

the endogenous chemical anti-thrombin III, intemrpting the formation of thrombin.T2 Like

aspirin, heparin alone (usually administered intravenously for 5-7 days) has been shown to

limit progression to AMI in the short{erm.68,73,74 Ho*ener, in the absence of concurrent

aspirin therapy, cessation of a heparin infusion for the treatment of ACS is frequently

associated with "reactivation" of ischaemic symptoms.Tí-17 For example, in a study of the

effectiveness of singula¡ versus combined heparin and/or aspirin therapy for acute myocardial

ischaemia (n = 403), Theroux et al (1992) reported two important findings:

l) An overall '1.27o incidence of "reactivation" of severe anginal symptoms within 96

hours of cessation of heparin and/or aspirin therapy on discharge from hospital,

requirin g urgent intervention.

2) A greater (l3%o) and earlier (median 9.5 hours) incidence of "reactivation" of severe

anginal s)¡mptoms following cessation of heparin therapy in the absence of concurrent

aspirin therapy.T6

Such ischaemic reactivation, as discussed, is not surprising considering the relatively

instability of coronary plaques and the risk of episodes for up to 6 to 12 weeks following

initial symptoms of acute myocardial ischaemia.59,78 4s combined therapy, aspirin plus

unfractionated heparin have been shown, in the short-term at least, to be superior to aspirin or

heparin alone in preventing recurent ischaemic events 67,68,73' although these benefits are

partially off-set by an increased risk of bleeding complications.6S

Low molecubr veight heparins. In recent years there has been increasing interest in the

theoretical advantages of using various forms of low-molecula¡ weight heparin (LMWH)

which, in comparison to unfractionated heparin, is less likely to be inhibited by platelet factor

VI and does not readily bind to plasma proteins and macrophages. Furthermore, all LMWH
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preparations inhibit factor X activation to a greater extent than unfractionated heparin,

although the relative inhibition of factor X and II varies markedly between preparations.T2

Low molecular weight heparin therefore has greater bioavailability and does not require the

combination of continuous monitoring of activated partial prothrombin times and subsequent

titration of dosage.12 l, number of large-scale clinical trials have examined the potential

advantages of various LMWH preparations plus aspirin in the context of intermediate

coronary syndrome. To date, of these studies (including The FRISC Study,47 The FRIC

Study,79 and rhe recently reported TIMI llB Study 80¡ only The ESSENCE Trial 8l

(involving enoxaparin) has shown evidence of benefit in comparison to unfractionated heparin

and even risk of bleeding events with highe¡ ¿et"5.72'82

Pbtelet glycoproteín IIbLIIIa receptor blockers. More recently a number of trials have

evaluated the effects of platelet glycoprotein trb/Itra receptor blockers (which block the final

common pathway of platelet aggregation - the fibrinogen receptor on thrombocfes 83¡ in the

management of intermediate coronary syndrome. In the first large-scale trial of its kind, The

PARAGON I Study, the effects of adding such an agent (lamifiban) to conventional therapy

(including aspirin, heparin, nitrates, p-blocker and/or calcium antagonists) for intermediate

coronary syndrome ur¡¡s comp¡red to conventional therapy alone.84 This study suggested no

clear-cut benefit as regards prevention of subsequent AMI and death associated with use of

lower doses of the drug in comparison to conventional therapy alone. Moreover, subsequent

studies, including The PRISM Study,85 The PRISM-PLUS Study 86 and The PURSUIT Trial

87 hav" confirmed that there are only modest benefits (1.4 - 3.0/l0O combined death/lvll

event-rate reduction) associated with adjunctive use of trb/Itra receptor blockers which are

further offset by slightly increased bleeding rates 88 and may be mediated in part by

prevention of peri-angioplasty infa¡ction.87 In th" future, however, the potential long{erm

t6
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problem of platelet reactivation and therefore subsequent ischaemic events following

cessation of acute intravenous therapy with the IIbIIIIa receptor blockers may be ameliorated

by the application of an oral form of this type of agent and therefore improve their overall

efficacY.SS

Organic Nitrates. In recent years the use of the intravenous nitrates have assumed an

important role in the management of ACS, and most particularly intermediate coronary

syndrome, due to the following combination of beneficial effects:

l) Reduction of myocardial workload through peripheral dilatation.

2) Coronary vasodilatation resulting in dilation of collaterals 89 and favourable distribution

of coronary blood flow to ischaemic regions of the myocardium 90; the opposite to

coronary steal.

3) Reversal of platelet aggregation.9l,92

Nitroglycerine (NTG) the most commonly used of organic nitrate used in the management of

ACS is a prodrug, that must undergo biotransformation to become biologically active. As such

it enters the vascula¡ smooth muscle cells, and is enzymatically (sulphydryl availability

appears to facilitate the process) denitrated to form an exogenous source of nitric oxide. Nitric

oxide is a chemical that is probably identical to endogenous endothelial derived relaxing

factor, which mediates both vasodilatation and reversal of platelet aggregation by activation of

the enzyme soluble guanylate cyclase within the smooth muscle and platelets. Activation of

this enzyme results in increased levels of cyclic guanosine monophosphate with a subsequent

decrease in the availability of intracellular calcium, inducing vasodilatation and reversal of

platelet aggregation.93,94 In diseased coronary arteries nitric oxide concentrations may be

decreased, resulting in disturbance of homeostasis, with net increases in constrictor tone and

platelet aggregability .42
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As such, intravenous NTG has been shown in a number of (mainly uncontrolled) studies to

provide incremental benefits in the management of ACS 95-99'especially when administered

in lower doses and thereby reducing the probability of severe hlryotension secondary to

peripheral vasodilatat¡s¡.42,100 Indeed, prior to the widespread introduction of

thrombolytics, Yusuf et al (1985) reported that a meta-analysis of randomised controlled

studies of NTG in the management of acute evolving ¡4¡ 101-105 suggested that intravenous

NTG was associated with significantly improved ventricula¡ function, reduced infarct size and

an approxim ate 35Vo reduction in mortality in the shon-term.lffi

Unfortunately, the beneficial effects of nitrates, even during short-term use, are often limited

by the development of the now well described (but still problematic) phenomenon of "nitrate

tolerance"; especially during continuous intravenous administration. Nitrate tolerance is

appears to reflect both impairment of nitric oxide formation (decreased bioconversion) and in

some models, increased nitric oxide clearance by the su¡rroxide *¡on.l07-ll0 ¡t tu"¡,

nitrate tolerance may be partially ameliorated by the co-infusion of N-Acetylcysteine which is

a potent anti-oxidant, ild probably also increases riitrate bioconversion, immediately

potentiating NTG's vasodilatory and anti-platelet aggregatory effects, in addition to limiting

the extent of nitrate tolerance.93,94,lll In combination with nitric oxide, N-Acetfcysteine

also forms an S-nitrosothiol, which exhibits strong anti-platelel s¡¡ec¡5.94,112

There are also data to suggest that impaired responsiveness to nitrates at both the vascula¡ and

platelet level, may not be solely attributable to induced nitrate tolerance, but may in part

reflect an underlying "resista¡tce" to the vasodilatory and anti-aggregatory effects of both

exogenously donated, and perhaps endogenous, nitric oxide independent of any component of

"tolefance": this phenomenon has been termed "nitrate resistance".113,114 First described at

a vascular level in patients with CÍIF receiving intravenous NTG by Armstrong et al (1980),



CHAPTER 1 t9

ll3 g¡¡¡¡sv et al (1993 and 1996) have also demonstrated that whilst both NTG and the

"direct" nitric oxide donor sodium nitroprusside reverse ADP-induced aggregation in platelet-

rich plasma, platelet responsiveness to both the indirect and direct nitric oxide donors is

markedly impaired in platelets from patients with angina pectoris when compared to normal

subjects.92,115 More recently Chirkov et aI (1999) have also demonstrated that platelets

from patients with an ACS are more aggregable and less responsive to the anti-aggregatory

effects of NTG and sodium nitroprusside than normal subjects. Furthermore, they

demonstrated that such "nitrate resistance" may be attributable to either the inactivation of

released nitric oxide by superoxide anion radical and/or reduced platelet guanylate cyclase

sensitivity to nitric oxide associated with a defect in nitric oxide/cyclic guanosine-3,'5'-

monophosphate pathway.l 14 Not surprisingly, considering the infancy of research examining

the underlying pathophysiology and clinical implications of nitrate resistance, unlike nitrate

tolerance, currently there is no known treatment that ameliorates this potentially important

phenomenon. However, acute experiments with superoxide dismutase suggest that anti-

oxidant strategies may prove effective in this regard.l 14

Beta-adrenoceptor blockers. Whilst most of the agents in this relatively heterogeneous class

of drugs act as competitive inhibitors of effects of circulating catecholamines on B-

adrenoceptors (Þt or pz), the most commonly used p-adrenoceptor blockers in the treatment

of acute myocardial ischaemia are those that act more specifically on Þr receptors which are

more prevalent within the heart. More "cardio-selective", p-adrenoceptor blockers include

atenolol and metoprolol. This class of drug has long been used in the context of symptornatic

CAD because of their ability to reduce an individual's heart rate and blood pressure; both of

which are major determinants of myocardial oxygen consumption.ll6 On this basis, B-
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adrenoceptors blockers may be useful in the management of intermediate coronary

slndroms.l 17

Calcíam antøgonists. Even more than p-adrenoceptors blockers, L-channel calcium

antagonists represent a heterogeneous class of drug and therefore vary in respect to both their

action and subsequent influence on clinical outcomes. The importance of distinguishing

between dihydropyridine (eg. nifedipine) and non-dihydropyridine (diltiazem and verapamil)

calcium antagonists, although both selective for L-ty?e slow calcium channels and therefore

able to interfere with calcium entry into myocytes and vascular smooth muscle cells, is best

encapsulated by two types of meta-analysis examining the role of this class of drug in the

m:magement of AMI. In earlier analyses the grorrping of calcium antagonists together

suggested that there was little or no benefrt to be gained from their use. However, when the

data were re-analysed to distinguish between the two tlpes of calcium antagonists the non-

dihydropyridines (diltiazem and verapamil) were associated with beneficial effects 118'

especially among patients with good left ventricol- ¡un"¡on.l 19

\Yhy the difference? Both diltiazem and verapamil are more cardio-selective in dilating the

coronary vasculature in comparison to nifedipine; being approximately equipotent in this

respec¡.I20 Conversely, nifedipine is approximately lO-fold more selective tolvards vascular

tissue 120 3¡¡¿ is therefore more likely to exert a gteater systemic vasodilator effect;

potentially resulting in a reflex tachycardia and coronary steal in the presence of CAD. This

may partially explain why nifedipine (especially rapid-release formulae) is probably

associated with increased mortality when used to treat AMI and unstable angina when

administered in combination with a p-adrenoceptor blockers.llS'121 Similarly, the

suggestion that verapamil and diltiazem are most effective in the treatment of patients with

good left ventricula¡ function 119 ¡s not surprising considering that the non-dihydropyridines
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(unlike dihydropyridine-type calcium antagonists) exhibit "use-dependent" negative inotropic

effects.

In this respect, a number of studies have demonstrated the usefulness and safety of both

intravenous diltiazem 122,723 and verapamil l24 ¡¡s¡vpy in the management of intermediate

coronary syndrome.

t1.3.51 Current limitations of the pharmacological treatment of intermediate coronary
syndrome: Increasing cost but little progress.

The recent studies examining the potential benefits of adjunctive LMWH and trb/Itra receptor

antagonist therapy, as described above, whilst showing some promise are good examples of

the ever increasing costs associated with the pharmacological management of intermediate

coronary syndrome relative to gain-

Clearly, there remains a sub-set of patients admitted to hospital with a provisional diagnosis of

intermediate coronåry syndrome in whom conventional therapy fails to fully ameliorate

ischaemic symptoms and/or progression to MI- For example, The TIMI Itrb Study suggested

that rest pain despite conventional therapy within the first 48 hours of acute hospitalisation

among such patients is associated with a greater likelihood of death or MI both within short

(42-day follow-up) and longer-term follow-up (with a four and two to three-fold increased

probability of MI and death respectively at I !ea).125 Data from both the GUSTO tra and trb

studies suggest that patients with a provisional diagnosis of unstable angina and S-T segment

depression evident on ECG represent a particularly high-risk group for subsequent MI and

death, when compared to those patients who present with either T-wave inversion and/or

minimal S-T segment elevation.l26,l27 Importantly, considering the likely trend towards

older individuals developing CAD and being admitted to hospital with an ACS, multivariate

analysis of the GUSTO tra data revealed that older age (in addition to a lower BP and greater
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heart rate) was the strongest predictor of poorer health outcomes.l28 I*pon*tly, potential

availability of invasive coronary intervention (surgery or angioplasty) decrease with advancing

age.

Unfortunately, there are few data examining the overall incidence of patients with

intermediate coronary syndrome and symptoms refractory to conventional thetapy;t29 despite

the fact that many studies specifically target such patients (eg. The CAPTURE StuAyl3o¡'

However, a study performed by Grambow and Topol (1992) demonstrated that among 125

patients admitted to a coronary care unit with a combination of > 20 minutes of angina and

associated ischaemic ECG changes in the absence of MI, almost 50% h^d anginal symptoms

refractory to initial pharmacotherapy. Subsequent use of mærimal conventional therapy

(including aspirin, intravenous heparin and nitrates, calcium antagonists and p-adrenoceptor

blockers) ameliorated symptoms in the majority of patients, however, approximately 9Vo (957o

CI's 4, l5%) of patients continued to exhibit refractory ischaemia. These patients were much

more likely to have multi-vessel disease and suffered poorer health outcomes in comparison to

patients stabilised with conventional pharmacotherapy despite rapid revascularisation in most

cases thereafter. Such data are consistent with those from clinical studies that have

prospectively used. simila¡ inclusion criteria; demonstrating that up to 2O7o of patients

admitted to coronary ca¡e units with an initial diagnosis of severe unstable angina will

progress to MI within the first 48 hours.l l7 '122

V/ithin this context, despite the general availability of coronary bypass/angioplasty, there is

clearly a need for more effective medical treatment of intermediate coronary syndrome, with

objectives of:

l) Reducing necessity for emergency intervention

2) Offering effective treatment options of elderly, high-risk patients.
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[1.4] CLINICAL CHARACTERISTICS AND MANAGEMENT OF

CHRONIC CONGESTIVE IIEART FAILURE: FUTURE
IMPLICATIONS.

[1.4.f] Introduction.

Like ACS, the combination of increased survival following AMI and generally older patient

populations will most probably result in an increased prevalence of chronic disease states such

as CIIF; with recent evidence suggesting that CHF is likely to become the cardiac "epidernic"

of the new millennium.l This section represents an overview of the pathophysiology,

treatment, incidence, prevalence and associated burden of CIIF with particular emphasis on

the issues that affect the management and subsequent health outcomes of the sub-set of

individuals with CIIF who develop severe congestive heart failure and who rernain

symptomatic despite conventional therapy.

ll.4.2l Clinical defrnition and charactcristics of chronic heart failure.

As with ACS, CIIF represents a complex pathological process and is associated with a broad

spectnrm of clinical presentations; therBby defying simple explanation and definit¡en.13l pst

the purpose of this discussion, however, the term CIIF will be frequently used within the

context of its most cofltmon manifestation - chronic congestive heart failure. As such, Packer

(19y2) defines chronic congestive heart failure as:

"a complex syndrome characterized by abnormalities of lefi ventricular function and

neurohormonal regulation which are accompanied by effort intolerance, lluid retention

and reduc ed longevity " .132

This definition includcs the two most distinctive components of congestive heart failure; the

underlying pathology of ventricular dysfunction (whether it be primarily systolic or dia.stolic

related) and the tlpical, clinical presentation of patients with this syndrome. This does not



CHAPIER 1 24

presuppose, however, that left ventricular dysfunction will automatically manifest itself in a

consistent symptomatic and clinical form. In fact there is usually a poor correlation between

the clinical parameters of failure (eg left ventricular ejection fraction) and the patient's

functional s¡¿¡us.133 One of the major reasons for poor correlation between degree of

impairment of systolic function and symptomatic status is variable extent of diastolic

ventricular interaction, a phenomenon which is difficult to detect clinically. 134'135 ¡t

general however, chronic congestive heart failure secondary to reduced systolic function is

accepted as a syndrome in which the heart is unable to deliver enough blood to meet the

body's metabolic demands and, if this "mismatch" is severe enough, an individual with CIIF

will typically experience symptoms of breathlessness, fatigue and fluid congestion.l36

[1.4.3] Pathophysiology of chronic heart failure.

The current paradigm of the pathogenesis and subsequent treatment of CIIF assumes that

regardless of the initial stimuli (whether it be AMI, chronic valvular disease anüor prolonged

hypertension), its development reflects the longer-term failure and subsequent adverse effects

of adaptive changes to the structure and stimulation of the heart that were initially triggered to

maintain an adequate cardiac output.l32 The two principal components in this mal-adaptive

process are ventricular remodelling and neuroendocrine activation. Following is an overview

of the current understanding of the pathology that contributes to the development of left

ventricular systolic dysfunction and the clinical syndrome of CIIF.

Initial myocardial injury. Chronic heart failure is most often associated with the development

of "ischaemic cardiomyopathy" following an AMI affecting a localised area of the left

ventricle with associated loss of left ventricula¡ systolic function.l3T However, non-ischaemic

heart failure is also common, with genetic, post-viral, drug-induced congestive
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cardiomyopathy as well as hlpertensive, congenital and valvular disease being possible

causes.l38-140

The initial responsc to myocardial injary. Regardless of the cause, there is a critical loss of

functioning myocardial cells and the heart's inability to adequately empty the ventricle (eg.

due to localised paradoxical wall motion of the left anterior ventricular wall following MI)

during systole increases diastolic pressure (preload). V/ith the associated loss of cardiac output

typically resulting in hypo-perfusion of the kidney, the renin-angiotensin-system is activated

releasing both angiotensin tr (a potent vasoconstrictor) and aldosterone (which increases

sodium retention); both of which increase cardiac preload and therefore the left ventricular

end-diastolic volurne. Moreover, the reduced cardiac output results in increased stimulation of

the baroreceptors, leading to sympathetic activation and stimulation of p-adrenergic receptors

within the non-injured myoca¡dium and both the force and frequency of ventricular

contractions increase.l4l 6"t" is also progressive impairment of the myocardial force-

frequency relationship, resulting in accentuation of symptoms during tachycardia.l42,l43

This initial adaptive response places greater stress on the left ventricular wall during diastole

and represents only a short-term solution.l# As part of the longer-term response, the heart

undergoes a structural change in order to reduce ventricular wall stress whilst optimising

ca¡diac output. This phenomenon is known as "ventricular remodelling".

Ventricular remodclling. This process represents the structural changes that occur in respect

to ventricular chamber size, wall thickness and composition.l45 ¡1 accordance with Laplace's

Law (T = P x rl2h where T is tension, P is pressure and h is wall thickness) in order to

maintain wall tension and improve cardiac efficiency, an increase synthesis of myofibrillar

proteins produces greater wall thickness (left ventricula¡ hypertrophy¡.146 This change occurs

because the only pathway for ventricular enlargement is via hypertrophy of pre-existing

myocytes rather than the regeneration or replacement of those damaged by the initial injury
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(eg. AMf.l47,l48In order to support this structural change there is a parallel increase in

myocardial collagen content 149; Beltrani et aI (1995) demonstrated that in end-stage

ischaemic cardiomyopathy extent of interstitial fibrosis was frequently disproportionate to the

original myocardial injury. I 50

Although the exact stimulus and mechanism for myocardial hlpertrophy is incompletely

understood, it is clear that mechanical (eg. the direct stress of increased pre-load and

associated chamber dilatation) and neuroendocrine factors are involved. For example

ventricular remodelling in animal models has been stimulated by the presence of

norepinephrine, atrial natriuretic factor, arginine vasopressin and angiotens¡¡ ¡.151-153 ¡¡

this context it is clear that the process of ventricular remodelling is a dynamic one, especially

among individuals with severe þs¿¡1 f¿lltt¡s. 154

If the process of remodelling is inadequate to maintain wall tension the individual will begin

to experience symptoms secondary to the subsequent ventricular dysfunction and limited

cardiac output; especially as this is associated with ñ¡rther ventricular dilatation and possibly

further myocyte 1ors.l55 The shape and size of the "remodelled" ventricle + left ventricular

chamber dilatation will vary according the type and severity of myocardial injury and the

character of stress (eg. increased preload t afterload, extent of myocytes

loss/contractility¡.156 For example, concentric hypertrophy is frequently associated with

prolonged cardiovascular stress secondary to chronic hlpertension or valvular disease

affecting the left ventricle ¿5 ¿ qrþe16.141

Sustained neuroendocrìne activation. 'When the systemic perfusion pressure falls secondary

to the lower cardiac output associated wjth myocardial injury two initial mechanisms

reflecting a neuroendocrine response are activated: peripheral vasoconstriction and sodium

retention. As discussed above, the initial vasoconstriction and sodium retention associated
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$/ith CIIF reflects enhanced sympathetic activation and activation of the renin-angiotensin

system designed to increase ca¡diac preload and consequently cardiac output. However, in the

longer-term it appears that each hormonal system plays a role in maintaining v¿rsoconstriction

in some patients.l5l Moreoner a number of locally acting vasoconstrictors produced by the

endothelium ¿re more active in CIIF. For example endothelin concentrations have been

demonstrated to increase in proportion to the severity of heart failure.l5S a¡s¡s is also some

evidence that tissue responses to endothelial derived relaxing factor, which normally

counterbalances the influence of endoth"¡¡tt,l59 and atrial natriuretic peptide (despite elevated

levels), which normally inhibits release of noradrenaline, renin and vasopressin 160,161 are

attenuated in CIIF. The beneficial effects of local prostanoid secretion therefore are critical,

and susceptible to inhibition if cyclo-oxygenase inhibitors are co-presc¡i¡s¿.162'163

Like the mechanical changes described above, enhanced neuroendocrine activation whilst

initially beneficial can cause paradoxical worsening of cardiac function and emergence of

severe symptoms characteristic of congestive heart failure.

Role of oncogcnc activotion. The deterioration in ventricular function as described above is

not purely due to changes in afterload or to the heart "giving up". Other cellular processes

contribute to heart failure following an initial myocardial injury. For example, the role of

apoptosis in the pathology of myocyte loss and development of advanced heart failure has

been the subject of considerable interest. The genes involved in apoptosis, such as p53 have

been shown to be upregulated in the failing dog heart.164 Moreover, cytokines such as TNF-o,

produced by activated macrophages have been shown to induce apoptosis in model

systems.l3S kr this res¡rect, elevated levels of TNF-o in CIIF a¡e associated with reduced

ca¡diac contractility and a poorer overall prognosis.l65,l66
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Thc trønsition to clinicølly overt heart faìlure. The data suggesting that a considerable

proportion of patients with pathological changes indicative of ventricular remodelling remain

functional without overt symptoms of heart failurc,l6'l supports the proposition that the

adaptive changes described above are frequently successful in maintaining an adequate ?

cardiac output. Clearly, there is often a lengtþ hiatus between the changes described above

and emergence of symptomatic heart ¡¿11t¡tt.132,145 ¡s such it apperirs that overt symptoms

of CIIF will most likely occur when the limits of the adaptive process described above is

overwhelmed by too great a myocardial injury (for example following recurrent MI) and/or

the normal deterioration associated with advancing age.l45 ¡s discussed above, there is no

consistent correlation between the commonly measured parameters of ventricular dysfunction

(eg. left ventricular ejection fraction) and an individual's symptomatic profile.l33 However,

there is clearly a sub-set of individuals within the total population of CIIF patients in whom

left ventricular dysfunction and severe symptoms of congestion and functional impairment are

evident. In a review of the relevant literature Adams and Zannard (1998) suggest that

individuals with severe congestive heart failure can typically identified on the following basis:

l) Persistence of severe clinical signs and symptoms of heart failure despite treatment.

2) Marked left ventricular systolic dysfunction.

3) Poor exercise capacity.l63

As such, these individuals (as will be discussed in more detail in Chapter 3) are far more

likely to suffer significant morbidity and die prematurely.163

Í1.4.41 Pathological and clinical characteristics of severe, chronic congestive heart

failure.

Apart from the fact that the normal adaptive and protective responses to the potential loss of

cardiac output due to myocardial injury have probably failed in such individuals, what

28
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differentiates them from the majority of individuals with CIIF who are clinically stable? This

section represents an overview of some of the important pathological and clinical

cha¡acteristics of severe congestive heart failure; once again with particular emphasis on those

patients with associated ischaemic cardiomyopathy and reduced left ventricula¡ systolic

function.

Lcfi vcntriculør hypertrophy. Patients with severe, congestive heart failure often have an

enlarged left ventricle, secondary to the process of ventricular modelling described above. At

rest, this adaptation may be associated with approximately normal ventricula¡ function,

however, during periods of exercise a ma¡ked elevation in pulmonary pressure (and therefore

the development of pulmonary congestion) may (rccur without a sufficient increase in cardiac

output.l69 a¡s absence of rales and x-ray evidence of pulmon¡¡ry congestion in patients

assessed in a resting state is frequently misinterpreted as an indication of the absence of left-

side heart failure and the presence of congest¡s¡.170,171 The persistent constraints on

"fonryard" cardiac output associated with inadequate adaptation of the left ventricular wall are

also frequently associated with symptoms indicative of orthopnea and paroxysmal nocturnal

dyspnoea secondary to the increased preload associated with positional change with the

potential for development of acute pulmonary n¿"çtu.l'|2 Alternatively, peripheral oedema

only occurs in approximately 257o of patients with severe heart failure and is more likely in

the presence of concurrent pulmonary hypertension 172 and/or diastolic ventricular

interaction.l34,l3s In this context, a number of studies have demonstrated that the rnore

spherical the left ventricle the greater the depression of ca¡diac contractility, heart failure

symptoms and risk of premature mortality.l73,l74

Suddcn deøth. Sudden death among patients with severe, advanced hea¡t failure has been

estimated to account for between 28Vo to 687o of total mortality among those individuals
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being treated with an ACE inhibi¡s¡ 26,175; the majority of which are presumed to be

secondary to a ventricular arrhythmia. Those with concurrent CAD may be at particular risk of

fatal anhythmic events.lT6 A number of mechanisms may contribute to the genesis of

ventricular arrhythmias in this clinical setting including micro-reenty circuits in the vicinity of

large infarction scars,ll7 ¡¡s presence of interstitial f,rbrosis and abnormal intracellular

calcium handling,lT6 elevated sympathetis 1s¡s,178 and depletion of magnesium and/or

Potassium.iTg

Chronic myocardial ischacmial"hibernation". Patients with severe heart failure are also at

risk of chronic sub-endoca¡dial ischaemia in some cases leading to a vicious circle of further

dysfunction of the left ventric1e.l38 The sub-endoca¡dium of a dilated ventricle is particularly

vulnerable to ischaemia secondary to the combination of increased wall stress and increased

oxygen requiremen¡s.l80 Any factor that limits coronary perfusion (eg. CAD, tachycardia or

increased diastolic filling pressures l8l¡ is likely to affect the sub-endoca¡dium ¡¡5¡'182 65

such, sub-endoca¡dial ischaemia is not confined to patients with ischaemic cardiomyopathy

and individuals with primary cardiomyopathy have also been shown to experience such

ischaemia, which may occur in the absence of pain.l83 A different potential adaptation to

chronic reduction in availability of high energy phosphates is reduced contractility of viable

myocardium resulting in ablution of both contraction and ischaemia. This is termed

..myocardial hibernation".l84, 185 Hfusmation presents major diagnostic challenges in a

prospective sense, and has been treated to date only via coronary revascularis¿¡¡sn.186

progressive myocyte loss. Progressive myocyte loss secondary to either necrosis or apoptosis

appears to be another important pathological component of progtessive left ventricular

dysfunction.lST, 188 In a number of animal models exposure to cardiac norepinephrine,

angiotensin a 189 and aldosterone 190,191 has been shown to produce myocardial necrosis;
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of interest, considering the recent results of the RALES study examining the relative efficacy

of spironolactone in this clinical setting (as will be discussed later¡,192 was the fact that the

deleterious effects of aldosterone in this respect were ameliorated by the addition of low-dose

spironolactone,

peripherøl chønges.In the longer-term, as cardiac function declines the redistribution of

blood flow away from the peripheral circulation towards the vital organs via peripheral

vasoconstriction is maintained, even in the basal state.l93'194 As discussed above, factors

such as depressed endothelium-dependent vasodilat¿1ie¡ 195,196 and increased endothelin

levels of a pulmonary origin contribute to this phenomenon.l% However, the reduction in

peripheral blood flow does not appear to wholly explain the muscle loss and exertional fatigue

conrmon to patients with severe heart failure 198,199 and this remains the subject of much

conjecture.l3S ¡¡t sevete heart failure, the redistribution of blood flow away from the gastro-

intestinal tract also contributes to anorexia and associated wasting- As such cardiac cachexia

has been reported to be present in up to l1vo of patients with symptoms of severe heart failure-

2ffi Mor"over its presence has been correlated with increased morbidity and mortality

raþs.2Ol-2O3

peripheral vasoconstriction is also likely to disturb renal function: hence the role of the renin-

angiotensin system. As such, many patients with severe heart failure frequently demonstrate

elevated serum creatinine and liver enz)rmes, with a reduced serum sodium concentration

being correlated with activation of the renin-angiotensin system 2M and compensatory

prostanoid secretion. I 62

Acutc detcrioration. Clearly patients with severe chronic congestive hean failure walk a

tight-rope between maintaining optimal cardiac function, becoming ovef-congested and

developing acute pulmonary oedema. For example, a recent study suggested that the average
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patient hospitalised for decompensated heart failure undergoes more than 4L of net diuresis

during their associated hospitalisation.2O5 n this context, there are a number of concurrent

clinical factors that may adversely cardiac function further and therefore precipitate acute

deterioration in such individuals. These include:

1) Acute myocardial ischaemia (eg. an ACS t ne\ry myocardial necrosis)'

2) Arrhythmias (eg. atrial fibrillation, or bradyarrhythmia secondary to digoxin toxicity).

3) Uncontrolled hYPertension-

4) Worsening pulmonary disease (eg. respiratory infection in the Presence of chronic

airways limitation).

5) Deteriorating renal function (eg. secondary to progressive reno-vascular disease¡'l38'

168,172,206,2O7

t1.4.51 Incidence and prevalence of chronic heart failure.

Because of the inherent difficulty in defining CIIF overall and the fact that it is clear that the

underlying pathophysiology of left ventricular dysfunction, whether it be primarily systolic or

diastolic in nature, can be present without the emergence of clea¡ly identifiable symptoms (eg.

among individuals with undetected, chronic hypertension) there is a general lack of reliable

epidemiological estimates of its prevalence, incidence and associated prognosis.l33 Ho*"n"t,

there is increasing recognition that the incidence and prevalence of CIIF is likely to rise

substantially in the immediate ftr¡u¡s.1,208 Mor"oner, a number of recent studies have

attempted to address the lack of epidemiological data concerning CHF; albeit in generally

younger populations than the predominantly older cohorts of hospitalised patients who present

with severe congestive heart failure.l

For example McDonagh et at (1997) performed a cross sectional survey of 1640 men and

women aged25-74who participated in a MONICA coronary risk-factor survey undertaken in

32
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Glasgow, Scotland i¡ l992to determine the prevalence of left ventricular systolic dysfunction

as determined by standard echocardio gtaphy.l6T Overall, 2.97o of those screened were found

to have a left ventricula¡ fraction of < 3O7o; almost hzff (l'4Vo of the total) being

asymptomatic in this respect. Not surprisingly, the majority of patients (83Vo) with left

ventricular systoric dysfunction had evidence of ischaemic heart disease (as determined by

ECG criteria) compared to 2lvo or the remainder of the cohort. This was also true for the

proportion of individuals in whom hypertension was also determined to be present; the

corresponding figures being 72 vs. 3BTo.Bothof these differences were highly significant (P <

0.001). on multivariate analysis, angina (odds ratio 5.7), ECG evidence of ischaemia or MI

(odds ratio 5.4), hypertension (odds ntio 2.4) and male gender (odds ratio 2'2) were all

predictive of a left ventricular ejection fraction of <3ovo- of interest was the fact that 7 '1vo of

individuals recorded a left ventricular ejection fraction of <357o- Less surprising was the fact

that the prevalence of left ventricula¡ systolic dysfunction increased with age (among

individuals aged 65-74the prevalence lvas 6.47o) 167 v¡6there is little doubt that screening of

an older cohort of individuals (those aged > 72 yearc',¡ would detect an even greater prevalence

of this clinical entitY

Importantly, the prevalence of symptomatic left ventricular systolic dysfunction in this

particular cohort was similar to that reported in cohorts reflecting that of both the general

population of the United States 209 ¿¡¿ the United Kingdom 210; although it was higher than

that reported from The Framingham StuOy'2t l'212

overall, there are two types of cHF incidence study described in the literature 137; those that

examine a population cohort at regular intervals to determine who have developed heart

failure (eg. The Framingham Study in the United States 213' 214 and The Study of Men Born

in 1913 in Sweden 215¡ and those that identify individuals who develop heart failure via a



34
CHAPTER 1

population-based surveillance system (eg. The Finnish Study'216 The UK 2I7 un¿ Dutch

generar practice studies 2rg,zrg,The Rochester study 22o a¡¡¿ The us rwo counties Study

221¡. As with studies examining the prevalence of heart failure, crude, unadjusted estimates of

the incidence of heart failure in these studies vary markedly; ranging from 1'0 - 5'0 cases per

l0@ population per annum.137 Most importantly, however, the incidence of heart failure rose

markedly with age in all of these studies with two of the most recent studies reporting an

incidence rate as high as 40 cases per 1000 population pef annum among individuals ageð75

years and over.27'1'219

The oveiall variability in ternns of the definition, screening methods, target populations and

coding of left ventricular dysfunction f clinical symptoms heart failure þas led to markeclly

different estimations of the prevalence of crIF and render nearly all of thç studies undertaken

in this respect of little value for projecting the'overall prevalence of cHF to the overall

population'137

t1.4.61 Health'care utilisation and costs'

rùvhilst the same inherent difficulties in estimating both the prevalence and incidence of cHF

in the general population (eg. variability in defining and coding heart failure) also apply to

hospital-based studies, such studies probably provide a mofe accurate reflection of the burden

of crIF to the health-care system. For example, in the 1g60's Klainer et aI (1966) reported

that r_2vo of total admissions within selected hospitars in Australia, canada and the united

States were associated with overt heart ¡ut1¡t".222 More recently a number of studies have

demonstrated that the rate of admissions for heart failure have been steadily increasingly'ztz'

223-23lFor example, Ghali et øl (1990) examined hospitalisation rates for heart failure in the

uS during the period 1973-g6. During this period the number of admissions more than
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doubled overall. Of interest was the fact that the age-adjusted increase in heart failure

admissions was most pronounced among women, thereby equalising the previous imbalance

between men and women in 1978 and surpassing them thereafter in this regard. For example

among ..'White'Women" CIIF admissions resulted in 869 discharges per 100,000 in 1973

compared to 1633 discharges per 100,000 in 1986; an increase of 887o. Over the same period

,,White Men" recorded a 66Vo increase (in 1986 they recorded 1542 discharges per 100,000)-

More recently, McMurray et al (1993) examined trends in hospitalisation for heart failure in

Scotland (comprising a relatively stable and well characterised population of 5 million) for the

. period lgg0-g0.22ó As such, they found that during this period the rate of hospital adrnissions

uffhrheert failure, nf*slgnated as a primary dragnelsis int:reased alrrios{ 6t%o fuow i.3 t<¡ ? i

, adrnissions per l0O0 populatialn" "Fhis trend was.also eviclent in the correspcmding'figures f'or

hospital adrnissions associated wíth heart failure as either ¿ 'þrimary' or secondary diagnosis

with an increase trom Z-5 to 4.2 admissions per 1000 population. Moreover, consistent with

the United States data from Ghali et al that suggest that CIIF is the leading cause of hospital

admissions among individuals aged > 65 years,229,232-234 78qo of admissions occurred

among individuals aged > 68 years and the number of males (487o) and females (52Vo)

involved was approximately equrù.226

Not surprisingly, the cost of managing CHF is both enoÍnous and rising. For example, in the

early 1990's, CHF was estimated to account for more than 5 million days of hospitalisation

and was a leading cause of cardiovascula¡ associated physician contacts, diagnostic

procedures and prescribed medication in the United States: associated health care expenditure

was estimated to be in the order of $US8 billion per annum .233,235 A parallel examination of

the cost of CHF to the National Health Service in the United Kingdom during the financial

year l990l9l by McMurray et al (1993) revealed that the annual direct costs of heart failure

was approximately 360 million pounds with hospitalisation accounting for approximately
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6o¿o andprescribed medication only 8vo of these costs. overall this represented l7o of the

total National Health Service budget'236

overall, the data from a large number of westem developed countries consistently show that

cHF represents a heavy burden on the incumbent health-care system. Hospital admissions in

particular represent the most costly component of this burden, consuming approximately two-

thirds of the overall costs required to manage such patien¡s.223-225'236-239 Hospital

admissions among CIIF patients are therefore a major contributor to estimated annual health-

care costs equivalent to l-zvo of overall health-care expenditure in develope¿ 
"ounlis5'223-

surprisg that a morg rïe-f:t estimate of the cost of managing CF{F in that country was upward

rif'$10 billion per annum and rising'24l

l1^.4.T Pharmacobgical management of seYere, congestive heart failure'

Management of CrIF, like many other ca¡diac disease states can be stratified into 3 principal

components;

l) Prevention.

2) Limiting progression of the disease state if prevention fails.

3) Palliative alleviation of chronic symptoms'242

The current discussion will focus upon limiting the progression of heart failure and the

palliative management of those patients with severe, congestive heart failure' Considering the

relative contribution of hospitalisation, compared to that of prescribed medication to total

health_care expenditure,236 it is crea¡ that the treatment strategies that include

pharmacological agents that have the proven ability to limit hospital-use over the entire life-
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span of patients at risk of episodic bouts of acute heart failure requiring hospital admission

will prove to be the most economically attractive.%3 Likewise, initially very expensive

surgical procedures such as heart transplantation may prove to be cost-effective among

younger individuals in terms of returned productivity, increased life-span and reduced health-

cafe costs ovef a prolonged period. However, surgical options frequently have limited

practical (or economical) value to the management of predominantly older patients with

chronic congestive heart failure .24o 1¡17g-term pharmacotherapy therefore represents the most

colnmon tfeatment option for this syndrome. Not surprisingly, however, considering the

complex pathophysiology of CIIF, patients with severe signs and symptoms of congestive

heart failure frequently re3eive a complex cocktail of ph4rmacological agents that require

constant adjustment to maintain clinical equilibrium (usually via physician consultation) and

this may increase the likelihood of medication misadventure- Once again, however, the

increased cost of maintaining a patient in a clinically stable state through regular outpatient or

community-based contact with health-care workers is likely to be much cheaper than the cost

of hospital admissions associated with recurrent clinical instability'240

The following is a broad overview of the most cornmonly used pharmacological agents used

in the management of chronic CIIF. It is important to note, however, that the nature of

medical research, in respect to the diversity of scientific opinion and the constraints and

vagaries of pharmaceutical company funding (resulting in selective examination of individual

agents and recruitment of heterogeneous patient cohorts) means that many issues surrounding

the optimal pharmacological management of CHF remain unresolved. In this context, Maseri

(1996) 244 hus appropriately cautioned that individual needs often require rejection of the

..large-scale,, evidence emanating from randomised controlled trials; simply because they fail

toaddressanindividual'sparticularcircumstances.
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Diuretics.Diuretic agents have long been the cornerstone of the pharmacological management

of GIIF. I-oop diuretics (most commonly frusemide) are frequently used because of their

ability to induce diuresis and therefore reduce the symptoms of congestion by reducing

preload.2O7 Moreov"r, loop-diuretics are less likely than thiazides to precipitate worsening

renal dysfunction when co-prescribed with an ACE inhibitor.245,246 overall, diuretics are

commonly associated with symptomatic improvement and have been reported to reduce

frequency of hospitalis¿¡ien.247,248 ¡1q\¡,,evef, their effect on survival has never been

examined in a randomised controlled study and, due to the ethical consideration of

withdrawing what is now considered to be standard therapy' they are unlikely to be tested in

this manner; especially as the clinical response to diuretic dosage tends to vary from one

individual to another. Patients frequently respond to the combination of frusemide with other

types of diuretic including spironolactone, thiazides and metol*s¡s'249-251 pot example in

sevefe heart failure thiazides have been shown to have a synergistic effect with loop

diuretics.252 Most recently there has been increasing interest in the role of spironolactone in

the management of clIF. Although spironolactone promotes less diuresis than frusemide it is

an aldosterone antagonist and has a number of potential advantages when combined with a

loop-diuretic like frusemide:

l) Enhanced diuresis.

2) Additional aldosterone inhibition above that of ACE inhibitors which do not fully

suppress aldosterone production in the typical setting of an activated renin-angiotensin-

aldosterone sY stem'2 53'25 4

3) Growth factor inhibition' 190'191

on this basis of the potential value of spironolactone, a pilot study, The Randomised

Aldactone Evaluation Study (RALES), examined the value of this agent among cHF patients
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with symptoms indicative of NYHA Class m-IV and demonstrated that active treatment with

spironolactone was associated with an increase in both plasma renin activity and urinary

aldosterone excretion in addition to a decrease in atrial natriuretic ¡aç¡s¡-192 As recently

announced at the American Heart Association Meeting in Dallas in November 1998 a

subsequent controlled study examining the effect of adjunctive spironolactone therapy on

survival ¿rmong patients with severe CÍIF was terminated prematurely due to significant

mortality benefits associated with study treatment. It is quite likely, therefore that such therapy

may become paft of the standard pharmacological management of CIIF patients.

Angíotensín converlíng enzyme inhibìtorc: As discussed, patients with severe congestive

heart failure in particular are likely to have increased renin-angiotensin-aldosterone system

activity resulting in greater concentrations of angiotensin tr and aldosterone and therefore

increased preload and afterload via greater vasoconstriction and sodium and water

retention.l32 By decreasing the production of angiotensin II and inhibiting bradykinin

catabolism, ACE inhibitors are thought to have a number of beneficial effects including:

l) Decreased cardiac preload and afterload'

2) Prevention of ventricular remodelling'

3) Decreased caøbolism of bradykinin

4) Improved endothelial function and reduced oxidative s¡s55.255

In the context of severe congestive heart failure, The CONSENSUS I trial was the first study

to show that ACE inhibitors (in this case enalapril) have the potential to improve survival

among such individuals with an approximate 50Vo reduction in the risk of mortality at both 6

and 12 months associated with this agent in patients with severe heart failur"-26 Mote recent

data, representing l0 year follow-up of almost all the original cohort participating in the study,

demonstrated that the beneficial effects of enalapril in respect to survival were maintained for

several years and the overall survival time was prolonged by approximately 5gEo.256 71ri,
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data does not reveal however, whether the prolonged survival among treatment patients

resulted in a comparable number of hospital admissions to that of control patients; although

the authors assume that this did not occur. The results of this landmark study have been

repeated in a number of subsequent studies which have consistently shown that ACE

inhibitors improve survival and reduce hospital-use among patients with chronic moderate to

severe heart failure .27,175,257 Mor"over, the results of the recent ATLAS study (reported at

the American college of cardiology Meeting held in Dallas in March 1998) suggested that a

higher dose of lisinopril (up to 35mg/day and therefofe compafable to the level of ACE

inhibition achieved in the abovementioned clinical trials), w¿rr¡ ¿rssociated with a reduced

incidence of death plus all-cause hospitalisation as well as reduced heart failure admissions in

comparison to low dose lisinopril (2.5-5m gtday and therefore more comparable to the level of

ACE inhibition typically used in clinical practice)'

Digoxín. Digoxin has been extensively used in the management of GIIF on the basis of the

followin g beneficial effects :

l) Modulation of neurohormonal activity 258 ¡ssu11¡ng in decreased serum norepinephrine

concentrati rlî,259,260 improved baroreceptor function 260 ¿¡1¿ an overall decrease in

sympathetic activity.26 I

2) Electrophysiological effects resulting in decrease A-V nodal conduction and control of

the ventricula¡ conduction rate in patients with atrial fibrillation -262'263

3) positive inotropic effects mediated via Na+ K* - ntpase inhibition'2ú

Despite its traditional use in crIF (although not without controversy), a definitive controlled

study of the effects of digoxin among patients with mild to moderate cfIF in sinus rhythm and

receiving ACE inhibitors was only recently completed in 1997. In this respect, The DIG study

demonstrated no effect on mortaliq.265 However, digoxin was associated with reduced



4l
CHAPTER 1

hospital-use especially that primarily associated with heart failure and appeared to convey the

most benefit to patients with more severe CHF. In this respect, a number of studies 266'267

have demonstrated that digoxin appears to convey the most benefit to patients with more

severe heart failure and is associated with poorer health outcomes if withdrawn suddenly.206'

207 ¡s such, digoxin differs from all of the other oral pharmacological agents with positive

inotropic properties, such as amrinone, milrinone, enoximone and xamoterol, that have been

proven in controlled studies to increase mortality when used to treat CHF Patients'268

Nitrates. prior to the widespread introduction of the ACE inhibitors, the combination of

hydralazine and nitrates \ryas shown in The V-HeFT - tr trial to marginally improve survival in

patients with mild to moderate heart failure.269 ¡s such this combination represented the

standard vasodilatory therapy in CIIF prior to ACE inhibitors and is recommended for use

when ACE inhibition is contraindic u¡"6.27o Considering the fact that heart failure is

commonly precipitated by ischaemic changes in the myocardium and CIIF patients frequently

require management of symptomatic ischaemic heart disease, conculrent nitrate therapy is

common among cHF patients. Although the effects of nitrates alone in chronic cHF have not

been examined in a controlled trial there is some evidence to suggest that they do have some

beneficial effects,27l ,272 6¡¡í¡re pfone to induction of toleran ce'273'274

Cølcium-chønncl øntagonists. Many calcium-channel antagonists such as dil¡iazem,Z1í and

nifedipine 276 ¡vy"been shown to convey poorer health outcomes among patients with heart

failure, most probably due to their negative inotropic s¡¡ss15'206 More recently, however' the

results of the PRAISE Study suggested that amlodipine was associated with no changes in

mortality rate among patients with GIIF whilst conveying possible benefit in the absence of

myocardial ischaemia 277; a follow-up study is currently examining this possible benefit

prospectivelY.
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Beta-ødrenoceptor blockers. The most promising development in the management of cHF in

recent years (pending a critique of the data from The RALES Study which examined the effect

of adjunctive spironolactone therapy in the management of sevefe C[IF) has been the

establishment of therapeutic benefit with various p-adrenoceptor blockers. These agents have

long held the interest of clinicians for their ability to inhibit sympathetic nervous system

activation and theoretically combat the progression of heart failure. The first multicentre trials

of p-adrenoceptor blockers in heart failure (The Metoprolol in Dilated Cardiomyopathy Trial

27t 
^6The 

Cardiac Insufficiency Bisoprolol I Study 279'¡ stggested that these agents both

improved left ventricular function as well as the clinical status of heart failure patients.

Moreover they reduced the need foi ca¡diac transplantation. More recently studies in both the

United States 280 un¿ Australia 281 ¿sm.rstrated that carvedilol (a p-adrenoceptor blocker

with anciltary vasodilatory and anti-oxidant properties) \Á,as associated with reduced

hospitalisation, improved left ventricular function and probably survival among patients with

mild to moderate heart failure. Currently, a number of trials are being undertaken to clarify the

role of these agents in the management of CItr; especially in relation to which sub-groups of

heart failure would benefit most from their use (especially those with severe congestive heart

failure) and whether beneficial effects are augmented by accessory properties such as those of

carvedilol.20T Of particular relevance in the context of the current investigations are: a)

fragmentary evidence for beneficial effects in severe CIIF, and b) need for very slow up-

titration of drug dosage.

Angìotcnsin II rcceptor (aT I) øntøgon¡sfs. Whilst the current pharmacotherapeutics used in

the management of heart failure have been shown to generally improve health outcomes

among cfIF patients, the overall limitations of their therapeutic effect, even in clinical trials,

have resulted in a continual interest in the development and subsequent study of new

therapeutic agents, of which there are many! one of the most prominent and potentially
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effective of these are the angiotensin II receptor (AT Ð antagonists. Interest in the therapeutic

benefits suppression of angiotensin tr effect in heart failure arose from the observation that

angiotensin II levels increase after prolonged ACE-inhibitor treatment; theoretically reducing

their beneficial effects .282 ¡number of studies examining Angiotensin II receptor antagonists

+ an ACE inhibitor versus an ACE inhibitor alone ile curently being undertaken.

Fufhermore, The ELITE, pilot Study 283 *t¡¡"¡ compared losartan to captopril therapy in

elderly heart failure patients demonstrated only a slight benefit in favour of losartan in respect

to a combined secondary end- point of death and hospital admission for heart failure and a

significant benefit in respect to all cause mortalily. Alternatively, The RESOLVD Study

comparing enalapril alone versus enalapril plus candersartan versus candersartan alone was

terminated prematurely because of higher event rates in the combined arm; although the final

results presented at the 1997 American Heart Association Meeting held in Orlando showed

little difference between gfoups in respect to clinical outcomes. At present therefore, until a

number of relevant studies are completed, the potential impact of angiotensin II receptor

inhibitors on outcomes in patients with CIIF remains uncertain'

Like the angiotensin-Il receptor antagonists, other pharmacological agents including the

endothelin receptor antagonists (eg bosentan) and neutral endopeptidase inhibitors (eg'

candoxatril) are the subject of much research interest'2ffi However, also like the AT I

antagonists their role in the management of GIIF is fa¡ from certain at this stage'

t1.4.Sl current deficiencies in the pharmacological rnanagement of severe congestive

heart failure.

The currently armoury of pharmacological agents used in the longer-term management of

severe congestive hea¡t failure, like those used in the initial management of intermediate

coronary syndrome, have failed to fully ameliorate the morbidity and mortality associated with
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this debilitating syndrome. For example in The Studies of Left ventricular Dysfunction

(soLVD) treatment tnal, 357o of patients in the enalapril group died within 3'5 years of

follow-up, 467o wefe admitted to hospital with worsening GIIF and 69Vo were admitted to

hospital for any ,eason.21

As such, crIF remains a common cause of disability (with associated poorer levels of health-

related quality of life) and death.284-29D It is also characterised in a proportion of severe

cases, by extensive hospital-use286-289,291 *¡iç¡, as discussed, represents a significant

burden to the health-care system; accounting for approximately two-thirds of the overall costs

required to manage such patients and l-2vo of overall health-care expenditure-236'239 The

relative inadequacy of the current management of cfIF overall is best illustrated by the recent

data from studies examining the pattern of hospital-use :rmong relatively unselected (and

therefore predominantly older) cohorts of patients admitted to hospital with congestive heart

failure. In these studies, the reported all-cause readmission rates range from 25 - 47o7o 288'

zgl-zg4within 3, and 33 - 547o 286-288'295'296 within 6 months of discharge from acute

hospitalisation.
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[1.5] POTENTIAL DETERMTNANTS OF TITERAPEUTTC EFFICACY

IN ACUTE AND CHRONIC CARDIAC DISEASE STATES'

tl.5.U Introduction

clearly there are some important and frequently costly, limitations in respect to the therapeutic

impact of the pharmacological agents used to treat both ACS and CIIF; even under the

controlled círcumstances of clinical trials. In this context there a¡e a number of factors that are

relevant to the full spectrum of cardiac disease states and their therapeutic management that

have the potential to influence subsequent health outcomes' Such factors include:

l) The dfugnosti.. Irroccss. There is an obvious need in any clinical situation to accurately

determine the underlying pathophysiology and extent of risk of morbidity and mortality

in order to administer appropriate therapy. For example, identifying S-T segnent

depression on the initial ECG of patients admitted to a coronary cafe unit with a

provisional diagnosis of intermediate coronary syndrome indicates high, or possibly

very high,297 ¡sy of subsequent MI and/or death requiring initiation of ma¡rimal

therapy and early surgical intervention.l26 çs¡versely, an accurate diagnosis is

important to avoid use of inappropriate therapy such as the application of a non-

dihydropyridine calcium antagonist in the context of a patient with an ACS and

concurrent severe left ventricular dysfuncl¡en'l 19

Z) Nature o! the dßease state: acutc versus chroníclbcnign versus malignanf' Whilst

sub-optimal management of chronic exertional angina will predicably result in recurrent,

but relatively benign, anginal symptoms that resolve at rest, sub-optimal management of

ACS may result in permanent left ventricular systolic dysfunction and or premature

death secondary to the development of an AMI' Similarly, individuals with severe

congestive heart failure are frequently labile in respect to their clinical symptoms and
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afe at gfeater risk of developing acute pulmonary oedema requiring hospitalisation if not

receivin g appropriate treatment'

3) Quøtities of the therapeutic modality. By their very nature, most of the "potent"

pharmacological agents used in the management of cardiac disease states may be

associated with serious adverse effects. As such there is often a fine line between the

benefits and risk conferred by an individual pharmacological agent. In this respect any

anticipated therapeutic effect may attenuated by extraneous factors, for example the

development of digoxin toxicity secondary to a combination of underlying ACE

inhibition and a lower than normal fluid intake (leading to renal dysfunction)- similarly'

the beneht to risk ratio may be entirely dependent on the particular dosage of a

pharmacological agent utilised. For example, whilst higher doses of glycoprotein trblIIIa

feceptor blockers offer some clinical benefits in comparison to conventional therapy for

the management of ACS they are also associated with greater bleeding rates'88

4) Delívery of thc therapeatic modølity. In many cases the mode of delivery of a

pharmacological agent will determine the therapeutic outcome. For example,

int¡avenous nitrates are much more effective in the management of acute coronary

slmdromes than oral forms of the drug.42'100'298'299 Similarly, the development of

sub-cutaneous pfeparations of LMWH and its use beyond the initial treatment of ACS

has been driven in part by the limitations of unfractionated heparin which usually

requires a continuous infusion to maintain adequate anti-coagulation (and regular

measufement of activated pro-thrombin times) and is therefore less practical as a post-

discharge treatment;72 despite the continuing risk of thrombus formation following

4linitial treatment.

5) stimurí for recurrence of øcute events. As discussed above, the inherent instability of

any disease state and the threshold required to precipitate an acute recurrence will often
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determine the therapeutic effectiveness of pharmacological therapy. Patients with severe

congestive heart failure, for example, often tread a fine line between adequate hydration

and fluid overload precipitating acute pulmonary oedema with factors such as

incremental myocardial ischaemia, arrhythmias or respiratory infection likely to result in

clinical instabilitY.

There are many factors, therefore, that can determine the therapeutic outcome in the

management of cardiac disease states. In this context, both intermediate coronary syndrome

and chronic, congestive heart failure represent disease states in which the potential for a sub-

optimal outcome, especially for the individual, is high'

t1.5.21 potential determinants of therapeutic response in acute coronary syndrome"

Although the acute management of ACS usually occurs within the controlled setting of a

coronary ca¡e unit with specially trained staff and intensive monitoring, there a¡e still a

number of factors that may adversely affect the therapeutic outcome. These include:

l) The nature o! treøtmenf. For example "reactivation" of ischaemia in the context of ACS is

associated, in the short-term at least, with unfractionated heparins in the absence of

concurrent aspirin therapy. Development of nitrate tolerance is another potential major

problem. Overall, the potential toxicity of pharmacological agents prescribed to cardiac

patients is very variable. Some agents (eg. calcium antagonists) might be expected to exert

serious adverse effects particularly if prescribed to inappropriate patients (eg. those with

acute heart failure).ll9 Other agents (eg. amiodarone) carry risk varying with prescribed

drug dose,300,301 while still others (eg. perhexiline maleate) are relatively safe provided

that monitoring of plasma drug concentrations or drug effect is performed regularly'3O2

2) Indívidual responsiveness to treøtmenf. There are many instances in which the individual

characteristics of patient will determine their therapeutic response to any given treatment.
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For example, inter-individual variability in respect to rate of elimination and metabolism of

drugs (eg. renal dysfunction impairing clearance of digoxin 265¡ and inherent defects in

response to therapeutic agents (eg' nitrate resistance I 13'114¡'

As such, there is a need for medical treatment of intermediate coronary syndrome that

maximises the potential for limiting platelet aggregation and coronafy vasospasm whilst

avoiding secondary adverse effects (eg. a major bleeding event).

tf.5.3l potential determinants of therapeutic rìesponse in congestive heart failure.

Within this context, there are number of previously identified and, often interrelated,

determinants of therapeutic response in chronic ca¡diac disease states in general that have

particular significance to the longer-term management of CIIF' These include:

l) Adequacy o! treatment A. number of studies have demonstrated that despite the

availability of clear clinical guidelines,27o,3o3,3u a significant proportion of CIIF

patients frequently receive suÞoptimal treatment; especially if treated by a non-

sPecialist. 3 2-3 4'286'305 - 3 08

2) Adverse eflccts o! pharmacologicøl therapy. In patients with chronic disease states,

there is evidence that much long-term morbidity and perhaps mortality may be related to

sub-optimal utilisation and/or monitoring of medications. For example, approximately

2-75Vo of hospital admissions (depending on the criteria used) in such patients have

been attributed to adverse effects of prescribed medications'309-316

3) Non-úherence to treøþncæf. Studies that examine treatment-adherence rates among

older individuals in particular with chronic disease states consistently demonstrate that

approximately half of these individuals significantly deviate from their prescribed

treatment regimen'317
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4) Inadequøte in-hospital and post-dßcharge cøre. Intuitively, it would appeÍ¡f safe to

assume that increased medical supervision begets better health outcomes especially

among individual with labile disease states such as severe cHF and chronic airways

limitation. However, a recent controlled study of increased primary care contact with

physicians actually suggested poorer health outcomes evs¡¿1¡'318 Despite this study

however, ^ number of other studies have demonstrated that extent of post-

hospitalisation follow-up cafe and the ability or willingness of patients to access such

care have been identified as important determinants of health outcomes among the

chronicallY i11'3 | 4'3 L9 -327

The challenge of the current management of CIIF patients is to recognise the impact of these

factors and design cost-effective strategies that adequately identify and address them and

therefore provide (at least to the current standard) optimal management'

In summary therefore, it is clear that the degree to which either sub-optimal management or an

incomplete response to a pharmacological regimen will impact upon an individual's health

will undoubtedly vary, depending on the stability and severity of disease state and the relative

safety of the medication regimen'
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t1.61 RATToNALE FOR STUDTES EXAMTNTNG ADJTTNCTTVE

STRATEGIESTHATOPTIMISETHETHERAPEUTIC
EFFICACY OF PHARMACOLOGICAL AGENTS USED IN THE

MANAGEMENT OF INTERMEDIATE CORONARY

SYNDROME AND CHRONIC CONGESTIVE IIEART F'AILURE'

t1.6.11 Introduction

In the preceding sections of this chapter it has been established that disease states affecting the

heart represent a major and costly burden to both society and to the individual. Moreover, the

combination of better treatment of relatively young patients and an ageing (and increasingly

larger) society in general is likely to alter the pattern of cardiac disease states rather than truly

eradicate them. In this context, intermediate coronary syndrome and chronic congestive heart

failure were chosen to be the subject of this thesis because they:

1) Represent good examples of an acute and ca¡diac disease state respectively, in which

there is currently a discrepancy between "therapeutic intention" and actual therapeutic

outcomes. As such, they are both associated with an unacceptably high levels of

morbidity and mortality; especially among certain "high-risK'patient cohorts'

2) Areboth likely to become more prevalent and associated with older individuals in the

coming millennium because of the recent improvements in both delaying the onset of

symptomatic CAD and the management of previously fatal ischaemic events' As such,

older individuals with more complex pathophysiology and concurrent disease states are

frequently identified as those patients who fail to receive the muimal, clinical benefit

from current treatment strategies'

3) Are both associated with potentially modifiable factors, in respect to current

pharmacotherapy, that are likely to have a smaller impact of subsequent morbidity (and

possibly mortality) rates if their negative influence on the treatment of the particular

disease state is ameliorated in some manner'
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Íl.6.2l Studies of perhexiline maleate therapy in intermediate coronâry syndrome:

Concentratiôn effect relationships and mechanisms of effect.

In this context, Chapter 2 reviews the potential therapeutic value of using the relatively novel,

anti-anginal agent, perhexiline maleate, as adjunctive therapy in the management of the

patient admitted to a coronary care unit with a provisional diagnosis of intermediate coronary

syndrome and symptoms refractory to maximal, conventional therapy. In this respect, an

initial study tested the followingnull hypotheses:

Among pøtients ødmitted to a coronary care wútwith intermediate coronnry syndrome and

sryptoms refrøctory to conventional therøpy:

l) persistence of angina after 72 hours dmong such patients is not correlated with

,,subtherøpeutic" (< 0.15 pS/mI) plasma perhexiline concentrations at that time-

2) presence of nausea and/or dizziness duríng the ftrst 72 hours of therapy with PM is not

correløted with "toxic" (> 0.60 pg/ml) plasmø perhexiline concentrations-

3) There wi¡ be no change in the fasting blood glucose levels of the sub-set of diabetic

patients treated with insulin or sulphonylureas duríng the first 72 hours of PM therapy'

on the basis of the results of this initial study, the potential role of perhexiline maleate therapy

in improving platelet responsiveness to "direcf' nitric oxide donors is discussed. A second

study which examined the interaction between perhexiline maleate therapy and the

phenomenon of ..nitric oxide resistance" at the platelet level in a simila¡ cohort of patients is

then described. Specifically, this study tested the followingnull hypotheses:

Among patients admitted to a coronary care unit with intermediate coronary syndrome and

symptoms refrøctory to conventionøI therapy:

l) persistence of angina afier 72 hours of therapy with perhexiline maleate is independent

of extent of inhibition of ADP-induced platelet aSSregation as rneLsured by ex vivo

whole blood aggregometry'
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2) There wi¡ be no change in extent of ex-vivo inhibition of ADP-induced platelet

aggregation in the presence of the "direct" nitric oxide donor sodium nitroprusside as

measured by whole blood aggregornetry following 72 hours of perhexiline maleate

therapY.

tf.6.3l Studies examining the potential benefits of multidisciplinary, home'based

intervention among chronically itl cardiac and non-cardiac patients recently

discharged from acute hospital care'

In a simila¡ context, Chapter 3 reviews the potential therapeutic value of applying a relatively

inexpensive, non-pharmacological, home-based intervention as an adjunct to conventional

pharmacological therapy, among chronic congestive heart failure patients discharged from

acute hospital ca¡e. A preliminary, randomised controlled study examining the effect of such

an intervention among chronically ill patients with both cardiac and non-cardiac disease states

is described. This study tested the following null hypothesis:

There witt be no dffirence in the frequency oÍ the primøry end-point of unplønned

readmission plus out-of-hospital death, during six month follow-up, among chronically ill

cardiac and non-cardiac patients discharged to home following acute hospitalisation on

the basis of exposurelnon-exposure to a post-discharge, multídisciplínary, home-based

intervention incremental to usuøl care'

Moreover, the effects of this intervention in both the short and medium-term among those

patients with chronic congestive heart failure are described.

Chapter 4 then describes a prospective, randomised controlled study that exai'nined the effects

of this type of intervention, modified to be more heart failure-specific, among chronic

congestive hean failure patients. This study tested the followingnull hypothesis:

There will be no difference in the frequency of unplanned reødmission plus out-of-hospital

death, during a minimum of six months follow-up, among "high risk" chronic congestive

s2



s3
CHAPTER 1

heart failure patients disclnrged to home fotlowing acute hospitalisation on the basís of

exposure/non-exposure to a home-based, multidisciplinary intervention incremental to

usual care.
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t1.71 SUMMARY

The studies described in this thesis were therefore designed to identify and address (through

the application of relatively novel adjunctive therapeutic strategies) some of the determinants

of sub-optimal therapeutic response in both of these debilitating conditions. Overall, therefore,

whilst the types of adjunctive strategy utilised were completely different (perhexiline maleate

therapy in the management of intermediate coronary syndrome and a non-pharmacological,

community-based intervention in chronic congestive heart failure) the overriding purpose for

their application was similar. Chapter 5 summarises the Pu{pose and major results of the

studies undertaken whilst outlining their significance as regards the future management of

both acute and chronic cardiac disease states'
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Chapter 2
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Í2.11 CHAPTER OVERVIEW

This chapter examines the history and therapeutic role of the relatively novel pharmacological

agent, perhexiline, in the management of chronic angina pectoris refractory to conventional

therapy. Developed in the late 1960's, this initially poorly understood, but obviously potent anti-

anginal agent, was almost superseded by more conventional pharmacological agents because of

its toxic profile. However, due to the combination of a better understanding of how to reduce the

incidence of perhexiline toxicity through regular monitoring of perhexiline plasma

concentrations and its relatively unique mechanisms of action, perhexiline has since proved to be

a relatively safe and effective adjunct to the management of chronic angina pectoris refractory to

maximal, conventional theraPY.

It is within this context that this chapter describes two studies that examined the potential role of

perhexiline in the management of intermediate coronary syndrome. As such, the first of these

studies examined the interaction between the therapeutic efficacy and toxicity of perhexiline

maleate among patients admitted to a coronary care unit with a provisional diagnosis of either

unstable angina or non-Q-wave myocardial infarction and symptoms refractory to conventional

pharmacotheraPy.

l2.l.ll Overview of a study examining the conccntration-reslnnse relationship for
perhexiline maleate therapy in intermediate coronary syndrome.

objective. To test the followingnull hypotheses ¡rmong patients admitted to a coronary care unit

with intermediate coronary syndrome and symptoms refractory to conventional therapy receiving

a standard, 72how loading dose of perhexiline maleate: l) persistence of angina after 72 hours is

not conelated with "subtherapeutic" (< 0.15 Fg/ml) plasma perhexiline concentrations, and 2)

presence of nausea and"/or dizziness during the first 72 hours of therapy with perhexiline maleate

is not correlated with "toxic" (> 0.60 ¡rglml) plasma perhexiline concentrations.

Setting. The coronary care unit of a tertiary referral hospital in South Australia.
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Partícipanfs. Forty consecutive patients admitted to the coronary care unit with a provisional

diagnosis of either unstable angina or non-Q-wave myocardial infa¡ction with persistent angina

pectoris, despite ma,rimal pharmacological therapy (other than perhexiline maleate), were

studied.

Methods. All patients received perhexiline maleate 400mg/day for three days and ZÛOmglday

thereafter. At 72 hours post commencement of perhexiline maleate therapy the patients' plasma

perhexiline concentration was determined. On days two and three observers blinded to the 72-96

hour plasma perhexiline concentration assessed the natient to determine the presence'/absence of

angina pectoris and/or nausea/dizziness.

Resuhs. On the third day of loading with perhexiline maleate, 12 patients experienced angina and

I I patients had nausea and/or dizziness. Plasma perhexiline concentrations at 72-96 hours varied

widely: ùean 0.46t 0.26 (range 0.11 - 1.77) pglml.There was a relationship of borderiine

statistical significance between resolution of anginal syrnptoms and plasrna perhexiline

concentration > 0.15 pgml (P = 0.055). There was a close relationship between emergence of

nausea/dizziness with plasma perhexiline concentration > 0.60 pglml (P < 0'01).

Conclasions. This study suggests that perhexiline exerts incremental antianginal effects over

those of other anti-ischaemic agents in patients with intermediate coronary syndrome.

Furthermore, it establishes that the development of nausea and/or dizziness in such patients is

strongly predictive of accumulation of perhexiline beyond the therapeutic range of the drug.

ÍZ.l.Zl Overview of a study of the effects of perhexiline maleate on platelet responsiveness

to nitric oxide donors.

Considering the relative therapeutic efficacy of perhexiline maleate when used as an adjunct to

conventional therapy (a major component of which comprises nitrate therapy), a second study

examining potential mechanisms of effect was undertaken. This study was designed to examine,
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for the first time, the possibility of an interaction between perhexiline and nitric oxide in the

platelets of patients with intermediate coronary syndrome.

Objectivc. To test the following two null hypotheses: 1) persistence of angina after 72 hours of

therapy with perhexiline maleate is independent of extent of inhibition of ADP-induced platelet

aggregation as measured by ex vivo whole blood aggregometry, and 2) there will be no change in

extent of ex-vivo inhibition of ADP-induced platelet aggregation in the presence of the "direct"

nitric oxide donor sodium nitroprusside as measured by whole blood aggregometry following 72

hours of therapy with perhexiline malqate.

Setting. The coronary care unit of a tertiary referral hospital in South Australia'

particþønfs. Forty consecutive patients admitted to the coronary care unit with either unstable

angina pectoris or non-Q-wáve myocardial irfarction with persistent angina pectoris, despite

maximal pharmacological.therapy (other than perhexiline maleate), were sh¡died. A further I I

o.contfol" patients admitted to the coronary care unit with either unstable angina pectoris or non-

e-wave myocardial infarction but who did not receive perhexiline maleate were also studied.

Mcthods. As before, patients received perhexiline maleate 4ùOmglday for three days and

zñmgtday thereafter. At 72 hours post commencement of perhexiline maleate therapy the

patients' plasma perhexiline concentration Ìvas determined. Both at baseline and at 72 hours,

extent of ADP-induced (lFM) aggregation, and the anti-aggregatory effects of sodium

nitroprusside (lgpM) in comparison to control in whole blood were determined. The patients

with either unstable angina pectoris of non-Q-wave myocardial infarction but not receiving

perhexiline maleate (n = I l) served as controls'

Resulls. After initiation of perhexiline maleate therapy, angina resolved within 72 hours in 29

patients (73Vo) and 7 patients developed nausea and/or dizziness. Plasma perhexiline

concentrations at 72-g6hours varied widely: mean 0.60 + 0.58 ¡rg/ml (median 0.34, range 0'05 to

2.2 þglml). At 72 hours there was no statistically significant change in extent of ADP-induced
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aggregation compared to baseline (13.1 + 0.8 vs 13.3 + 0.9 ohms). Nor was there a correlation

between extent of ADP-induced aggregation and plasma perhexiline concentration. However,

aftet 72 hours of treatment with perhexiline maleate platelet responsiveness to sodium

nitroprusside was signifîcantly greater compared to baseline: increasing from28.4 + 3.0 to 41"5 t

4.07o inhlbition of ADP-control aggregation (P < 0.001). Moreover, such an improvement was

significantly gleater' among the 29 patients in whom angina resolved within 72 hours: increasing

from 25.9 + 3.3 to 47.3 + 4.7Vo inhibition of ADP-control aggregation (P < 0.001). Conversely,

among the remaining I I patients who continued to experience angina, responsiveness to sodiunt

nitroprusside tended to be lower: decreasing from 35.0 + 6.4 to 26.4I6.07o inhibition of ADP-

' contrd,aggregation (P - 0.11). A-rnong eontrol'patients (n = l1) platelet sodium nitroprusside-

respénsivetress remained essentially unchanged over the" sarne period of time: 33.0 t 4.6 to 33.1

t 4.2Vo inhibition of ADP-control aggregation (P = O.89)-

Concliisions. In patients with intermediate coronary syndrome and anginal symptoms refractory

to conventional pharmacotherapy, perhexiline maleate in a dose which produces no detectable

incremental anti-aggregatory effect in the presence of conventional anti-platelet therapy,

improves (towards normal) platelet responsiveness to the anti-aggregatory effects of sodium

nitroprusside. This normalisation of response towa¡ds exogenous nitric oxide donors implies a

better response to endogenous nitric oxide (endothelial-derived relaxing factor). This may

contribute to the anti-anginal effects of perhexiline maleate.

Abbreviations used in this chapter (in order of use):

a

AMI
FFA
cHo
ATP
CPT
PM
NTG
NAC
ANOVA

Acute my ocardial infarction
Free fetty acid
Carbohydrate
Adeno sine triphosphate
C arnitine palmitoyl transþras e

Perhexiline rnaleate

Nitroglycerine
N-Acetylcysteine
Analysis of variance

Chronic heartfailure
Sodium nitroprusside
Adenosine diphosphate

CIIF
SNP
ADP
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12.21 CHAPTER INTRODUCTION - TIIE ROLE OF PERIIEXILINE
MALEATE IN THE TREATMENT OF PATIENTS WITH ANGINA
PECTORIS REFRACTORY TO CONVENTIONAL THERAPY.

Í2.2.11 Introduction.

As discussed in Chapter l, the combination of better management of acute myocardial infa¡ction

(AMD and generally older patient populations is likely to lead to the paradoxical problem of

increasing numbers of individuals with chronic hea¡t failure as well as those with more advanced

and more problematic acute coronary syndromes. In such patients cuffent therapeutic options

such as coronary artery by-pass surgery or angioplasty may be relatively, or absolutely, contra-

indicated due to advanced age, concomitant disease states and"/or unsuitable coronary anatomy' In

gt¡g sopþxt the limited data, available to date suggest that up to,ZÙVo of patients admitted to a

-Çoronflr],gàre:unit wit! îq 1gule coronar-y-syndrome,fail.to adequatel,y,¡espond to conventional

pharmacotherapy.l 17 ,l'22 Moreover, considering the trends discussed'above, the' proportion 'of

such patientq in whom treatment options are severely limited is likely to increase. In this respect

(as discussed previously in Cþapter 1), there is clearly a need to develop more effective treatment

options for the older, "high-risk" patient admitted to the coronary care unit with an acute

coronary syndrome. As such, the following sections examine the potential role of adjunctive

therapy with the relatively unique anti-anginal agent, perhexiline, in this clinical context.

12.2.21 Perhexiline as an anti-ischaemic agent: Previous studies.

In recent years, the re-emergence of a previously discarded, but relatively unique and complex

drug, perhexiline, has provided clinicians with an additional and inexpensive, therapeutic

modality to treat "problematic" patients with chronic angina pectoris; often with good results.

328 peysleped in Europe during the late 1960's as an effective prophylactic, anti-anginal agent

for the treatment of stable angina pectoris, perhexiline lost favour with clinicians due to the

emergence of serious side-effects secondary to its long-term use and the availability of apparently
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safer and effcctive anti-anginal agents: this occurred despite strong evidence from Daniell et al

(lgg7), who examined the potential beneficial effects of monotherapy with perhexiline in a

number animal models of AMI, that it was associated improved myocardial blood flow,

improved survival time and reduced infa¡ct sirs.329 However, due to the combination of a better

understanding of its mechanisms of action and the ability to correlate its potential

efficacy/toxicity with concentrations of the dnrg in plasma, perhexiline has since emerged as an

effective adjunct to the treatment of individuals with stable severe angina pectoris in whom

conventional therapy has failed.330 However, recent developments in respect to elucidating the

. unique properties of perhexiline and the potential to predict its therapeutic impact, based upon its

:.u .: plasmq.drug concentration,.raise the possibility of the corollary in respect to the utilisation of

,: , prhgxiline in, the ,managernént of individuals with acute coronary syndromes refractory to

. maximal,conventional therapy : j' 
'

Follqwing is a review of the available data concerning the mechanisms of action,

pharmacokinetics and clinical efFrcacy of perhexiline, in addition to a discussion concerning the

potential role of perhexiline as adjunctive therapy in the management of patients with acute

coronary syndromes and symptoms refractory to maximal conventional therapy.

12.231 Mechanisms of enti-ischaemic action of perhexiline.

postubted mcchanism of action during perhexílinc's devclopment. Perhexiline was initially

developed in the 1960's as a prophylactic anti-anginal agent on the presumption that it was a

coronary vasodilator.33l,332 However, predominantly microvascular, non-specific coronary

vasodilators have generally proved to be clinically detrimental in the context of acute myocardial

ischaemia due primarily to the phenomenon of "coronary s¡s41".333-337 ¡ fact, there is only

limited evidence confined to some animal models 338 ¡s suggest that perhexiline exerts coronary

vasodilator effects in concentrations likely to be therapeutic.
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Calcìam øntagonism athigh concentrations.It was in the late 1970's, and therefore almost a

decade following its introduction, that Fleckenstein et aI (1978) suggested that the therapeutic

efficacy of perhexiline might be due L-calcium channel blockage.339 Barry et al (1985)

however, later demonstrated that whilst perhexiline was indeed a calcium antagonist in

myocardial cells, it was far less potent on a molar basis than the other commonly used agents

such as nifedipine, verapamil or diltiazem in this respect.340 Such data were consistent with

other,reports which suggested that, unlike most calcium antagonists, ¡rerhexiline did not appear

to exert significant hypotensive, vasodilator or negative inotropic effects 341-348 and the

clinical reports suggesting that perhexiline was more efficacious than other calcium antagonists.

Thus.the notion of perhexiline as a calcium antagonist was inconsistent with the lack of

chemically overt peripheral vasodilator or negative inotropic effects in effective dosage.344

Carnitine palmitoyl transferasc-I inhibition. More consistent with its apparent clinical

superiority to other therapeutic agents, Vaughan Williams in 1980, suggested that perhexiline's

primary mechanism of action was due to it ability to promote more efficient oxygen utilisation

within ischaemic myocardiu^.3M Summarising in vitro experiments Vaughan \ililliams

demonstrated that perhexiline induced increased tissue phospholipid concentrations and

postulated that, on this basis, it might produce a "metabolic shift" by promoting glucose

utilisation whilst simultaneously limiting lipid catabolism within the myocardium.344

Depending on dietary intake, exercise or pathophysiological state (the most important being

presence/absence of coronary artery disease) the myocardium continuously shifts between the

predominant use of free fatty acids (FFA's) or carbohydrates (CHO's) to fuel production of

adenosine triphosphate (ATP).349-352 h this respect, FFA's are usually the major oxidative fuel

for the heart consuming 60 - l00%o of utilised oxygen at any one time compared to 0 - 2O7o each

for lactate and glucose.&,353,354 Although the exact mechanisms for the regulation of
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substrate utilisation in the myocardium, especially under ischaemic conditions, are yet to be fully

elucidated 349,352 it is known that increased utilisation of CHO most commonly occurs

following the consumption of a CHO-rich meal resulting in increased blood levels of glucose and

insulin. Increased levels of insulin promote glucose uptake and decrease FFA acid uptake by the

heart and therefore lower cytoplasmic acy CoA availability and p-oxidation. With the

simultaneous increase in glucose availability and reduced p-oxidation, an increase in glycolytic

flux ensures that the CHO become the predominant oxidative fuel and contribute 60 - lffiVo of

oxygen consumption at this ¡¡¡¡s.350

Importantly, CHO metabolism, whilst less efficient than FFA metabolism in respect to the

number of ATp molecules produced per molecule utilised in the oxidative pathway, is more

effrcient as regards oxygen utilisation during this process: one glucose molecule requires 12

oxygen atoms to produce 38 ATp molecules compared to one molecule of palmitate which

requires 46 oxygen atoms to produce 130 ATP molecules. Under normal physiological

conditions the supply of oxygen to the myocardium is not limited and the advantage of FFA as

regards eff,rciency of ATp production is one that explains it being the predominant metabolic

substrate in the heart. Under ischaemic conditions preferential use of CHo utilisation in the

oxidative pathway will theoretically result in a l5-20Vo increased efficiency in the oxygen

utilisation to ATp production ¡¿1¡s.64,350 However, although glucose utilisation is initially

increased under ischaemic conditions,35O ü¡s combination of limited oxygen and high levels of

FFA,s appe¡¡r to limit glucose oxidation; the latter contributing to persistentþ low levels of

glucose oxidation following reperfusion'355

Recent experiments have confirmed that perhexiline does indeed induce such a metabolic shift

by increasing CHo utilisation and ca¡diac efficiency in isolated rat hea¡ts 356 un¿ impairing B-

oxidation of FFA's in hepatocytes.35T Consistent with these data, Kennedy et al (1996) have
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recently demonstrated that perhexiline inhibits carnitinine palmitoyl transferase-l (CPT-l) in rat

cardiac and hepatic mitochondria in vitro.358 The inhibitory effects of perhexiline on hepatic

CpT-l in rats has also been suggested from data generated by Berson et aI (1998¡.359 ¡¡gu¡s 2.1

illustrates that CpT-l is an enzyme that controls access of long-chain fatty acids to sites of p-

oxidation within the myocardium. Physiological or pharmacological inhibition of this enzyme

causes a shift from predominantly FFA metabolism towards increased glycolysis and utilisation

of CHO for ATP production. As discussed above, because FFA's require more oxygen than

CHO's for the formation of an equivalent amount of ATP,#,350 tu.¡ a metabolic shift may

provide a critical oxygen-sparing effect in the prcsence of reduced coronary blood flow.

Although it was evident that perhexiline is a less potent inhibitor of CPT-I than the specific

CpT-l inhibitors malonyl-CoA (the major physiological rnodulator) and 4-

hydroxlphenylglycosate, it was also evident, and relevant to its proven efficacy in the

management of myoca¡dial ischaemia, that perhexiline was more potent as regards inhibition of

cardiac CpT-l than its hepatic ¡srm.358 Inhibition of CPT-I, if selective, would also be relevant

to the potential accumulation of products of its effects (long chain acylcarnitines) in the event of

inhibition of mitochondrial p-oxidation during ischaemia; long chain acylcarnitines have been

implicated in the pathogenesis of ischaemic diastolic dysfunction and in arrhythmogenesi5.360'

361
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Figure 2.1 The role of CPT-I and CPT-2 in regulating free fatty acid utilisation in
myocardial mitochondria.
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Inhibition of plntetet aggregatior. Perhexiline has also been demonstrated in two studies to

inhibit platelet aggregation. Ono et at (1981) reported that perhexiline, which was presumed to

be a calcium antagonist at that time, inhibited aggregation induced by adenosine diphosphate

(ADp), adrenaline and collagen in human platelet-rich plasmu.3& kr this respect, perhexiline

was shown to be far more potent than nifedipine, diltiazem and verapamil; for example

perhexiline was ten-fold more potent that verapamil as regards inhibition of platelet aggregation.

Because perhexiline showed the most potent anti-aggregatory properties but was known to be a

far less potent calcium antagonist than the other drugs studied, the authors concluded that it was

unlikely that perhexiline's anti-aggregating effects were due its calcium channel blocking

properties 3Ø

On the basis of perhexiline's ability to inhibit çpa- 1 ,358 as discussed above, and evidence that:

l) Energy production within platelets is dependent upon both oxidation of FFA's and CHO's.

365,366

2) CpT-l is both present in rat platelets 365 ¡¡t¿ possibly modulates extent of platelet oxygen

consumption and aggregation .367 '368

Willoughby et øl (1998) recently compared the platelet CPT-I inhibitory and putative anti-

aggregatory effects of perhexiline, in addition to other "non-specific" CPT-I inhibitors

amiodarone and trimetazadine, with the specific CPT-I inhibitors etomoxir and

hydroxyphenylglyoxylate in both normal subjects and patients with stable angina pectoris-369

Utilising saponin permeabolised platelets, the authors demonstrated that both the non-specific

and specific CpT-l inhibitors inhibited platelet CPT-I activity; the specific CPT-I inhibitors

proving to be far more potent in this regard. Conversely, only the "non-specific" CPT-I

inhibitors, including perhexiline, inhibited ADP-induced platelet aggregation' Furthennore,

additional examination of the anti-aggregating effects of perhexiline utilising a multiple agonist

model of aggregation (utilising a combination of more physiologically relevant concentrations of
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adrenaline, serotonin and thromb¡¡ 370¡ demonstrated threshold perhexiline effects in this regard

at therapeutic concentrations normally achieved in clinical practice. kr this respect, rWilloughby

et al slpported the previous report by Ono et al (1981) suggesting that perhexiline has potentially

therapeutic anti-platelet propertiet 3@; especially at therapeutic concentrations. However, these

appear to be independent of platelet CPT-I inhibition, at least in normoxic platelets.369

Therefore, the mechanism of inhibition of platelet aggregation by perhexiline remains unknown

to date, despite the evidence that this may be clinically relevant.

Hypoglycaemíc effecfs. Although perhexiline has been demonstrated to have a weak diuretic

effect and possible anti-anhythmic prope¡iss 329,371-374 probably its most important non-

cardiovascular effect of perhexiline is a lowering of blood sugar levels, at least among diabetic

patients (especially among those receiving either insulin or sulphonylureas); increasing their risk

of developing severe hypoglycae-¡¿.375-38 I

The exact mechanism for this effect is yet to be fully elucidated, Feldman et øl (1974) found

increased tissue responsiveness to insulin patients receiving perhexiline,3S2 whilst Luccioni ¿l

øl (1975) postulated that insulin secretion was increased in the presence of the drug 381

However, it is likely that these effects result directly from CPT-I inhibition. h diabetics, it has

been demonstrated that fasting hyperglycaemia is correlated with accelerated hepatic glucose

production secondary to gluconeogenesis induced by elevated free fatty u"¡¿s.383 As discussed

above, inhibition of CpT-l results in both reduced free fatty acid oxidation and increased glucose

oxidation 384 ¿n¿ have therefore been postulated as potentially useful in the management of

diabetes.383 In thir respect, the CPT-I inhibitor etomoxir has been demonstrated in rats to

significantly reduce fasting glucose concentrations.3Ss It also appears that insulin reduces

formation of CpT-l in some tissues,386-389 i¡çluding myocardial ç"115 390,391 providing a

basis for an additive or multiplicative hypoglycaemic interaction with perhexiline'
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12.2.41 Perhexiline's complex pharmacokinetics.

perhexiline demonstrates complex, and therefore relatively unpredictable, pharmacokinetics due

to a combination of marked pharmacogenetic variability within the Caucasian patient population

and saturable hepatic metabolism. Studied only in oral form, perhexiline has been demonstrated

to have good oral bio-availability in rats and to be cleared via extensive hepatic metabolism to

mono- and di-hydroxy-perhex¡¡n"r.392 However, the extent of biological activity of these

metabolites is essentially unknown; although the major metabolite monohydroxy-perhexiline is

an even weaker calcium antagonist that its parent drug. Perhexiline is lipophilic and therefore

tissue concentrations are higher than plasma concentr¿¡1sns.393,394 ¡urt¡ennore, the intra-

mitochondrial concentration of perhexiline is far higher than cytoplasmic concentrations.3sT

pharmacogenetic variability. Hepatic hydroxylation of perhexiline is controlled by cytochrome

p-450 2D6 and, approximately 6-lOVo Caucasians are "poor" hydroxylators. 395-400 Such

patients clear perhexiline at approximately 1O7o of the rates of the majority of patients and

therefore require markedly reduced dosage of the drug.398 Furthermore, a small proportion of

patients are "ultra-fast" hydroxylators and therefore require incremental steady-state doses of

perhexiline. Identification of such patients can be achieved by administering the standard agent

for determining extent of hepatic hydroxylation, debrisoquine, and measuring its urinary

clearance thereafter,3gS or via genotyping.4Ol,402 Ho*en"t, these procedures while being both

costly and likely to delay treatment do not provide a complete method for predicting dosage

requirements.

Saturable hepatic metabolism. Even among "normal" hydroxylators prediction of a plasma

perhexiline concentration regimen is problematic as clearance of perhexiline is readily saturable

(Michaelis-Menten pharmacokinetics) within the clinical dosing range.403 The result is

disproportionate changes in steady-state plasma perhexiline concentration per unit change in the

daily dosage of the drug. For example, increasing the daily dosage of perhexiline maleate from
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the range of l0O pglL (ndtherefore within the sub-therapeutic range) is likely to result in a new-

steady state perhexiline concentration far in excess of the 2W þglL which would have been

expected if perhexiline demonstrated linear pharmacoki¡s¡¡s5.328

Í2.2.51 Clinical effrcacY.

A large number of controlled studies during the early development/utilisation of the drug

examined the efficacy of perhexiline as either monotherapy or in combination with a limited

number of prophylactic agents (usually a p-adrenoceptor blocker) in the management of stable

angina pectoris and provided convincing evidence of its clinical efficacy as regards improved

exercise tolerance and reduced anginal frequency.34l-347,4m-419 ¡1 this time however,

perhexiline was tlpically administered on an empirical basis according to symptomatic response

with doses ranging from 20o-4otmgtday and therefore taking no account of inter-individual

variability as regards hydroxylator status (which was unknown at this stage).

More recentþ, perhexiline has been demonstrated to provide incremental benefits in the presence

of other anti-anginal agents among patients who remain symptomatic despite being treated with

p-adrenoceptor blockers 342,420 and combinations of other anti-anginal agents 33O'421 ps¡

example, Horowitz et al (1979) examined the long-term clinical efficacy of perhexiline (mean

duration of treatment 9 months) among patients with severe angina pectoris refractory to

maximal therapy including nitrates, p-adrenoceptor blockers and calcium antagon¡t¡5.42l Of the

study cohort of 26 patients, 2l reported a significant reduction in the frequency of anginal attacks

with 15 patients reporting anginal frequency less than one third of previous levels. Cole et al

(1990) also evaluated the clinical efficacy of perhexiline maleate in a double-blind placebo

controlled crossover study among 17 patients with angina refractory to maximal anti-anginal

therapy including nitrates, a p-adrenoceptor blocker and a calcium channel antagonist. On

blinded review, anginal frequency and severity was reduced in 11 patients whilst receiving
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perhexiline maleate (65Vo) compared to no patients receiving placebo; this subjective

improvement was also accompanied by a marked clinical improvement in exercise tolerance as

measured by formal exercise 1s5¡.330

Although there is some evidence that perhexiline provides additional clinical benefits when

added to commonly used combinations of anti-anginal agents in the context of severe, refractory

anginal pectoris, there is a paucity of data concerning its use in the context of acute coronary

syndromes. This may relate in pan to the inherent diffîculty in rapidly initiating therapy in the

absence of an intravenous form of the drug,302 the large number of combinations of drugs

available to be used in the management of unstable angina pectoris and residual reservations

conceming perhexiline's toxic profile; even though serious "short-term" toxicity of perhexiline is

limited to development of hypoglycaemia-

12.2.6l Perhexiline toxicity: Relationship to plasma perhexiline concentration.

There is a clear differential between the characteristics and profile of adverse effects associated

with short (less than 3 months) and long-term (greater than 3 months) therapy with perhexiline;

although types of adverse effect occur more frequently among patients with higher plasma

concentrations of the drug.

For example, in their study of the clinical efficacy of perhexiline among patients with severe

rcfractory angina pectoris, following a loading dose of l00mg per day of perhexiline maleate for

three days, followed by 200mg per day thereafter for three months, Cole et al (1990) reported

that 4 of 17 patients developed nausea or dizziness associated with plasma concentrations > 600

pgl¡- which resolved within two weeks of reduced dosage and parallel reduction in plasma

concentrations.33O Overall, approximately l07o of patients initially treated with perhexiline are

likely to develop dizziness and nausea; this is usually transient and does not require cessation of

the dnrg but rather a lowering of the prescribed dosage'302'328
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In the longer-term, the most common adverse effects of hepatitis and peripheral neuropathy

reflects extensive deposition of various phospholipids in hepatocytes and Schwann 
"¿1¡.422-427

Although there is no direct evidence to link CPT-I inhibition with this phenomenon, it would be

reasonable to postulate that this would be an inevitable consequence of prolonged excessive

inhibition of CpT-l by perhexi1ias.358,428 Importantly, this supposition is supported by the fact

that neither hepatitis nor peripheral neuropathy have been reported in patients receiving

perhexiline for less than 3 months and that hepatitis and peripheral can be largely avoided by

maintaining perhexiline levels below 6æ ¡tgL-.302

Singlas et al (1978) were the first to formally propose a relationship between long-term

perhexiline toxicity and elevated plasma concentration of the drug in 1978,429 observing that the

extensively reported, but previously unanticipated, phenomenon of peripheral neuropathy (and

hepatitis) 430-459 was associated with higher than normal plasma concentrations of the drug,

although this phenomenon had been postulated previously by other investigators.346 Although

Shatr er at (19g2) suggested shortly thereafter that this phenomenon lvas probably conñned to

..slow hydroxylators",3gS this was unlikely as the proportion of patients demonstrating higher

than normal plasma concentrations of the drug, and therefore at risk of excessive phospholipid

deposition, was greater than the known proportions of "slow hydroxylato¡s" '421

Horowitz et al (1979) later reported that clinically detectable adverse effects of perhexiline were

largely confined to those patients with plasma perhexiline concentrations > 700 ltgL,42t and in

a subsequent prospective study demonstrated that the hepatitis and peripheral neuropathy could

be largely avoided in the long-term by adjusting perhexiline dosage within a therapeutic range of

150-600 tLúL;the same therapeutic range was effectively used by Cole et al l99O 3301e adjust

short-term perhexiline therapy in their study of its use among patients with severe, refractory

angin¿.302 In the study by Horowitz et al (1986) perhexiline was loaded at 200mg twice daily
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for three days and maintained at a dose of l0omg twice daily with at least 3 monthly drug plasma

monitoring thereafter. 302

Í2.2.7J The anti-ischaemic effects of perhexiline: areas of uncertainty.

There are a number of substantive areas of uncertainty concerning the anti-ischaemic effects of

perhexiline, and in particular its therapeutic role relative to the many other commonly prescribed

anti-ischaemic agents which often make the management of complex/sevefe angina an exercise

in polypharmacy. The experimental work in this chapter consists of two distinct but

fundamentally related investigations:-

l) An evaluation of the relationship between acute perhexiline loading and symptomatic

status in patients receiving otherwise conventional pharmacotherapy for intermediate

cotonary sYndrome'

2) An investigation of the effects of perhexiline on platelet responsiveness to nitric oxide (and

nitric oxide donors) in patients with intermediate coronary syndrome'
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Í2.31 AN EVALUATION OF CONCENTRATION.RESPONSE
RELATIONSHIP FOR PERI{EXILINE MALEATE THERAPY IN
ACUTE CORONARY SYNDROMES.

Í2.3.11 Study background.

As discussed in Chapter I (section 1.3.4), initial pharmacotherapy of intermediate coronary

syndrome may include anticoagulants, aspirin, nitrates, p-adrenoceptor and/or calcium

antagonists .42 Ho*.ner, the majority of recent studies have demonstrated that between 7 and

2OVo of patients respond incompletely to such therapy.47,48,67'84-87 The reasons for

incomplete response probably reflect the underlying heterogeneity of coronary anatomy, acute

pathophysiology, and suitability of haemodynamic status for treatment with negatively inotropic

agents. As discussed, perhexiline, a prophylactic anti-anginal agent which appears to act largely

by modifying myocardial metabolism and hence myocardial oxygen demand via (CPT-I)

inhibition 358 utt¿ has anti-aggregatory properties apparently independent of its ability to inhibit

CpT-l 369 ¿n¿ calcium channels 364 ¡* been utilised extensively in the long-term prophylaxis

of exertional angina pectoris. The adverse effects of perhexiline during long-term therapy include

hepatitis and peripheral neuropathy, which occur secondary to extensive accumulation of the

drug in tissues, and are associated with plasma perhexiline concentrations > 0.60 pgtml.3o2'33Ù'

429 The therapeutic range for plasma perhexiline concentrations during long-term therapy is

0.15 - 0.60 Pglml .302'328'330

Considering the proven clinical efficacy of perhexiline, its relatively unique mechanism of action

and the fact that its most serious side-effects do not develop with less than 3 months therapy, the

dmg has a potentially useful role in the short-term treatment of myocardial ischaemia (for

example while patients are awaiting coronary revascularisation) with compa¡ative safetli

incremental efficacy over p-adrenoceptor blockers has been demonstrated in such

individuals.42O ¡leyever, while the short-term perhexiline treatment regimen should include a
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loading dose, such treatment is associated with considerable variability of plasma perhexiline

concentrations over the first few days of therapy.302 1¡¡r might in theory result in inadequate

anti-anginal effect or, alternatively, development of toxic effects associated with short-term

therapy (largely nausea and/or dizziness). Routine monitoring of plasma perhexiline

concentrations might minimise such problems, but only if results were available on a daily basis;

hence this approach would be costly.

Considering the potential value of perhexiline therapy in the management of patients with

unstable angina and symptoms refractory to mærimal therapy, and potential factors likely to limit

therapeutic effectiveness in this regards (including the expected variability in serum perhexiline

concentrations and the problem of rapidly determining the optimal dosage), a study of the

interaction between the therapeutic efficacy and toxicity of perhexiline among patients admitted

to the coronÍry ca¡e unit with acute myocardial ischaemia was undertaken.

Í2.3.27 Study hYPothesis.

This preliminary study tested the followingnull hlpotheses in a group of patients receiving initial

perhexiline maleate (pM) treatment for unstable angina pectoris or non-Q-wave myocardial

infarction:

Among patients admitted to a coronary care wtit with intermediøte coronary syndrome and

symptoms refractory to conventional therapy receivíng a standard, 72 hour loading dose of

PM:

l) persistence of angina after 72 hours among such patients is not conelated with

,,subtherapeutic" (< 0.15 mg/mt) plasma perhexiline concentrations at that time.

2) presence of nausea and/or diuiness during the first 72 hours of perhexiline maleate

therapy is not correlatedwith "toxic" (> 0.60 mg/ml) plasma perhexiline concentrations.
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3) There witt be no change in the fasting blood glucose levels of the sub-set of diabetic

patients treated with insulin or sulphonylureas during the first 72 hours of perhexiline

therapy.

[2.3.3] Methods.

The study cohort consisted of 40 consecutive patients admitted to the coronary care unit with a

diagnosis of unstable angina pectoris or non-Q-wave acute MI. Unstable angina pectoris was

diagnosed on the basis of typical ischaemic chest pain occurring at rest with associated S-T

segment depression on ECG (n = 20). Non-Q-wave MI was also diagnosed on the basis of typical

ischaemic chest pain, with or without S-T segment depression but with transient elevation of

plasma creatine kinase concentrations to at least twice the upper limit of the normal range (390

lJlL), without the subsequent development of pathological Q waves (n = 20).

Inclasíon Críteriø. patients were eligible for inclusion in the study if short-term PM lherapy was

initiated because frequent ischaemic episodes had persisted at rest, despite maximal,

conventional therapy (as described below). All patients in whom short-term pharmacotherapy

\ilith pM was to be indicated as a component of management of refractory ischaemia were

included.

Exclusion Criteria. patients were excluded if there was any suggestion of cognitive or

communication deficit likely to affect data collection, or if there was clinical or biochemical

evidence of pre-existent liver disease. Chronic symptomatology potentially able to be confused

with acute perhexiline toxicity (ie. nausea and/or dizziness) was also a criterion for exclusion.

Inítiøl Convcntionøl pharmacotherapy. Initial pharmacotherapy (unless contraindicated) for all

patients admitted to the CCU with a diagnosis of unstable angina or non-Q-wave MI typically

comprises:

1) Aspirin 150mg/daY.
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2) An intravenous infusion of nitroglycerine (NTG) with an initial infusion rate 5-10

¡rg/minute titrated to a maximum of 20 pgtmnute to achieve amelioration of anginal

symptoms and maintain a mean arterial pressure > 60 mmHg; in refractory cases NTG was

co-infu sed with intravenous N-Acetlycysteine (NAC) l1gt2+.94

3) Intravenous unfractionated heparin, comprising an initial bolus of 5000 units followed by

an infusion l00O unitVhour tiüated thereafter to maintain an APTT of 60 - 90 seconds-

4) A bolus intravenous dose of verapamil (1-5 mg over 5 minutes) followed by oral verapamil

(240mgper daY)

OR

5) an oral p-adrenoceptor blocker (usually one the patient was already prescribed)'

The majority of deviations from the above pharmacotherapy are made on the following basis:

l) NTG withheld or dose reduced because of persistent hypotension.

2) Verapamil withheld because of evidence of left ventricular systolic dysfunction, ingestion

of a p-adrenoceptor antagonist within 24 houn of admission or initial haemodynamically

si gnificant bradycardia/trypotension'

perhexifinc Møleste Therøpy. All patients received a standa¡d loading regimen of PM (200mg

twice daily for a total of 6 doses inT2hand l00mg twice daily thereafter¡'302

Initiøl Data Collection.In first 24 hour period following initiation of PM therapy, the patients'

baseline symptomatic and anginal profiles were documented. Particular note was made of the

pattern and tlpe of presenting angina. Additional rnoming fasting blood sugar levels were

obtained from those patients with a history of diabetes mellitus and being treated with either

insulin or sulPhonYlureas (n = 8)'

Symptomatic Status. On days 2 a¡d 3 post PM initiation, patients \r,ere asked to respond to a

questionnaire to assess their symptomatic profîle in the previous 24 hours. This information was

correlated with information from medical records, drug charts, ECGs and arrhythmia monitoring
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data. Specifically, all episodes of chest pain were recorded, in addition to any new symptoms the

patient was experiencing. Symptomatic status was then categorised for the periods 24-48 h (day

2) and48-72h(day 3) post PM initiation, according to the following criteria:

1) Angina pectoris present or absent'

2) Nausea and/or dizziness present or absent

Importantly, symptomatic status was classified by interviewers blinded as to the results of

simultaneous plasma perhexiline concentration determinations'

Detcrmjnatìon of pbsma Perhexiline Concentrøtion. Blood was drawn using peripheral

venepuncture at the same time as the day 3 questionnaire \ryas administered and determination of

the plasma perhexiline levels was performed according to a modification 460 of a standard

HpLC assay 403 .ry¡¡s¡ has a threshold sensitivity for perhexiline of 0.005 pglntl-

12.3.41 Statistical analYsis.

Any correlation between the patients' symptomatic profile and 72-96 hour plasma perhexiline

concentration, which \ilere categorised as:

- < 0.15 Pglml (sub-'theraPeutic)

- 0.15 - 0.60 Pglml (theraPeutic)

- > 0.60 Pglml (toxic)

wris assessed using Fisher's Exact test. The potential relationship between age, weight,

presencey'absence of left ventricular failure and the plasma perhexiline concentration \ilas

assessed using step-wise multiple logistic regression. changes in the fasting blood sug¿Ir levels of

the g diabetic patients, from immediately prior to PM administration to day 3 of therapy were

examined using analysis of variance (ANovA) followed by Dunnett's test. Group results for

continuous variables are presented as mean + standard deviation. significance was considered to

be established at a p value less than 0.05, on the basis of 2-tailed comparison.
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Table 2.1

B1
82
B3
B4
B5
B6
B7
B8
B9
810
811
Bl2
813
Bl4
81,5
816
Bl7
818
819
B.20
B2l
B.22
B.23
B?A

Clinical and demographic characteristics of study patients according to
plasma perhexiline concentration.

59m
69m
65f
34m
79f
72m
7lm
76m
69f
64f
79m
47f
67f
68m
60m
50m
48f
69m
69m
70f
64m
77f
64f
69m
77f
85m
75f
7tf
77f
66m
49m
80f
76f
66f
73m
73m
75L
69f
63m
79f

A1
A2
A3
L4
A5
A6

c1
C2
c3
C4
c5
c6
c7
c8
c9
c10

+
+
+
+
+

+
+

+

+

+
+

+
+
+

+

+
+

+

+

Comb + NAC
Comb + NAC
Comb + NAC

NTG/NAC/ASA/Ver
NTG/NAC/ASA/Hep

Comb

+
+
+

l +

o.t2l
0.1 15

0.135
0.133
0.140
0.110

Comb
Comb + NAC/ Dig

Comb
Comb + NAC

Comb
Comb

Comb + Dig
Comb + NAC
Comb + NAC

Comb + NAC/Dig
Comb + NAC
Comb + NAC
Comb + NAC
Comb + NAC
Comb + NAC

Comb
Comb

Comb + NAC
NTG/Hep/ASA/At

NTG/ Hep/ASA
Comb
Comb
Comb
Comb

+
+

+

+

+
+

0.404
0.421
0.473
0.516
0.376
0.568
0.427
0.177
o.317
0.167
0.188
0.187
0.341
0.300
0.370
0.263
0.300
o.249
0.231
0.485
0.370
0.355
0.190
0.520

l.159
0.740
0.952
0.621
0.139
r.771
1.256
0.745
0.807
0.840

+

Comb + NAC
Comb + Dig

Hep/ASA/NTG
Comb

Comb + NAC
Comb
Comb
Comb

NTG/ HepA/er
NTG/Hep/ASA/At

+

+
+
+
+

+
+

+

+

+

+
+

patients are separated. into sub-groups on the basis of plasma perhexiline concentrations after

72-96 hours of therapy: A1-6 = < 0.15 pg/ml, BI-24 = 0.15 - 0.60 pg/ml and C1'10 = > 0.60

pg/ml.

Because of the high frequency ol utilisation of combined aspirin (ASAV heparin (HepV

nitroglycerine NTG and verapamil (Ver) in this group of patients, this treatment is designated
,Co*i". Other drugs are designated: atenolol = At, digoxin = Diç, N-acetylcysteine = NAC.



79
CHAPTER 2

[2.3.5] Results.

Baseline Characterisfics. The clinical cha¡acteristics of the 40 patients (22 male and 18 female)

studied, stratified according ro 72 hour plasma perhexiline concentration, are summarised in

Table 2.1. Mean age was 67.3 + g.0 years. Twenty of the patients had sustained non-Q-wave MI.

The majority (31 of 40) of the patients had remained symptomatic despite combined use of

aspirin, heparin, intravenously infused NTG and verapamil.46l purtheffnore' in 16 patients'

NAc had been co-infused with NTG 94,111,462 without elimination of symptoms.

Symptomøtic progress. After initiation of PM therapy, angina resolved within 72 hours in 28 of

the 40 (7O7o) patients. However, 11 patients (287o) developed nausea and'/or dizziness' In no

cases \rrere these symptoms sufficiently severe to cause intemrption or cessation of PM therapy'

Furthermore, none of the diabetic patients developed symptomatic hypoglycaemia (see below)'

no patient died in hospital or developed neuro- or hepato-toxicicty'

Correbtions betwecn clinìcal status and plasmø perhexiline concentration. As indicated in

Table 2.1, plasma perhexiline concentrations after 72 hours va¡ied widely: mean 0'46 t0'26

(range 0.ll to 1.77 ¡tglÍil ). Multiple logistic regression revealed there was no significant

correlation between plasma perhexiline concentration and patient ?Eo, weight or

presencey'absence of left ventricular failure'

Further analysis of the results w¿ls based upon categorisation of plasma perhexiline

concentrations as < 0.15 pglml (below the therapeutic range), 0.15 to 0.60 ¡rglml ("therapeutic"

concentrations) or > 0.60 pglml (corresponding to the range associated with risk of development

of toxicity during chronic therapy)'

Among patients with a plasma perhexiline concentration of < 0.15 pglml (n = 6), four continued

to experience angina, while one developed nausea indicative of toxicity. conversely, among the

l0 patients with plasma perhexiline concentrations > 0.60 l¡glril (n = l0), two experienced

angina on day 3, while 7 developed nausea and/or dizziness. Analysis utilising Fisher's exact test
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revealed that persistence of angina on day 3 had a borderline significant correlation (P = 0.055)

with plasma perhexiline concentrations < 0.15 pglml (refer to Figure 2.2).

Figure 2.2 Correlation between plasma perhexiline concentrations at 72-96 hours and
presence versus absence of persistent angina pectoris: P = 0.055 (Fisher's

exact test).
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Conversely, development of nausea and./or dizziness was strongly correlated (P = 0.002) with

plasma perhexiline concentrations > 0.60 pglml after 72 hours (refer Figure 2.3). Overall, such

"toxic" symptoms were reported by only 4 of the 30 patients with plasma perhexiline

concentrations < 0.60 pglml.

Changes in the blooil sugar levcls of diabetic pøtients. Figure 2.4 represents the serial changes

in fasting blood sugar levels of the 8 diabetic patients in the study. All were non-insulin-

dependent, with all but one of these receiving sulphonylurea therapy. Mean blood sugar levels

fell from lO.7 + 3.4 mmol/L prior to initiation of PM therapy to 6.4 * 2.1 mmol/L on day 3 (p <

0.05, ANOVA). There was little change in blood sugar levels on day two. No correlation was

apparent between extent of fall in blood sugar level and simultaneous plasma perhexiline

concentration. Furthermofe, no patient developed symptomatic hypoglycaemia.

tr'igure 2.4 Changes in the mean (* standard deviation) blood sugar levels of the 8
diabetic patients following initiation of perhexiline maleate therapy: P =
0.008 (ANOVA).
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12.3.61 Discussion.

This study represents the first investigation of the determinants of short-term efficacy of PM

therapy in patients with acute ischaemic syndromes. As discussed previously (section 2-2'4), one

previous study 302 ssl¿51ished that a treatment regimen of 400mg/day of PM for 3 days was

associated with progressive but very va¡iable increases in plasma perhexiline concentrations,

with ..therapeutic" concentrations being present in most cases within 3 days' However, in

accordance with previous reports, a significant number of patients developed transient nausea

and/or dizziness during this period of time, and there was also significant concern that diabetic

patients might develop hypo glycaet¡¡¿. 37 5 -3 I I

As discussed in section 22.4, the reasons for marked inter-individual variability in the

relationship between perhexiline dose regimen and resultant plasma perhexiline concentration are

both pharmacogenetic and pharmacokinetic. Metabolism of perhexiline involves hydroxylation

and hence varies according to hydroxylator status, with approximately 79o of Caucasians being

,.slo\il hydroxylators,,-396-398 Furthermore, perhexiline exhibits Michaelis-Menten kinetics at

..normal,, plasma concentratiens.403 Hence prediction of plasma perhexiline concentrations

during the first few days of therapy in individual patients is virnrally impossible.

The current study established a close relationship between the developrnent of nausea and/or

dizziness and plasma perhexiline concentrations > 0.60 pglml (P = 0.002). This implies that

patients developing such symptoms have a high probability of having elevated plasma

perhexiline concentrations, making it reasonable to reduce drug dosage even if the results of

plasma level monitoring are not yet available'

Similarly, the results suggested (P = 0.055) a direct relationship between resolution of anginal

symptoms and plasma perhexiline concentrations. This is the first observation supporting the

efficacy of pM therapy in the very short-term (< I week) in any group of patients- In order to

evaluate more closely the basis for this relationship, a larger cohort of patients would need to be

82
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studied, as it is likely that factors such as individual coronary anatomy, adequacy of anti-

coagulant therapy and the anti-ischaemic effects of other anti-anginal agents utilised, would also

affect symptomatic outcome. It is indeed quite surprising that any contribution from PM towards

resolution of angina could be detected in the presence of considerable pollpharmacy. The results

suggest that PM dosage should be maintained at 400mg/day for l-2 more days (rather that being

reduced to 2}Omgtday 3O2¡ in patients with ongoing angina.

V/hether the apparent clinical benefits of PM in this context of patients being treated for an acute

ischaernic s¡mdrome is primarily due to an oxygen-sparing effect secondary to myocardial CPT-I

inhibition 358 ¡s debatable. It is possible considering perhexiline's known ability to inhibit of

platelet aggregation 3&,369 that in a clinical syndrome where platelet aggregation plays an

important role in limiting coronary perfusion that perhexiline may provide incremental anti-

aggregatory effects; such an effect has been demonstrated to be independent of any inhibition of

platelet gpa-1.369 This issue was not addressed in the current study and merits further

investigation.

In the current study, PM induced a signifrcant fall in blood sugar levels within 3 days in diabetic

patients receiving sulphonylureas (no patient was on insulin). This finding is consistent with

previous observations during chronic PM therapy.375-381

12.3.4 Conclusion.

Perhexiline maleate has been primarily used in the management of chronic stable angina patients

with symptoms refractory to conventional therapy; reports on acute efficacy have been

fragmentary to date, although a loading regimen has been developed.4zl 7¡s current results

further support the utility of PM in the short-term management of otherwise refractory patients

with acute coronary syndromes, and indicate that dosage adjustment may be based both on the

emergence of "toxic" symptoms and on the persistence of angina. This may obviate the need for
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urgent estimation of plasma perhexiline concentrations in patients who will not require long-

term treatment with the drug. Furthermore, the potential role of perhexiline in inhibiting platelet

aggregation in the context of acute ischaemic syndromes merits further investigation.
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Í2.41 A STI]DY OF TIIE BFFECTS OF PERIIEXILINE MALEATE ON
PLATELET RESPONSIVEI\ESS TO NITRIC OXIDE DONORS.

Í2.4.11 Study background.

In the study described above, it was demonstrated that among patients admitted to the coronary

care unit with intermediate coronary syndrome and symptoms refractory to conventional

pharmacotherapy and receiving a loading regimen of PM, there was a relationship of borderline

statistical significance between resolution of anginal symptoms and "thera¡reutic" plasma

concentration of the drug. Moreover, in this "high risk" cohort of patients, resolution of

symptoms of myocardial ischaemia overall was achieved in a surprising number of patients (7O7o

of patients). Considering the fundamental role of platelet aggregation in perpetuation of

ischaemic symptoms in such patients 41,72,88 we postulated that the apparent incremental,

antianginal effects of PM in this context may relate, at least in part, to its anti-aggregatory

properties (as described in section 2.2.3). Theoretically, however, the magnitude of effect of the

drug in this regard would have to be considerable in order to be detectable beyond the combined

anti-ischaemic and anti-aggregatory effects of the typical pharmacotheraPy used in the

managernent of such patients including the combination of aspirin, intravenous heparin and GTN

+ NAC.

¡¡ this effect were ascribed purely to CPT-I inhibition, this would probably result in decreased

severity rather than incidence of recurrent ischaemia; CPT-I inhibition is probably irrelevant to

the anti-aggregatory effects of perhexi1ins.369 However, a theoretically possible additional site

of therapeutic effect of perhexiline in this context would be nitric oxide, the major mediator of

endogenous vascular reactivity, and to some extent of platelet aggregability.463 Moreover, nitric

oxide donors (the organic nitrates) are in universal clinical use for management of acute

ischaemia. 'We therefore proceeded to investigate, for the first time, the possibility of a

interaction between perhexiline and nitric oxide in the platelets of such patients. As such, this
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investigation came to focus on the recently characterised phenomenon of "nitric oxide

resistance" in platelets .92'll5

organic nitrates such as NTG are frequently used in the management of both stable angina

pectoris and acute ischaemic syndromes primarily because of their ability to induce relaxation of

vascula¡ smooth *urs1r.298 ,464 ys¡srecently, they have also been shown to inhibit and reverse

platelet aggregation.9l,465 The clinical efficacy of the organic nitrates, however, is limited by

the development of the well known phenomenon, nitrate tolerance. Nitrate tolerance has been

demonstrated to be present at both the vascular 299 a¡¡6 the platelet 466level following their

administration

Nit¡ate rcsistance. There is limited data to suggest, however, that impaired responsiveness to

nitrates at both the vascular and platelet level, may not be solely attributable to induced nitrate

tolerance, but may in part reflect an underlying "resistance" to the vasodilatory and anti-

aggregatory effects of both exogenously donated, and perhaps endogenous' nitric oxide

independent of any component of tolerance. The so-òalled phenomenon of "nitrate resistance" (a

term first suggested by Abrams in l99l 467¡ atthe vascular level has been shown to be evident

in up to 5Wo ofchronic heart failure (GIIF) patients.273,468,469 Typically, clIF patients with

more severe left ventricular failure, exhibit a "de novo" rather than inducible resistance to

nitrates, because they do not respond to intravenous NTG with a decreased left or right

ventricular preload, despite the use of high doses and the absence of prior nitrate therapy.l 13 A67

More recently, nitrate resistance has also been reported to occur at the platelet level among

patients with stable angina in the absence of chronic nitrate therapy (and therefore in the absence

of any nitrate tolerance). In this respect, Chirkov et al (1993 and 1996) have demonstrated that

whilst both NTG and the "direct" nitric oxide donor sodium nitroprusside (SNP) reverse ADP-

induced aggregation in platelet rich plasma, platelet responsiveness to both the indirect and
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,,direct,, nitric oxide donors were markedly impaired when compared to normal subjects.92'115 ¡¡

should be noted, however, that whilst sNP is usually regarded as a "direct" nitric oxide donor,

there is some evidence to suggest that although it does not require, unlike NTG, denitration via

sulphydryl-related bio-conversion to donate nitric oxide, it does require some component of

enzymatic bioconversion (via NADH oxidoreductase).470 In further experiments chirkov ¿r øl

(lggg) have demonstrated that platelets from patients with acute cofonary syndromes are more

aggregable and less responsive to the anti-aggregatory effects of NTG and sNP than normal

subjects. Furthermore, they demonstrated that such "nitrate resistance" may be attributable to

either the inactivation of released nitric oxide by superoxide anion radical and/or reduced platelet

guanylate cyclase sensitivity to nitric oxide associated with a defect in nitric oxide/cyclic

guanosine-3,.5'-monophosphate pathway.l14 The role of oxygen radicals in this phenomenon

may be particularly important as generation of the superoxide anion radical and its radical by-

products (eg hydroxyl radical and hydrogen peroxide) have been shown to be elevated during and

after periods of acute myocardial ischaemia'63'65'471

krtriguingl], in recent years there has been increasing attention given to the role of insulin

resistance in the pathogenesis of coronary artery disease, especially as it has been shown that

endothelial production of nitric oxide is reduced in diabetic patients.472,473 Meyer et al (1998)

have demonstrated that insulin, in physiological doses, enhances myocardial blood flow in

response to adenosine in healthy subjects. conversery, in diabetic patients this response is

markedly attenuated and is independent of blood glucose levels' This has led the authors to

postulate that insulin resistance plays a major role in determining impaired coronary vascular

reactivity.4T4 Other recent studies support the potential pathological role of insulin resistance in

coronary heart disease. cardillo et al (1998) demonstrated that insulin stimulates both endothelin

and nitric oxide production in the human forearm ana posn'rluted that insulin resistance provoked

an imbalance between the two resulting in impaired vasoreactivity '475
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In view of the parallels between the metabolic effects of insulin and those of perhexiline (see

page l3), it is possible that perhexiline effects on the vasculature (and perhaps on platelets)

mimic those of insulin in both restoring endothelial function and responsiveness to nitric oxide'

In this overall context, Anfossi et aI (1998) have postulated that platelet resistance to nitrates (at

least in some individuals) represents a product of overall "insulin resistance".476

12.4.21 StudY hYPotheses'

In consideration of the above, this study tested the following null hlpotheses in a group of

patients with u¡rstable angina pectoris or non-Q-wave myocardial infarction who were prescribed

a loading regimen of pM'for anginal symptoms refractory to initial conve¡tional therapy:

Among patients admitted to a coronary cøre wit with intermediøte coronary syndrome and

symptoms refractory to conventional therapy

l) Persistence of angina after 72 hours of therapy wíth perhexiline maleate is independent of

extent of inhibition of ADP-induced platelet aggregarton øs meosured by ex vivo whole

blood aggreSometry'

2) Persistence of anginø after 72 hours of therøpy with perhexiline maleate is independent of

extent of ex-vivo inhibition of ADP-induced platelet aggregation in the presence of the

"direct" nítric oxide donor sodium nitroprusside as measured by whole blood

aggregometry.

12.4.31 Mcthods.

The study methodology for the current study was identical to that described in the above study

(refer to section 2.3.3) in respect to patient selection, initial conventional pharmacotherapy, PM

therapy, initial data collection, determination of day 3 symptomatic status, determination of

fasting blood sugzrr levels among diabetic patients and simultaneous determination of plasma

perhexiline concentration. To specifically examine the primary hypotheses' and therefore the
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potential modulating effects of PM on extent of platelet aggregation and responsiveness to nitric

oxide donors, the following additions were made to the study protocol'

Btood sømptìng. Blood samples (10m1) were drawn from study patients through venesection

from an antecubital vein immediately prior to commencement of PM therapy in order to perform

baseline platelet aggregation studies. Blood was collected in plastic tubes containing l:10

volume citric acid-sodium nitrate anticoagulant (two parts of 0.1 moll citric acid to three parts of

0.1 moVl trisodium citrate, pH 5).Acidified citrate was used in this context to minimise platelet

deterioration and therefore function during experimen¡s-A77 Experiments u'ere commenced

between 5-10 minutes following blood collection. The same method of blood collection (20 ml)

was performe d a¡72hours thereafter to simultaneously repeat platelet aggregation studies (same

preparation) and determine the patient's plasma perhexiline level.

pløtclet aggregation studics. Platelet aggregation was examined in a whole blood preparation

utilising a dual channel whole blood aggregometer (Model 560, Chrono-log, Haverstown, PA,

USA). Following a twofold dilution with physiological saline, the final volume of lml whole

blood was placed in plastic cuvettes and warmed in a heating block at37" C' The blood was then

stirred at 1000 rpm using siliconised stir bars. The aggregating agent adenosine-5'-diphosphate

disodium salt (ADp) was added in a volume of 5 pl and was obtained from Sigma (St Louis,

MO, USA). platelet reslronse was recorded (Omniscribe chart recorder, Houston Instruments,

Austin, TX, USA) for electrical impedance in Ohms. Each test was performed in triplicate and

average values calculated. These methods have been previously described by Willoughby et øl

(19eo.370

In order to examine both extent of platelet aggregation and responsiveness to a "direct" nitric

oxide donor the following two experiments were performed on each occasion (baseline and72

hours):-
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1) pre-incubation with 10 ¡,rL physiological saline for I minute. Introduction of lpmol ADP

and continuous monitoring for 7 minutes thereafter.

2) pre-incubation with 10-5 pmol SNP for I minute. Introduction of lpmol ADP and

continuous monitoring for 7 minutes thereafter'

Selection of a cohort of control patients. Platelet aggregation studies were performed as

described above (both at baseline and72 hours thereafter) in a group of control patients admitted

to the coronary care unit with a diagnosis of either unstable angina pectoris or non-Q-wave

myocardial infarction (n = l1) who were not prescribed PM'

The study was approved by the North 'Western Adelaide Health Service Ethics of Human

Research Committee and patients were required to sign a consent form before study entry'

Í2.4.41 Statistical analYsis.

The statistics used to examine the relationship between clinical efficacy/toxicity at 72 hours and

perhexiline plasma concentration and the fasting blood sugars of diabetic patients have been

described in the previous study (section 2.3.3). Additional analyses, including changes in extent

of ADp-induced aggregation and SNP responsiveness were examined using paired t-tests. The

potential relationship between changes in extent of ADP-induced aggregation, SNP

responsiveness and plasma perhexiline concentration was examined using linear regression.

l2.4.Sl Results.

The clinical characteristics of the patients who received PM (n = 40) and control patients (n = 11)

are summaÍised in Table 2.2. The majority of patients who received PM, were experiencing

symptoms refractory to a combination of aspirin, heparin, nitrates t a calcium antagonist or B-

blocker. A large proportion of patients were receiving additional therapy with NAC. of the 33

patients (g37o) who underwent coronary angiography, the majority had multivessel disease.

90

a
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Table2.2 Clinical characteristics of the study cohort'

Demographic Profile
Male
Mean age in years (range)

Prior Ilistory
Known ischaemic heart disease (prior MI Vo)

Hypertension : Hypercholestraemia : Smoker

Non-insulin dependent : Insulin-dependent diabetes

Clinical ProÍile
Unstable angina Pectoris
Mean peak CK among MI patients (U/L)

Location of ischaemic ECG changes - Anterior
Multivessel coronary artery disease *

Pharmacological Treatment
Aspirin : fV Heparin : IV GTN : IV NAC
Calcium anøgonist : P-blocker
Start of PM therapy O - 24 :24 - 48: 48 - 72 hours

within CCU admission.
Mean duration of IV GTN infusion (hours)

Clinical Outcome
Discharge on medical therapy : CABG : PTCA

6O7o

69 r 10 (42 - 84)

6O7o (587o)

55 :48 :33Vo
35Vo (l4Vo)

6O7o

1139 + 838
587o
88%

10O:100:l00:657o
65:28Vo

68:15:-l1Vo
56 r.3l

50: 35 : l57o

72Vo

55rlt(42-64)

277o (337o)

37:37:37To
374o (-)

377o

ttgt ! 667

55Vo

227o

100:100:lO0:37Vo
8l : l87o

73: 18:9%
M !30

55:O:459o

* Only 33 of the 40 patients underwent coronary angiography

Symptomatic progress. After initiation of PM therapy, angina resolved within 72 hours in 29 of

the 40 patients (737o). However, 7 patients developed nausea and/or dizziness. In no cases $,ere

these symptoms sufficiently severe to cause intemrption or cessation of PM therapy. None of the

14 diabetic patients developed symptomatic hypoglycaemia (see below). No patient died in

hospital or developed neuro- or hepato-toxicicty.

Conclations betwecn clinicøl ststus and pbsma perhexiline conccntration. As expected,

plasma perhexiline concentrations after 72 hours varied widely: mean 0-60 t 0.58 pglrnl

(median 0.34, range 0.05 to 2.2 pglml). As previously, the relationship between symptomatic

status and plasma perhexiline concentration was examined. Only 3 patients in this cohort of
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patients had a "sub-therapeutic" plasma perhexiline concentration of < 0.15 Fglml, one of whom

experienced angina on day 3 of PM treatment. Not surprisingly, considering the small number of

such patients, there was no significant association between symptomatic status and perhexiline

plasma concentration in this respect. However, among the 13 patients (33Vo) with a "toxic"

plasma perhexiline concentration of > 0.60 Fglml, 4 experienced angina on day 3, while 7

developed nausea and/or dizziness; consistent with the results of the study described in section

2.3.5 therc w¿rs a correlation between the two (P = O.024). The distribution of plasma

perhexiline concentrations according to their relationship to the therapeutic range and

symptomatic status is represented in Figure 2.5.

Figure 2.5 Distribution of plasma perhexiline concentrations after 72 hours of PM

therapy (total of 12ü)mg) according to symptomatic status'
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Extent of ADp-induced aggregation, After 72 hours treatment with PM, there was no

statistically significant change in extent of ADP-induced aggregation compared to baseline (13.1

+ 0.g vs. 13.3 + 0.g ohms); these data Íre presented in Figure 2.6. Furthennore, there was no

correlation between extent of ADP-induced aggregation and plasma perhexiline concentration G2
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=0.01;P=0.234).However,thesepatientsdemonstratedsignificantlygreateraggregabilityin

comparison to previously documented "normal" subjects without known ischaemic heart disease;

13.3 + 0.9 vs. 10.6 + 0.7 ohms (P = 0.04)'

Figure 2.6 Extent of ADP-induced aggregation before and after 72 hours perhexiline

maleate therapy: P = 0-88 (paired t'test).

Baseline 3 days

Responsiveness o! sNp. At baseline this cohort of patients exhibited a markedly lower response

to the anti-aggregatory effects of sNP in comparison to normal subjects without known

ischaemic heart disease .(average inhibition of ADP-control aggregation 28'4 + 3'0 vs' 50'5 t

3.47o;p < 0.001). After 72 hours of treatment with PM responsiveness to SNP was significantly

higher compared to baseline; increasing from 28.4t 3.0 to 4l-5 + 4.07o inhibition of ADP-

control aggregation (P < 0.001). These data are presented in Figure 2'7'
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ligarc2.7 Responsiveness to SNP as measured by percentage of inhibition to ADP'
control aggregation before and72 hours after perhexiline maleate therapy:

P < 0.001 þaired t'test).

100

40

E

Baseline 3 Days

Improveinent in SNp responsiveness appeiled to be most marked among those who elinically

improved during the 72 hours treatment with PM. Among the 29 patients in whom anginal

symptoms were absent by day 3 of treatment, responsiveness to SNP was significantly higher

compared to baseline; increasing from 25.9 x 3.3 to 47 -3 + 4.77o inhtbition of ADP-control

aggregation (p < 0.001). Conversely, among the remaining I I patients who continued to

experience angina, responsiveness to SNP tended to be lower (although not significantly so);

decreasing from 35.0 + 6.4 to 26.4 t 6.0Vo inhibition of ADP-control aggregation (P = 0.ll).

These data are represented in Figure 2.8.

However, there was no correlation between in extent of ADP-induced aggregation and SNP

responsiveness in this group of patients (l = 0.01; P = 0.60). Nor was there any correlation

between change in SNp responsiveness and 72 hour plasma perhexiline concentration (r2 =

0.002; P =0.79).
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Figure 2.E Mean responsiveness to SNP as measured by percentage of inhibition to
ADP-control aggregation before and 72 hours after perhexiline maleate

therapy according to the presence (n = 11) or absence of angina (n=29) at72
hours: P < 0.001 (Paired t-test).
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SNP responsìvcness in control patients. Among the I I control patients who did not receive PM,

no patient experienced angina within 72 hours of baseline me¡¡surement of ADP-induced

aggregation and SNP responsiveness. This good, short-term outcome probably reflects selection

of a lower risk cohort; these patients were generally younger and had less extensive coronary

artery disease. As with those patients who received PM, extent of ADP-induced aggregation at

72 hours in these control patients remained essentially stable compared to baseline; ll.2 t 1.7 vs.

10.3 + 1.5 ohms at baseline and 72 hours respectively (P = 0'57). Furthermore, SNP

responsiveness, whilst slightly higher in comparison to those patients receiving PM at baseline,

remained essentially unchanged in these patients; 33.8 t 5.4 vs. 36.1 + 5.87o inhibition of ADP-

induced control at baseline and 72 hours respectivell (P = O.27); these data are presented in

Figure 2.9.
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Figure 2.9 Responsiveness to SNP as measurd by percentage of inhibition to ADP'
control aggregation at baseline and 72 hours thereafter among control
patients (n = 11): P =O.267 (paired t'tcst).

100

Baseline 3 days

Outcomc in Diaþetic patients. Figure 2.10 represents the mean 1+ sd) change in fasting blood

sugar levels of the 14 diabetic patients in the study before and after 72 hours PM therapy. Two of

these patients were insulin-dependent, whilst the remainder were receiving concomitant

sulphonylurea therapy. Consistent with the previous study mean blood sugar levels fell from l0.l

+ 5.0 mmoVl prior to initiation of PM therapy to 5.9 t 2.O mmol/L on day 3 (P < 0.001;

ANOVA). No correlation was apparent between extent of fall in blood ïg- level and 72hour

plasma pertrexiline concentration. Furthermore, tro patient developed symptomatic

hypoglycaemia during the loading period-

From a clinical perspective, angina had resolvedi¡ l2patients following 72 hours of PM therapy

and2patients developed nausea; in this respect diabetic patients did not differ significantly to the

rest of the cohort. Moreover, diabetic patients did not differ to other patients in respect to either

extent of change in extent of ADP-induced aggregation or platelet responsiveness to SNP

compared to ADP-control.
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Figure 2.10 Changes in the mean (t standard deviation) blood sugar levels of the 14

diabetic patients at before and after 72 hours therapy with perhexiline

maleate: P < 0.001 (ANOVA).

Baseline Day 3
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12.51 DrscussroN.

Í2.5.11 Clinical response to perhexiline maleate therapy'

Consistent with the first study described in this chapter, in the current investigation plasma

perhexiline concentrations varied considerably among patients with an acute ischaemic syndrome

treated with 4ggmglday of PM for 3 days. Of particula¡ clinical importance, however, was the

fact that (as before) a "therapeutic" concentration rilas achieved in the majority of cases.

Moreover, resolution of anginal symptoms had occurred in a large proportion of patients (73Vo);

in the previous study the equivalent figure was 7O7o. Although this meant that approximately

3yvo ofpatients failed to gain a clear-cut benefit from the application of PM, this is a surprisingly

low proportion considering that this was a "high risk" cohort of patients who had initially failed

to respond to maximal conventional therapy. As there were only 3 patients in whom a "sub=

therapeutic" plasmaperhexiline concentration (< 0.15 lpg^nl) was present at72hovs, it was

difficult (considering the size of the cohort) to determine whether the results of the previous

study, in respect to the observation of a borderline association between sub-therapeutic levels and

symptomatic status, represents a clinically relevant phenomenon; although, as will be discussed,

there appeared to be no association between a patient's plasma perhexiline concentration and any

change in the extent of platelet aggregation or responsiveness to SNP. Conversely, the previously

observed association between the presence of nausea and/or dizziness and a "toxic" plasma

perhexiline concentration at 72 hours (> 0.60 pg/ml) was also observed in this cohort of patients

and was statistically significant. As such, it supports the clinical practice of reducing the dose of

pM a patient receives if they exhibit signs of dizziness and/or nausea during the loading phase;

especially if they are asymptomatic otherwise. Whilst the (largely) arbitrarily chosen therapeutic

range for chronic use of perhexiline appe¿¡rs to have some relevance in avoiding toxic effects

during its acute use, the lower limit of the commonly accepted therapeutic range, in this context,

remains unclear; especially as the cuffent therapeutic range for perhexiline was developed in the

98
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presence of polypharmacy. It is possible therefore, that the use of PM as monotherapy might have

more discernible effects at lower concentrations. Moreover, the lack of correlation between the

suggested effect of perhexiline on platelet responsiveness to nitric oxide and plasma perhexiline

concentrations suggest that very low doses of PM might be a safe option in the management of

intermediate coronary sYndrome.

Í2.5.21 No detectable effect on ex-vivo platelet aggregation'

This study is the first to examine the effect of PM on ex vivo platelet aggtegation among patients

with an acute ischaemic syndrome. Perhaps not surprisingly, considering the role of thrombus

formation in the pathophysiology of acute ischaemic syndromes 41,72'88 and previous

observations that patients with stable angina pectoris are less responsive to the anti-aggregatory

effects of NTG and SNp than normal subjects,92,ll5 thi* patient cohort demonstrated greater

ADp-induced aggregation in comparison to previously studied normal subjects (n = 24)- As

suggested above, however, the combined presence of a number of anti-platelet agents (including

intravenous heparin and NTG in addition to aspirin) would undoubtedly modulate extent of

aggregation and reduce the underlying difference between cohorts in this respect. The presence of

signifrcant anti-platelet pharmacotherapy most probably explains why we were unable detect any

change in the extent of ADP-induced âggregation from baseline to 72 hours. Moreover, there was

no relationship between the 72 hour plasma perhexiline concentration and extent of ADP-

induced aggregation at 72 hours. Yet, as discussed, the clinical profile of these patients was

greatly improved following the introduction of PM, despite initial non-responsiveness to

conventional anti-platelet therapy. Furthermore, as discussed previously, if the clinical benefits of

pM in this context were ascribed purely to CPT-I inhibition then patients would have been more

likely to report episodes of less severe angina rather than an absence of anginal symptoms'
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t2.5.3] Improved platelet responsiveness to sodium nitroprusside.

More consistent with the apparent clinical efficacy of PM, was the improved responsiveness to

the anti-aggregatory effects of SNP following 72 hours of PM therapy. We examined this

component of platelet aggregation on the basis that nitric oxide donors (organic nitrates) are

almost universally used in the management of acute ischaemic syndromes and that nitric oxide is

the major mediator of endogenous vascular reactivity and to some extent platelet aggregability.

463

At baseline, this cohort exhibited the recently identified phenomenon of "nitrate resistance" at

the platelet tevel.ll4 Overall, following 3 days therapy with PM, this cohort demonstrated

significantly improved platelet responsiveness to the "direct" nitric oxide donor SNP compared

to baseline; increasing from}S.g + 3.3 to 47.3 + 4.7Vo inhibition of ADP-control aggregation (P

< 0.001). In this respect, the extent of restored responsiveness to SNP was similar to that

observed in normal patients without known ischaemic heart disease (50.5 !3AVo)-

Moreover, we tested the null hypothesis that the clinical coufse improvement was unrelated to

platelet responsiveness to SNP. FollowingT2hours of PM, those patients in whom symptoms of

ischaemia were resolved (n = 29) demonstrated a marked improvement in SNP responsiveness

(5.9 + 3.3 to 47.3 + 4.7% inhibition of ADP-control aggregation; P < 0.001) in comparison to

those who remained symptomatic (5.0 t 6.4 to 26.4 + 6.OVo inhibition of ADP-control

aggregation; p = 0.ll); Importantly, the improvement in SNP-responsiveness (approximately

507o inhibition of control platelet aggregation among symptomatically improved patients),

returned such responsiveness to almost that of normal subjects. In contrast, arîong control

patients (n = I l) responsiveness to SNP remained essentially unchanged over the same period of

pharmacological treatment. It should be noted that these control patients were generally younger

and had less severe coronary artery disease (thereby reflecting a lower-risk cohort in respect to
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the likelihood of non-responsiveness to treatment), however, "nitfate

level was still evident both at baseline and at 72 hours in this cohort'

Interestingly, ¿rs discussed above, there was no relationship between extent of SNP-

responsiveness and the perhexiline plasma concentration: indeed some patients with sub-

therapeutic perhexiline concentrations recorded large increases in their SNP-response.

Considering the results of the earlier study and the strength of the association between improved

symptomatic response and extent of platelet SNP-response it may be possible that the beneficial

effects of pM are multi-factorial and that at least part of this effect occurs at plasma

concentration that are lower than the current (and arbitrarily chosen) therapeutic threshold.

Í2.5.41 Potential explanations for the'îestoration" of SNP'responsiveness.

Whilst it is clear from these results that the clinical improvement among those who receivedT2

hours of pM therapy $,as accompanied by a restoration in responsiveness to the anti-aggregatory

effects of SNp, without the control data it would be difficult to ascertain whether such a

restoration represents a specific or non-specific response to clinical improvement, the underþing

pharmacotherapy and/or to PM. The fact that the control patients who were receiving a sirnilar

..cocktail" of anti-anginal agents and who responded rapidly to such therapy demonstrated nitrate

resistance at the platelet level, both at baseline and following 72 hours of therapy, strongly

suggests that pM therapy lvas responsible for the restoration of SNP-responsiveness. However,

whilst it may be reasonable to suggest that PM was responsible for the increased responsiveness

to SNp it still remains unclear whether such an improvement represents a specific or non-specific

response to pM. This would obviously depend on the mechanism of beneficial effect conferred

by the presence of the drug. possible mechanisms of beneficial effect of PM may include a

reduction in the number of oxygen free radicals, improved responsiveness to insulin and/or
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improved responsiveness cyclic guanylate cyclase, all of which may play an important

pathophysiological role in the phenomenon of nitrate resistance.

t2.5.51 Potential modulation of the effects of oxygen free-radicals.

It is well known that during more prolonged episodes of myocardial ischaemia the shift from

aerobic to anaerobic energy production within the myocardium leads to a cellular environment

that promotes oxygen free radical production. Oxygen free radicals, including the superoxide

radical, hydroxyl radical and hydrogen peroxide (in the absence of the active form of the

protective enzqe glutathione), are highly toxic in high concentrations causing significant lipid

peroxidation and subsequent disruption of both contractile function and cellular integrity.

478,479 Oxygen free radicals are also generated within the coronary vasculature during episodes

of acute myocardial ischaemia, a major source being activated neutrophils,63'65'471 and to a

lesser extent platelets'480'48 I

In examining the phenomenon of nitrate resistance at the platelet level (as evident in the current

study) Chirkov ct al (1999) demonstrated that the addition of the oxygen-free radical scavengers,

superoxide dismutase and catalase to the whole blood samples of normal subjects did not affect

responsiveness to the anti-aggregatory effects of SNP. Among patients with stable angina

¡nctoris, however, such an addition was associated with an increase in SNP-responsiveness

similar to that observed in the current study.l 14 The authors therefore postulated on the basis of

these results and previous observations that concentrations of the superoxide anion radical are

elevated in some cardiovascular disease states 482484 that the presence of higher than normal

levels of the superoxide radical in the blood samples of patients with stable angina pectoris

results in greater inactivation of released nitric oxide; thereby contributing to the phenomenon of

nitrate resistance. 1t4
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If oxygen-free radicals do play an important role in the phenomenon of nitrate resistance, how

would pM modulate their effect on platelet aggregation? once again this may reflect a specific or

non-specific effect. For example, the oxygen-sparing effects of CPT-I inhibition within the

myocardium by pM may result in reduced oxidative stress and therefore reduced oxygen-free

radical production (a non-specific effect). Conversely, there is no evidence to suggest that PM

has a similar effect on platelet responsivèness to sNP as superoxide dismutase and catalase when

added to the blood samples of patients with ischaemic heart disease (unpublished data).

Direct inactivation of nitric oxide by oxygen-free radicals may not be the only cause of the

phenomenon of nitrate resistance however. Chirkov et al (1999) have also suggested that the

reduced platelet responsiveness to the anti-aggregatory effects of SNP may in part reflect a

decreased sensitivity of platelet guanylate cyclase to nitric oxide in patients with ischaemic heart

disease.l14 platelet guanylate cyclase plays an integral role in the anti-aggregating effects ofthe

organic nitrates as it generates cyclic guanosine-3', 5'- monophosphate in response to the

presence of nitric sa¡¿s.463,485 ¡¡o*"ver, the possible cause for such dysfunction remains open

to conjecture (although oxygen-free radicals may play an important role) as does the potential

modulating effecs of PM in this regard'

Í2.5.61 Insulin resistance.

The most intriguing aspect of PM's potential effect on nitrate resistance at the platelet level,

relates to the parallels between nitrate and insulin resistance and between the metabolic effects of

perhexiline and insulin. As discussed previously a number of recent studies suggest that insulin

plays a major role in normal endothelial function 474,475 and that insulin resistance in diabetic

patients provides a close correlation with impaired endothelial production of nitric oxide, as well

as a possible explanation for incremental risk for developing coronary artery disease. 472' 473 ¡t

postulated previously it is likety that PM's effect on blood sugÍìr levels is secondary to CPT-I
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inhibition, whilst insulin has been shown in some tissues to reduce the formation of çp1-1.386

The fact that pM was associated with both a significant reduction in fasting blood sugar levels

and improved platelet responsiveness to SNP in diabetic patients provides preliminary evidence

that there may be an interaction between PM and insulin in these patients and that this might be

related to the improvement in SNP responsiveness. For example, in the case of a diabetic with

insulin resistance and being treated with PM, improved SNP-responsiveness may indirectly

reflect the fact that pM restores their ability to inhibit CPT-I, save oxygen by utilising CHO's

rather than FFA's and therefore produce less oxygen-free radicals. In this context, recent studies

have demonstrated that insulin normally modulates CPT synthesis both in rat hepatocytes

386,389 and myocytes.390,39l Insulin may also reduce CPT-I activity by directly increasing its

affinity for the endogenous inhibitor malonyl-CeA.388

That we were unable to demonstrate that diabetic patients tvere less responsive to SNP at

baseline nor yielded greater benefit from PM therapy in this regard does not represent a serious

caveat to this postulation: apart from being a small cohort, consistent with the present data it is

quite likely that the majority of patients with severe coronary artery disease demonstrate the same

pathology irrespective of the exact causality (eg acquired versus inherent insulin resistance

and/or impaired endothelial function).

As expected, those diabetic patients who did receive PM (n = 14) recorded signiñcantly lower

fasting blood sug¡tr levels over the 3 days of treatment. Conversely, among the small number of

control patients who were diabetic (n = 4), fasting blood sugar levels remained stable.

Í2.5.7t Implications for the clinical use of perhexiline maleate.

'Whatever the clinical significance (and related mechanism(s) of effect) of our observations

concerning the influence of PM on platelet responsiveness to the "direct" nitric oxide donor SNP,

we have demonstrated (once again) that PM therapy represents a clinically useful adjunct in the
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management of patients with an acute ischaemic syndrome and symptoms refractory to

conventional therapy. At this stage however, PM has three major limitations:

l) It does not come in intravenous form 328 ¿¡¡¿ it typically takes up to 3 days of an oral

loading regimen for patients to gain achieve "therapeutic" levels.

2) It is frequently associated with nausea and/or dizziness (although we have demonstrated

that this should rarely result in the agent being withdrawn).

3) The combination of its relatively complex pharmacokinetics and genetic polymorphism in

rates of metabolic clearance mean that it is impossible to reliably predict plasma

perhexil ine concentrations.

If nitrate resistance at the platelet level (and possibly the endothelial level) proves to be an

important component of the pathophysiology of coronary artery disease, and PM is shown to

exert a beneficial effect in this regard (whether it is a specific or non-specific effect) it is possible

that the development of analogous agents that a¡e amenable to intravenous preparation and with

less complex pharmacokinetics may result in such therapy being incorporated into conventional

therapy of acute coronaf,y syndromes. In this context, it is important to note that other measures

that improve responses to nitric oxide (eg glucose/insulin in diabetes and angiotensin converting

enzyrne inhibitors) may also reduce risk of acute ongoing ischaemi^.21'475'4'76'486'487

In the meantime, we have demonstrated that PM may be safely used in the management of such

patients and that emergence of dizziness and/or nausea is likely to indicate a toxic plasma

perhexiline concentration requiring a reduction in the dosing regimen. It is desirable however, to

monitor the fasting blood sug¡rr levels of diabetic patients in order to adjust pre-existing diabetic

treatment and avoid hypoglycaemia. Although we unable to demonstrate once again the

likelihood of an association between persistent anginal symptoms and a "sub-therapeutic" plasma

perhexiline concentration, it is interesting to speculate that use of serial monitoring of platelet

aggregation (especially testing responsiveness to nitric oxide donors in the presence of PM) may
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prove to be useful for identifying particularly high-risk patients: this obviously requires further

resea¡ch

[2.5.8] Study limitations.

This study has a number of limitations the majority of which reflect the fact that this study

represents a prclini4ry investigation of the potential modulating effects of PM on platelet

responsiveness to nitric oxide donors. Although lr/e were able to demonstrate the presence of

nitrate resistance at the platelet level and that PM is associated with improved platelet

responsiveness to the anti-aggregatory effects of SNP on an ex-vivo basis, these experiments do

not wholly reproduce in-vivo conditions. Furthermore, in the absence of randomised assignment

to PM or placebo among patients with an acute ischaemic syndrome and symPtoms refractory to

conventional therapy, we tvere unable to generate a true control group in respect to platelet

responsiveness to SNP; not surprisingly the control group was both younger and had less severe

coronary artery disease.'We were however, able to perform platelet aggregation experiments in a

blinded fashion thereby strengthening the observation that there is association between improved

symptomatic status and platelet SNP-responsiveness among patients receiving PM. Moreover,

we demonstrated that even in the younger and less acute control group, nitrate resistance was

evident.'We have at this stage, however, no data to explain why PM would cause a more normal

response in this regard and whether it represents a specific or non-specific response to the

presence of this agent.

Í2.5.91 Conclusions.

Despite these limitations, we have confirmed both the clinical efficacy of PM in the

management of patients with acute coronary syndromes and symptoms refractory to conventional

therapy and the presence of impaired responsiveness to the anti-aggregatory effects of the direct
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nitric oxide donor SNp. We have also provided data closely correlating effects of perhexiline in

improving responsiveness to nitric oxide with probability of resolution of symptoms. The

suggests that this effect is of central mechanistic importance to the clinical efficacy of

perhexiline in such patients. Although we have no data to suggest the possible fundamental

mechanisms for this effect, this represents a promising area of research that may lead to a greater

clinical role for either PM or agents with similar properties.
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[2.6f CIIAPTER SUMMARY

Despite the lack of randomised design the two studies performed in patients with acute ischaemic

first and foremost provide support for the potential utility of perhexiline in the prophylaxis of

myocardial ischaemia in high risk patients with intermediate coronary syndrome- These are

almost the first data in this respect in human subjects. Importantly, we have demonstrated that as

with its long-term use, the toxic effects of PM can be minimised by aiming to maintain

perhexiline plasma concentrations < 0.60 pglml. Moreover, Ìve have demonstrated that during

acute loading, the emergence of dizziness and/or nausea represents a fairly reliable, surrogate

marker of a "toxic" perhexiline plasma concentration. Persistent anginal symptoms following a

loading regimen of PM may also prove to be a reliable indicator of a "sub-therapeutic"

perhexiline plasma concentration, although, as discussed above it may be more clinically useful

to both determine the patients perhexiline plasma concentration and platelet SNP-responsiveness

(a test that can be performed within an hour) in order to determine the therapeutic stfategy

thereafter

Overall, the second study undertaken both confirmed our earlier observations, as regards the

clinical usefulness of PM in this context, and provided some additional insight into possible

mechanisms of therapeutic effect. The presence of nilrate resistance at a platelet level in this

patient cohort, as previously described among patients with stable angina pectoris,l14 suggests

that it may play an important role in the pathology of ischaemic heart disease. Just as diminished

platelet production of nitric oxide has been implicated in genesis of acute ischaemia,488 so

improved nitric oxide responsiveness induced by perhexiline (in the presence of nitric oxide

donors) provides a basis for resolution of the process. Indeed, the fact that PM was associated

with both an increase in SNP responsiveness and a parallel improvement in clinical status raises

the possibility of the development of an analogous class of therapeutic agents designed to

replicate the therapeutic effects of PM but without its complicated pharmacokinetics. At the very
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least, we have, for the first time, established the clinical utility of PM in the management of acute

ischaemic syndromes and associated nitrate resistance at the platelet level.
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Chapter 3
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[3.1] CHAPTEROVERVIEW.

This chapter describes the clinical profile of older chronic congestive heart failure (CtÐ patients

requiring acute hospitalisation and the poor health outcomes associated with this particular sub-

set of the overall population of CIIF patients. Furthermore, it examines the potentially

preventable factors associated with frequent hospital-use and premature death among such

patients and the potential for adjunctive, non-pharmacological strategies to maximise the

therapeutic impact of current treatment strategies.

V/ithin this context, a randomised, controlled study of a multidisciplinary, home-based

intervention involving a large cohort of older chronically ill ca¡diac and non-cardiac patients

discharged from acute hospital care is described.

t3.1.11 Summary of a study examining the effects of a multidisciplinary, home-based

intervention among chronically ill cardiac and non-cardiac. patients recently

discharged from acute hospital Gare.

Objectúve. To determine the effect of a multidisciplinary, home-based intervention (IIBI) on a

primary end-point of frequency of unplanned readmission plus out-of-hospital death during six

months follow-up among chronically ill cardiac and non-cardiac patients discharged home from

acute hospital care.

Design. Randomised controlled trial comparing IIBI with usual care.

Setting. A tertiary referral hospital servicing the north-western region of Adelaide, South

Australia.

particþanfs. Chronically ill, medical and surgical patients (n=762) discharged home post acute

hospitalisation.

Intemcntion. Multidisciplinary, home-based intervention (n = 381) consisted of counselling of

all patients prior to discharge followed by a single home visit (by a nurse and pharmacist) to

those patients considered to be at "high risK' of readmission (n = 314) in order to optimise

'a
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compliance with, and knowledge of, treatment regimen, identify early clinical deterioration and

intensify follow-up of such patients where appropriate.

Results. During six month follow-up the major endpoint occurred more commonly in the usual

care group (217 vs. 155 episodes: P < 0.001). Overall, the IIBI group demonstrated fewer

unplanned readmissions (154 vs. 197: P = O.022), out-of-hospital deaths (l vs. 2O: P < 0.001),

total deaths (12 vs. 29: P - 0.006), emergency department attendances (236 vs. 314: P < 0.001)

and total days of hospitalisation (7452 vs. 1766: P < 0.001). There was a disproportionate

reduction in multiple events among IIBI patients (P = 0.035). Hospital-based costs of health care

during srudy follow-up tended to be lower in the IIBI group ($2190 vs. $2680 per patient: P =

0.102). Mean cost of IIBI was $190 per patient visited, whilst other community-based health ca¡e

costs were similar for both gloups.

Sub-group o!r,high risk" chronìc hcørtfailure patients. The major sub-clinical group in the

study were patients with CIIF. Using the following criteria: impaired systolic function,

intolerance to exercise and a history > I admission for acute heart failure, a "high risk" sub-set of

C1IF patients (n - 97) was selected for further analysis. On this basis, 49 patients had been

randomised to HBI and 48 patients to usual care.

Results of sub-group anølysß of chronic heart failare pøtients. During study follow-up, CHF

patients assigned to IIBI had both fewer unplanned readmissions (36 vs. 63: P = 0.03) and out-

of-hospitaldeaths(l vs.5:P=0.11): O.76+ 0.91 vs. 1.4+ l.seventspertlBlandUCpatient

respectively (P = 0.03). IIBI patients also had fewer days of hospitalisation (261 vs. 452; P =

0.05) and total deaths (6 vs. 12: P = 0.ll). Patients assigned to UC \4,ere more likely to

experience > 3 readmissions for acute heart failure (P = 0.02). Predictors of unplanned

readmission were: 2 14 days of unplanned readmission during 6 months prior to study entry

(odds rutio 5.2,95Vo Cl's 1.8, 16.2), prior admission for acute myocardial ischaemia (odds ratio

3.3,95Vo CI's 1.8, 16.2), and albumin plasma concentration < 38 g/L (odds ratio 2.4,95Vo CI's

-a
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1.2,6.0).IIBI was also associated with a trend towards reduced risk of unplanned readmission

(odds ratio 0.4, 95Vo Cl'sO-2,1.1).

prolonged folow-up of chroníc heart failure patìents. In order to examine the duration of effect

of the intervention among "high risk" CHF patients, study follow-up wÍrs extended by 12 months

to lg months for this sub-group of patients. During l8-month follow-up, the high risk CIIF

patients assigned to HBI continued to have both fewer unplanned readmissions (64 vs. 125:. P =

0.02) and out-of-hospital deaths (2vs.9; P = 0.02) representingl.4 + 1.3 vs. 2.7 + 2.8 events per

IIBI and usual care patient respectively (P = 0.03). IIBI patients also had fewer days of

hospitalisation (2.5 + Z-i vs. 4.5 + 4.8 per patient: P = 0.004) and once readmitted, were less

likely to experience 2 5 readmissions (3/31 vs. t2139: p = 0.03). Hospital-based costs were

significantly lower among IIBI patients ($5,100 vs. $10,60O per patient: P = 0.02). Unplanned

readmission $,as positively correlated with > 14 days of unplanned readmission within 6 months

of study entry (p - 0.006, odds ratio 5.4). Positive correlates of death were non-English speaking

(p = 0.00g, odds ratio 4.9), 2 14 days of unplanned readmission in the 6 months before study

entry (p = 0.008, odds ratio 4.9), and left ventricular ejection fraction < 40% (P = 0'03, OR 3'0);

conversely, assig4ment to IIBI !\,as a negative correlate (P = 0.O2, odds ratio 0.3).

Conclusions. Among older, chronically ill patients discharged from acute hospital care, IIBI is

beneficial in limiting unplanned readmissions and reducing risk of out-of-hospital death' It may

be particularly cost-effective, especially in the medium term, if applied selectively to "high risk"

CIIF patients who would require frequent (and therefore costly) readmission to hospital.

Abbreviations used in this chapter (in order of use):
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CIIF
IIBI
ACE
NYIIA
AMI
LVEF
UC

Chronic heartfailure
Multidisciplinary, home-bas ed intertt ention

An giot ensin c onv e rt in g enzYme

New York Heart Association
Ac ut e my o c ardial infar c tion
Lcfi v entric ular ej ection fractíon
Usual care
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Í3.21 TTTE RELATIVE "FAILURE'' OF CURRENT THERAPEUTICS IN
CHRONIC CONGESTIVE HEART FAILURE.

Í3.2.11 Introduction

As discussed in Chapter I (section 1.4), CHF represents a significant burden upon both the

individual and society. In this respect it continues to be associated with high morbidity rates (and

subsequentty high health-care costs), poorer than average health-related quality of life and poor

survival rates.

In clinical trials involving CIIF patients, some pharmacological agents (for example the

angiotensin converting enzyme (ACE) inhibitors,26-28 ¿¡to*in265 and, more recently, the P-

adrenoceptor blockers 280,281¡ have been shown to markedly ameliorate. the debilitating

slrnpt{tfüs r;6r,nm*n}y associated with this complex syndrome and, in sotne cases, irnpl:'ove

survival. ÏIowever, the clinical trial environment'differs frcm e'usual" clinical practice in respect

to tç,o important cornponents of health-care; the first:being that the patient is managed in a

closely monitored environment and the second being the use of relatively higher doses of

pharmacological agents.

Despite the apparent advantage of being managed within a clinical trial environment, ¿lmong

patient cohorts randomised to the most effective arm of pharmacological treatment, residual

morbidity and mortality rates remain high. For example in the "treatment" arm of the Studies of

I-eft Ventricular Dysfunction (SOLVD) tnal,357o of patients in the enalapril group died within

3.5 years of follow-up, 46Vo were admitted to hospital with worsening CIIF and 697o werc

admitted to hospital for any reason.27 Furthermore, the extent of impact of clinical trials "in real

life" is uncertain. Two important questions arising from the uncertainty of the relative efficacy

and impact of therapeutic agents are:

a) Is the maximal therapeutic potential of clinically proven agents being achieved? Or a¡e

factors including mal-compliance, prescription of sub-therapeutic dosages and/or high rates

of toxicity, limiting their general utility?
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b) Is this hypothetical limitation in the utility of clinically proven pharmacological agents

purely a product of a gap in the practical application of available clinical trial information?

Or does this hypothetical limitation simply reflect the a¡tificial natute of the clinical trials?

These questions appear to be most relevant to the more prevalent and older population of CHF

patients who are limited to medical therapy.3O '21l'214'226'234'241'489

Although much of the most current data examining the overall burden of CIIF, as measured by

extent of health-care utilisation, either predates, or relates to the "eady" years of ACE inhibition

(and should therefore be interpreted with some caution), there is unmistakable evidence that

increasingly older CIIF patients a¡e burdening health-care systems world-wide. Chronic heart

nerged as the leâding cause of hospitalisation arnong patients aged à 65 yeals in thefailure lras en

l.-

United 53¿¡ss.32,2:"34,490 The disproportionately large contribution of CHF to conteinporary

i:

' hospital-use is not surprising considering data from both Europe 223-227,491 and the Uníted

gtalss 212,228^231 suggesting that the rate of hospitalisation associated with heart failure has

increased in each of the past three decades and is showing no signs of abating.

Despite the paucity s¡ ¿s¡v,492 there is little reason to suspect that the Australian experience of

C1IF is any different to that in other developed countries. For example, heart failure admissions

to Australian hospitals in the 1995-6 period were predominantly associated with patients > 65

years old and represented2.2 admissions per 1000 Australians.493 nl¡s is consistent with a key

study by McMurray et al (1993) which demonstrated a strong trend towa¡ds increased

hospitalisation in Scotland for hea¡t failure during 1980-1990 period (from 1.3 admissions per 1000

people to 2.1/1000, with increasing prevalence associated with older age groups) 226

Although there is evidence that CHF patients in the current eÍa 
^re 

less likely to die on a first

admission to hospital,494 they Íre consequently at greater risk for further and costly

readmissions to hospital. Recent studies of generally older CÍIF patients have reported all-cause,

readmission rates ranging from 25- 47o7o 288,291-294 within three, and 33 - 54Vo 286-288,295,
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296 y¡¡¡¡¡ six months of discharge from acute hospitalisation. As such, hospital admissions

among CHF patients represent a costly burden to the incumbent health-care system, consuming

approximately two-thirds of the overall costs required to manage such patien6.223-225,236-239

Hospital admissions among CIIF patients are therefore a major contributor to estimated annual

health-care costs equivalent to l-2Vo of overall health-ca¡e expenditure in developed counties.

223-225,23G239 Survival rates among sub-sets of older CIIF patients also remain poor; for

example, among older patients with persistent and severe functional impairment (indicative of

New York Heart Association INYHA] Class fV) refractory to muimal therapy, mortality may be

as high as7O7o within one y"ut.26'2'70'495'496

generally older populationsP0s and more prolonged and severe exposure to the common

piecursors of CHF such as hypertension and, probably most importantly, ischaemic heart disease

(the latter because of the "relative efficacy" of thrombol¡ics in the management of acute

myocardial infarction TAMIJ 13-17¡ is open to debate.2l2,226,306It is also possible that better

detection, documentation and subsequently better management of CHF has led to a greater

number of initial hospital admissions and the opportunity for more admissions ¡¡s¡s¿¡1s¡.137

'Whatever the cause, however, it is clear that CIIF is currently a major and costly health problem

that, ba¡ring unforeseen advances in its prevention and treatment, is likely to become an even

greater problem in the foreseeable ¡utu¡s.30,2ù8,209,211,223'224,227,230,233,239,491,49'l

13.2.21 Practical considerations for introducing cost-effective, non-pharmacological
strategies in chronic congestive heart failure.

In lieu of the next major advance in the pharmacological (or surgical) treatment of CHF, there is

clearly a need to develop (if possible) non-pharmacological strategies that maximise the

therapeutic impact of the current therapeutic armoury available to treat older CHF patients.492,
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498,499In this respect a strategy that incorporates the following (and inherently logical) steps,

appeÍrrs to be warranted:

l) Identify those individuals u,ith CIIF who are most at risk of experiencing relatively Pooler

health outcomes (poor health-related quality of life, recurrent hospitalisation and/or

premature death) and are therefore potential "therapeutic underachievers".

2) Identify what deficiencies in the current management of chronic disease states and CIIF in

particular, contribute to the existence of "therapeutic under-achievers" and poorer than

expected health outcomes in general-

, 3) Design and test innovative strategies that simultaneously target potential therapeutic under-

,ac-hievers and the preventable factors (relating to both the individual and their overall

health-care management) that contribute to poorer health outcories.

Considering the disproportionate burden of hospital costs to the overall expenditure related to

management of CIIF,223-225,236-239 
^rry 

strategy that significantly reduces this component of

health-care utilisation is likely to prove cost-effectivs.240 It might also be anticipated that such

benefits on health care costs would be associated with a parallel improvement in quality of life

among the large number of patients with CHF'

Í1.2.31 ldentifying 'therapeutic under-achievers" in the chronic hcart failure population.

As discussed in Chapter I (section 1.4.5) a large number of epidemiological studies, using a

variety of criteria to define and identify CIIF in the overall population, have examined the

prognostic implications and health-care utilisation associated with the developme¡¡ ef 6¡¡r,30'

2ll,2l4 Although such studies provide some insight into the overall survival prospects of

individuals with CHF (for example it is well known that overall survival is approximately SOVo

over 5 years 30 with increasingly poorer survival rates correlated with advancing age 213¡ they

provide limited information for determining the sub-set(s) of individuals with CHF who require

relatively greater utilisation of health-care resources and./or have poorer survival prospects. These

lt7
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studies do, however, clearly indicate that a large proportion of patients with CI{F are relatively

stable and avoid regular institutional care and that hospitalised patients are therefore a relatively

small sub-set of the overall CHF population.

It would come as no surprise to clinicians that one hospital admission predisposes towards more

hospital admissions among the chronically ill. In this respect, prior hospital-use is probably the

most consistent and robust predictor of future hospital-use among chronically ill patients-294'

314,320,322,323,327,500-508 Although it would be ideal to prevent all CHF patients from

experiencing even one hospital admission, achieving this objective would Prove to be

problematic. Widespread early utilisation of appropriate pharmacotherapy (including ACE

inhibition) among individuals with asymptomatic left ventricular systolic dysfunction may

provide some benefit in this regard.28,167 The use of potentially sensitive biochemical markers

of left ventricular systolic dysfunction (such as atrial and brain natriuretic peptide) to screen for

such patients is one example of this kind of approach that is yet to be proven practical and cost-

effective-167,509 perhaps the relative c¡¡ses for intervention strategies in CHF during

asymptomatic versus symptomatic stages a¡e best summarised by the tlvo arms of The SOLVD

Study.27,28'Whereas treatment of asymptomatic patients delayed onset of symptoms, its effect

on mortality Ìvas equivocal. Treatment of symptomatic individuals with an identical regimen

produced a far larger impact on morbidity and mortality. At this stage therefore, the most cost-

effective method for identifying patients at risk of hospitalisation is probably to "capture" them

either on the threshold of an admission (in the emergency room), during a hospital admission or

following hospitalisation in the clinic setting'

Í1.2.41 Studies of hospital-based care and chronic congestive heart failure.

A number of studies have specifically examined the clinical and demographic characteristics and

health outcomes of CIIF patients who require hospital-based care.287 '289'290'293-295'495'508'
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510-519 As such, they are undoubtedly biased in that such patients a¡e more likely to have

severe heart failure and receive more extensive and intensive specialist ca¡e (whether it be as an

in-patient or on an out-patient basis) than the majority of CIIF patients,52O Atty interpretation of

these studies should, therefore, recognise the reciprocal problem of extrapolating treatment

response and health outcomes in this sub-set of patients to the overall population of CHF

patients. However, it is on this basis that they are most useful in prospectively identifying the

most problematic patients, as they examine CIIIì patients who have already "revealed"

themselves as relatively higher risk in comparison to the majority of patients who avoid

prolonged contact with large health-care institutions, and differentiate these patients on the basis

of their response/non-responsiveness to what should be optimal and intensive treatment'

Those studies that specifically examine the interaction between hospital-base care and CIIF (as

opposed to those that simply examine hospitalisation rates) can be differentiated on the basis of

the inclusion criteria used to select their patient population. In this respect, it is important to note

that there are generally three types of CItr cohorts described in the literature:

l) Relatively younger patients who a¡e being managed via a tertiary referral center with

possible intervention with heart transplantation; such patients constitute a small minority

who generally have far less co-morbidity in comparison to older (and more typical) CHF

Patients.495'5 
10'5 I l'521

2) patients who may or may not have been hospitalised and are being managed through

hospital out-patient ç¡¡¡¡s5.5 l2-5 I 5

3) Hospitalised patients who have been primarily selected on the basis of presence of CHF

and therefore tend to be older and more representative of the overall population of CIIF

patients.2 I 7, 289'290'293 -29 6'49 8'508'5 1 6-5 I 9

It is the latter type of study that offers the most useful data for identifying CHF patients who

would benefit in the short/medium term from adjunctive interventions designed to optimise
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therapeutic outcomes. Table 3.1 is a surnmary of the most important studies of this type. Note,

however, that many of these studies included both patients hospitalised because of heart failure

and those in whom this was an associated diagnosis. In some cases, of course (such as occufrence

of pneumonia in patients with CItr) the distinction might be nebulous. Although these studies

vary in location, inclusion criteria, size of cohort and duration of follow-up, the profile and

outcomes of hospitalised cohorts of the CIIF patients studied, highlight a number of factors and

issues relevant to identifying "high risk" CIIF patients. The most imponant of these is that

relatively unselected CHF patients who require acute hospitalisation, bear little resemblance

(both in terms of baseline demographic and clinical characteristics and subsequent health

outcomes) to the majority of CHF patients included in contemporary clinical trials; a

phenomenon not confined to CIIF but also evident in the context of rnyocardial infarcti on'522

The most obvious difference in this regard, is the age of patients and the inherent gender

imbalance among clinical trial patien¡s.523'With exception of The ELITE Study where CIIF

patients aged > 65 years 283 were specifically chosen and The Prime tr Study 524 1a¡¡s¡s ¡¡e

inclusion criteria (unlike the majority of clinical trials) required hospitalisation within 2 months

of study entry, the majority of clinical trial patients are aged 3 65 years.265'277 '280'281 The age

differential between clinical trials and hospitalised cohorts of CIIF patients may partially explain

the marked difference in the proportion of females included for study; in the majority of hospital-

based studies reviewed above, female patients predominated (between 5O - 6OVo),287'289'294'

296,516-518 and when specifically examined, were shown to be older than their male

counterparts.s16 This may also reflect the fact that among older and female CIIF patients there

are likely to be a substantial proportion of individuals with mainly diastolic failure 525 6¿ -ot1

of the contemporary clinical trial patients have been selected on the basis of documented,

moderate to severe left ventricular systolic dysfunction. Although selecting patient cohorts on the

basis of this parameter allows for more homogeneous cohort characteristics (including treatment
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Table 3.1a Studies of older patients hospitalised with chronic heart failure.

Gooding et al

ßs5295
(usA)

444 patients à 65 Years admitted to

an urban tertiary referral hospital

with either cerebrovascular disease,

148 patients with a

DRG related to CIIF.
Data not available. 367o of CHF patients were readmitted within 6 months of

discharge. Patients discharged ea¡lier were more likely to be

readmitted (l 7 days = 45Vo readmission at 6 months). Multiple

Goldberger et aI

1.996*528
(USA)

fracture or CHF 198

94 CHF patients admitted to an

urban, tertiary referral hosPital

(1982). Mean age 74 Years. 56Vo

All patients had acute

pulmonary oedema on

admission.

59Vo hypertension, 37Vo

diabetes, 3 4Vo prior MI.

readnissions were

177o ín hospital mortality. Overall 1 year mortality was 5l7o
(65Vo among patients with a prior MI)' Higher, initial blood

pressure (uncontrolled hypertension) was also associated with

female.

Vinson el aJ

y99g * 294

(usA)

Brophy et al

1994 x 508

(Canada)

Ni et al 1994
518

161 CHF patients aged > 70 Years

admitted to an urban, tertiary referral

hospital (1937). Mean age 8l- 587o

of patients were female.

153 CHF patients admitted to the

emergency rooms of either a

teaching or a community hospital in
Montreal.

5821 CIIF patients aged > 65 Years

admitted to hospitals in Oregon

60Vo of patients were

NYHA III or IV on

admission.

70Vo hypertension, 347o

diabetes, 267o pÅorML
137o in-hospital mortality. 477o readmitted within 90 days of
discharge v/'rrh 577o of patients having recurrent episodes of
acute hea¡t failure (correlates - prior hea¡t failure, prior

hospitalisation and hea¡t failure precipitated by either AMI or

uncontrolled

6lVo mofafity within 47 month follow-up (independently

correlated with prior admission for heaf failure, hyponatraemia,

presence of a intraventricula¡ conduction defect and higher

doses of diuretics). Patients with hyponafraemia despite the use

an ACE inhibitor ìüere most at risk.

57o in-hospital death. 87o were readmitted to hospital with CHF

within 3 months of discharge

All patients had acute

dyspnoea on arrival.

Data not available.

Data not available.

28Vo diabetes and lOVo

chronic airways limitation.

Chin et al

9965r7
(usA)

McDermoft et aI

997 *296
(USA)

59Vo of were female.

435 CHF patients admitted to an

urban, university hospital (1993194).

Mean age of patients with Prior
history 79 years and 55 Years for the

remainder. 52Vo wete female'

412 consecutive patients admitted to

an academic center with a PrimarY
diagnosis of CHF (1992193). Mean
age73 years. 54Vo were female.

627o of those with
prior CHF had a

LVEF < SOVo (n =
279).

Among patients with prior
CI#: 617o ischaemic hea¡t

disease, 6l 7o hypertension,

37 Vo diabetes, 307o cluonic
pulmona¡y disease.

l87o had a major in-hospital complication or died (correlates =
lower systolic blood Pressure, higher respiratory late,

hyponatraemia and recent onset S-T segment changes)'

697o hospital readmission over a mean follow-up 1'6 years (3.5

admissions per patient and 27Vo with a primary diagnosis of
CHF). Probability of survival at 27 months approximately 65Vo

(correlates of death = greater age and male gender male).

Patients with systolic dysfunction had higher readmission rates

All patients were

NYHA III or IV on
admission.

54Vo ischaemic hea¡t

disease, 607o hypertension,
26% atrial fibrillation,
ZOVo chronic pulmonarY

disease and 20Vo chronic
renal insufficiency. but comparable survival rates.



Table 3.1b Studies of older

1390 patients admitted with acute

exacerbation of CHF to 5 teaching

hospitals in the US (1989/94)'

Median age 68.

1129 Me.dica¡e patients admitted to

hospitals within the US wittt a

diagnosis of CI# (1984).

Lowe, et

1999 + 289

(Australia)

al. 409 CHF patients ageÅ 2 60 years

admitted to 2 hosPitals (a ærtiarY

referral and community hospital) in

the Hunter Valley, Austalia (1993).

Mean age 77 Yearc.S2%o women.

with chronic heart failure.

Jazgosild et al.

ß99290
(usA)

Wolinsky, eral.

1997293
(usA)

Blyth, et al.

1-997 + 516

(Australia)

Knxrútolz, et ø1.

997 287

(USA)

Setarc, et al.

1993 + 519

(USA)

122 CÍIF patients admitted to a

metropolitan hospital in SYdneY'

Australia (1993194). Mean age of
men 69 years and wornen 77 Years
(557ø ofcohort).

17,448 CHF patients

from hospitals in Connecticut

(199t194). 7O7o of Patients aged 2
75 years. 587o women. 4O7o Pnor
admission within 6 months of study.

52 patients CIIF patients admitted to

a University and Veterans hospital in
Connecticut.(lg81-88) Mean age 71

years.

discharged Data not available Data not available

6.5 % in-hospital mortality. Subsequent survival at 6 months and

1 year was 79Vo znd 68Vo respectively. 607o of. surviving
patients reported good quality of life at 6 months Post discharge.

Patients with more severe functional impairnrent were more

likely to die.

A diagnosis of CI# was associated with poorer survival rates in
comparison to non-CHF patients. Up to 487ø of patients with

CHF were readmitted with 1 year of follow-up' Overall, patients

witn CUp had poorer health outcomes.

Annual CHF hospitatisation rate 7'811000 for the region. 2O7o

unplanned readurission at 28 days (independent corelate =
diabetes). 1 year mortality 33Vo (ndependent correlates =
advancing age and renal impairment)' 667o of patients were

prescribed an ACE inhibitor at discharge. "Repeat admissions to

hospital were associated with ooorer outcomes"

12.37o rcadmilted (for a total of 73 readmissions) and 17.27o

died within the 4 month follow-up period. CHF readmissions

show a "seasonal peak in winter" possibly associated with chest

infections. Quality of lifc was relativoly poorer than age

matched nonns. 62Vo of subjects had clinical deterioration for >
24 hours preceding admission.

In-hospital mortality \Vo. 447o readmitted within 6 months once

and 167o twice or more (independent correlate5 = prior hospital-

use, male gender and greater co-morbidity). lEVo of
readmissions was for CIIF. 337o died within 6 months.

Independent correlates of readmission or death were increasing

age, white race, male gender, greater, prior hospiølisation,

creater co-morbidity and lonser index stav.

7 year mortality was 467o and "cardiovascular" morbidity

occurred n 29Vo of patient: combined morbidity/mortality rate

was 757o. No correlates of outcome were determined' The

authors concluded that intact left ventricular systolic function
was not associated with a more favourable prognosis.

NYHA III or IV on

adnission.

Data not available

987o NYHA ltr or IV.

25% zcute pulmonarY

oedema. 82Øo NYHA
III or fV.

45Vo ischaemic heart

disease, 33Vo diabetes,

2OVo ch¡onic pulmonarY

disease.

Data not available

Data not available

Major CHF precipitant:
ischaemic hea¡t disease

58%,hypertension 39%.

LVEF > 45?o (mean

617o). NYHA Itr or IV
Ischaemic heart
(527o).

disease

Note that CHF was not necessarily the primary basis for admission, except ån studies indicated with an asterisk
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and possibly gender), it is likely that the estimated 50Vo of older CHF patients who have normal

left ventricular systolic function will be e¡ç1u¿s¿.525 Such patients are more likely to exhibit

diastolic dysfunction secondary to more prolonged exposure to chronic hypertension-l40

However, among older cohorts of hospitalised CIIF patients in whom formal measurement of

systolic function has been performed, relatively greater diastolic dysfunction has not been

conelated with greater hospital-use or mortality. This may reflect the fact that older CIIF patients

with intact left ventricular systolic function do as poorly as those with some dysfunction,slg or

that the commonly used parameter of left ventricular ejection fraction (LVEF) is subject to too

much variability according to clinical status (for example in the presence of paroxysmal atrial

fibrillation 526,527 or fluctuating coronary blood ¡s\r, 528¡ and/or estimative accuracy.l39 9o

balance it would appear that whilst older CIIF patients with severe systolic dysfunction are at

greater risk of dying in the six to 12 months following acute hospitalisation 2Ð there is little

evidence that, even when accounting for reduced periods of follow-uP, such patients experience

greater hospital-use in comparison to patients with relatively intact systolic function-

Whilst the relative importance of extent of estimated systolic versus diastolic dysfunction to both

morbidity and mortality rates among hospitalised CIIF patients remains questionable, it appears

that extent of functional impairment and/or hospitalisation (especially that associated with CIIF)

are important indicators of outcome in such patients.l3g'28'l '294'508'516'529'530 Examination

of the two SOLVD trials 27,28 provide further evidence for the incremental impact of functional

status over left ventricular ejection fraction in predicting outcome. Studies of hospitalised CHF

patients, not surprisingly, show that the majority of patients have functional impairment

corresponding to NYHA Class III or rV on admission. Furthermore, they consistently show that

up to 2oTo of hospitalised CÍIF patients experience repeated admissions to hospital during a short

period of time (for example 6 month g.287 ,289,295,296 Despite the fact that there is a paucity of

data that relate to prospective determination of frequent, recurrent admissions among CHF

t23
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patients, it is clear that such patients have a less favourable outcome than patients who avoid

hospitalisatien.2S9 The high frequency of readmissions among CHF patients is not simply as a

result of acute episodes of heart failure, in fact the majority of readmissions among the studied

cohorts were for conditions other than CHF representing up to two-thirds of admissions. 'Where

data are available,29Ù,294,296'517,518 it is clear that concurrent, chronic co-morbid conditions

including ischaemic heart disease, atrial fibrillation, diabetes, chronic airways disease and renal

insufficiency, that are both debilitating in themselves and likely to confound and complicate the

management of CHF, are often prevalent in these Patients.53l

It is no surprise therefore, that those studies that specifically exarhine the outcomes of

predominantly older and more gender balanced cohorts of CHF patients, who have demonstrated

at least one episode of clinical instability requiring acute hospitalisation have much poorer health

outcomes in comparison to clinical trial patients. For example, both Krumholz et at (1991¡ 287

and Jaagos ild et aI (1998) 290 ¡¿ys demonstrated in large, relatively unselected cohorts of older,

CHF patients that approximately one half of patients are readmitted within six months and one

third of patients are dead within a year. In comparison to the aforementioned studies, in the

captopril arm of The ELITE study, which included older CHF patients with a recent history of

hospitalisation, approximately 3O7o of patients were readmitted and 9Vo patients died during 48

weeks follow-up.283

There is little doubt that it is the type of hospitalised cohort of CI{F patients described by [,owe

et aI (1998¡ 289 who consume the major share of health-care expenditure associated with the

overall management of CHF. Moreover that any strategy designed to reduce morbidity and

mortality rates, whilst simultaneously reducing health reduce costs, should therefore target

patient cohorts who can be inherently characterised on the basis of being older (mean age > 65

years), demonstrating at least one admission for acute heart failure and chronic functional

impairment and having multiple, chronic disease states'
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Although being older and frailer no doubt places patients with CIIF at greater risk for

hospitalisation and worse health outcomes thereafter, there is considerable evidence to suggest

that sub-optimal management of such patients may contribute significantly to their poor health

outcomes. For example, part of the beneficial effects of clinical trials, as evidenced by relatively

lower morbidity and mortality rates (despite their inherent bias towa¡ds recruiting younger, more

stable and compliant patient cohorts) may be partially explained by the tlpe of optimal treatment

and intensive follow-up denied to the majority of patients.498 1¡i5 principle is probably widely

applicable, for example it may explain in part the discrepancy between mortality data for acute

infarction within and outside clinical trial participation. 3 l' 532'533

l3.2.Sl Potentially preventable factors that contribute to poor health-related quality of
life, unplanned readmissions and poor survival prospects in chronic congestive

heart failure.

The apparent inability of many individuals to gain the mærimal, clinical benefit from otherwise

proven therapeutics is probably a multi-factorial problem.534 This is not surprising considering

the complex interaction between individuals, their treatment and the many components of the

health+are system in which they are managed. Sub-optimal treatment aPpears to commonly

reflect the result of problems that hinder what should be a harmonious and productive interaction

between the patient and the health-care system. As discussed in Chapter I (section 1.5), the

degree to which this will impact upon an individual's health will undoubtedly vary, depending on

the stability and severity of disease state(s) and the relative safety of the therapeutic regimen. The

consequences can therefore range from lack of symptomatic control to unplanned hospitalisation

and even premature death. For example it has been suggested that a significant proportion of

unplanned hospital readmissions (estimates ranges between 97o and 54vo) are prevenl¿61s' 312'

320,5M,506,535,536

Obviously, pharmacological agents such as the ACE inhibitors and p-adrenoceptor blockers have

been designed to limit the physiological consequences of hea¡t failure and have proven to be
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partially effective in this rcgañ.25-28,280,281 However, even optimal combinations of

pharmacological agents when closely monitored in the context of clinical trials (and their

carefully selected cohorts) notably fail to eliminate all of the negative outcomes associated with

CHF. Furtherïnore, as noted above, the majority of hospitalised CIIF patients fare worse than

clinical trial cohorts, probably primarily because they are older, frailer and have greater co-

morbidity. lÈ/hilst these patients would benefit most from appropriate and consistent treatment

they are, unfortunately, at greatest risk from the factors that precipitate sub-optimal treatment'

Furthermore, their frequent inability to tolerate even minor fluctuations in their cardiac function

leaves them vulnerable to frequent and recurrent episodes of acute heart failure (in addition to

acute exacerbations of concurrent disease states) and therefore frequent hospitalisation' The

circumstance of concomitant moderate impairment of renal function, particularly due to

renovascular disease, in patients with crIF is of particular importance in this regard'537 a¡¡5

problem is more likely to be present in elderly patients,s3l and presents both an incremental

hazard to the successful use of ACE inhibitors as well as a basis for increased risk of digitalis

toxicity. while such patients tend to be excluded from clinical trials in CIIF, their considerable

prevalence in the hospitalised older population presents a therapeutic dilemma (especially in

respect to balancing the risks of drug toxicity versus under-treatment) with no obvious solution.

At present the inability of current therapeutics to completely address the pathophysiological

consequences of CHF is the subject of intensive research efforts (for example development of

new pharmacological agents). However, there is little doubt that there are many preventable and

often interrelated factors contributing to poorer health outcomes among CHF patients which can

be addressed through non-pharmacological means. These potentially modifîable factors can be

summarised as follows:

Inødequate or inøppropriúe pharmacotherøpy. Despite the production of clea¡ and precise

clinical guidelines for the diagnosis and management of Cr{F 270'303'3&. a large proportion of
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C¡IF patients continue to receive sub-optimal treatme¡¡¡.32,286'306-308 For example, ACE

inhibitors which have undoubted cost-benefits 538 are frequently either prescribed in sub-

therapeutic doses 34,305 or completely (and inappropriately) omitted from a patient's treatment

regimen.32,33,286,306-308 Not surprisingly, patients treated by specialist cardiologists are more

likely to receive appropriate treatment 32,33,306,308 ¿¡¿ there is evidence, at least in some

academic centres, that patients are beginning to receive more appfopriate treatment,305'539

however, most patients are treated in the community by non-specialised physicians.32'33'286'

306-308

Non-compliance wìth prescribeil trcatment.There is a plethora of evidence to suggest that much

long-term morbidity and perhaps mortality may be related to sub-optimal utilisation and/or

monitoring of prescribed pharmacotherapy. Studies examining the major determinants of poor

compliance patterns among large patient populations consistently link non-adherence with the

presence of chronic illness and greater number of prescribed medications.540-545 Futth"t-ot",

such studies also report that close to SOVo of chronically ill patients significantly deviate from

prescribed pharmacotherapy.309,3l5,546-549 Although it is more difficult to measure, there is

little doubt that patients have similar problems adhering to fluid restrictions and salt-reduced

¿¡s¡s.550,551 other frequently reported problems likely to impact upon adherence include

difficulty in opening medication containers,sA,ssz hoarding and consuming old

medication s,542,543 consumption of over-the-counter, non-prescribed medications, likely to

have a detrimental effect 542 $or example non-steroid¿¡5 163¡ and regularly altering dosages

(often without informing the treating physician¡.317, 543 ¡ this respect, treating physicians

frequently over-estimate the extent of their patients' compliance to prescribed treatmen¡.3|7 '543

Not surprisingly, poor treatment compliance has been identified as a major precursor of

readmissions among CHF patien ¡s'212'294'295'529
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Adverse elfects of prescribed treatmenf. Chronically ill patients a¡e also at increased risk of

being hospitalised due to the adverse effects of their treatment, although the extent of this risk is

debatable. For example, in various studies 2 to líVo of hospital admissions (depending on the

criteria used) among chronically ill patients have been attributed to adverse effects of prescribed

medication.30g-314,535,553 h this respect, the obvious benefits of the current pharmaco-

therapeutics used in the treatment of CHF have to be tempered by the increased risk of (among

older patients especially) of serious adverse effects such as deteriorating renal function secondary

to ACE inhibition,S3T,554 falls due to prolonged hlpotension and/or severe postural hy¡lotension

secondary to vasodilator therapy 555 ¿¡¿ digoxin toxicity secondary to the combination of over-

diuresis, low-fluid intake and/or impaired renal funct isa'265'267'556

Inadequatc knowledge of chronic heart failure and prescribed trcøtment. Studies have

consistently demonstrated that chronically ill patients have most diffîculty in recalling the

potential adverse effects and/or special instructions pertaining to their prescribed medication.

516,540,557 ,558 This does not mean, however, that the other components of medication-related

knowledge (such as understanding the purpose, effect and intended effects of prescribed

medication) are commonly known. Not surprisingly, relatively poorer health-related knowledge

is frequently correlated with greater age, lower education levels and presence of a chronic illness;

the typical profile of many hospitalised CHF patients'

Inadequale follow-aplsub-optimal use o! avaibblc health-cøre. Both the extent of follow-up

care and the ability or willingness of patients to access such care have been identified as

important determinants of health outcomes among the chronically iil.314,319-327 Despite the

attractiveness of encouraging patients to return to their own home, rather than long-term

institutional care it, is clear that such patients are at increased risk of readmission if an

appropriate level of support is not provided.559 Theoretically, providing greater follow-up care

in order to increase the frequency of detecting and treating clinically unstable patients at
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subsequent risk of hospitalisation, is an attractive proposition. However, it would appear that

markedly increasing patient contact with physicians who have the power to admit patients to

hospital can actually increase hospitalisation rates 318; most probably due to the combination of

an increased likelihood of detecting usually benign fluctuations in the patient's status and a

lowering of the normal threshold at which patients would be hospital¡ts¿'560

poor pyscho-social support. Studies consistently show a close association between poorer socio-

economic status and poorer health outcomes.32o,323,5o3,56l-5æ A major component of this

risk undoubtedly relates to lack of social support with the imposition of monetary constraints

likely to limit social contacts (even via telephone) as well as buying essential items such as

nutritious food and medications. older, chronically ill patients are particularly vulnerable to these

limitations and this no doubt confers an increased risk for becoming depressed and lonely;

especially if they live alone.564 such patients also lack the support systems that would normally

increase the likelihood of detecting emerging problems as well as providing both emotional and

practical support in managing their chronic ¡1nsss'502'565

Eørly clinical dcterioration. whilst almost all hospitalised clIF patients receive intensive

treatment and stabilisation, followed by incremental follow-up, a significant proportion (up to

2OVo) will rebound into hospital within a month of their discharge as a result of early clinical

deterioratio n28g,2g1,292,295,566; a phenomenon common to other chronic disease 5¡¿¡s5-320'

322,500-50/,.567 6¡üer¡gh the factors associated \4,ith this early "rebound" phenomenon aÍe

poorly characterised, it clear that older and more fragile patients with other chronic conditions

that confound treatment are most at risk in this regard and that many of the factors discussed

herein contribute to this phenomenon. For example, if a patient with severe cHF has been

stabilised during hospitalisation with a regimen requiring combined use of a diuretic, ACE

inhibitor and digoxin, there would be little doubt that he/she would experience marked clinical

deterioration if on return to home he/she failed to take the prescribed regimen thereafter.2íT '556
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It must also be stated, however, that increasing pressure on hospitals to discharge patients as

soon as practicable is likely to result in increased risk of readmission in some borderline

cases.295

Í3.2.6) The nexus between "high risk" chronic congestive heart failure patients and sub-

optimal treatment.

The dismal survival prospects associated with CIIF, especially among those who are older and

exhibit symptoms refractory to what would normally be considered optimal treatment,26'270'496

is the reflection of a complex and debilitating syndrome that has yet to be adequately addressed.

As such, older cfIF patients who have limited treatment options face an almost inevitable cycle

of clinical improvement and deterioration before dying prematurely. Irl the absence of

pharmacological (or surgical interventions) to improve the mortality prospects of these patients,

it would appear prudent to apply strategies that mærimise the time in which they are relatively

stable by overcoming those factors that contribute to clinical instability. Figure 3.1 is a model of

determinants of hospital bed utilisation (as distinct from frequency of hospitalisation) by patients

with C[IF. It identifies potential factors impacting on health care costs in this regard, but does not

necessarily reflect quality of life considerations for CIIF patients.

using the history of the variety of interventions designed to improve extent of treatment

compliance among chronically ill patients as a microcosm of the complex issues that relate to the

interaction between an individual, their prescribed treatment and the health-care system within

which they are managed, it is clear that multi-factorial, rather than singular strategies are required

to address the many complex issues that contribute to clinical instability among cHF

patients.549 Furth"rmore, as suggested previously, the body of literature concerning CIIF and

chronic illness overall suggests that those interventions that simultaneously target "high risk"

patients and the potentially modifiable factors that contribute to poorer health outcomes overall,

are the most likely to be cost-effective.
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Figure 3.1 A model of the determinants of hospital bed utilisation among chronic heart
failure patients limited to palHative, medical therapy.
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O Studies of hospitalised CHF patients overall indicate that once an individual develops

symptomatic CIIF and survives a first hospitalisation associated with acute heart failure, they are

at inìreased risk for further hospitalisation and, ultimately, premature death. O For the majority

of patients the intensive treatment associated with hospitalisation is associated with marked

clinical improvement and subsequent discharge; although duration of stay (especially if curtailed

due to budgetary pressures) may result in patients being discharged prematurely in this regard. O

For the majority of patients an acute hospitalisation is followed by prolonged periods of clinical

stability and only infrequent (and probably unavoidable) episodes of acute deterioration resulting,

if severe enough, to an occasional, unplanned readmission to hospital. O Conversely, a small

proportion of individuals appear to be in a continual and frequent cycle (as represented above) of

ãt¡ni"¿ improvement and deterioration. Such patients are much more likely to have poorer

quality of life 284,289,290.568, more severe functional impairment and, recurrent (and costly)

admissions to hospital .286-289 It is this type of patient who has been previously identified as the

..high-cost" user of health-care resources;569,570 even though such patients frequently die

prematurely. Inherent factors likely to determine the duration of clinical stability include (as

indicated) the age of the patient, extent of left ventricula¡ systolic dysfunction and extent

concomitant disease states. Similarly, interrelated external factors likely to determine clinical

status include extent of treatment compliance, medical follow-up and social support in addition

ro the degree of vigilance for clinical deterioration (especially in the immediate period following

hospital ãischarge). 6 It is almost inevitable that patients with CHF will die prematurely,

hoviever, the evidence suggests that there is marked variability as regards the extent of hospital-

bed utilisation (and therefore cost of health-care) within the population of CHF patients.



CHAPIER 3 132

Í1.2.71 Results of studies examining strategies designed to reduce readmissions among the

chronicallY ill.

Many non-pharmacological strategies have been developed to address the aforementioned factors

and thereby reduce the frequency of readmissions among chronically ill patients. Such strategies

often include incremental attention to one or more of the following health-care components:

a) Discharge Planning.

b) Utilisation of outpatient clinics.

c) Utilisation of home-based services.

Despite the theoretical attractiveness of such treatment regimens, results of previously reported

randomised controlled studies of this type have been conflicting, with favour^6L,29l' 571' 572

inconclusiv e,319,324-326,573-57''l andeven unfavourable 318 s¡¡t.¡t reported on frequency and -

duration of readmission to hospital. These studies have been summarised in Table 3.2.

-t



Table 3.2(a) Randomised controlled studies examining the effects strategies designed to limit hospital readmissÍon among the chronically itl'

Chne, et øl 1998

577
(Sweden)

190 CHF patients aged à 65- 84

years admitted to a universitY-

afñliated hospital and discharged

to home.

In-hospital counselling,
follow-up at a nurse-

directed out-patient
clinic,

Time to fust readmission,

duration of hospital staY

and health-saro costs during

I year follow-up.

Mean time to first admission was Patients were not sPecificallY selected

prolonged in studY Patients (P <
0.05). There were no significant
differences in survivd, hospital stay

on the basis of risk' However, there

were strong trends in favour of study

patients in all outcomes studied.

and costs at I

Rich, ¿f al 1995
291
(USA)

282 "hiflh risk' CIIF patients

aged à 70 years admitted to

medical units at a UniversitY

Medical Center and discharged to

Nurse-dircctcd, multi-
disciplinary intervention
involving home and clinic
visits.

Event fræ, survival,
readmission rates, qualitY

of life, and cost of care

during 90 days follow-uP.

Event-free survival tended to favour
study patients 1P = 0.09). StudY

patients had fewer readmissions,
better quality of life and fewer health-

The intervention targeted patients at

high risk for hospital readmission and

involved a combination of nurse-

directed and home-based intervention'

Winograd et øl

ß%573
(USA)

197 patients (men) agcd 2 65

years admitted to medical and

surgical units a Veterans Affairs
Medical Center and discharged to

In-patient, multi-faceted
geriatric consultation.

Activitiqs of dailY living,
mental status, morale and

nursing home and health

care utilisation during I

cafe costs

There were no differences between
groups at I year, excePt imProved

mental function among study patients'

Patients were not sPecificallY selected

on the basis of risk, however, 75%

were chronically ill.

Townsend ¿r ¿l

19sg 578

(UK)

home.

4&-eldetly" patients admitted to

medical and surgical units at a

community hosPital and

discharged to home.

Support from care

attendants on first daY at

home and for up to 12

houn a week for 2 weeks.

Patient 'Independence",
morale and health-care

utilisation during 3 months
follow-up.

There were no differences between

groups at 3 months, however at 18

months study patients had fewer

readmissions (p < 0.05) and daYs in

The authors do not adequately exPlain

why the brief home-suPPort had no

initial effecs.

Evans, ¿t øl 1993
324
(USA)

835 patients aged 2 70 Years'

admined to medical and surgical

units at a Veterurs Atrairs

Medical Center and discharged to

either home or a nursing home.

Incremental discharge
planning and in-hospital
counselling.

Health-care utilisation and

hospital readmission during
9 monthr follow.up.

Despite an early difference in
readmission rates at I month (24Vo vs.

354o: p < 0.001) favouring studY

patients there was no difference at 9
months except reduced daYs of

Patients were selected on the basis of
risk for increased health-care

utilisation. Readmission rates were

higher than other reported studies of
this type.

Melin, ef al 1995

571
(Sweden)

V49 "elderly" patients admitted to

medical and surgical units at a

county general hosPital and

discharged to home.

Primary care under a

"team" physician plus

comprehensive in-home

assessment/intervention
equivalent to "normal"
home ca¡e.

Mortality, activities of dailY

living and health-care

utilisation during 6 mouths
follow-up.

There were no differences between

groups as regards activities of daily
living and survival at 6 months.

However, study patients had reduced
"institutional" stays and associated

costs.

Patients were selected on the basis of
risk for increased health-ca¡e

utilisation. Chronic ca¡diac illness and

more medications at discharge

increased risk of death.

a



Table 3.2(b) Randomised controlled studies examining the effects strategies designed to limit hospital readmission among the chronically ill'

344 patients aged à 75 Years

admitted to medical and surgical

units of a general hosPital and

discharged to home.

Visitcd at one daY Post-
hospitalisation bY district
nurse and 2 wecks later

by a general practitioner.

Nursing home admissions

during I year follow.uP. patients wcre admitted to a nursing

home (p < 0,05). No difference

between groups as regards hospital

'Identiff new and unforseen

problems", patients were not selected

on the basis of risk and there were

161199 trial vr. 291205 control lVhilst home visits were desigred to
Hznsenct al

1p¡g2574
(Denma*)

Siu ¿r al 1996

576
(usA)

354 patients aged Þ 65 Years

admitted to medical and surgical

units of a universitY 'afñliated

Home visits at 1-3 daYs

post discharge and 3 more
visits (a geriatric

and minimal benefits.

Survival, differences between gÍoups were Patients werc not selected on the bæis

readmissions and nursing detected as regards mortality, hospital of risk.

bome placement during 60 readmission' nursing home Study follow-up was limited to 60

and of life.
and to

668 patients aged à 45 Years

admitted to medical units at a

Veterans Affairs medical cent€r

and discharged to home.

assessment

A nurse case måtrager to

a¡range clinic follow-uP,
telephone patients at

regular intervals and

Frequency of hosPital
readmissions and duration

of hospital stay during 12

monttrs follow-up.

the hospital-based clinics (p < 0.01)

thero were no differenccs as regards

rsadmissions or duration of hospital

of risk.
The authors conclude that home visits

may be more effective in reducing

patients had more visits to Patients were not selected on the basis
Fitzgeraldet al

1p¡943r9
(USA)

readmissions.ert¡a education.

Thomas ¿t ¿/

9%572
(usA)

120 patients aged Þ 70 Years
admitted to medical or surgical

units at a communitY hosPital

and discharged to either home or

In-hospital, multifaceted
geriatric assessment,

Duration of index stay,

discharge destination, and

hospital-use at 6 months.

Mortality at 6 and 12

Significantly fewer
readmissions at ó months among

study patients but no differences in
duration of hospital stay at 6 months

deaths and Patients were not selected on the basis

of risk.
Data relating to discharge destination

a¡e not presented.

Naylor er al 1994
325
(usA)

cafe.

276 patients aged à 70 Years

admitted to a universitY hosPital

as either a medical or surgical

ca¡diac patients and discharged to

Incremental discharge

planning started shortlY

after admission and

telephone contact for 2

There were no differences as regards

index stay, time to readmission,

frequency of reaúnission and totd
costs.

Patients were not selected on the basis

of risk.
Early benefits at 6 weeks Post
discharge were attenuated bY 3

month

Duration of index staY, time
to fi¡st rcadmission,
hospitalisation rate and

costs during 3 mnth

or survival at 12 months.

1396 veterans (men) admitted to

9 Veterans Affairs Medical

Centers with diabetes, chronic

obstructive pulmonarY disease or

Close followup by a

nune and primary care

physician for 6 months
following discharge

Frequency of hosPital

admissions and duration of
stay during 6 month
followup.

Intervention patients had higher rates

of readmission (0.19 vs. 0'14 Per
month p < 0.01) and more daYs of
hospitalisation (10.2 vs. 8.8 p < 0.05)'

months.

This is the only reported trial of an

inte¡vention designed to reduce

hospitalisation in which counter-

productive effects were rePorted.

weeks

rileinberger et øI

1995 318

(usA)

Smith ¿¡ ¿l

19g6 326

(usA)

ve heart failure.

I,001 patients admitted to
medical units of a universitY-
affiliated hospital and discharged

to home.

Incremental discharge
planning and telephone

contact designed ùo

Frequency of Post-
discharge ambulatory
contacts and ftequencY of

Despite a signiñcant increase in
clinic-based contacts study patients

had similar numbers of unPlanned
readmissions.

Tbe study intervention aPPeared to

have some beneficial effects among

patients prospectively designated as

"high risk"increase clinic contacts, readmissions ot 6 months.
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t3.2.g] Studies examining strategies designed to reduce readmissions among chronic heart

failure patients.

Of the randomised studies summarised in Table 3.2, four have included high proportions of CI{F

patients. In two of these studies (both of which included a significant number of patients with

conditions other than Ctß), interventions that included comprehensive discharge planning 325

and increased access to outpatient primary carc 318 yielded inconclusive, and unfavourable

results respectively, in relation to extent and duration of subsequent hospitalisation. In contrast to

these earlier attempts, Rich et al (1995) 291 demonstrated that a nurse-coordinated,

multidisciplinary intervention (which involved a component of home visits) had beneficial

effects as regards rates of hospital readmission, CIlF-specific health-related quality of life and

cost of care within 90 days of discharge among specifically targeted "high risk" patients who

were hospitalised for CI{F. The intervention consisted of comprehensive education of the patient

and family, a prescribed diet, social service consultation and planning for an early discharge,

optimisation of pharmacotherapy, and intensive home and clinic-based follow-up with frequent

telephone contact. On this basis, the intervention was remarkably successful and appeared to

slow the typical cycle of recurrent hospitalisation in this t¡pe of patient cohort. At 90 days,

survival without readmission was achieved in 9l of 142 (647o) intervention patients compared to

75 of l4O (54Vo) control patients (P = 0.09). There were 94 versus 53 readmissions in the control

and intervention groups respectively (P = 0.02). Of the total readmissions 78 (537o) were for

CHF and there was a disproportionate reduction (56Vo) of these types of readmissions in the

intervention group (24 versus 54: P = 0.04). Importantly fewer intervention group patients had

more than I readmission (9 versus 23: P = 0.01). These results \tere ass(rciated with

significantly better quality of life and reduced health costs among intervention patients.

A recently published study by Cline et aI (1998) also examined the potential benefits of a simila¡

post-hospitalisation intervention incorporating the components of specialist nurses, clinic-based

follow-up and a limited component of home-based intervention among a lower risk cohort of
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C1IF patien¡s.577 A total of 206 older patients hospitalised with heart failure were randomised to

either intervention by specially trained nurses or to usual ca¡e. The special intervention included

an education prograrnme for patients and their families, concentrating on treatment. Guidelines

on a_djusting treatment in response to sodium and water over-load and fluid depletion were also

provided. This programme was carried out over two 30 minute visits to the patient in hospital

and a one hour home visit to the patient and family two weeks after discharge. Frequent and

easily accessible patient-initiated follow-up was provided as a nurse-run, hospital-based clinic

and telephone contact. During one year follow-up, time to first readmission u'as a third longer in

the intervention group (106 vs. 141 days: P < 0.05). The intervention was also associated with a

strong trend towards fewer hospital admissions, fewer days of hospitalisation and lower cost of

care during study follow-up; in compàrison with those of Rich er o¡291, it is likely Tlpe II error

prevented the intervention being shown to be significantly better in this regard- The results of this

study therefore tend to reinforce the need to select high risk sub-set of patients in order to target

intervention in a cost-efficient manner. On the whole however, its result are consistent with that

of Rich s¡ a¡.291

The results of these two randomised studies are consistent with those of other non-randomised

studies of similar strategies targeting older, hospitalised CIIF patients. For example, Kornowski

et al (1995) reported that an intensive home-based intervention by physicians was associated

with reduced hospitalisation rates and quatity of life in such patients (n = 4)¡.579 Simila¡ty West

et al (1997) have reported that an intensive physician-supervised, nurse mediated, home-based

system for heart failure management (the MULTIFIT prograrnme) is associated with improved

functional status and exercise capacity and reduced hospitalisation rates among both previously

hospitalised and clinic-managed CHF patients (n = 5l).550 Fon*ow et al (1997) have also

reported favourable effects associated with a comprehensive management programme targeting

younger C1IF patients awaiting heart transplantation.SS0 Most recently, Shah ¿l ¿l (1998) have
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reported on the preliminary results of a study examining a nurse mediated monitoring

programme, incorporating a strategy to facilitate patient self-monitoring of their heart failure

status and weekly reminder calls by nurses, reduced subsequent hospitalisation among a small

cohort (n=27)of both older and middle-aged CIIF Patients'58l

Íl.Z.gl Sumrnary of the beneficial effects of multidisciplinary, home-based intervention Ín

chronic congestive heart failure.

rwhilst there is always an inherent publication bias in favour of positive studies, the results of the

above reports, provide reasonable, but preliminary evidence that the implementation of

programmes that incorporate the combination of home visits and essentially nurse mediated,

multi-disciplinary intervention have the potential to ameliorate many of the factors associated

with increased hospitalisation among CIIF patients. Importantly, all the successful programmes

of this t1çe incorporate a multi-faceted approach and use a specialist-nurse as a cost-effective

means to accu¡ately identify areas of sub-optimal treatment and provide a focal point for

coordinating a multi-disciplinary response to the individual needs of the patient. In general, these

programmes have been built on pragmatic principles that recognise the individual therapeutic

needs of ..high risk" patients and the need to work within a realistic framework of health-care

provision; something that large clinical trials have often failed to do.ZM The potential benefits of

such prograrrunes are summarised in Table 3'3'

In summary, it is clear that the poorer health outcomes among older CIIF patients constitute a

complex issue, that merits further therapeutic endeavour. The introduction of non-

pharmacological strategies that address the factors that contribute to poorer health outcomes

among ..high risk", chronically ill patients have the potential to be extremely cost-effective

adjuncts to current therapeutics in C[IF. Of the various interventions reported to date, those

programmes that incorporate multidisciplinary, home-based intervention appear to be the most

promising in this regard.



Table 3.3 Potential

Non-prescription of proven

therapeutic agents'

Prescription of sub-theraPeutic

dosages.

Poor adherence to Prescribed
treatment
Adverse effects of Prescribed
treatment.

Treatment consistent with

current guidelines.

Titation of dosages to

therapeutic levels.

Optimal adherence to

Eeatment.
Reduced incidence of
adverse effects'

intervention in he¿lth outcomes in chronic heart failure.

Using stict protocols, properly Eained and accredited nwses can initiate appropriate pharmacotherapy and titate

dosages accordingly. Regular nurse monitoring þreferablY in the home) may overcome the reluctance of many

physicians to initiate new therapy or titate dosages upwards (for example in the fust stages of initiating a beta-

blocker 280, 281 because of anticioated clinical instabilitv

By applying a multi-faceted sFategy that accuratelY assesses the patients medication management in thei¡ own home

there is I greater likelihood of finding ttre right approach to add¡ess, for example, the frequent deficit between

,,behavioual intention and action" ¡rmong chronically ill patients as regards treatment compliance'3l7 Ftich et al
582

have demonstrated that such a¡e associated with teatment

Early clinical deterioration. Prompt detection of
deterioration resulting in
incremental communitY-

based Eeatment rather

By performing a comPrehensive physical assessment and obtaining a carefi¡l history, as part of a home visit shortlY

following acute hosPitalisation, there is a good chance that an appropriaæly trained nurse will detect early clinical

deterioration requiring immediate attention. As above, this may require adjustment of pharmacotherapy and/or

addressing the issue of non-adherence. It will also prompt a change in the nature and frequency of the health ca¡e

will have a better idea of the needs.

Inadequate long-term follow-up.

Sub-optimal use of available
resoufçcs.

Sub-optimal knowledge of CÍIF
and is Eeatment.

Poor psycho-social suPPort.

than

Prompt detection of
clinical deterioration'
Patients become more
active in monitoring their

CIIF and seek helP when

required.

Optimal knowledge of the

pathophysiological
consequences of CIIF
Patients exhibit the abilitY

to recognise if intended

therapeutic outçomes ale

not being met

Patients receive the tYPe

of support that will make

them feel more secure

and ca¡ed for.

as the nurse

This type of intervention especially when targeted towa¡ds 'high risk' CHF patients, is a cost-effective means to

provide more intensive and effective long-term follow-up ofsuch patients. Ideally, the nurse should be in a position

to assess the patient' s individuals needs and make swift referrals for incremental assessment and care (eg dietitian'

pharmacist and social worþ. If Patients (and family) a¡e able to meet the nursc during hospitalisation and then

subsequently in their home, it more likely that a good working relationship will be established. Furthermore, if the

patient receives consEuctive and practical help to manage their condition in the process, they ale more likely access

health ca¡e (or nurse) when oroblems arise.

During hospitalisation older, CHF patients often suffer from the combination of physiological and psychological

stress in addition to being passive participants in the management of their care, They are therefore unlikely to

remember the details of any in-hospital counselhng.S{2 Conversely, education provided in the home, at a point in

time where the patient has probabiy re-establisheá some normalcy and self-sufficiency, is the ideal location for

tical problem-solving of "real" issues facing the patient

target the patient's family/carers and concentrate upon

well as promoting vigilance and prompt intervention for

clinical deterioration.

The many CIIF patients who move from the intensive ca¡e and attention in the hospital to the emptiness of home

will naturally feel neglected. Furthermore, clinic visits to doctors are usually brief. More prolonged home or clinic

visits with appropriately trained nursos not only offers di¡ect clinical benefits but the opportunity to make the patient

feel better ca¡cd for: one of the most imoortant comDonents of such orogrammes!
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[3.3] EFFECTS OF A MULTIDISCPLINARY, HOME-BASEI)
INTERVENTION ON UNPLAI\NED READMISSIONS AND OUT.

OF'.HOSPITAL DEATHS AMONG CHRONICALLY ILL
PATIENTS DISCHARGED FROM ACUTE HOSPITAL CARE.

[3.3.1] Introduction.

As discussed in section 3.1.10, older and frailer CIIF patients who require acute hospitalisation,

like other chronically ill patients, are at greater risk for hospital readmission and premature death.

kr this respect there is a clea¡ need to target patients at higher risk for recurrent hospital-use with

adjunctive, non-pharinacological interventions that address many of the preventable precursors to

hospital admission/readmission. Those interventions that involve both home visits and a

multidisciplinary approach coordinated by a specialist'nurse appear to offer the greatest

likelihood of reducing hospital-use among "high risk" patients.

Within this context the following study designed to examine the potential benefits of a relatively

cheap and minimalistic multidisciplinary, home-based intervention was performed.

f3.3.27 Study hYPothesis.

This study tested the following null hypothesis:

There wiil be no dffirence in the frequency 01 the primary end-point of unplønned

readmission plus out-of-hospitol death, during six month follow-up, among chronically ill

cardiac and non-eardiac patients disclnrged to home following acute hospitalisation on the

basis of exposure/non-exposure to a post-discharge, multídisciplínary, home-based

interttention (HBI) incremental to usuøl care'

[3.3.3] Methods

The study was conducted at The Queen Elizabeth Hospital, a 4o7 bed hospital servicing the

north-western region of Adelaide, South Australia, an ¿rrea with a disproportionate number of
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elderþ and socially disadvantaged persons. The link between predominantly socially

disadvantaged, elderly populations and poorer health outcomes in Australia 583 is reflected in

the high levels of chronic illness and higher admission rates per capita for the region.563

Elig¡biw criÍerfu. All patients admitted to medical and surgical units at the hospital were

eligible to participate in the study if they were to be discharged to their own home and prescribed

a medication regimen for at least one chronic illness'

Exclusion criteria. Patients were excluded, however, on the basis that they were:

a) diagnosed with a terminal malignancy requiring palliative care.

b) scheduled for an elective admission within the study period of six months.

c) residing at a home address that was outside the hospital's usual catchment area.

prior to patient recruitment, the study Ìvas approved by the hospital's Ethics of Human Research

Committee. During a l2-month period, 4,100 medical and surgical patients \¡vere screened, of

whom Z2Vo (n= 906) were considered eligible for the study. Of these initially identified patients,

762 (g4%o) agreed to participate. The baseline characteristics of participating patients were

similar to those of the suÞset of etigible patients who refused to participate in the study' The

predominant reasons for patient refusal included anticipated intrusiveness of a home visit and/or

a belief that the intervention would be of little benefit.

Informcd consent was obtained prior to hospital discharge and participating patients were

randomised to either usual care (UC) or IIBI. Patients were randomised via a telephone call to an

investigator blinded to the patient's demographic and clinical profile but aware of their medical

or surgical admission status. Using a computer-generated, stratified randomisation program,

patients were allocated to either HBI or UC according to their medical or surgical admission

status, to correct for potential imbalance between grouPs'

Immediately following randomisation an initial interview was conducted with all patients to

document their baseline cha¡acteristics, including extent of concurrent illness using the Charlson
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Index of Co-morbidity.584 During this initial assessment, the presence or absence of the

following previously reported risk factors for unplanned hospitalisation was identified: age > 60

years, prescription of ) 2 medications, unplanned admission within preceding 6 months, living

alone and/or possessing limited English language ,¡¡¡r.323'503'505'507 '542'567 Patients with

multiple risk factors were prospectively designated as "high risk" for unplanned readmission

during study follow-up; other patients were designated as "lour risk".

13.3.4] Patientmanagement.

pre-discharge eounselling. The intensity of study intervention in the IIBI group was dependent

upon the initial assessment of risk. As such, all patients and care-givers in the HBI gtoup (n =

3gl) were counselled prior to discharge by the study nurse and/or hospital ph:irmacist in relation

to compliance with prescribed medication and early detection/reporting of clinical deterioration'

The post-hospitalisation intervention, however, ril¿rs confined to those IIBI patients with multiple

risk factors and therefore designated as "high risK' (n = 314). This sub-set of patients represented

827o of EIBI Patients.

Homc-based øsscssment and intemention. One week post discharge high risk IIBI patients were

subject to a single home visit by the study nurse and pharmacist (the same two people performed

all of the home visits during the study). The prospectively designated objectives of this home-

visit were princiPallY four-fold:

1 ) Optimise home-medication management'

2) Detect problems that would have otherwise remained undetected.

3) Increase patient and/or carer vigilance for clinical deterioration and therefore an impending

crises if not treated PromPtþ.

4) Improve liaison with community-based services thereafter on the basis of a more accurate

assessment of the patient's needs in their own home'

l4l
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For research purposes only (because a small sub-set of "high-risk" UC patients were designated

to receive an abbreviated home visit), during the initial stage of this home visit the study nurse

performed a blinded, review of the patient's management of their medication regimen. This

involved assessment of the following:

Medication compliøncc. A pill count of the 7-day supply of medications given to the patient

at hospital discharge was performed to compare the patient's expected versus actual

- consumption of oral tablets. It is important to note that patients were unaware prior to the

home visit that a pill count would be performed. Patients were considered to be compliant if

they had consumed 85-ll5%o of the prescribed number of tablets.

Medication-¡ebted knowledge. Using a structured questionnaire patients (and/or appropriate

carers) were asked to name the following knowledge components relating to their prescribed

regimen in the following order: primary purpose, dosage, frequency, special instructions and

potential adverse effects for each medication. Individual responses relating to the first four

com¡ronents of knowledge were dichotomously rated as either correct or incorrect by the study

pharmacist who, prior to each home visit, had prospectively designated adequate responses for

each prescribed medication. Scores were then averaged for each component (eg. patients

scored 75Vo for correctly identifying the purpose of 6 out of 8 prescribed medications).

Responses to the potential adverse effects were scored, unlike the other components, on a

continuum from excellent'(I007o for identifying all major adverse effects relevant to each

medication), very good(75Vo), fair (S}Vo),poor (25Vo) to very poor (07o unable to identify any

adverse effects). once criterion had been developed for an individual medication (eg

captopril) it was retained for all subsequent home visits. On the basis of all individual

component scores given (an average of 30 per patient) an overall, average knowledge score of

0 - l}OVo was calculated. On this basis, a patient who scoreð 2 75Vo in response to the

questionnaire was considered to have "adequate" medication-related knowledge.
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General pattern of medicøtion management. Using a structured l8-item general purpose

questionnaire developed during the pilot study 542 patients were also asked a series of

questions concerning any potential difficulties they experienced in relation to obtaining,

consuming and monitoring their medication regimen'

patients whose compliance deviated by >_ l57o from prescribed dosage at discha¡ge or whose

medication knowledge was considered inadequate (< 75vo composite knowledge score of dosage,

intended effect, potential side effects and special instructions) were then offered a combination of

the following:

l) Immediate remedial counselling by the nurse and pharmacist.

2) Introduction of a compliance device and/or daily routine to assist compliance with the

prescribed regimen.

3) Incremental monitoring of their clinical status via their family members and friends, or if

necessary, by their general practitioner, contmunity nurse of coilrmunity pharmacist'

4) provision of a medication information/reminder card that could be updated by the patient's

general practitioner or pharmacist'

5) Refenal to a community pharmacist for regular review of potential problems thereafter (eg.

during each visit to the pharmacy to collect prescribed medication)'

Following the pharmacist intervention, patients $,ere assessed by the study nurse in order to

detect any clinical deterioration since discharge. This involved both a physical assessment and a

review of relevant symptoms since hospital discharge (eg. degree of exercise intolerance among

patients with CIIF). Those requiring medical review were immediately referred to their

community-based physician for a more detailed and definitive assessment- The study nurse also

reviewed the patients' psycho-social status in order to determine the need (if any) for additional

community-based support. In this respect, the patients' ability to maintain and monitor their

health, especially in the absence of proximal care-givers was of particular concetn' Patients
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requiring additional support were referred to an appropriate cornmunity-based health

professionaUorg anis ation.

Following the home visit, all of the patients' general practitioners were contacted by the study

nurse to inform them of the IIBI and to discuss the need for further remedial action and/or more

intensive follow-up. Importantly, extent of ÍIBI was not extended in any patients within the HBI

group who required readmissions during the study.

(Jsuøl Cøre. patients in the UC group (n = 381) were not limited in the frequency and duration of

pre-existing levels of health-care. In this respect, all patients were subject to the hospital's usual

process of discharge planning and arrangement of post-hospitalisation care; depending on

patient's individual needs. As such, all UC patients had appointments to be reviewed by their

primary care physician and/or hospital physician (in the hospital's outpatient department) within

2 weeks of discharge. Furthermore, no restriction was imposed upon the extent of home-based

care (eg. regular community nurse visits). As mentioned above, in order to assess for potential

confounding differences in the pattern of post-discharge medication management, and using the

same methodology used for initial blinded assessment of IIBI patients, 84 high risk UC patients

received an abbreviated home visit at one week to determine their levels of compliance and

medication knowledge.

t3.3.51 Study end-Points.

prímøry end-point. The prospectively designated primary end-point for this study was the

number of unplanned readmissions within ó months of the index admission pbu out-of-hospital

deaths (weighted as the equivalent of one "unplanned readmission"). This combined mortality

and readmission endpoint was chosen, as in other previously reported 51u¿is5,277 '291 ¡s adjust

partially for the potential reduction in readmissions if patients died outside of the hospital-
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Secondary end-points. prospectively defined secondary end-points for the study were number of

unplanned readmissions, total days of hospital readmission (as a result of elective plus unplanned

readmissions), number of emergency service attendances, out-of-hospital mortality, overall

mortalityandtotalcostofhospital-basedhealthcare.

t3.3.6] Data collection.

Hospital-usc and suryival ilatu. Allin-patient and outpatient activity was monitored through the

hospital,s computerised medical records system. Records of the time and location of all deaths

occurring in south Australia (via the South Australian Birth, Deaths and Marriages Registry)

were used to compile mortality data'

HeøIrh-care cosfs. cost of hospital admissions and ouþatient appointments were calculated

using the hospital's in-patient and outpatient costing system' Costs associated with the study

intervention were calculated for the entire rrBI group. calculation of these costs included:

l) Salary for the study nufse and pharmacist as determined by detailed diary entries'

2) Use of other professional services (eg' interpreting)

3) Infrastrueture requirements (eg. personal communications and transport)

4) Additional consultation with community pharmacists.

A detailed costing of community-based health cafe costs (other than study intervention) was also

performed in 150 randomly selected patients. calculation of these costs included the following

components:

l) consultation with general practitioners (according to standard Medicare fees)'

2) prescribed pharmacotherapy (according to standa¡d pharmaceutical costs¡'585

3) Home-visits by health care professionals'

Health-¡elsted quality ol w. For comparative purposes, randomly selected HBI and uc

patients were interviewed via telephone, by a blinded investigator, to determine quality of life of
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surviving patients at I and 3 months using the Australian version of the SF-36 health-related

quality of life questionnaire.sS6 The SF-36 is a brief general health status measure, whose

validity and reliability in discriminating between patient populations has been confirmed in the

United.States 587 and Austral¡¿.586 This questionnaire measures the following eight dimensions

of health:

1) Limitations in physical activities because of health problems.

Z) Limitations in usual role activities because of physical health problems.

3) Bodily pain.

4) General health percePtion'

5) Vitality.

6) Limitations in social activities due to physical or emotional problems.

7) Limitations in usual role activities because of emotional problems,

8) Mental health.

In addition, these scales can be combined to represent two summary measures of physical and

mental health. Responses to the questions on each scale are summed to provide scores between 0

and 100, with higher scores indicative of better ¡sal¡¡.588

In order to maximise the response rate and consistency of measurements for the 180 patients

randomly assigned to measuremont of HRQL at one month following acute hospitalisation, all

responses to the SF-36 were elicited by the same investigator during a telephone interview; this

method of administering the SF-36 has been shown to be as reliable and valid as face-to-face

¡n1srv¡sw.589

[3.3.4 Statistical analYsis.

pilot data suggested that the rate of unplanned readmission plus out-of-hospital death would be

approximately 0.5 events per patient during 6 months follow-up.542 Wetherefore calculated that
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3g0 patients in each group would be required to detect a lÙvo variation in this composite

endpoint with a = 0.05 and P =O.2.

Comparison of baseline and endpoint data involved utilisation of the following:

l) Chi-square analysis (with calculation of odds ratio - OR and 957o confidence intervals) for

discrete variables'

2) Student's t test for normally distributed continuous variables.

3) Mann-Whitney U test for non-normally distributed variables without a large proportion of

tied observations

4) z-test of two independent counts for variables with a large proportion of tied observations.

590

5) Log-rank test for analysis of the mortality data (Kaplan Meier Curve) and time to first

unplanned readmission. All analyses were performed on an intention-to-treøt basis and

included data from the entire cohort (n =782) for all major end-points.

Comparison of the eight health dimension scofes generated by the SF-36 was made with the

Bonferonni t test for multiple comparisons (adjusted a of 0'05/8 = 0'006¡'591

To determine independent correlates of the clinical outcomes measured as part of the study

(including the two composites of the primary end-point) multiple logistical regression (with entry

of univariate variables at an ct, level of 0.2 and stepwise rejection of variables at the conventional

cr level of 0.05) was performed. Figure 3.2 is a schema of the study methodology summarising

the important points discussed in the Methods section'
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Figure 3.2 Study schema of patient recruitment, randomisation and follow'up.

4,100 medical ønd surgical patients screenedfor study cli?íbility daring acute hospiÍølisation

+
906 eligible patients identified

+
T62panents recruited

+
Blinded Randomisation

Home-based Intcnention
(n = 381)

+
In-hospital counselling

Hospiløl dischargc

Usual care
(n = 381)

+
One week home visit to high

risk patients (n = 314)

+
More intensive communitY-

based follow-uP as required

Limited home visit to
higþ risk patients (n =85)

+
Usual level of community-

based follow-up

V
palíenß followed lor 6 montln post dischørge from index hospitalisation

primary end-point = frequency of unplanned readmissions plus out-of-hospital deaths

Secondary end-points = total hospital stay, emefgency service contacts, survival and hospital-

based cósts in ãil patients, health-related quality of life and community-based costs among

randomlY selected Patients
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[3.3.8] Results.

Baseline characterßfics. Table 3.4 summarises the clinical and demographic features of study

patients according to tfeatment group. Analysis of baseline data, including extent of co-

morbidity, suggested that the groups were well matched as there were no statistical differences in

any of the parameters examined. The majority of the study cohort were elderly, of low socio-

economic status and frequently being treated with multiple chronic illnesses with 2 2 prescribed

medications. Despite initial informed consent, 56 (l\Vo) high risk HBI patients did not receive a

home visit (usually due to withdrawal of consent); this subsequent refusal rate is consistent with

studies examining similar interventions.3 I 8'577

Natare of maltidßciplinary, home-based intervention. Table 3.5 is a summary of the

medications prescribed to the 314 high risk patients (258 HBI and 84 UC patients) who received

a home visit and were subject to the initial, blinded assessment of medication management by the

study pharmacist. The majority of patients were prescribed chronic pharmacotherapy for either a

chronic cardiovascular (the most common being ischaemic heart disease and/or congestive heart

failure) or respiratory condition. During 1561342 of these home visits the study pharmacist was

unable to identify all the original medications dispensed at hospital discharge. The principal

reason for the non-identification of hospital-derived medication was the combined presence of

hospital-derived medication, pre-existing medications and those recently prescribed by the

patient's general practitioner. Consequently, a complete and "accurate" pill count was possible

for 186 of the cohort (54Vo). On the basis of these pill counts, 86 patients (467o,95Vo Cl's 39,

54Vo) were found to be mal-compliant with their prescribed medication regimen. Of the

remaining patients who were not subject to a "reliable" pill count, 35 (22Vo,95Vo Cl's 16,3O7o)

reported that they had completely omitted taking one or more of their prescribed medications.

There were no difference between groups as regards extent of compliance'
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Table 3.4

DemograPhic Profrle
Age in years (mean + sd)

Male: Female

Socio-economic Status
Employed (full or Part-time)
Recipient of Government Pension

Married/Defacto
Live alone
Non-English sPeaking

Formal education < 8 Years in total

Clinical Profile
Pre-existing treatment for chronic condition

Charlson Co-morbidity Index (mean t sd)

Number of patients with an unplanned

admission 6 months prior to follow-up
Number of patients with multiple unpianned

admissions 6 months prior to follow-up

Days of unplanned hospitalisation 6 months

prior to follow-uP (mean t sd)

Type of Index Admission
Unþlanned for a pre-existing chronic illness

Unplanned for a new onset, acute illness

Elective

Category of PrimarY Diagnosis

Cardiac Disease
Respiratory Disease

Onhopaedic Condition
Vascular Disease

Other

Discharge Medications
Number of prescribed medications (mean t sd)

Assessed Risk for an UnPlanned

Readmission within 6 months of follow-up

High risk (> 2 risk factors)

Low risk

Clinical and demographic characteristics of 782 chronically ill patients

randomised to home'based intervention or usual care'

66.0 ! r5.7
193 : 188

42 (ll%o)
305 (8O7o)

2M (547o)

t32 (35Vo)

43 (ll%o)
263 (697o)

321(84Vp)
1.3 + O.7

273 (72Vo)

65 (t77o)
2674

(7.0 + 8.1)

tül (28Vo)

t62 (437o)

tl2 (29Vo)

99 (267o)

52 (t{Vo)
67 (187o)

57 (147o)

rO6 (287o)

4.8 + 2.8

314 (827o)

67 (187o)

65.3 + 15.8

191 : 190

5O (137o)

3o6 (80Vo)

2O7 (54Vo)

t24 (33Vo)

49 (13Vo)

263 (69Vo)

323 (847a)

1.3 r 0.6

283 (747o)

67 (177o)

2694
(7.1 r 9.1)

120 (32Vo)

r52 (40Vo)

lo9 (287o)

ll3 (30Vo)

4l (ll7o)
65 (t77o)
6l (167o)

tOl (27Vo)

4.7 ! 2.5

318 (84Vo)

63 (167o)

There were no statistically significant dffirences betvveen Sroups on the basis of baseline

clinic aI and- demo graphic characteristic s me asure d at b as eline'
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Table 3.5 Most commonly prescribed medications among all the cohort of "high risk"

study patients subject to a home visit at one week post discharge.

Anti-pl atelet/An ti-coagulant

Bronchodilator(s)

Diuretic(s)

SteroidaVNon-steroidal anti-infl ammatory

Anti-anhythmic(s)

Prophylactic Nitrate

ACE inhibitor

FI2 antagonist

Primary PurPose (7o)

Dosage (Vo)

FrequencY (7o)

Special Instructions (7o)

Potential adverse effects (7o)

Composite Score (7o)

Only 14 patients achieved a perfect score for each component of medication-related knowledge

relating to the primary purpose, frequency, dosage, potential adverse effects and special

instructions for their medication regimen; the majority of other patients achieved scores of 375vo

and were therefore considered to have "inadequate" knowledge. Table 3'6 summarises the results

of the medication questionnaire with both individual component scores and composite scores

presented. In this respect, patients were best able to recall the general purpose' dosage and

frequency of their medication regimen' '

Table 3.6 Extent of medication-related knowledge assessed at one week post discharge.

l8l (53To)

124 (367o)

t23 (36Vo)

lo9 (327o)

Io6 (3lVo)

92 (27Vo)

88 (26Vo)

81 (26Vo)

gl.ø + 23.O

94.7 !15.3

94.3 ! 16.0

19.7 r 18.9

8.7 + 13.8

6r.0 t10.9
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On the basis of multi-variate analysis, gleater age, less formal education and an index

hospitalisation primarily caused by an acute exacerbation of a pre-existing chronic illness, were

independently correlated with a relatively lower composite score for medication-related

knowledge: relatively "higher" and "lower" knowledge scores were determined on the basis of

their relationship to the mean composite score of 637o for the entire cohort. In this respect, in-

hospital counselling was not associated with incremental knowledge scores. Similarly, the only

independent correlate of mal-compliance (using data from the 186 "reliable" pill counts) was

greater number of prescribed medications. These data are summarised in Table 3'7.

Table 3.7 Correlates of degree of compliance and extent of knowledge in relation to the

post-discharge merlication negirnen"

Age
(years)

Acute exacerbation of
a chronic illness

Primary school
education only

Mean number of
discharge medications

67.4 t lzj 72.3 t lO.4 < 0.001 < 0.001

138 (74Vo) 179 (967o) 0.03 0.044

48 (317o) 79 (43Vo) < 0'01 < 0.004

High
(n = 156)

Compliant
(n = l0O)

L,ow
n-186

Mal-compliant
(n = 86)

Univariate
analysis

Multivariate
analysis

Adjusted OR,
(957o CI's)

2.2*
(1.4,3.7)

1.9
(t.2,3.O)

Adjusted OR
(95Vo Cl's)

2-6**
(1.4 - s.2)

1)

2.7
1,7(1

Univariate
analysis

Multivariate
analysis

5.1r2.3 5.8 t 2.1 0.01 < 0.002

o Adjusted odds ratio for 2 75 years. ** Adiusted odds ratio for 2 5 medications
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Responses to the general medication questionnaire revealed a number of other issues likely to

positively or negatively impact upon longer-term compliance and/or efficacy of the medication

regimen. Factors likely to negatively impact upon compliance included:-

l) Regularly forgetting to take medications despite an intentionto (l4Vo;95Vo Cl's ll,lSVo).

2) Having trouble opening medication containers and/or swallowing tablets (líVo; 95Vo CI's

ll,l9%o).

3) Hoarding and using previously prescribed medication (35Vo;95Vo Cl's 3O,4lVo).

4) Regularly altering dosages on the basis of symptomatic status (líVo;95Vo CI's 17,l9Vo).

5) Reducing dosages to rninimise costs (2lvo;95Vo Cl',s 17,267o).

Convers'ely" identified factors likcly to pfomcte compliance included:-

l) A belief that the medication regimen was either "important or very important" for optirnal

' 
management of their illness (857o;957o Cl's 81,887o)'

2) A belief that the medication regimen was effective (647o';95Vo Cl's 58,69Vo).

3) Regularly attending the same medical clinic and pharm acy (94Vo; 95Vo Cl' s 9l ,96Vo) '

Consequently, all ÉIBI patients received a combination of remedial counselling, introduction of a

compliance device/ reminder routine and/or closer supervision by a care-giver (usually an

immediate family member), whilst 37 patients (l+Vo) were referred to their community

pharmacist for more intensive follow-up thereafter. The majority of home-visits were of 9O-l2O

minutes duration.

Furthermore, all of the patients' primary care physicians were notified of this home assessment

and any remedial action recommended: 40 patients (167o) were subject to immediate referral in

order to address evidence of clinical deterioration and/or adverse effects of prescribed

medication.

primøry Endpoint. The primary (composite) endpoint occurred on 155 occasions in the HBI

group and 217 occasions in the UC group (P < 0.001). This comprised 154 vs. 197 unplanned

!
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readrnissions (p = o.O2Z) and I vs.20 out-of-hospital deaths (P < 0.001 [oR 0.04, 95Vo Cl's o -

0.41).The accumulated total of primary end'points during the six months of study follow-up are

presented in Figure 3.3.1t demonstrates that the accumulation of primary end-points for the two

groups was similar for the two groups in the initial 10 weeks of follow-up. Thereafter, the two

groups continued to diverge in favour of the IIBI group until the end of study follow-up at six

months.

Figure 3.3 Accumulated total of unplanned readmissions plus out-of-hospital deaths

during study follow'up according to study group.
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However, there was no significant difference in the number of patients in whom the primary

endpoint occurred (104 IIBI vs. ll7 uc: P - 0.299\, or in time to first readmission. Post hoc

analysis of the frequency and characteristics of readmissions suggested that the major disparity

occurred among patients who would normally experience multiple hospital admissions. Hence

the effect of the intervention was mediated via a difference in the frequency distribution of

unplanned readmissions plus out-of-hospital deaths during study follow-up. Figure 3'4 represents
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the frequency of primary end-points during study follow-up according to study group. It

demonstrates that during study follow-up l2ll}3 HBI patients vs.24ll05 UC patients (P = 0'035

[oR 2.3, g57o Cl's 1.0 - 5.1]) were readmitted on > 3 occasions. within the uc group' patients

with > 3 readmissions were more likely to have a diagnosis of congestive heart failure (P < 0'001

IOR 5.g, 95Vo C¡s 2.2 - 15.2]) and/or chronic airways limitation (P = 0.005 IOR 3.8' 95Vo Cl's

1.4 - g.7l), had experienced a previous unplanned admission within six months of the index

admission (p = 0.005 [oR 3.2, gíVo Cl',s 1.3 - 8.01) and were receiving a larger number of

medications on discharge (mean 5.8 l-2.6 vs. 4.6 t2.4 medications per patient: P = 0'018).

Figure 3.4 Frequency distribution of unplanned readmissions plus out'of-hospital

deaths during study follow'up according to study grouP'
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documented malcompliance and/or adverse effects of prescribed medication (35/197 vs. l3ll54:

P = 0.012 IOR 2.34, 957o Cl's l-14 - 4.87]).

Secondøry Endpoints. Total mortality was also significantly lower in the ÉIBI group (12 vs- 29:

p = 0.006 [oR 0.4, g57o Cl's 0.2 - 0.s] ). The Kaplan-Meier survival cufves are represented in

Figure 3.5. However, numbers of in-hospital deaths were similar for both groups (l l IIBI vs' 9

UC). patient attendances at hospital emergency services were signif,rcantly lower in the IIBI

group (236 vs. 314: p < 0.001), although the proportion of patients attending emergency service

was similar (l3s IIBI vs. 140 UC). Post hoc analysis of the frequency of emergency service

attendance suggested that patients in the UC group lvere more likely to attend emergency service

> 3 times during follow-up ØAAO vs. 18/138: P < 0.001 IOR 2.86, 95Vo Cl's l-5 - 5.5] ). Total

days of hospitalisation resulting from all readmissions during study follow-up were significantly

less in the IIBI group (1452 vs. 1766 days: P < 0.001). This comprised 1258 vs. 1497 days of

unplanned (p < 0.001) and 194 vs.269 days of elective admission respectively (P < 0'001).

Figure 3.5
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Table 3.8

Ch¡onic illness at studY entrY

Age (mean t sd)

Prior dependence on home

support services

Number of prescribed

discharge drugs (mean + sd)

Emergency admission 6

months prior to studY entrY

53 (9Vo) 44 (2r7o) < 0'001 0.004

4.4 t2.5 5.6 + 2.8 < 0.001 < 0.001

394 (717o) 178 (86%) < 0.001 < 0.001

Results of univariate and subsequent multivariate analysis to determine

signílicant correlates of unplanned readmission and out-of-hospital death.

458 (83Vo)

65r16

186 (897o)

69+15

0.022

0.003

0.646

0.143

2.1

(1.2 - 3.r)

2.2*
(r.6 - 3.1)

2.t
(1.4 - 3.r)

Male

Emergency admission 6

months prior to studY entrY

Prescribed discharge

medications (mean t sd)

Initial medical admission

Primary language -

non-English

Usual care post-
hospitalisation (UC grouP)

370 (50%) 14 (66Eo) 0.130 0.138

156 (21%) 8 (387o) 0.100 o.929

4.7 t2.6
M5 (6o7o)

5.5 !2.4
17 (817o)

o.174

o.128

0.254

0.081

84 (rlEo) 8 (381o) 0.002 < 0.001

36r(49%) 2O (95V.) < 0.001 0.003

* Odds ratio for patients prescribed è 5 discharge medications

Table 3.g (above) represents the results of univa¡iate and subsequent multivariate analysis to

determine significant corelates of unplanned readmission and out-of-hospital death. Adjusted

odds ratios for relative probability of unplanned readmission within the entire study cohort were

approximately 2.0 for patients with either prior dependence on home-based support or prior

unplanned admission(s) and 2.2 for patients receiving > 5 prescribed medications. Significant,

independent correlates for out-of-hospital death were non-English speaking background and

Íìssignment to the UC grouP.

In order to determine Ìvhether there was significant interaction between treatment mode and

corïelates of unplanned readmission, multivariate analysis was also performed separately for

each treatment group. In this respect there were no significant differences between treatments for

identified correlates. The odds ratio for unplanned readmission during the study period was 3.2

4.7
(1.8 - 12)

20.8
(2.7 - 1s6)
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(g|vo cl,s 1.4 -7.6) for patients in the HBI group who were prospectively considered at high risk

for readmission (n =314) versus those considered at lower risk (n = 67)- Within the UC group,

the corresponding odds ratio was 1.9 (95Vo CI's 0'94 - 4'2)'

Health-related quality ol W. euality of life scores indicated marked impairment of quality of

life relative to age and gender matched norïns for the local population for each of the I health

dimensions measured by the sF-36 as represented in Figure 3.6.592 However there were no

significant differences between the two groups, either at I or at 3 months following study entry

(data not shown).

Figure 3.5 Comparison between SF-36 scores of study patients (n = 163) and aged and

gendãr matched SF-36 scores for the local population (n = 303).
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subset of 150 patients. Costs of hospital-based care tended to be lower among IIBI patients with

a mean of $2190 per parient (957o CI's $1740 - 2630) vs. $2680 per UC patient (95Vo CI's $2030

- 3320);this difference did not reach statistical significance (P - 0.210). On the other hand, the

cost of implementing the study intervention among the 254 patients who received a home visit

was gl90 per patient (total $48,460). Concerning community-based costs, no difference could be

detected between groups as regards intensity of contact with primary care physicians (median of

6 consultations during study follow-up) or proportion of patients using home-based services

(2l7o for both groups): mean cost of community-based care was $610 per HBI patient (95Vo Cl's

$530 - 690) vs. $630 per uc patient (957o Cl',s $560 - 700) - P =0.641.
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t3.41 EFFECT OF THE MULTIDISCIPLINARY, HOME'BASED

INTERVENTION AMONG "HIGH RISK'' CHRONIC

CONGESTIVE HEART FAILURE PATIENTS.

t3.4.1] Introduction.

The largest clinical sub-group of patients involved in this study were patients with cHF' on the

basis of the post-hoc analysis of the effects of HBI as regards a disproportionate reduction in

recurrent readmissions to hospital and the evidence that cHF patients in particular are at risk of

frequent hospital-use and premature death an intensive, sub-set analysis of prospectively chosen

,,high risk,, cHF patients (n = 97) was performed. This sub-analysis used the same end-points as

for the overall cohort of patients in addition to a prospective analysis of the frequency

distribution of .,all cause" unplanned admissions as well as those associated with acute heart

failure. Furthermore, using additional clinical data specific to crIF, multivariate analysis of

clinical outcomes among this sub-set of patients was also performed.

13.4.21 Methods.

Incrusion críteria for sab-set Anørysis. presence of cHF was defîned on the basis of formal

demonstration (via echocardiography or radionuclide ventriculography) of impaired systolic

function (LyEF < 55Vo) and persistent functional impairment indicative of New York Heart

Association (NYHA) Class II, TIT, or fV status. Acute heart failure was defined on the basis of

pulmonary congestion/oedema evident on chest radiography'sg3 with a clinical syndrome of

acute dyspnoea at rest. chronicity of heart failure was diagnosed on the basis of exclusion of

factors such as acute myocardial infarction or unstable angina pectoris which might have

precipitated emergence of reduced systolic function at the time of index admission. However,

patients admitted with acute ischaemia or infarction with previously documented CHF were

eligible for inclusion.
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Randomisation. Of the 107 eligible "high risk" CFIFpatients initially identified 97 (917o) agreed

to participate in the study with 48 patients assigned to UC and 49 patients assigned to HBI.

t3.4.31 Results of sub-set analysis of chronic heart failure patients.

Clinicøl ønd Demographíc Profite. Table 3.9 is a summary of the clinical and demographic

profile of the study cohort. Consistent with the original cohort, the majority of patients were

older and of lower socio-economic status. Importantly, considering the potential for poorer health

outcomes associated with sub-optimal pharmacotherapy,32,286,306-308 ail but one of the study

cohort \r,ere prescribed a diuretic, 79 (817o) an angiotensin converting enzyme inhibitor (ACE

inhibitor) and 65 (67Vo) digoxin. Clinical data recorded at the time of index admission revealed

that 57 (59Vo) patients were treated for acute pulrnonary oedema and, of,these, 16 (28Vo) \ /ere,''

associated with new onset of rapid uncontrolled (> 120 beats/minute) atrial fibrillation and 12

(2lVo) with an acute ischaemic syndrome: these data are consistent with those studies that

demonstrate worsening cardiac function secondary to atrial fibrillation 526,527 and./or acute

myocardial ¡ss¡aemi¿.528 Also consistent with previous studies examining older cohorts of

CIIF patients, the extent and potential burden of co-morbid illness(es) was great.53l

Extent ol Study Interyentioz. Consistent with the major cohort, seven IIBI patients (147o) did

not receive a home visit because of early readmission or withdrawal of consent. Among patients

who were subject to a home visit, 22 (52Vo, 957o Cl' s 36 - 68Vo) were found to be mal-compliant

with, and 3g (go7o,g57o Cl',s77 -977o) had inadequate knowledge of their treatment regimen.

As such, the majority of patients required remedial intervention during HBI, whilst 9 patients

were referred to a community pharmacist for more intensive follow-up thereafter. Furthermore

14 (337o,95Vo CI's 2O - SOVo) patients demonstrated either early clinical deterioration and/or

adverse effects from their medication regimen (most commonly postural hypotension in the

presence of ACE inhibition) and required immediate review by their primary care physician'
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Table 3.9 Baseline clinical and demographic data according to treatment group.

Demographic Profile
Male:Female
Age i;

Live Alone
Non-English sPeaking background

Discharge Medications
Number of prescribed medications

Diuretic
ACE inhibitor
Digoxin
Nitrate
Warfarin

CHF Profile
CIIF documented prior to index admission

LYE,F (Vo)

NYHA Class II on discharge from hospital

NYHA Class III
NYHA Class [V

Co-morbiditY
Ischaemic heart disease : Myocardial Infa¡ction

Chronic airwaYs limitation
Chronic hypertension
Atrial fibrillation
Non-insulin : Insulin dependent diabetes

Charlson Index of Co-morbiditY

Admission Profile
Acute pulmonary oedema

Heart rate (beats/minute)

Systolic Blood Pressure (mmHg)

Discharge Profile
Sodium mmol/L
Potassium mmol/L
Albumin g/L
Creatinine PmoVL
Heart rate (beats/minute)

Systolic blood Pressure (mmHg)

Sinus rhythm: Atrial fibrillation

22:27
76 + tl (40 - 93)

20
10

6.9 x2.4 (2 - t5)

3.1 r 5.8 (O -21)
7.9 !6.0 (2 -27)

35

38 r ll (18 - 55)
24
23
02

35:2O
2t
t9
15

712

2.1+. o.7

30
tot r.u
138t29

138 t 4,8
4.0 + 0.4
39 r 3.5

133 + 43

79 x9
120 t 2l
31: 18

25:23
74 + t0 (36 - 88)

18

10

6.5 L2.s (3 - 14)
47

38

32
28
l3

3.2 ! 6.0 (O - 24\
7 .7 t6.2 (2 - 28)

39

39 + 1l (17 - 55)
24
20
02

30:21
l4
20
15

t0t2
2.2!0.5

27

94!26
132!27

t39 !3.4
4.3 r 0.5

38 r 4.3

150 r 79

79!13
120 r 19

34: 14

49
4l
33
29
t4

Hospitalisation in the 6 months bef,ore the study

Dayi of hospitalisation prior to index admission

Duration of index admission (days)
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Extent o! Study Intemention. Consistent with the major cohort, seven FIBI patients (1470) did

not receive a home visit because of early readmission or withdrawal of consent. Among patients

who were subject to a home visit, 22 (52Vo, 957o Cl's 36 - 687o) were found to be mal-compliant

with, and 38 (9OVo, 957o CI's 77 - 97Vo) had inadequate knowledge of their treatment regimen.

On this basis, the majority of patients required remedial intervention during IIBI, whilst 9

patients were referred to a community pharmacist for more intensive follow-up thereafter.

Furthermore 14 (33Vo, g57o CI's 20 - SOVo) patients demonstrated either early clinical

deterioration and/or adverse effects from their medication regimen (most commonly postural

hypotension in the presence of ACE inhibition) and required immediate review by their primary

care physician.

primary End-point. During the study, the incidence of the primary composite end-point

(unplanned readmission plus out-of-hospital death) was 0.76 t 0.91 vs. 1.4 t 1.8 per IIBI and

UC patient respectively (p = 0.03). The accumulated total of primary end-points are represented

in Figure 3.7; us with the original study the beneficial effects of IIBI in this regard do begin to

become evident until the tenth week of follow-up. This comprised both fewer unplanned

readmissions (36 vs. 63 P = 0.03) and out-of-hospital deaths (l vs. 5: P = 0'll) among HBI

patients. There was no significant difference between groups as regards time to first primary

end-point, although HBI patients tended to be readmitted earlier.

Secondary End-points. While fewer patients in the HBI group experienced an unplanned

readmission (24149 vs. 3ll38: P -O.12) and/or died(6149 vs. 12148: P = 0.ll), neither difference

reached statistical significance. Post-hoc analysis suggested that ÍIBI was effective in preventing

individual patients from requiring large numbers of readmission with acute heart failure: no HBI

patient had > 3 such admissions, as compared with 5 UC patients (P = 0.02). Patients assigned

to I{BI also recorded significantly fewer attendances to hospital emergency service (48 vs. 87: P

= 0.05) and days of hospitalisation (261 vs. 452 days: P = 0.05).
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Figure 3.7 Accumulated total of unplanned readmissions plus out-of-hospital deaths

during study follow-up among the sub-set of chronic congestive heart failure
patients (n = 98).
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Health-carc cosfs. Mean cost of hospital-based ca¡e tended to be lower for the IIBI group

(g3,200: 957o Cl's $1300 - 4600) as compared to the UC group ($5,400: 95Vo CI's $3,200 -

6,800); this difference did not reach statistical significance. On the other hand, the additional cost

of implementing the study intervention w:rs $190 per patient. Costs associated with community-

based health care for those patients subject to audit (n = 34) were similar for both groups: $620

per IIBI patient (957o CI's, $460 -740) vs. $680 per UC patient (957o Cl's, $550 - 800).

Correlates of readmßsion ønd death. Correlates of readmission and death during the study are

summarised in Tables 3.10 and 3.l l respectively; both univariate and multivariate data are given.

On multiple logistic regression, significant correlates of unplanned readmission were: prolonged

unplanned readmission prior to study entr!, living alone and hypoalbuminaemia at hospital

discharge. Allocation to the UC regimen was a borderline correlate (P = 0.06). Alternatively,
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significant correlates of mortality were: a non-English speaking background, regular home-

support at hospital discharge and multiple readmissions during study follow-up-

Table 3.10 Correlates of unplanned readmission during six month study follow-up.

165

Variable

Home-Based Intervention 3l (747o) 24 (447o) 0'12

Unplanned hospitalisation <

6 months before studY (daYs) 8.1 t 7.4 13.0 r 8.9 0.005

Lives Alone 2t (507o) 37 (67Vo) 0'09

hior admission for an acute

ischaemic syndrome 25 (60Vo) 40 (737o) O-2

Low Albumin plasma
concentration (glL)

No
n= 42

Yes
n=55

Univariate
analysis

Multivariate Adjusted OR
analysis (957o CI's)

0.06
0.4

(0.2 - r.l)

0.002

0.o7

0.o2

0.01

5.2*
(r.8 - 16.2)

2.3
(o.e - 5.7)

3.3
(1.2 - e.1)

2.4*
(1.2 - 6.0)39 !3 37 !2 0.06

* Odds ratio shown for patients with: 2 14 days of unplanned hospitalisation and Albumin

pløsma concentration of 3 38 g/L.

Table 3.11 Correlates of unplanned readmission and mortality during study follow'up.

Variable

Non-English speaking
background

Regular home support
services

Total readmissions during
study follow-uP

tl (t47o) 8 (4480) < 0.001 < 0.001

No
(n = 79)

Yes
(n = 18)

Univariate
analysis

Multivariate
analysis

Adjusted OR
(95Vo CÍ's)

5.0
(r.6 - 18)

15.7

(1.3 - 186)

3.4*
(1.3 - 11.2)

23 (29%) t7 (94Vo) < 0.001

0.95 r 1.4 1.9 r 1.6 0.01

0.03

0.003

* Odds ratio shownfor patients with 22 unplanned readmissions.
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[3.s] AN EXAMINATION OF TIIE MEDIT]M.TERM EFFECTS OF

MULTIDISCIPLINARY, HOME.BASED INTERVENTION AMONG
TIIE SUB.SET OF "HIGH RISIC' CHRONIC CONGESTIYE
HEART FAILT]RE PATIENTS

t3.5.11 Introduction.

In the initial sub-set analysis of "high risk" CIIF patients it was demonstrated that HBI was

associated with reduced frequency of unplanned readmissions plus out-of-hospital deaths during

6 months follow-up. The apparent success of this strategy in reducing subsequent hospital use

(42Vo in comparison to UC patients) was largely mediated via a reduction in recurrent admissions

for acute heart failure. However, perhaps due to a combination of a small sample size, the

skewed distribution of costs among UC patients and limited duration of follow-up, despite strong

trends in favour of the study intervention, we were unable to demonstrate either definite cost-

savi4gs or improved survival.

In order to examine the medium-term effects of the intervention on the original primary end-

point and, more importantly, frequency of recurrent hospital admissions, total hospital stay, cost

of hospital-based care and total mortality, we extended follow-up of all surviving patients for a

further 12 months (to a ma,.rimum of 18 months post index hospitalisation for surviving patients).

Í3.5.21 Results of prolonged follow'up of chronic heart failure patients.

prilnary end-point. During the 18 months following index hospitalisation, 33149 HBI patients

(67Vo;95Vo Cl's 52,8O7o) vs.39t48 UC patients (81%; 95Vo CI's 67,9lVo) had experienced

either an unplanned admission or an out-of-hospital death (P = o.l2). Although the two groups

did not significantly differ as regards the proportion of patients experiencing a primary end-point,

patients in the IIBI group accumulated significantly fewer unplanned readmissions (64 vs. 125; P

= 0.02) and suffered fewer out-of-hospital deaths (2 vs. 9; P = 0.02, OR 5.4,95Vo CI's 1.0, 39)'

The combined total of primary end-points was therefore 66 vs. 134 for the HBI and UC groups

respectively (1.4 + 1.3 vs. 2.7 + 2.8 events/ patient: P = 0.03). Figure 3.8 demonstrates that the
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two groups continued to diverge as regards accumulation of primary end-points (principally

unplanned readmissions) during the additional twelve months of follow-up'

Figure 3.g Accumulative total of unplanned readmission plus out'of'hospital deaths

during 18 months follow-uP.
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Secondary cnd-points. Overall, IIBI patients required fewer days of hospitalisation (both

unplanned and elective) in comparison to UC patients (10.5 + 14.4 vs.2l.l + 24.1 daysl patient:

p = O.O2) in addition to accumulating fewer attendances to the emergency department (2.5 + 2.7

vs. 4.5 + 4.g per parient: p = 0.004). On the basis of this reduction in hospital stay and

comparable outpatient clinic costs, the calculated cost of hospital-based care per patient was

significantlylowerfortheHBlgroup($5,t00+6,800vs.$10,600+13,000:P=0.02).

Analysis of the frequency distribution of unplanned readmissions revealed that UC patients,

once readmitted, were significantly more likely to experience 2 4 readmissions during study

follow-up (l1li1 vs. 3l3l: P = 0.03; odds ratio 4.2, 95Vo CI's 1.0, 22.0) whilst similar

proportions of patients from the two groups were readmitted I , 2 and 3 times during study
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follow-up. Figure 3.9 shows the frequency distribution of unplanned readmissions for the two

groups. Overall 42Vo (957o CI's 35, 49Vo) of all unplanned readmissions for the entire cohort

were ¿rssociated with a primary diagnosis of acute hea¡t failure, the remainder being primarily

associated with either an acute ischaemic syndrome or acute respiratory failure secondary to

chronic airways limitation. Once readmitted UC patients were significantly more likely to require

> 3 admissions for heart failure (8121vs- l/18: P = 0.004)'

Figure 3.9 Frequency distribution of unplanned readmissions according to study grouP

according to study group during l8'month follow'up.
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patients assigned to HBI were also more likely to survive the l8-month period post index

hospitalisation; I 7149 HBlpatients (2OVo; 957o Cl's lO, 347o) vs. 2O148 UC patients (44Vo;957o

CI's 30, 497o) died during follow-up (P = 0.049; OR 0.41, 95Vo CI's 0.17, 0'98). Figure 3.9

represents the cumulative survival probability for the two study groups.
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Figure 3.10 Kaplan-Meier curves for cumulative survival during l8-months follow-up
(log-rank test for comparison of survival curves) accordíng to study

assignment.
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Correbtes of unpbnned readmßsion ønd ,nortørity. On the basis of initial univariate analysis,

the following variables were subjected to multiple logistic regression to determine potential

correlates of unplanned readmission: previous admission(s) for acute heart failure, number of

days of unplanned hospitalisation in the 6 months before study follow-up, plasma albumin

concentration on hospital discharge, NYHA Class on hospital discharge and study group. of

these parameters, greater hospital use in the 6 months before study follow-up proved to be the

only independent, positive correlate of unplanned readmission within 18 months of index

hospitalisation. These data a¡e summarised in Table 3'12'
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Tabte 3.12 Correlates of unplanned readmission during l8-month follow'up.

Variable

Unplanned days of hospitalisation 6

months before studY follow-uP

Assignment to multidisciPlinarY,
home-based intervention

6.8 r 6.6 12.5 r 8.8 0.002

t8 (64Vo) 3l (4580) 0.08

No
n=28

Yes
n= 69

Univariate
analysis

Multivariate
analysis

Adjusted OR
(957o CI's)

5.4 x

(1.1- r1.3)

0.5
(0.2 - t.2)

0.006

0.09

* Adjusted odds ratio for 2 14 days unplanned hospitalisation.

Similarly, the following variables were examined as potential corelates of mortality: duration of

treatment for CIIF, number of admissions for acute heart failure, number of days of unplanned

hospitalisation in the 6 months before study follow-up, LVEF, NYHA Class on hospital

discharge, English/non-English speaking background and study group. Of these parameters

greater hospital use in the 6 months prior to study follow-up, a non-English speaking background

and lower LVEF were independent, positive correlates of l8-month mortality; conversely,

assignment to IIBI was a negative correlate. These data are summarised in Table 3.13'

Table 3.13 Correlates of unplanned readmission during l8-month follow'up.

Va¡iable

Non-English sPeaking

background

Days of unplanned hospitalisation

in the 6 months before follow-uP

Assignment to multidisciplinary'
home-based intervention

Left ventricular ejection

fraction (lo')

9 (l4Vo') 12 (397o) 0.005

9.3 + 7.4 14.4 1 10.1

38 (597') lt (329o) 0.049

40.5 r 10.7 34.9 ! 10.9 o.o2

No
(n = 66)

Yes
(n = 3l)

Univariate
analysis

Multivariate
analysis

Adjusted OR
(95% CI's)

4.9
(r.s - ls.4)

4.9*
(1.6 - ls.2)

0.3
(0.r - 0.82)

3.0 **
(r.l - 8.6)

0.008

0.008

0.o2

0.03

o.o2

Adjusted odds ratiofor * > 14 days unplannedhospitalisation and ** <LVEF 40Vo'
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[3.6] sruDY DISCUSSION

t3.6.11 overall beneficial effects of the study intervention.

'We initially examined the effect of a multidisciplinary, home-based intervention on the

frequency of unplanned readmissions and out-of-hospital deaths amongst a heterogeneous cohort

of largely frail and older patients requiring long-term medical care' In the 6 month follow-up

period, patients in the rIBI group demonstrated a significant reduction in the primary endpoint: a

difference almost exclusively mediated by a reduction in multiple readmissions and out-of-

hospital deaths. whilst contact with primary cafe physicians and home-based services was

similar for both groups, IIBI patients had l87o fewer days of hospifalisation. Examination of

odds ratios for unplanned readmissions suggests that the 314 patients (827o) within the I{BI

group in whom the post-hospitalisation intervention was performed constituted a well delineated

high risk subset.

f3.6.21 Potential mechanisms of benelicial effect'

'What are the potential explanations for these findings? As discussed in section 3.2.5 previous

studies have suggested that a significant proportion of unplanned hospital readmissions

(estimates range between 9Vo and 547o) are preven¡a61s-312'32ù'504'506'535'536 and that

potentially avoidable causes of such readmissions include malcompliance with, and/or adverse

effects of prescribed medications, inadequate follow-up, sub-optimal use of medical care and

early clinical deterioration. 
'We postulated that the early HBI pfogfamme chosen might

ameliorate all of the above factors, both directly and via increased vigilance of patients'

phy sicians, community pharmacists and care- givers thereafter.

In this context, the study confirmed that one of the most important benefits of this type of HBI is

the ability to obtain a more accurate picture of patients' management of their therapeutic regimen

away from the artificial environment of the hospital. As such, the data obtained during the initial
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stage of the home visit provides clea¡ evidence that the previously documented problems relating

to sub-optimal management of prescribed medications remain prevalent among those patients

who can (theoretically) least afford to receive sub-optimal treatment. Overall the pattern of

medication management was poor with many hitherto unknown, and potentially serious problems

detected and this requires further comment.

t3.6.31 Optimisingmedicationmanagement'

Consistent with previous studies linking poorer compliance rates with chronic illness and/or

greatq number of prescribed medicatis¡s,54O,541,543-545,594 approximately half of the study

cohort subject to a "reliable" pill count were found to be mal-compliant; those prescribed à 5

medications having an approximate two and half fold increased probability of significantly

deviating from their planned treatment. Similarly, consistent with previous studies that have

examined predominant areas of knowledge deficit in relation to prescribed medication5,540'557'

558 i1 was observed that whilst the majority of patients (or relevant carers) were able to name the

purpose, dosage and frequency of their prescribed medications, few were able to identify

potential adverse effects and/or special instructions. On the basis of multi-variate analysis,

greater age, lower levels of formal education and presence of a chronic illness requiring

treatment prior to the index admission were all independently associated with lower medication

knowledge scores. 
'Whilst all of these parameters can probably be explained on the basis of a

combination of reduced mental acuity and a lesser propensity to seek and absorb information, the

absence of a relationship between medication compliance and knowledge (either on the basis of

single knowledge items or the combined score) requires comment. Previous studies examining a

potential relationship between the two have yielded conflicting results.3lT '543'557 '595 There is,

however, a compelling argument that greater knowledge does not necessarily lead to increased

adherence to a regimen: it may in fact result in "reasoned" non-compliance or there may simply
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be a deficit between behavioural intention and action, as was evident in a large number of the

patients in the current study.317,596 kt this context, the relative efficacy of strategies designed to

directly improve compliance (eg. reminder cards and pre-packaging dosages) compared to those

that aim to improve medication-related knowledge (eg. counselling) remains unknown' On a

practical basis, it is probable that employing a multi-faceted (rather than one dimensional)

approach to address the "multitude of sins" relating to the management of medications among the

chronically ill is most likely to yield the best ¡sstt1¡5'549'597

Unlike some previously reported studies,540,598,599 and consistent with our previous

observation that older patients with chronic illness have difficulty even remembering that they

have received in-hospital counselling,542 neither in,hospital self-medication nor incremental

pre-discharge counselling, whether it was principally nurse or pharmacistled, appeared:to be

associated with improved medication-related knowledge. SimilarlY, on the basis of the "reliable"

pill-counts $,e were unable to detect a modulating effect of these strategies on extent of

compliance. However, consistent with other studies, potentially serious problems including

difficulty in opening medication containers,s4,552 hoarding of old medication3,542'543 ^6

regularly altering dosages (often without informing the treating physician) 317 
'543 were detected

during the home visit. As part of HBI all such problems Ìr,ere addressed through immediate

intervention or incremental follow-up by the patient's GP or community pharmacist thereafter.

Because we chose to examine the effect of an intervention applied in the immediate post-

discharge period, and any attemPts to measure medication management in a similar fa'shion

thereafter would have influenced the study outcome, we have no direct evidence of improved

medication management following the HBI. However, the fact that this intervention was

associated with reduced numbers of unplanned readmissions and improved survival suggests

better use of prescribed medications was at least partially responsible for the improved health

outcomes. Two components of post-hoc analysis of the original data in particular support this
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supposition. The first of these was blinded assessment of all unplanned readmissions during

study follow-up. This revealed that a greater number of "usual care" readmissions were related to

documented mal-compliance and/or adverse effects of prescribed medication. Of the 48

medication-related admission identified 34 (7l%o) were associated with adverse effects (ACE

inhibitors being the most common precipitant in this regard) and 14 (297o) were associated with

mal-compliance. The other component of post-hoc analysis revealed that HBI was most effective

in reducing recurrent unplanned readmissions among patients with CIIF'

Any interpretation of the medication-related data requires a caveat regarding the reliability and

validity of the tools used to measure medication-related knowledge and compliance'

Unfortunately, there is no "gold-standard" measurement of medication compliance and all

methods (including self-reporting, serial drug plasma concentration measurement and electronic

container monitors) are fundamentally unreliable.54l,60o-605 Ho*"n"r, we anticipated that the

pill counts utilised in the current study would be "relatively" accurate on the following basis:

1) The number of pills dispensed at discharge was a known quantity.

2) T\erewas a short-period between dispensing of medications and the pill count.

3) Patients were unaware of the impending pill count'

Using a conservative approach, we accepted only those pill counts considered to be "reliable" for

any analysis of the data. This highlights the difficulties in accurately estimating compliance over

even a short period of time, especially in the context of polypharmacy and represents a caveat for

the results of those studies measuring compliance in a similar context'

Similarly, the reliability, responsiveness and validity of the type of knowledge questionnaire used

in this study (although widely or"6 315,540,557,599,6o6,6o7¡ must be questioned. In terms of

..reliability", we were able to eliminate the problem of inter-rater variation by employing one

person (the study pharmacist) to assess patients using the same criterion for each medication.

Furthermore, the composite knowledge scores for the entire cohort were near normally
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distributed. Although, the questionnaire did not detect differences in knowledge components on

the basis of in-hospital counselling and we did not measure changes over time, it did appear to be

sensitive and therefore "Íesponsive" to the expected determinants of poorer knowledge.

Furthermore, the components of medication-related knowledge tested are valid in that they are

universally accepted as being essential to the optimal management of medications. However,

does verbalisation of information (eg. naming a potential adverse effect), representing a simple

memory test, accurately reflect the depth of knowledge about a medication; especially if recall or

recognition of an important piece of information about a medication is only triggered by an acute

need (eg. actually experiencing an adverse effect)? It may have been possible to use more

sôphisticated tools to measure medication-related knowled$e and behavioural intent, but in this

largely fraii and older cohort (including many from a non-English speaking background) this

would have'been Problematic.

Despite these potential limitations, the data relating to'this cohort's management of their

medication regimen highlight a number of important issues relevant to the apparent deficit

between the ..potential" and "actual" benefits of clinically "proven" pharmacological agents' In

this cohort of older, chronically ill patients, who would theoretically benefit most from

appropriate and consistent treatment, medication management was often sub-optimal. Hitherto

unrecognised problems were many and varied among the study cohort with mal-compliance

probably representing the most significant of these (especially in the presence of minimal

medication-related knowledge and multiple disease states) and most likely to result in poorer

health outcomes. Importantly, for this cohort at least, in-hospital counselling was not associated

with either improved compliance or medication knowledge. However, consistent with previous

reports of this type of intervention,6OS HBI was responsible for the detection of many hitherto

unknown problems and was associated with an ove¡all reduction in readmissions; in particular
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those associated with either known mal-compliance and/or adverse effects of the prescribed

regrmen.

t3.6.41 Recurrentunplannedreadmissions'

Despite the reduction in total unplanned readmissions in the HBI group, the proportion of

patients readmitted at six months was similar in both groups. The beneficial effect of the study

intervention appeared to be largely confined to the sub-group of patients who would normally be

at risk of multiple unplanned readmissions and out-of-hospital death. It was noted as a

component of post hoc analysis that the frequency of distribution of numbers of readmissions

differed significantly between uc and IIBI groups, with a disproportionately low number of

multiple readmissions in the HBI group. Coupled with the analysis of predictors of > 3

readmissions among UC patients, these data suggest that the predominant benefit of HBI may lie

in patients at particular risk of multiple readmissions. This is not unprecedented for this type of

¡IBI as both Townsend ¿r al (1988) 578 ¿¡¡¿ Rich ¿r aI (1995¡ 291 have demonstrated that

interventions involving a component of home visits reduce the frequency of multiple

readmissions to hosPital.

t3.6.51 Comparison with other studies'

V/hile a number of previous investigations have sought to reduce frequency of readmissions to

hospital, via both community and hospital-based strategies 291'318'319'324-326'571-577 ¡¡"

current methodology differs from such studies with its utilisation of a IIBI to both identify and

correct medication-related problems and increase care-giver vigilance thereafter. As discussed

earlier, two previously reported studies of HBI involving non-medical personnel have reported

some success in reducing rates of readmissions, respectively after 18 months in a study of

patients with a wide range of chronic illnesses,578 and (most notably) after 3 months in patients
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with chronic congestive heart ¡^i1ur".291 The results of the current study and the two previous

studies a¡e to some extent consistent with the findings of a meta-analysis of randomised

controlled studies examining the value of geriatric assessment programs. On the basis of this

analysis, Stuck et al (7993) concluded that such programs are associated with a l2Vo risk

reduction in readmission during study follow-up.609 However, the current study differs from

those used in the meta-analysis in that it involves a more transient, and potentially more cost-

effective intervention, and reports a significant reduction in mortality associated with a post-

discharge intervention; previously reported reductions in mortality have been primarily

associated with hospital-based interventions and patient cohorts discharged to home or long-term

institutional care.57 2,609,6 I 0

t3.6.61 Selection of "high risk" chronic congestive heart failure patients for sub'set

analysis.

On the basis of the original analysis of the major cohort, comprising both cardiac and non-

cardiac patients, and the positive results reported by Rich et aI (199Ð 291 relating to a simila¡

intervention specifically targeting "high risk" CIIF patients, we postulated that this intervention

would be particularly effective in reducing recurrent readmissions Írmong CHF patients. In

selecting relatively higher risk CIIF patients (patients had already been selected on the basis of

greater risk due to the presence of a chronic illness) we prospectively identified two important

determinants for increased risk for hospital readmission and premature death - prior

hospitalisation for acute heart failure and functional impairment refractory to

pharmacotherapy.287,289-291,294,296,508 Furthermore, although extent of left ventricular

systolic dysfunction, as determined by measurement of the left ventricular ejection fraction, has

not been shown to be consistently predictive or associated with increased hospital-use or

premature ¿"u¡¡,139 we chose to include only those patients with at least some left ventricular
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systolic dysfunction. At the very least, this ensured that the patient cohort was homogeneous Írs

regards baseline, demographic and clinical characteristics and prescribed pharmacotherapy and

the rate of subsequent morbidity and mortality was certainly high during study follow-up.

13.6.71 Beneficial effects of the intervention among chronic congestive heart failure
patients.

The sub-analysis demonstrated that during study follow-up, patients with CHF randomised to

HBI had significantly fewer unplanned readmissions plus out-of-hospital deaths. Despite the

greater number of deaths in the UC group (and hence no further potential for admission) there

was still a427o difference in overall duration of hospital stay. The overall improvement in health

outcomes among HBI patients is consistent with the degree of intervention during, and

subsequent to, the home visit. Many of the problems uncovered during this visit would have

hitherto remained undetected. Analysis of the pattern and potential predictors of an unplanned

readmission suggest that this t¡pe of IIBI is most effective among patients with problems that

contribute to poor control of their CÍIF resulting in multiple readmissions; especially if they have

more severe systolic dysfunction and/or less social supPort. There was also a trend towards fewer

out-of-hospital deaths among IIBI patients.

t3.6,S] Specilic comparison to other studies of chronic heart failure patients.

The results of the sub-analysis of outcomes among CIIF patients should be compared with the

four randomised controlled investigations that have also included high proportions of CHF

patients. As noted in section 3.27, two of these studies which included "broad" interventions

(comprehensive discharge plannin13zs and increased access to ouþatient primary sare 318¡

yielded inconclusive, and unfavourable results respectively, in relation to extent and duration of

rehospitalisation. In two other studies, however, use of similar, but more intensive interventions

specific to management of CIIF, were associated with a significant increase in the time to first
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readmission or out-of-hospital death at 3 months post discharge among "high risk" CHF patients

from'a hospital in the United 5gdss 291 and delayed readmission and trends towards reduced

hospitalisation and costs at I year among a relatively non-selected cohort of CIIF patients from a

hospital ¡n 5o¡s¿s¡.577

As with the present study, the difference between groups as regards frequency of readmissions in

the study reported by Rich ct al (1995) was largely mediated via fewer multiple readmissions

among patients exposed to the nurse-directed, mulúdisciplinary intervention incorporating home

yis¡¡s.291 It is possible that the success of the regimen examined in the current study may result

from a combination of a home visit (a central component of the approach utilised by Rich et aI)

with a broad-based examination of chronic morbidity. In the current study, as in some previous

investigations in CIIF patie¡¡s,265,287,291,495 approximately 4OVo of readmissions were

primarily associated with conditions other than CIIF. This is not surprising considering the

significant co-morbidity present in this cohort, and in a simila¡ cohort of CIIF patients for

example, Blfh et aI (1997) noted a seasonal pattern of increased admissions due to respiratory

1¡¡n¡s.516

One explanation for the results of this study might be that UC patients received inadequate care

relative to currently established norms for the m¡rnagement of CIIF, resulting in a higher

incidence of readmission and mortality. However, clinical data, pharmacotherapy and morbidity

were all similar to data for analogous gfouPs in recent publications2ST'289'290'293-296'498'

508,516-519 and guidelines for the management of C11F.270,303,304 In a recent multi-centre

study of hospital readmissions and mortality among a broad population of CÍIF patients in the

United States, the $-monthly rates of readmission and mortality were reported to be M% and

24Vo respectively.2ST In the curent study, the proportion of UC patients readmitted at 6-months
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was not unexpectedly higher (657o:95Vo CI's 49 -78Vo), whilst mortality was similar (25Vo:95Vo

CI's 14 - 4OVo)

t3.6.91 Correlates of unplanned readmission.

A number of the correlates of unplanned readmission among this sub-set of patients are

consistent with previous studies. As expected, greater hospital use prior to study follow-up, even

when potentially confounded by more CHF specific parameters, was a powerful predictor for

subsequent hospitalisation.294,3l4,32o'322,323,327,500-508. Similarly the other correlates of

readmission have been previously correlated with poorer health outcomes. These included a prior

hospitalisation associated with an acute ischaemic syndrome,2g4'sll'517 '528

hypoalbuminaemia,5 8 2,6 I I and livin g ¿1sns. 5 03' 5 04'5 42

t3.6.101 Prolonged benefrcial effects of multidisciplinary, home-based intervention among

chronic congestive heart failure patients.

Although the sub-set analysis of CHF patients revealed particular benefits in respect of extent

and duration of readmission, perhaps due to a combination of a small sample size, the skewed

distribution of costs among UC patients and limited duration of follow-up, analysis of six month

data revealed neither definite cost-savings nor improved survival. The prolonged follow-up of

this cohort of CHF patients was therefore undertaken to determine whether there was any marked

accentuation or attenuation of beneficial effects of HBI in the medium-term. In this respect, the

results of the extended follow-up demonstrated continued benefit as regards the primary end-

point of frequency of unplanned readmissions plus out-of-hospital death; FIBI patients

accumulated approximately 5OVo fewer end-points. The data also suggested that the two groups

continued to diverge for accumulation of these end-points in the 12-18 months following the

single home visit (refer to Figure 3.8). rù/hilst there was a trend towards fewer IIBI patients

requiring an unplanned readmission during study follow-up (31149 vs. 38/48: P = 0.08), the
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continued differential between groups for accumulating unplanned readmissions, potentially

reflects the selective effect of HBI on patients otherwise likely to have frequent, recurrent

unplanned readmissions. Rich ¿f al also reported that post-hoc analysis of the effects of a

similar, but more intensive, intervention that was implemented for 3 months post discharge

suggested that the beneficial effects of the intervention lasted up to I year; although it is not clear

whether this was mediated via a sustained reduction in multiple readmissions among intervention

patients.29l

With larger numbers of patients requiring hospitalisation during the extended follow-up, the

skewness and variability of accumulated costs were less accentuated and we \ryere able to

demonstrate that the approximate SOVo redtction in hospital stay among HBI patients, translated

to a significant reduction in hospital-based costs of a similar magnitude. Once again, however,

the sub-set of patients requiring repeated readmissions contributed disproportionately to the

overall costs for their respective groups. This is consistent with the existence of so-called "high-

cost" users whose repeated admissions for acute exacerbations of a chronic illness cost far more

than single, high cost admis5¡e¡s-569'570

Although the difference in group mortality rates just reached statistical significance, the

magnitude of the apparent reduction in mortality among HBI patients was large (approximately

SOVo) and multivariate analysis showed a stronger relationship between assignment to HBI and

survival. In our original analysis, out-of-hospital death was included in the primary end-point to

partially adjust for the fact that patients would no longer require hospital admission. However,

the frequency of out-of-hospital death alone has proved to be far greater than expected, with

significantly more of these events occurring Írmong UC patients, both at six months in the

original heterogeneous cohort of hospitalised patients, and at 18 months among this sub-set of

CIIF patients; proving to be the primary difference in both cases for the reduced ove¡all mortality

among IIBI Patients'
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t3.6.1f1 Specific comparison with other studies of chronic congestive heart failure paÚients.

Such a proportional improvement in survival rates if verified in larger studies, would be more

than compa¡able to those reported in the original (and larger) ACE inhibitor trials. 26,27 The 18

month mortality rate afüong the UC group in this study w¿ls somewhat greater than that reported

in more recent clinical trials that have included carefully selected heart failure patients receiving

ACE inhibitors as standard therapy and generally lower LVEF's.265,28O,281,283,524 Howevef,

the survival profile of UC patients in the current study, both at 6 and 18 months, is comparable to

that reported at 6 and 12 months among similar cohorts of hospitalised CIIF patients included in

some of the recently reported studies reviewed in table 3.1.287'289'290'293'296'508'516-519

13.6.121 Changing determinants of outcome during prolonged follow-up.

After 18 months of more extended follow-up, the only consistent independent determinant of

unplanned readmission was greater hospital-use prior to study follow-up. Therefore the other

correlates of six month unplanned readmission, living alone, prior admission for an acute

ischaemic syndrome and hlpoalbuminaemi4 were no longer predictive of such outcomes. Whilst

it is difficult to reliably identify determinants of outcorne in a relatively small cohort of patients,

the errcrgencc of prior hospitalisation as a consistent and robust predictor of subsequent

hospitalisation lvas not unexpected; especially considering the relative contribution (potentially

ffiVo ot more) of other chronic disease states. However, consistent with previous studies, greater

functional impairment as determined by NYHA Class on discharge from index hospitalisation

was, on univariate analysis, significantly associated with subsequent readmission and was the last

parameter to be step-wise rejected in the multiple logistic regression -o¿"1.139,287,294,508,

516,529 Although this is not surprising, considering the fluctuations in clinical response to

therapeutics among CHF patients and the subject nature of assessing patients in this manner, the

fact that functional impairment appeared to be more predictive of readmission than the patient's
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documented LVEF is consistent with previously reported 5¡u¿¡s5.139'287'294'508'516 This

probably reflects that fact that these two parameters have been rarely shown to be correl¿1s¿,139

and that extent of functional impairment is more likely to be sensitive to both left ventricular

systolic and diastolic dysfunction and the influence of sub-optimal treatment as regards hospital

admissions.

Patients with greater hospital use in the six months prior to study follow-up also had poorer

survival rates. The fact that the improved survival associated with ÉIBI was independent of the

most proven and reliable predictor of poorer health outcomes among the chronically ill is

reassuring. The only independent correlate of mortality specific to CIIF was a relatively lower

LVEF; patients with a LVEF 3 4OVo had an approximate three-fold increased probability of dying

during l8-month follow-up. ïVhilst this parameter, has not been proven to be a reliable predictor

of mortality in some studies (possible due to measurement variability 139¡, and the influence of

ventricular interaction during diastole,l34,l3' these data are consistent with a recently reported

large study of a similar cohort of CIIF patients in the USA, which also demonstrated that more

severe systolic dysfunction is associated with Poorer survival'29o

t3.6.131 Potential reasons for prolonged beneficial efrects.

Many forms of therapeutic intervention (including non-pharmacological intervention) have been

shown to be highly effective for a short perid of time, but to have no significant beneficial

impact beyond the first few days or weeks after withdrawal of the therapeutic agent.4B,324, 612

How and why is it possible for a single post-hospitalisation intervention to continue to exert a

beneficial effect on readmissions and mortality for at least l8 months post implementation? As

discussed earlier, we anticipated that an early post-hospitalisation HBI would not only be

beneficial in detecting clinical deterioration likely to lead to short-term hospital readmission(s),

but detect hitherto unrecognised problems likely to contribute to poorer longer-term outcomes.
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Although we have no direct evidence of mechanisms of beneficial effect of the current [IBI, the

magnitude of problems detected during the home visit requiring remedial action, many of which

have been identified previously as contributing to unplanned hospitalisation (eg. mal-compliance

with and/or adverse effects of treatment regimen, early clinical deterioration and sub-optimal use

of medical care especially among non-English speaking patients), is consistent with two previous

reports on the mechanisms of beneficial effect of interventions that involve a home v¡si¡.291,

582,608 In respect to improved survival, it is possible that a combination of increased vigilance

of ca¡ers, improved compliance and increased awareness of the therapeutic goals of treatment

and better use of available medical care among HBI patients led to a reduced incidence of acute

deterloration and death before hospital care could be accessed. It is important to note that

although the IIBI was essentially transient, the potential for changes in the long-term structure of

health-care, via patient's pharmacist, general practitioner, community nurse and/or cardiologist

hospital and stimulated by the initial detection and reporting of previously undetected problems,

quite probably contributed to the prolonged beneficial effects of the intervention. However, the

precise mechanism(s) of beneficial effect of the HBI in this regard is unlikely to be elucidated.

[3.6.14] Study limitations.

The major study had several limitations, including (as discussed above) lack of clear

identification of mechanism(s) of beneficial effect and limited duration of follow-up. In the study

827o of patients randomised to IIBI were categorised as high risk and therefore received in-

hospital and home-based components of intervention. It therefore remains uncertain, despite the

data which suggested that the in-hospital component of the intervention (counselling by a

pharmacist and/or study nurse) was not associated with a noticeable improvement in medication

management, whether this component of intenention contributed to the overall beneficial effect
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of HBI. Furthermore, the results of the study may be applicable only to patients of similar socio-

economic status to those currently investigated.

Such limitations also apply to the additional analysis of the "high risk" CIIF patients, who

represented a subset of the total trial population. The fact that we were unable to propose the

exact mechanism(s) of beneficial effect of HBI even among the more comprehensively

characterised cohort of CIIF patients reflects the minimalistic nature of the study. This problem

is, however, common to other interventions incorporating a multi-faceted approach. 291,608,609

The sub-analysis of the outcomes of CIIF patients was also limited by the size of this cohort of

patients in the study; hence the need to extend study follow-up to examine less frequently

occurring end-points (eg. mortality). Furthefrnore, we have no data as regarding functional status

and quality of life among surviving patients.
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[3.7] CONCLUSTONS.

In our initial study, we demonstrated that an inexpensive and essentially transient IIBI reduces

unplanned readmissions and mortality among a large, heterogeneous cohort of predominantly

older cardiac and non-cardiac patients discharged to home following acute hospitalisation. The

subsequent analysis of the effects of the intervention among the limited number of "high risk"

CIIF patients participating in the study (representing a group of patients most vulnerable to often

preventable factors leading to increased frequency of hospitalisation), suggested that this type of

intervention would be particularly cost-effective if applied selectively to similar CHF patients in

the future. This was further supported by data from the extended follow-up of such patients

which demonstrated prolonged benefits in subsequent hospitalisation and mortality: to our

knowledge this represents the fîrst report of a non-pharmacological intervention of this type

improving survival among hospitalised CIIF patients whilst significantly reducing hospital

readmissions.

It would be appropriate, howeyer, to perform an appropriately powered, randomised controlled

study of this type of intervention targeting a similar cohort of "high risk" CHF patients that

addresses a number of residual issues not adequately addressed by the qurrent study. These

include:-

l) \Vhich component of the intervention used in the current study (in-hospital counselling or

home visits and subsequent arrangement of more intensive follow-up thereafter) is most

effective in reducing subsequent unplanned readmissions and out-of-hospital deaths, or

does this intervention rely upon a synergy between the two components of intervention?

2) Similarly, is it necessary (particularly in the context of minimising the cost of an

intervention) to use both a pharmacist and nurse to visit CHF patients, if an appropriately

qualified cardiac nurse is able to address medication-related issues?
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3) In this reslrect, would a more C[IF-specific intervention be more effective than the broad

intervention used in the current study? For example, it would be logical to iiclude more

specific comlronents of education as regards optimal diet, fluid management and exercise

for patients with cgr. strict exercise regimens in particular have been shown to have

beneficial effects among younger patient cohorts of CIIF patients,6l3,614 and although the

type of cohort included in the current study would be unlikely to tolerate such programs,

those progr¡lms that have specifically targeted older patients have also shown some

Ssns¡15.615

4) v/ould the intervention be more effective if home visits were selectively repeated among

patients who demonstrate recurrent readmissions despite initial intervention?

5) \vhat ¡ùre some of the measurable mechanisms of beneficial effect of this ¡ype of

intervention?

6) Assuming this intervention is associated with prolonged survival (at least in the short to

medium-term) what its effect on subsequent functional status and health-related quality of

life among surviving Patients?

If the efficacy of tbis relatively novel approach to managing high risk cHF, is confirmed in a

prospective randomised controlled trial, it would represent an attractive and relatively cheap

n*ans to both improve health outcomes among such patients and deliver significant cost-savings.
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Chapter 4
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[4.1] CITAPTEROVERVIEW.

This chapter describes a prospective study of a multidisciplinary, home-based intervention

among chronic congestive heart failure (CIIF) patients discharged from acute hospital care. The

study was designed on the basis of the results of the preliminary study described in Chapter 3

which demonstrated that this type of intervention appears to have particular benefits for "high

risk" C¡IF patients. The purpose,'design, results and conclusions of this study a¡e summarised

below

t4.1.11 Summary of a prospeetive study examining the effects of a multidisciplinary,
home-based intervention among chronic congestive heart failure patients recently

discharged from acute hospital care.

Objective. To determine the effect of a multidisciplinary, home-based intervention (lIB[) on a

primary end-point of frequency of unplanned readmissions plus out-of-hospital deaths, during a

minimum of six months follow-up, among individuals with severe chronic congestive heart

failure.

Design. Randomised controlled trial comparing HBI with usual care'

Setting- A tertiary referral hospital servicing the north-western region of Adelaide, South

Australia.

participanfs. patients with severe chronic congestive heart failure discharged to home from acute

hospital care (n = 200).

Interventìon. The study intervention (n = 100) consisted of a home visit at 7 -14 days post

discharge by a cardiac nurse to identify and address issues likely to result in unplanned

hospitalisation. patients were then contacted via telephone at 3 and 6 months to determine their

overall progress and current health-care requirements. Home visits were only repeated if patients

required > 2 unplanned readmissions within 6 months of index hospitalisation. Patients assigned

to usual care (n - 100), were subject to pre-existing levels of discharge planning and routine

community-based follow-uP.
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Results: During 6 months follow-up the major end-point occurred more frequently in the UC

group (129 vs. 77 primary events; P = O.O2). More IIBI patients remained event-free (38 vs. 51; P

= 0.04). Overall, IIBI patients accumulated fewer unplanned readmissions (68 vs. 118; P = 0.03)

and associated days of hospitalisation (460 vs. ll73; P = O.02). Consequently, total hospital-

based health-care costs for the HBI group were almost half that of usual care ($490,300 vs.

$g22,60147i P - 0.16). The mean cost of IIBI was $350 per patient, whilst other community-

based health care costs were similar for both groups. The overall distribution of unplanned

readmissions was significantly different for the two groups (P = 0.M) with fewer HBI patients

being readmitted (42 vs. 54) and requiring > 3 readmissions (5 vs. 19). Iri a subgroup of 68

patients, heart failure specific (P = 0.04) and general health-related quality of life scores (P =

0.01) at 3 months were most improved among HBI patients. Furthermore, assignment to HBI was

an independent predictor of survival at 6 months with 18 HBI vs. 28 UC patients dying during

this period (adjusted risk ratio O.54; P = 0'046).

Conclasions. A relatively inexpensive HBI has the potential to reduce unplanned readmissions

and associated health-care costs, prolong event-free survival and improve quality of life among

older patients with severe chronic congestive heart failure-

Abbreviations used in this chapter (in order of use):

CHF
HBI
LVEF
NYHA
AMI
UC
MLWIIF
ACE

Chroníc congestive heart failure
M ultidi s ciplinary, home -b as e d int e rv ention

Left v entricular ei ectíon lraction
New York Heart Association
Ac ut e my o c ardi al infar cti on

Usual care
Minnesota Living With Heart Failure
An g iot en s in c onv e rtin I enzYme
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14.21 EFFECTS OF A MULTIDISCIPLINARY, HOME-BASED
INTERVENTION ON T]NPLANNED READMISSION AND
SURVIVAL AMONG PATIENTS WITH SEVERE CIIRONIC
CONGESTIVE HEART FAILURE.

I4.2.ll Background.

In Chapter 3 a preliminary study examining the potential beneficial effects of an essentially nurse

mediated, multidisciplinary, home-based intervention was described. A detailed examination of

the results of this study suggested that whilst this type of intervention has potential benefits for

the majority of older, chronically ill patients at greater risk for hospital readmission, patients with

severe, chronic congestive heart failure (CIIÐ would benefit most from its application.

However, despite strong, preliminary data, the potential benefits of this intervention has not been

examined in a appropriately powered, prospective study of CIIF patients that includes serial

measurement of functional and health-related quality of life status. Furthermore, there is limited

data conceming determination of potential mechanisms of beneficial effect, which whilst

problematic, needs to be at least partially addressed. The preliminary study also examined the

effects of a broad-based intervention that was both applicable to a heterogenous group of

chronically ill patients and involved a limited component of in-hospital counselling. For the

purpose of this prospective study, therefore, it was appropriate to make the study intervention

more specific to CIIF whilst retaining the ability to deal with issues arising from concomitant

chronic disease states. Importantly, the use of a specialist cardiac care nurse with a good working

knowledge of cardio-active pharmacological agents and the ability to refer patients to

comrnunity-based pharmacists if required, obviated the need (and therefore incumbent costs) for

a study pharmacist. Most importantl), on the basis of the need to assess the relative beneficial

effects of ,home-based intervention alone on subsequent outcomes and address the needs of

patients who require recurrent unplanned readmissions to hospital despite initial intervention, the

following adjustments u,ere made to the study intervention:
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1) Deletion of the hospital-based component of the original form of this intervention

(incremental discharge counselling).

2) Application of repeat home visits to those individuals who require frequent, recurrent

unplanned readmission despite initial study intervention'

14.2.21 Study hYPothesis.

This study tested the following null hypothesis;

There wi¡ be no dffirence in the frequency of unplanned readmissions plus out-of-hospital

deaths, during a mínimum of six months follow-up, among "high risk" chronic congestive

heart failure patients discharged to home following acute hospitalisation on the basis of

exposurelnon-exposure to a multidisciplinary, home-based intervention incremental to usual

care.

Í4.2.31 Methods.

As before, the study was conducted at The Queen Elizabeth Hospital, a 44O bed tertiary referral

hospital servicing the north-westem region of Adelaide, South Australia: an area with a

disproportionate number of older and socially disadvantaged persons, and a higher prevalence of

chronic illness and hospital admissions rates per capita for the region.563 Prior to

corrunencement of patient recruitment the study was approved by the North 'Western Adelaide

Health Service Ethic's of Human Research Committee'

Eligibility criteria. patients admitted to the hospital under the care of the cardiology unit (and

therefore the management of a cardiologist) were eligible to participate if they were, aged > 55

years, to be discharged to home, had CIIF and a history of ) 1 admission for acute heart failure.

presence of CHF was defined on the basis of formal demonstration (via echocardiography or

radionuclide ventriculography) of impaired left ventricular systolic function (left ventricular
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ejection fraction ILVEFI 3 557o) within three months of study entry and persistent functional

impairment indicative of New York Hea¡t Association (NYHA) Class [, [, or fV status. Acute

hea¡t failure was defined on the basis of pulmonary congestion/oedema evident on chest

radiography,593 qril¡ a clinical syndrome of acute dyspnoea at rest. Chronicity of heart failure

was determined on the basis of exclusion of factors such as acute myocardial infarction (AMI) or

unstable angina pectoris which might have precipitated emergence of reduced systolic function at

the tirne of index admission and/or estimation of LVEF. However, patients admitted with acute

myocardial ischaemia or infarction with previously documented CIIF were eligible for inclusion.

Other exclusion criteria were presence of terminal malignancy requiring palliative care, planned

corrective, cardiac surgery @eart transplantation, coronary artery by-pass or valve replacement)

or home address outside the hospital catchment area.

Stuily randomisatíon. A total of 4,055 cardiology in-patients were screened over a period of 14

months commencing March 1997. Of these, 285 in-patients (1.OVo) were found to fulfil the

clinical parameters for study entr], however, 34 (11.9%) in-patients admitted from home were

subsequently discharged to a long-term care facility,2l (7 .4%) refused to participate (usually on

the basis of the anticipated intrusiveness of a potential home visit), 15 (5.39o) lived outside the

hospital's catchment area and lO (3-5%) were scheduled for corrective cardiac surgery (eg

coronary utery by-pass or valvular replacement). Therefore, a total of 205 patients (representing

7l.9Vo of clinically eligible patients) ìvere recruited. Figure 4.1 represents an overview of study

recruitment and design.

After signing a consent form the 205 patients were randomly allocated (via a blinded, comPuter-

generated protocol) to either the multidisciplinary, home-based intervention ([IBI) or to usual

care (UC). Prior to hospital discharge, however, 5 randomised patients (2.47o) died. Therefore, a

total of 200 patients \ilere subject to study follow-up (100 I{BI vs. 100 UC patients).
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Figure 4.1 Overview of study recruitment and design.

4,0 5 5 cardiobgy in-patients s te ene d for study elígibíIitY

+
285 clinically eligible patients identified

200 patients recruiæd

+
Blinded Randomisation

Homebased fnþrvention
(n = 1ü))

Hospital dßchargc

Home visit at 7-14 days

+
Routine telephone calls

at3and6months

+
Repeat home visit if readmitted

more than twice in 6 months

+

85 patients excluded,
refused to participate

or died in hospital.

Usual care
(n = 1ü))

+

+

+

More intensive communitY-
based follow-up as required Y

Usual level of community-
based follow-up

patíenß lollowcdfor a mínímutn 6 monlhs post dßcharge trom hdex hospilalßation
(mean follow-ap 10 months).

primtry end-point =frcqucncy otunpbnncd rcadmissions plus out-of-hospítal deaths within

6 months. I)uration of survival and evcnt-free surtìval examincd at 6 montlu and during total
stuþfollow-up.
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Bascline chøractcrßfics. Immediately prior to hospital discharge patients were interviewed and

their medical records reviewed to determine baseline clinical, demographic and psycho-social

characteristics. Specific baseline measures included:

l) Mental acuity using the Mini-Mental State Examination.616

2) Functional status using both the NYHA Classification to assess extent of dyspnoea-

induced, exercise intolerance in all patien6,617 the Canadian Heart Classification to assess

extent of angina-induced, exercise intolerance among those patients with documented

ischaemic heart disease,45 and the Katz Activities of Daily Living Index to assess extent of

overall functional activity.6lS

3) Extent of concomitant disease burden using the Charlson Index of Co-morbidity; an

accumulative index that adjusts for the presence of CHF and myocardial infarction and

which has been correlated with increased risk of death in older cohorts of hospitalised

Patients'584

Í4.2.41 Patient management-

Usual care. All20O study patients were subject to pre-existing levels of discharge planning' This

included individual counselling by a cardiac rehabilitation nurse who reviewed the causes and

consequences of CHF and the specific treatment regimen prescribed for the patient. There was no

restriction imposed upon the extent and intensity of follow-up; this included both in-patient and

community-based contact with dietitians, social urorkers, pharmacists and community nurses

where appropriate. Furthermore, the majority of patients had an appointment with their primary

care physician and the ca¡diology outpatient clinic within 2 weeks of discharge. In all cases,

regular outpatient-based review by the responsible cardiologist was undertaken throughout the

follow-up period.
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Muttiilisciplinary, home-bøsed intemention. Patients assigned to HBI (n - 100), whilst

receiving the same level of care as UC patients, received a structured home visit by an

experienced cardiac-care nurse with post-graduate qualifications, within a target period of 7-14

days post acute hospitalisation. Table 4.1 outlines the principle components of this home visit in

relation to the previously identified precursors of unplanned hospitalisation (refer to section

3.2.5) and the remedial action that could be taken to ameliorate identified problems.

Furthermore, as part of the intervention, all the patients' cardiologists and primary care

physicians (if not already contacted immediately following the home visit) received a written

report of the assessments made at the visit and any remedial actions taken or recommended.

Table 4.1 Structure of home visits performed at7-14 days post hospitalisation.

Review of patients' progress since

hospital discharge followed bY a
physical examination.

Assessment of adherence to
prescribed treatment.

Assessment of understanding of
disease process and PurPose of
treatment regimen.

Assessment of current level of
exercise.

Assessment of current level of
psycho-social support.

Assessment of the patients' home

environment.

Early clinical
deterioration.

Non-adherence to
treatment regimen.

Non-recognition of
warning signs of
impending crises.

Peripheral muscle
wasting.

Poor social support
systems.

Urgent referral to Cardiologist or primary
care physician for review of current
management.

Introduce compliance device and arrange

incremental pharmacist follow-up

Remedial counselling for patient andlor
family. Increase frequency of community-
based assessment and support.

Introduce simple exercise regimen (eg.

walking round the garden every day).

Referral to social worker. Arrange more

domiciliary support.

Arrange more appropriate bathroom and

general safety equipment.
Danger of falling

A home visit was repeated only if a patient had > 2 unplanned readmissions within 6 months of

the index admission. However, all surviving FIBI patients were contacted by telephone at 3 and 6

months to assess their progress and arrange additional follow-up if required and were encouraged
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to contact the cardiac nurse if any subsequent problems arose and they were unsure of what

action(s) to take in this regard.

14.2.51 Study end'Points.

primøry endpoint. Consistent with previous studies of this type 291 and the study described in

Chapter 3, the primary end-point for the study was the frequency of unplanned readmissions pþ

out-of-hospital deaths. The primary analysis of this data involved examination of this primary

end-point during the minimum six month follow-up of study patients which corresponded to the

duration of the study intervention.

In order to examine the duration of any potential benefits of the study intervention beyond this

point in time, secondary analysis involved examination of this end-point and overall survival data

during total patient follow-up; representing a mean of l0 + 5 month follow-up (range 6 - 19

months) post index admission for the entire cohort'

Secondary end-poínts. A number of other pre-specified end-points were also examined during

the study. These included:

l) Time to first primary end-point (therefore event-free survival), unplanned readmission and

death.

2) Frequency of unplanned readmissions, out-of-hospital deaths, days of unplanned

readmission.

3) Cost of hospital-based health care, community-based care, functional status and quality of

life and knowledge of prescribed treatment within six months of the index admission'

Í4.2.61 Data collection.

All hospital activity, including associated costs, was monitored through the hospital's medical

record and accounting departments. Records of the time and location of all deaths occurring in
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South Australia (via the South Australian Birth, Deaths and Marriages Registry) were used to

compile mortality data. For the purpose of examining those end-points not related to hospital-use

and survival, patients were subjected to additional, stratified randomisation and allocated

(according to original study assignment) to one of the three types of specific follow-up:-

1) Measurement of health-related quality of life and functional status at hospital discharge

and then at 3 and 6 months thereafter using the Australian version of the 5p-36,588 1¡s

Minnesota Living with Heart Failure Questionnaire (MLWHF),285 Katz Activities of

Daily Living ¡r¿e*, 618 and the NYHA 617 arr6 Canadian Heart (if appropriate)

classifications (n = 68). Because of the relatively small numbers of patients and the large

number of items comprising the SF-36, the cornparison between groups was made on the

basis of changes in the physical and mental health component scores derived from the

instrument.

2) Estimation of total costs of community-based care including pharmacotherapy and

consultation with primary care physicians and other community-based services (n = ó6).

3) Measurement of knowledge of the prescribed cardio-active agents at hospital discharge and

then I and 6 months thereafter, using the same questionnaire for measuring medication-

related knowledge as described in the previous chapter (n = 66).

Í4.2.71 Statistical analYsis.

Based upon the results of the preliminary studies of multidisciplinary, home-based intervention

among a similar cohort of CHF patients described in Chapter 3, we calculated that 90 patients in

each group would be required to detect a 207o variation in the composite end-point (assuming

0.5 events per UC patient during a minimum follow-up of 6 months with a two-side cr of 0.05

andaBof0.2).
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Comparison of baseline and end-point data involved utilisation of the following:

I) y2 analysis (with calculation of odds ratio - OR and 957o confidence intervals where

appropriate) for discrete variables.

2) Student's t test for normally distributed continuous va¡iables.

3) Mann-Whitney test for non-nofinally distributed variables (this more conservative test was

subsequently used for the majority of the major end-points).

4) Construction of Kaplan-Meier survival curves for time to first primary end-point (event-

free survival) and death, followed by analysis with both the log-rank and the Breslow test

to determine any difference between groups in respect to number and/or timing of events.

In order to further adjust for differences in survival and duration of study follow-up, and reduce

skewness of data, study end-points (where applicable) were calculated on the frequency of events

per patient per month of study follow-up.

Examination of the interaction between treatment mode and other potential correlates of the

primary end-point and overall mortality at six months post index hospitalisation involved the use

of a Cox-Proportional Hazards Model (with entry of variables at a univariate significance level of

0,05 and back-ward, step-wise rejection of variables at the 0.05 level of significance).

All analyses \À/ere performed on an intention-to-treat basis according to study group assignment

using SPSS for'Windows (8.0).

[4.2.8] Results.

Baseline characterisú¡:cs. Table 4.2 summarises the clinical and demographic features of study

patients according to treatment group. Analysis of baseline data suggested that the two groups

were well matched for all but three parameters (greater number of previous admissions for acute

heart failure among HBI patients and higher creatinine and urea concentrations among UC

patients on hospital discharge); however, on the basis of subsequent multiva¡iate analysis, these
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Table 4.2a Baseline clinical and demographic profile of study cohort.

Demographic Prolile

Male
Age in years
(range)

Live Alone
Primary language non-English
< 8 years formal education
Routine home support services at discharge

Main income - Government Pension

Congestive Heart Failure Profile

Median duration of treatment for
CHF in months
Number of admissions for acute heart

failure (range) *
Left ventricular ejection
fraction (range)

Left ventricular ejection fraction <4O7o

Co-morbidity

Ischaemic heart disease (Vo with known
infarction)
Chronic airways limitation
Chronic hypertension
Atrial fibrillation
Non-insulin : Insulin dependent diabetes

Mean Charlson Index of Comorbidity score

Hospitalisation in the six months before
study follow-up

Number of unplanned admissions (range)

Total days ofunplanned
hospitalisation
> 3 unplanned admissions
Duration of index admission (days)

Index Admission Profile

Acute pulmonary oedema

Heart rate (beats/minute)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Sinus rhythm : Atrial fibrillation
Acute myocardial ischaemia

61

75.2t7.1
(5s - e0)

36
32
43

43
86

59
76.0 + 9.3
(5s - e4)

32
32
47
47
86

0.772

0.495
0.551
1.000
0.569

1.000

o.464

0.033

0.624
0.239

2L.O
(2.0 - 42.0\
2.3 Xt.9
(l - 14)

36.5 r 10.3
(10 - s5)

68

77 (797o)

33
65
4l

29:5
3.0 r 1.5

1.6 r 0.9 (l - s)
8.0

(4.0 - rs.0)
t6

6.6 + 5.8 (2 - 45)

53

96 !27
146l.32
87 !23
58:33

18

15.0
(2.0 - 42.O)

1.8 + 1.1
(1-6)

37.3 + Il.4
(e - ss)

60

3.2+ 1.4

t.7 + r.t (1 - 7)
8.0

(4.0 - r3.0)
t7

6.9 + 5.9 (2 - 33)

5l
95 126
147 + 33
87 +21
72 :22

10

79 (67V.) 0.733

38
65
29

0.459
1.000
0.075
0.938
0.403

430

0.308

0.986
0.849
0.709

0.777
0.806

0.7t9
0.987

0.1 16

0.103
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Table 4.2b Baseline clinical and demographic profile of study cohort.

Pharmacotherapy at hospital discharge

Number of prescribed medications

Diuretic
Nitrate
ACE inhibitor
Digoxin
Aspirin
Perhexiline Maleate
p-adrenoceptor blocker
Warfarin
Amioda¡one
Calcium antagonist

Blood prolile at hospital discharge

Sodium mmoUL
Potassium

Creatinine pmoVL *

Urea *
Albumin g/L
Packed cell volume
Platelet count
White cell count
Haemaglobin

Haemodynamic status at hospital discharge

Heart rate (beats/minute)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Sinus rhythm: Atrial fibrillation
Left bundle branch block

Nutritional status at hospital discharge

"Dry Weight" (kg)

Cachexia

Functional status at hospital discharge

Dependent for > I activity of daily living
according to Katz Index
Domiciliary support
NYHA Class II : III : IV
Canadian Heart Class II : III : IV
Mini-mental score

7 .6 r2.t (3 - 13)

95

77
75
7t
69
36
33

28
18

t2

138 + 3.5

4.0 r 0.5
0.138 + 0.061

tl.2t 5.5

38.2+ 4.3

0.401 + 0.048

227 r86
9.1+ 3.2

t3.4 + 1.6

77!15
121+ t9
67+12
63 :31

29

73 !15
28

47
43

42:46: 12

44 :24 :3
29.2! 1.8

7.6 !2.1 (3 - t4)

139 + 3.2
4.1 r 0.6

0.165 r 0.096
13.9 r 9.1

38.8+ 4.2
0.388 r 0.051

227 !77
9.2+ 3.1

13.0 r 1.7

76+ ll
124 x22
66+ l0
73 :25

19

701 1ó

27

56
47

48:43:9
4l:26 :3
28.8 r 1.9

98
74
67
60
77
33
23

18

15

15

1.000

0.444
o.622
0.2t3
0.102
o.203
0.655
o_r54
0.093
0.568
0.535

o.337
0.356
o.022
0.012
0.313
0.056
o.245
0.854
0.054

0.413
0.356
o.407
0.093
0.098

0.299
0.874

o.203
0.569
o.628
0.977
0.095

Normally distributed continuous data are presented as a mean (! one standard deviation) and

skewed data are presented as a med,ian (tinterqudrtile range).
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parameters were found not to significantly influence study outcome. As expected, this was a frail

and older cohort of "high risk' CHF patients, the majority with moderate to severe systolic

dysfunction and persistent symptoms despite what would be considered optimal

pharmacotherapy at the time of study entry. Consistent with studies of this type, concomitant

disease states including ischaemic heart disease, chronic hypertension, chronic airways

limitation, diabetes, atrial fibrillation and chronic renal failure were prevalent among the study

cohort.

Of the 58 patients who were not prescribed an angiotensin converting enzyme (ACE) inhibitor at

hospital discharge, 23 ( OVo;95Vo CI's 27 ,53Vo) were unable to tolerate prior ACE inhibition due

to associated renal dysfunction and a further I (l4%o;95Vo Cl's 6,25Vo) had pre-existing contra-

indications to ACE inhibition; all 31 of these patients \ilere prescribed a combination of a nitrate

and a diuretic plus an alpha receptor blocker (n = 8) and/or a p-adrenoceptor blocker (n = 9). A

further I 3 patients (22Vo; 95Vo Cl' s l3,35%o) who had CIIF in the absence of known ischaemic

heart disease and a documented LVEF between 45 - 557o, were prescribed a diuretic plus

amlodipine.

Extent of multidiscíplinary, home-bascd. íntemention. During the study, 88 of the 100 patients

assigned to 1IBI (88Vo;95Vo Cl's 80,947o) received a home visit: 2 patients died with 48 hours of

discharge and l0 patients subsequently refused the home visit despite initial consent (the latter

group of patients did not differ significantly as regards baseline characteristics to the remainder

of the cohort). Of the 88 initial home visits performed, 897o were within the target period o1 7 -14

days post discharge; the remainder being delayed due to early readmission to hospital. The

median duration of these visits was 2 hours (range I - 3.5 hours)'

Eørly clinical deterioratio¿. Although the majority of patients were discharged from hospital in

a clinically stable state, the clinical review and physical examination undertaken by the cardiac

nurse during the initial home visit revealed that a large proportion of patients had signs of early
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clinical deterioration. In general patient heart rates were lower (77 t 16 vs 72 + l0 beats/min) and

both systolic blood pressure (I2l + 19 vs 131 + 19 mmHg.) and diastolic blood pressure (67 + tZ

vs 73 + 11 mmHg) were higher in comparison to that at hospital discharge. On an individual

basis, 16 patients reported a decline in exercise intolerance to NYHA Class IV (n = 16), 9

patients reported episodes of angina pectoris at rest, and 6 patients described symptoms

indicative of paroxysmal nocturnal dyspnoea. On physical examination 19 patients had basal

crepitations and 6 patients had gross pitting oedema in the lower limbs. Overall, 35 of the 88

patients initially visited at home (4OVo; 95Vo Cl's 3O,SlVo) had one or more signs and symptoms

indicative of early clinical deterioration requiring remedial action. Table 4.3 summarises the

components of "early clinical deterioration" evident in the cohort of 90 who consented to a home

visit following study randomisation.

Table 4.3 Profile of early clinical deterioration among the 90 patients who consented to
a home visit following study randomisation.

Sudden death at home.

Unplanned readmission.

Functional decline indicative of NYHA Class IV.

New onset of angina at rest.

New onset of paroxysmal nocturnal dyspnoea.

New onset gross pitting oedema.

One or more of the above.

) 2 or more of the above clinical parameters.

2l2%o (O.2,\Vo)

5l6Vo (2,l3Vo)

161787o (11,277o)

9llo%o (4,l7%o)

6l7Vo (3,l4Vo)

6flVo (5,lïVo)

35l4OVo (3O,517o)

8135 23Vo (1O,4OVo)

A post-hoc analysis was performed to determine the independent predictors of "non-fatal, early

clinical deterioration" among the 88 patients in whom it could be reliably measured (therefore

excluding the 10 patients who refused a home visit) using multiple logistic regression; as before

entry of variables into the model occurred at a univariate significance level of 0.05 and back-
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ward, step-wise rejection of variables thereafter at the 0.05 level of significance. On initial

univariate analysis, 9 baseline parameters were found to significantly associated with early

clinical deterioration in this cohort of 88 HBI patients. These included age, LVEF, serum creatine

and urea levels at hospital discharge, co-morbidity as determined by the Charlson Index, extent

of activities of daily living as determined by the Katz ADL Score, presence/absence of

amiodarone at hospital discharge, presence/absence of chronic airway limitation and

presence/absence of diabetes (insulin or non-insulin dependent). On subsequent multivariate

analysis there were only two independent determinants of non-fatal early clinical deterioration;

greater age (P = 0.008, OR l.l per yeÍrr; 95Vo CI's 1.O3, 1.2) and greater co-morbidity as

determined by the Charlson Index (P < 0.001, OR 2.0 per unit score of l;95% CI's 1.4,2.9).

Treatment Compliance and Knowlcdge. A combination of pill count (wherever possible) and

self-report was used to assess degree of patient compliance with their prescribed treatment. On

this basis, the cardiac nurse determined ¡ha¡. 22 patients (257o; 95Vo Cl's 16,357o) were having

obvious difficulties complying with their prescribed medications and 14 of the 34 patients

prescribed a strict fluid intake (4l%o; 95Vo Cl's 25,59Vo) lvere non-compliant in this regard.

Furthermore, 85 patients (97Vo;95% Cl's 9O,997o) had inadequate understanding of the Purpose,

effect and ¡ntential adverse effects of their medications'

'When asked to recall the symptoms that led to their index hospitalisation, 84 patients were able

to do so (85%; 95Vo 89,99Vo), however, only 45 patients (Sl%o; 95Vo Cl's 4O,62Vo) were able to

explain (even in a simplistic way) the cause of their symptoms: for example a build-up of fluid in

their lungs causing shortness of breath.

Importantly, patients in whom early clinical deterioration was determined to be present at the

initial home visit (n = 83) were significantly more likely to self-report non-compliance with their

prescribed fluid restriction (9 of 15 patients) compared to those patients who appeared to be

clinically stable (3 of 14 patients - P = 0.035, OR 5.5; 95Vo Cl's 0.8, 4l). Similarly, patients who
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demonstrated such clinical instability were also more likely to self-report difficulty in complying

with their medication regimen or were found to have significantly deviated from their regimen

during the pharmacological assessment (10 of 28 vs.9 of 55 - p = 0.047, odds ratio 2.8; 0.88,

e.3).

Remedial action. On the basis of the above findings, the cardiac nurse considered it necessary to

contact a patient's general practitioner during 24 of the home visits and/or the cardiology unit on

15 occasions in order to arrange either immediate review of their clinical status and therapeutic

management, or to simply clarify the patients' regimen for a combined total of 33 visits

(387o;95% 27,48Vo). Moreover, the introduction of a compliance device andi/or regular

pharmacist review (including home visits in some cases) \ilas arranged for 19 patients (22Vo;95Vo

CI's 14,327o). Overall, new or incremental home-support services was arranged for 23 patients

(26Vo;17,37Vo).

Phone follow-up. Following the initial home visit 22 patients (25Vo, 95 7o Cl's 16,357o)

spontaneously contacted the cardiac nurse via the phone in order to clarify issues of concern. In

the majority of these cases the patient was referred to their general practitioner for remedial

action. However, for two patients it was deemed necessary for them to be assessed in the

hospital's emergency department and they were subsequently admitted for acute, decompensatory

heart failure. Of the 159 routine telephone contacts made at 3 and 6 months only 6 (47o) resulted

in immediate referral to the patient's general practitioner'

Repeat homc ylsÍfs. A total of 7 of l0 patients who survived2 2 unplanned readmissions within

6 months and were not discha¡ged to long-term institutional care consented to a repeat home

visit. Such home visits were shorter than initial visits (lasting between 30 and 60 minutes) and

mainly involved educational reinforcement in respect to treatment compliance and early

reporting of clinical deterioration. In only one instance was a patient found to have clinically

'a



CHAPTER 4 206

deteriorated since hospital discharge; on this basis the patients diuretic regimen was adjusted to

address recuffent paroxysmal nocturnal dyspnoea.

primary end-point. During 6 months follow-up, patients assigned to IIBI accumulated a total of

9 out-of-hospital deaths and 68 unplanned readmissions (a total of 77 primary events) compared

to ll out-of-hospital deaths plus 118 unplanned readmissions (129 primary events) among UC

patients: representing O.2 vs. 0.4 events/month of follow-up for the IIBI and UC groups

respectively (P = 0.021).

Evcnt-free sumíval.In comparison to UC, significantly more IIBI patients remained event-free

at six months (51 vs. 38: P = O-0/;z). Figure 4.2 shows the cumulative probability of event-free

survival for the two groups during total study follow-up.

Figure 4.2 Cumulative probability of event-free survival during study follow-up
according to studY assignment-
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Whilst the two probability curves suggest that the "early" influence of IIBI on the proportion of

patients experiencing an event was essentially attenuated beyond 6 months, they also suggest that

the beneficial effect of rIBI on duration of event-free survival (first evident following the

implementation of the majority of initial home visits) persisted for up to 9 months: the difference

between gfoups in this fespect being significant overall (P = 0'037).

Ilnplanned rcadmission and hospitøl sføy. At 6 months IIBI patients accumulated 68 vs. 118

unplanned readmissions. This represented 0.14 vs. 0.34 readmissions/month for the HBI and UC

groups respectively (p = 0.031). The equivalent figures for the extended follow-up were I l8 vs.

156 unplanned readmissions (representing 0.15 vs. 0.37 readmissions/month; P = 0-053)- Figure

4.3 shows the accumulated total of unplanned readmissions for the two groups during study

follow-up and demonstrates that beyond 6 months the two groups accumulated a similar number

of unplanned readmissions: essentially maintaining the early trend in favour of HBI.

Figure 4.3 Accumulated total of unplanned readmissions during study follow'up.
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Figure 4.4 also demonstrates that the overall distribution of unplanned readmissions during 6

month follow-up was significantly different for the two groups (P - 0.042) with ÍIBI patients

both less likely to be readmitted and, if so, requiring recurrent (and costly) hospital admissions.

Figure 4.4 Frequency distribution of unplanned readmissions (above) and their cost
(below) during six month follow'up.
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A similar proportion of unplanned readmissions among both IIBI patients and UC patients were

associated with a primary diagnosis of acute heart failure accounting for 34 (5O9o) vs. 58 (497o)

of readmissions respectively. Recurrent heart failure was also the predominant reason for patients
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requiring frequent unplanned readmissions. Not surprisingly, the IIBI group required fewer days

of unplanned hospitalisation accumulating a total of 460 vs. ll73 days of admission

(representing 0.9 vs.2.9 days/month; P = 0.014). Conversely, HBI patients accumulated more

days of elective hospitalisation with a rotal of 87 vs. 25 days of hospitalisation (P = 0.129); the

majority of which were for surgical procedures that had been previously delayed until the patient

was clinically stable. During the entire study follow-up IIBI patients required fewer days of

unplanned hospitalisation accumulating a total of 875 vs. 1476 days of admission (representing

1.1 vs. 2.7 daYslmonth; P = 0.039)'

Mortality. At six months a total of l8 HBI patients vs. 28 UC patients had died (P = 0'098)-

Figure 4.5 represents the cumulative survival curves for the two groups during the entire study

follow-up. Although IIBI appeared to convey an early benefit as regards improved survival there

were no statistically significant differences between groups on the basis of univariate survival

analysis.

Figure 4.5 Cumulative probability of survival during study follow'up according to study

assignment.
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Health-care costs. As expected, individual health-ca¡e costs varied considerably according to the

tlpe of health-care resource utilised, with HBI patients accumulating fewer hospital-based costs

overall ($490,300 vs. $922,600). This represented a median of $252 ($37, $1179) per HBI vs.

$438 ($42, 52172) per UC patient/month (P = O.162): the principle difference between groups in

this respect was due to fewer recurrent unplanned readmissions among HBI patients (refer to

Figure 3). Among the sub-set of patients for whom community-based health care costs were

calculated (n = 66), expenditure was similar based upon study assignment ($431 + 253 per HBI

vs. $438 + 231per UC patienlmonth: P = 0.91). Alternatively, the additional cost of IIBI was

$350 per HBI patient.

Health-relatcd quality ollúc andfunctional status. Table 4.4 presents the health-related quality

of life scores at 3 and 6 months in comparison to those obtained at the time of initial discharge.

Consistent with previous observations 290 ¡¡s¡s r4r¡rs a general improvement in health-related

quality of life over time among surviving patients. However, whilst the two groups had simila¡

baseline scores, among surviving patients at 3 months (62 of 68) IIBI patients had significantly

improved scores as measured by both the physical component score of the SF-36 and the

MIVLIIF. Among surviving patients at 6 months, however, scores were similar for both groups.

Consistent with the health-related quality of life data at 3 and 6 months, patients assigned to HBI

also dernonstrated better functional capacity as determined by change in NYHA functional class

from baseline to 3 months (from 2.7 + O.8 to 2.6 * 0.8 among HBI patients compared to 2.7 + O.7

to 2-9 + 0.9 among UC patients); although this did not reach statistical significance (P - 0.072)

among surviving patients. Changes in NYHA functional class from baseline to 6 months also

favoured the IIBI group (at 6 months the mean NYHA Class of HBI patients was 2.6 + 0.9

compared to 2.9 + 1.0 among UC patients); although this difference, perhaps due to the

increasing problem of Type II error, u,as not statistically significance (P - 0.105).
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Table 4.4 Changes in health-related quality of life scores at 3 and 6 months compared
to baseline among surviving patients.

Baseline scores

Baseline MLWHF score

Baseline SF-36 physical health component scorc (Vo)

Baseline SF-36 mental health component score (%)

3 month scores (comparison to baseline)

ô MLlilHF score

ô SF-36 physical health component score (7o)

õ SF-36 mental health component score (7o)

6 month scores (comparison to baseline)

ô MLWHF score

ô SF-36 physical health component score (7o)

ô SF-36 mental health component score (7o)

(n = 34)

57 !21

28 r 11

58!22

(n = 32)

- 19 (-41, 1)

t6 (5,27)

l0 (-19, 19)

(n =29)

- 17 (-35, -8)

t7 (3,27)

7 (-ls,3l)

(n = 34)

61r18

24!rO

56+.22

(n = 30)

- 1 (-29, 10)

3 (-8, 14)

6 (-9, 3l)

(n=A)

- l2 (-35, -8)

16 (3, 3l)

l9 (10,31)

0.36

0.196

o.7lr

o.M3

0.014

0.483

0.304

o.526

0.458

Baseline score are presented as a rnean (t one sd) and subsequent scores as a median

(interquartile range). Higher scores from the MLWHF (consisting 21 questions and a score

range of 0 - 105) indicate reduced quality ol lrÍe and thereþre negative changes denote

improvement. Conversely, lower scores frotn the SF-36 (physical and mental health component

scores are averogedfrom 5 (physicalfunctioning, role functioning-physical, bodily paín, general

health and vitality) and 3 (social functioninç, role functioning-emotional and mental health)

items respectively and scores range 0 - 100Eù indicate reduced quality of lrfe and thereþre

positive changes denote improvement.

Medication-rclated knowledge. Table 4.5 summarises changes in medication-related knowledge

scores at I and 6 months in comparison to those obtained immediately prior to hospital

discharge. As expected, baseline medication scores arnong the sub-set of patients in whom this

parameter was measured (n = 66) were universally poor; overall only 5 patients demonstrated a

good overall understanding of their prescribed cardio-active medications at the time of hospital

discharge. Among surviving patients at one month post discharge, however (on avenge 2-3

weeks following the home visit), patients assigned to IIBI demonstrated a greater improvement

in their understanding of their cardio-active medications in comparison to UC patients: whose
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scores remained consistently poor and similar to those obtained at baseline. At six months, there

was no longer a difference between groups in this respect, although medication-related scores

among surviving HBI patients tended to be greater'

Table 4.5 Changes in medication-related knowledge scores from baseline to I' and 6

months.

Number of patients at baseline

Mea¡7o score at time of hospital discharge

Number of patients alive et 1 month

Mean%o score at 3 months

Median õ in lo score compared to baseline

Number of paticnts elive at 6 months

Mean Vo score at 6 months

Median E in % score compared to baseline

(n = 33)

45r30

(n = 31)

65 t28

tt (3,27)

(n = a5)

70+19

3 (0, 1l)

(n = 33)

43 !31

(n=29)

45 !29

o (-7,7)

(n = 21)

57 !26

I (-3,1l)

0.81I

0.001

0.290

Normally distributed continuous data are presented as a mcøn (! one standard deviation) and

skewed data are presented as a median (interquartile range).

Multivariate analysis. Based upon initial univariate analysis the following variables were subject

to multivariate analysis to determine independent correlates of the primary end-point (event-free

survival) within six months of index hospitalisation: group assignment, level of formal

education, presence/absence of formal home-support services at hospital discharge,

presence/absence of long-term nitrate therapy, presence/absence of long-term ACE inhibition,

presence/absence of perhexiline maleate therapy, presence/absence of chronic reno-vascular

disease, presence/absence of insulin/non-insulin dependent diabetes mellitus, presence/absence

of sinus rhythm at hospital discharge, number of previous heart failure admissions, extent of

unplanned hospitalisation in the six months before study follow-up, plasma creatinine level,

haematocrit, haemoglobin level, extent of discharge pharmacotherapy, NYHA functional class,

Canadian Heart functional class, Katz ADL Index Score and Charlson Index Score. Table 4.6
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summarises the results of the Cox-Proportional Hazards Model which revealed that the strongest

independent correlates for either unplanned readmission or out-of-hospital death during this

period of time was increased number of concomitant disease states as measured by the Charlson

Index of Co-morbidity, presence of formal home support services at hospital discharge, more

prolonged unplanned hospitalisation in the six months before study follow-up and assignment to

the study intervention (which was an independent negative correlate in this respect).

Table 4.6 Independent correlates of the primary end-point (event'free survival) during

six months follow-up according to the Cox-Proportional Hazards Model.

Mean (sd) Charlson Index of Co-morbidity
scofe,

Routine home support services provided post

hospital discharge.

Mean (sd) days of unplanned hospitalisation in

the six months before study follow-up.

Assignment to the studY

intervention.

2.6 + l.l 3.5 I 1.5 < 0.001

8.9 r 8.7 12.8 t t2.5 0.009

26 (297o) 64 (587o) 0.002
1.9

(t.5 - 2.3)

5I (577o) 49 (44Vo) 0.031

0.66
(0.53, 0.7e)

* Ris/c ratio's were based on increments of I for the Charlson Index of Co-morbidity ønd I day

for extent of unplanned hospitalisation in the six months beþre study follow-up.

As expected, unplanned readmission was the major contributor to the composite end-point. The

same variables were therefore used to identify the independent correlates of unplanned

readmission within six months of the index hospitalisation. Table 4.7 summarises the results of

the Cox-hoportional Hazards Model. Once again the Charlson Index of Co-morbidity Score,

extent of unplanned hospitalisation in the six months before study follow-up and presence of

formal home-support services at hospital discharge were strongly correlated with the need for

unplanned readmission. Assignment to the study intervention was of borderline significance in

this regard.

1.4*
(1.1,1.8)

l.o2*
(1.01, 1.04)
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Table 4.7 Independent correlates of unplanned readmission during six months follow-
up according to the Cox'Proportional Hazards Model.

Mean (sd) Charlson Index of Co-morbidity
Score

Routine home support services provided post

hospital discharge

Mean (sd) days of unplanned hospitalisation in

the six months before study follow-up

Assignment to the studY

intervention

2.5 t 1.0 3.7+1.6 <0.001
1.5*

(1.2, 1.8)

34(33Vo) 56(58Eo) 0.005
1.8

(r.4 - 2.3)

9.0 r 8.6 13.3 r 13.0 0.005
l.o2*

(r,01, 1.04)

0.61
(0.s6, 1.0)5'7 (557o) 43 (44Vo) 0.057

* Ris/< ratio's were based on increments of I for the Charlson Index of Co-morbidity and I day

for extent of unplanned hospitalisation in the six months beþre study follow-up.

Similarly, on the basis of initial univariate analysis, the following variables were subject to

multivariate analysis to determine independent correlates of death during the six month post

index admission: group assignment, presence/absence of long-term nitrate therapy,

presence/absence of long-term amiodarone, presence/absence of chronic reno-vascular disease,

cardiac cachexia, systolic blood pressure on index admission, NYHA functional class, Katz ADL

Index Score, Charlson Index Score, age, creatinine plasma level, Mini-mental Score, and LVEF.

Table 4.8 Independent correlates of death during six months follow-up according to the

Cox-Proportional Hazards model.

Mean (sd) duration of index

admission in days

Mean (sd) left ventricular
ejection fraction

Prescribed long-term nitrate
therapy at hospital discharge

Assignment to the studY

intervention

6.0 r 4.5 9.0 r 8.6 < 0.001

0.01I

No Yes P Risk ratio

38.1 + 10.6 32.81 10.9

ll0 (1l%o) 4l (89Vo) 0.015

82 (537o) tB Q9fo) 0.046

* Risk ratio's are based on increments of I day for index admission and 17o for Iefi ventricular

ejectionfraction. I mm Hg for systolic blood pressure.

1.07*
(1.04, 1.1)

o.97x
(0.9s, O.ee)

3.7
(2,6 - 4.8)

0.s4
(0.0, 1 l)
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Table 4.8 (above) summarises the results of the Cox-Proportional Hazards Model which

demonstrated that the strongest independent correlate for death during six month follow-up was a

longer index admission, followed by lower LVEF, prescription of long-term nitrate therapy, a

lower systolic blood pressure on index admission and assignment to the study intervention.
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t4.31 DTSCUSSION

t4.3.11 Overall beneficial effects of the study intervention.

The results of this randomised controlled study, suggest that a relatively inexpensive, non-

pharmacological intervention (HBI) augments the efficacy of pharmacotherapy in limiting

readmission to hospital and death in a group of patients with severe CHF over a period of at least

6 months. As such, the current data is consistent with that presented in Chapter 3. Moreover, this

is the first time that a non-pharmacological intervention of this type has been shown (as part of a

prospective investigation) to both prolong event-free survival and reduce hospital-use among

patients with CHF discharged from acute hospital care'

14.3.2'l Characteristics of the study cohort'

Consistent with recently reported studies of hospitalised CIIF patients,286-289'582'619 ¡¡¡s

majority of which are not suitable for cardiac transplantation, this was a typically older and

inherently frail cohort of patients. Although the hospitalisation and survival rates for the UC

gfoup in the current study are higher than those reported in recent clinical ¡¡s11s,265,277,280,524

as expected, they are comparable with the survival and hospitalisation rates reported in recent

studies of hospitalised CIIF patients. 287,289,290,293-296'498'508'516-519 For example 54Vo

(95Vo CI's 44, 64Vo) of UC patients had an unplanned readmission within 6 months of the index

hospitalisation and 35Vo (g5%o cl's 26, 45%o) had died within 12 months. These figures are

entirely consistent with the recent studies reported by Krumholz et al (lgg7)287 un6 Jaagosild er

al (199g) 290 vy¡s demonstrated that among relatively unselected cohorts of older, CHF patients,

approximately one half of patients are readmitted within six months and one third of patients die

within a year of an acute hospitalisation. Moreover, consistent with the fact that such patients

generally have a greater co-morbid burden and therefore potential for readmissions directly

caused, or complicated by, a chronic illness other than CHF (eg chronic pulmonary and,/or reno-
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and./or reno-vascular disease),s3l in the current study "clear-cut" heart failure admissions

accounted for only 5OVo (95Vo Cl's 42,57Vo) of all unplanned readmissions. The fact that extent

of co-morbidity (as measured by the Charlson Index of Co-morbidity) was a major determinant

of early clinical instability and unplanned readmission in this cohort of patients, underscores the

importance of the increased risk for poorer health outcomes among patients with multiple

chronic disease states and the need for strategies that are applicable to general issues of health

management rather than being entirely disease-specific. Certainly, the success of IIBI overall in a

cohort of patients with a variety of chronic disease states, as described in Chapter 3, supports this

observation.

t4.3.31 Potential benefits of applying the study intervention.

The typically poorer health outcomes amongst UC patients, whilst reflecting the limit of

therapeutic impact of current pharmacological agents, represent a compelling reason for the

development of adjunctive non-pharmacological treatment regimens. As discussed in Chapter 3

a number of multifaceted strategies designed to address those factors associated with clinical

instability and increased hospital-use among CHF patients have been evaluated in previously

reported randomised 291,577 and non-randomised s¡u¿¡ss.550,579,580'614 such factors include

early clinical deterioration following hospital discharge, 289,291,292,295,566 non-adherence to

treatment,2g4,2g5,582,62},62l sub-optimal use of health-care services,325'621 and the

combination of poor understanding of prescribed treatment and non-recognition of clinical

deterioration.5 I 6,540, 5 57,558,621

The type of IIBI described in the current study was chosen for a prospective examination of its

potential beneficial effects among patients with severe CIIF, on the basis of the sub-analysis

described in Chapter 3. As such it represents the least intensive of this type of intervention



CHAPTER 4 218

examined on a randomised basis, and unlike those examined by Rich ¿t o¡ 297 and Cline ¿r

o¡,571does not involve intensive (and potentially more costly) clinic-based follow-up.

Í4,3.41 Overall benefrts of the study intervention'

This prospective randomised study confirmed that IIBI significantly reduces the frequency of

unplanned readmissions, prolongs event-free survival and is associated with an overall

improvement (at least in the short-term) in health-related quality of life among older patients

with CIIF. Within ó months of the index hospitalisation HBI patients had accumulated 4o%o

fewer unplanned readmissions and even fewer (ñVo less) days of unplanned hospitalisation;

despite the fact that more HBI patients survived the minimum 6 months follow-up period.

Imponantly, those ¡IBI patients subject to measurement of both CllF-specific and general health-

related quality of life demonstrated significantly better scores at 3 months compared to baseline-

perhaps not surprisingly, considering a previous report that the longer a CIIF patient survives an

acute hospitalisation the greater their quality of life, 290 s¡rv¡ving UC patients recorded health-

related quality of life scores at 6 months that wer€ compa¡able to their IIBI counterparts;

suggesting that patients with relatively poorer health-related quality of life have more severe

disease and are therefore more likely to die prematurely. Irrespective of the group comparison,

the fact that HBI not only improved event-free survival and was associated with, at the very

least, a small improvement in quality of life implies benefits not only to the health-care system

overall but to individual patients.

Is it possible to further refine the application of IIBI among CHF patients by specifically

targeting those patients who require frequent and recurrent unplanned readmissions? Post-hoc

analysis of the independent determinants of frequent hospital-use within the minimum 6 months

follow-up (as defined as 3 or more unplanned readmissions or more than 0.5 readmissions/month

of follow-up if the patient died prematurely) among UC patients (n = 10O) was undertaken'
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According to multiple logistic regression the only independent predictor of frequent and recurrent

hospital use (n = 22) was greater number of unplanned admissions in the 6 months before study

follow-up (1.5 t 0.8 vs. 2.4 + 1.7 unplanned admissions; P = 0.005, adjusted OR 1.9 for

increments of one unplanned admission, 95 Vo Cl' s 1.2, I .9).

t4.3.51 Cost implications.

Consistent with the results of the study described in Chapter 3, this type of intervention appeÍus

to be most cost-effective in reducing the number of patients who require frequent and costly

unplanned readmissions and thereby consume a disproportionate share of overall health

expenditure (refer to figure 4.4): such patients have long been identified as the "high-cost" users

of health-care resources.570,622 V/hilst 18 patients assigned to UC required more than 3

unplanned readmissions within 6 months of the index hospitalisation, only 3 I{BI patients

required the same. Importantly, the more prolonged survival of HBI patients did not result in a

parallel increase in the number of unplanned readmissions; if this had occurred the early cost-

benefits of HBI may have been completely attenuated in the longer-term. This suggests,

therefore, that the initial savings associated with the implernentation of HBI are likely to be

maintained at least in the medium-term.

In this context the cost of implementing IIBI, and the increased community-based health-ca¡e

services it initially engendered, \ilere more than com¡rensated by the combination of savings

associated with the approximate 6O7o reduction in hospital stay compared to UC and the fact that

UC patients also tended to attract more community-based services following each hospital

admission (thereby equalising the cost of community-based follow-up between gtoups over the 6

months follow-up). Consistent with previous investigations that have examined the relative

contributions of hospital versus community-based health c¿ue expenditure to the overall cost of

managing CHF patie¡¡s,223-225,236-239 the projected total of community-based health-care
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costs for the UC group (based on data from the sub-set of patients in whom these were estimated)

was less than half that of hospital-based costs ($440,000 vs. $920,000). Because of the inherent

variability of individual costs (and therefore skewness of data overall), the difference between

groups in respect to cost of hospital-based health care within six months did not reach statistical

significance. At the very least, however, we have demonstrated that the reduction in hospital-use

associated with HBI has the potential to off-set the cost of its implementation and is unlikely to

be associated, in the medium-term at least, with greater hospital-use among surviving patients.

Í4.3.61 Correlates of unplanned readmission.

Of irnportance is the fact that the multivariate analysis (on an intention-to-treat basis)

demonstrated that the effect of the intervention on both event-free survival and survival alone at

six months (the effective duration of the intervention and the point in time when there was INVo

follow-up) was independent of other co-variates. Consistent with our previous observations,

extent of hospital-use prior to study follow-up was a reliable predictor of future hospital-use, as

was the presence of routine use of home-based services which evidently acts as a good and

practical surrogate for severe functional impairment; the latter probably being more sensitive

than extent of functional impairment as measured by NYHA functional class and the more

general Katz ADL Index because it also (inadvertently) takes into consideration the patient's

extent of social support and is less susceptible to the vagaries of individual interpretation. The

Charlson Index also encompasses a number of factors and proved to be a reliable predictor of a

primary event within 6 months. In this respect the combined score from the Charlson Index of

Co-morbidity took into account the presence of multiple rather than singular factors (other than

cHÐ likely to influence health outcomes (eg the combined presence of chronic airway

limitation, severe reno-vascula¡ disease and insulin-dependent diabetes associated with end-

organ damage).
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Í4.3.71 Correlates of survival.

Consistent with the results of the major study of patients with and without chronic cardiac

disease states, and the sub-set analysis of CHF patients participating in that study (both of which

a¡e described in Chapter 3), IIBI was independently associated with more prolonged survival

within six months. Although this does not provide definitive proof that this intervention, if

applied widely, will consistently prolong survival among CHF patients, the fact that a potential

improvement in survival (however small it may prove to be if applied widely) is not associated

with increased hospital-use thereafter and moreover, appears to be associated with at least

equivalent quality of life in the short-term is encouraging. Unlike the previous study, however,

reduced mortality was not mediated via a reduction in out-of-hospital deaths: at 6 months 9 HBI

versus 1l uc patients had died without being readmitted to hospital. This was probably due to

the fact that non-English speaking status (the most important variable identified previously) was

not significantly associated with such an event in the current study. However, since the results of

previous study were made public greater efforts have been made in the region to alert non-

English patients as to the risks of not accessing appropriate health-care when needed. More

consistent with previous data was the fact that mortality was independently associated with (once

again) prior hospital use and reduced left ventricular systolic function. I-ess easy to explain is use

of long-term nitrates as a negative predictor of survival. However, nitrates were prescribed (as

expected), more commonly to those patients with known ischaemic heart disease and who had

previously failed to tolerate ACE inhibition; both of which have been linked with poorer health

outcomes among CIIF patie ¡¡s.294'5ll'5 1 6

t4.3.SI Prolonged beneficial effects.

The rnore extended follow-up of those patients recruited earlier in the study, suggested that the

beneficial effects of HBI in respect to event-free survival persist for up to 3 months following the
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final telephone follow-up and therefore up to 9 months following initial hospitalisation.

Although there was little difference between the proportion of patients who were event-free after

12 months, the difference between groups in respect to the accumulated total of unplanned

readmissions (reaching its zenith at 6 months), as previously, was essentially maintained during

prolonged follow-up. This is most probably due to a combination of the repeat home visits to

patients who survived more than 2 unplanned readmissions to the hospital within 6 months and

the fact that the intervention was associated with a reduction in recurrent unplanned readmissions

overall.

Í4.3.91 Potential mechanisms of beneficial effect'

V/hat are the essential components of this type of intervention and what are the exact

mechanisms of beneficial effect? As has been discussed a number of times in this thesis, whilst it

is inherently difficult to attribute direct cause and effect with multi-faceted interventions of this

type,291,580,608 the results of previous studies suggested that the relative impact of in-hospital

intervention s319,325 appear to be smaller when compared to those that incorporate a home visit

and comprehensive assessment. It was postulated that the major benefit of visiting CHF patients

in the home post acute hospitalisation would be essentially derived from a better assessment of

the patient's management of their illness(es) and a more accurate determination of their future

needs. In this respect it was demonstrated that a large proportion of patients experience early

clinical deterioration likely to lead to re-hospitalisation without remedial intervention- Consistent

with studies that have shown this type of intervention improves treatment compliancs 582 ¿¡¿

reduces medication-related admissions (as discussed in section 3.6.3) the home visit resulted in a

more accurate determination of adherence to treatment and understanding of therapeutic goals, as

well as implementation of longer-term strategies designed to optimise management thereafter.

Not surprisingly perhaps, patients with early clinical deterioration detected during the home visit
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were most likely to be found to be mal-compliant with their treatment regimen and were

generally older and had a greater co-morbidity. Moreover, the improvement in scores measuring

knowledge of prescribed cardio-active medication at one month among the relatively small

cohort of HBI patients in this study, when compared to the results presented in Chapter 3 (which

demonstrated that in-hospital counselling was relatively ineffectual in improving medication-

related knowledge among a larger cohort of chronically ill patients), supports the hypothesis that

educational strategies targeting older individuals in this respect are best implemented in an

individual's ¡e¡ns.542In the UC group, medication-related knowledge appeared relatively stable

at I and 6 months compared to baseline and remained, in the majority of cases, sub-optimal.

However, the general improvement in medication-related scores among IIBI patients, although

promising, rarely translated into a comprehensive understanding of the prescribed medication-

regimen. In this context, the most important effect of home-based counselling is probably the

most difficult to measure - the effect on the knowledge-base of the patients' family/ca¡ers. There

is only anecdotal evidence to suggest that HBI made a major impact in this regard and that this

was a partial (but probably important) contributor to the overall beneficial effects of FIBI.

Following an initial home visit, the combination of telephone follow-up, the occasional repeat

home visit and contact with other health care professionals enabled the cardiac nurse to monitor

the success of the initial home visit and take remedial action accordingly. However, the home

visit itself appears to be the essential component of the intervention. In this respect, Figures 4.2

and 4.3 demonstrate that the two groups did not begin to diverge in respect to the primary end-

point until the initial home visits were implemented and there appeared to be little to gain

directly from the routine telephone contacts thereafter; although patients (and their families)

almost universally appreciate the opportunity to discuss their progress and exPfess gratitude for

the interest shown in them. Although a small number of home visits were repeated as Part of the

current study, the results of the previous study described in Chapter 3 (where only a single home
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visit was applied) support the supposition that the initial home visit has the greatest impact on

subsequent health outcomes. It is possible that in other health-care systems, that arrangements for

follow-up care would be less likely to occur without a structured program thereafter (this is

discussed below). However, in the context of the service provision in the north-western region of

Adelaide, the cardiac nurse was able to arrange new, or increase the level of pre-existing health-

care follow-up with a large degree of cooperation from the appropriate services (in particular

general practitioners). Repeat home visits rarely provided additional insight into potential

preventable reasons for patient readmission. For example it is difficult to enforce treatment

adherence once an individual has rejected previous attempts in this respect and the individual is

happy to live with the consequence (however costly to the health-care system and themselves it

may be). It should also be noted that consistent \À,ith our previous experience, lOVo of IIBI

patients refused the home visit following randomisation. Although the intention-to-treat analysis

demonstrated that 1IBI was beneficial overall, patients who refuse additional assistance may

prove to be at particular risk for poorer health outcomes: of the lO patienS who subsequently

refused HBI, 5 died during the minimum 6 months follow-up and 7 experienced a primary event.

t4.3.101 Comparison to other studies.

How does the current study compare to the results of the studies reviewed in Chapter 3?

Importantly, the beneficial effects of this less intensive HBI are more than comparable to the

nurse-directed, multidisciplinary intervention, implemented for 3 months post-hospitalisation,

among a similar cohort of CIIF patients, reported in the landmark study by Rich et 4t (lgg5).291

In this respect, Rich ¿t øl reported that such an intervention was associated with an increase in

the 90-day event-free survival from 54Vo among 140 control patients to 64Vo among 142

intervention patients 1p = 0.09).291 1¡t the current study HBI was associated with a comparable

increase in the 90-day survival rate from 577o toTlVo.Furtherrnore, there was a similar reduction



CHAPTER 4 225

in the number of patients who required multiple hospital readmissions at 90 days (Rich er al

reported a reduction from 16%o to 6Vo 291 compared to figures of l57o to 87o in the current

study). Whereas the study reported by Rich et aI was confined to a 3 month follow-up, consistent

with the results of the preliminary study described in Chapter 3, this type of HBI has the potential

to have prolonged beneficial effects. The only other intervention of this type (that was also more

intensive than the current intervention) subject to a randomised controlled trial also demonstrated

some beneficial effects at 12 months.577 However, the study reported by Cline et al (1998)

whilst involving a similar number of CHF patients, found only a strong trend towards reduced

hospitalisation among intervention patients at 12 mon6s 577' most probably because patients

were not selected on the basis of higher risk for hospital readmission.4gS Overall, the

approximate 6OVo reduction in days of unplanned hospitalisation at 6 months in the current study

is consistent with magnitude of beneficial effect we have observed in the sub-set analysis of HBI

described in the previous chapter and is comparable to the magnitude of effect of the

interventions examined by Rich ¿¡ a¡291and Cline s¡ a¡577 at 3 and 12 months respectively.

t4.3.111 Study caveaMimitations.

Despite the apparent effectiveness of IIBI there a number of issues that require comment.

Although delaying the home visit to 7-14 days post-hospitalisation allows potential problems to

emerge (and therefore be addressed), almost lOVo of HBI patients either died or were readmitted

beforehand; thereby reducing its apparent efficacy. The timing of the home visit remains

problematic. However, it may be possible (using the results of the multivariate analysis described

on page 203) to stratify patients in respect to immediate risk of early clinical deterioration and,

on this basis, selectively apply earlier home visits. Similarly, despite the apparent longer-term

effects of the current form of HBI, the intensity of routine reinforcement required to sustain the

effectiveness of initially implemented strategies remains uncertain. In the current investigation
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repeat home visits were applied selectively to those patients who had > 2 unplanned readmissions

within 6 months and this appeared to limit the proportion of patients requiring > 3 such

admissions within this time-frame. However, CIIF is frequently characterised by progressive

clinical deterioration and regular adjustments in treatment. It may prove effective therefore to

revisit patients in the home if they require an unplanned readmission beyond 6 months-

lVith advances in the pharmacological treatment of CIIF (eg. more extensive use of B-

adrenoceptor blockers 28O,281¡ it is possible that the apparent incremental benefits of applying

HBI may be reduced. It is certainly possible, considering the results of the recently reported

ATLAS study which indicated that higher doses of ACE inhibitors were associated with more

prolonged event-free survival and reduced hospitalisation 623 ¡¡u¡ patients receiving ACE

inhibition were receiving sub-optimal doses. Moreover, the frequency of p-adrenoceptor blocker

use may have been higher if the study recruitment began at a later date: although there is

anecdotal evidence to suggest that patients \üere being prescribed higher doses of ACE inhibitors

and greater numbers prescribed a B-blocker (usually carvedilol) by their treating cardiologist

during the course of the study. Considering the obvious benefits of the cunent pharmaco-

therapeutics used in the treatment of CIIF are frequently tempered by the increased risk of

serious adverse effects such as deteriorating renal function secondary to ACE inhibition among

such patien¡s,537,554 it is unlikely, in any case, that the majority of patients enrolled in this

study would be able to tolerate marked changes in their treatment regimen and/or derive the type

of clinical benefits reported in recent clinical trials. Moreover, as discussed and demonstrated in

the previous chapter, gteater number of medications and associated adjustments in dosage

increase the probability for both non-adherence and development of adverse effects. Importantly,

considering the association between both non-specialist management and inappropriate

pharmacotherapy with poorer health outcomes,32-34,286,305-308 all study patients were being
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managed by a cardiologist and receiving treatment appropriate to current guidelines at the time of

studY recruitmen ¡ -246'27 0'303'3O4

A¡e the results of this study applicable to other countries and health-care systems? Whilst this

study was performed at a single institution, as discussed earlier, the results of this study are both

consistent with the preliminary study described in Chapter 3 and those studies emanating from

the United States 291,550,580 and Europe.57l,579 Moreover, preventable hospital readmissions

are a phenomenon common to nearly all developed countries 621 a¡¿this study provides further

evidence that interventions that can accurately identify and address the preventable factors that

lead to unplanned hospitalisation will prove to be cost-effective if implemented widely and

targeted towards higher risk individuals. It is almost inevitable that such an intervention will

need to be modified to meet the gaps in service provision inherent to each particular health-care

system (eg. incorporating nurseled heart failure clinics to ensure planned strategies are

implemented following a home visit¡.624'625

Although the exact mechanism(s) of beneficial effect of exercise programs for CÍIF patients are

yet to be elucidated, it is possible that HBI could prove to have synergistic effects when

combined with proven prograrnmes of this tlpe 626-628' especially among relatively stable

patients who have less severe functional impairmenl.6l5 3sçause it has been suggested that even

low intensity exercise regimen can improve exercise capacity 613 many IIBI patients were

encouraged to take a short walk every day as part of the intervention. However, considering the

fact that this was an inherently older and frail cohort of patients with clinically unstable heart

failure, it is difficult to determine what effect this component of the intervention had upon

subsequent outcomes; especially as many of the study patients had a concomitant illness that

limited exercise (eg rheumatoid arthritis and severe chronic airways limitation) and therefore

found it difficult to mobilise at all. Such patients may derive incremental benefits from the
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introduction of a single limb training regimen.629 psspite the practical diff,rculties inherent to

the application of an exercise regimbn among this type of patient cohort, the increasing evidence

that an exercise regimen will improve a patient's health status, regardless of their clinical prolile

630 suggests that a more formal exercise component could be introduced into this type of

intervention; especially as IIBI appears to optimise the effect of pre-existing pharmacotherapy

and lead to greater clinical stability'

Finally, it is also inevitable that HBI patients received more considerate and comprehensive care

due to the fact that they were allocated to active intervention (this would be most obvious to the

treating cardiologist and general practitioner following receipt of the cardiac nurse's report as a

result of the initial home visit). Although this is a non-specific effect that is obviously difficult to

control, it is unlikely that the inherent bias of being an intervention patient would account

entirely for the magnitude of beneficial effect associated with HBI. Furthermore, the provision of

more comprehensive and considerate care is one of the major objectives of this and other types of

multidisciplinary intervention and any "placebo" effect of IIBI are likely to be sustained in the

normal clinical setting.
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14.4f CONCLUSTONS

In establishing a strong case for a true cause and effect relationship between HBI and reduced

unplanned readmissions and prolonged event-free survival among older patients with CIIF, it

was demonstrated in a prospective, randomised controlled study that:

l) The initial effect of FIBI on event-free survival (and possibly survival alone) first appears at

the approximate time of the initial home visit; suggesting a temporal relationship between

the two. Moreover, although the effect of the intervention on frequency of unplanned

readmissions appears to be sustained for the medium-term, importantly, its effect on event-

free survival appears to diminish over the same period.

2) The relationship between IIBI and prolonged event-free survival (and survival alone) is

both significant and independent of other influencing variables as determined by

multivariate analysis.

3) h the current study the results of the study described in Chapter 3 were essentially

replicated. Furthermore, the results described in both Chapter 3 and 4 are entirely

consistent with the literature to date.

Therefore, despite a number of limitations, \ re have demonstrated (most probably for the first

time) that a relatively novel and inexpensive, non-pharmacological intervention of this type has

the potential to significantly improve health outcomes among older individuals with chronic CHF

over the medium-term via both reduced unplanned readmission and (possibly) prolonged

survival. As such, HBI appears to improve patient care and subsequent health outcomes whilst

reducing overall health-care costs. It therefore represents an attractive adjunct to the current

management of chronic CIIF and may prove to be useful in the management of other chronic

ca¡diac disease states associated with frequent hospital-use.
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Chapter 5
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t5.1] THE SPECTRUM AND DIVERSITY OF FACTORS INFLUENCING
THE TIIERAPEUTIC EFFICACY OF CARDIO.ACTIVE AGENTS
IN ACUTE AND CHRONIC CARDIAC DISEASE STATES.

[5.1.1] Introduction

Although this thesis has covered a broad spectrum of the nrzmagement of patients with cardiac

disease states (from an examination of the acute effects of pharmacological agents in the

treatment of the patient admitted to the coronary ca¡e unit with interrnediate coronary syndrome

to the longer-term management of the chronic congestive heart faihrre patient discharged from

acute hospital care) the studies described herein have been designed{or the same purpose: to

identify some of the limitations of therapeutic efficacy of cardio-active agtnts and to examine

novel strategies for their correction.

With this purpose in mind, why were patients with an intermediate coronary syn$'ome and./or

chronic congestive heart failure specifically targeted? As discussed at the beginning of Qr thesis

the degree to which either sub-optimal anagement or an incomplete response to a

pharmacological regimen will impact upon an individual's health will undoubtedly vary,

depending on the stability and severity of disease state and the relative safety of the

pharmacological agents utilised. In this context, cardio-vascular disease in general is associated

with both significant morbidity and premature mortality.T Mor"over, the potential toxicity of

pharmacological agents prescribed to cardiac patients is very variable. Some agents might be

expected to exert serious adverse effects when prescribed to inappropriate patients (eg.

prescription of a non-dihydropyridine calcium antagonist to a patient with severe left ventricular
I

systolic dysfunctio¡r631,632¡. Other agents (eg. amiodafone 300'301 and digoxiî265'268 carry

risk varying with prescribed drug dose and/or duration of therapy, while still others (eg.

perhexiline maleate 302:, ate relatively safe provided that monitoring of plasma drug

concentrations or drug effect is performed regularly. The relative therapeutic value of such

agents, especially among patients with chronic cardiac disease states, also varies considerably;
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from the increased symptomatic control associated with the use of digoxin,265 to th" greater

survival associated with the use of angiotensin converting enzyme inhibitors in chronic heart

failure.26

kr this respect it is clear that the consequences of a "sub-optimal" response to treatment, both in

the context of congestive heart failure and intermediate coronary syndrome, are likely to be

particularly serious: both of these clinical entities, within the spectrum of cardiac disease-related

morbidity and mortality, are associated with some of the poorest health outcomes. It is not

surprising, therefore, that patients diagnosed with an intermediate coronary syndrome and/or

chronic congestive heart failure are usually prescribed a complex pharmacological regimen.

Moreover, both conditions represent areas of cardiac disease management in which there is still a

clear differential between what can be "theoretically" achieved and the "actual" therapeutic

impact of the current therapeutics used in their management'

The studies described in this thesis were therefore designed to identify and address (through the

application of relatively novel and potentially useful adjunctive therapeutic strategies) sorne of

the determinants of suÞoptimal therapeutic response in both of these debilitating conditions.

Overall, therefore, whilst the t¡rye of adjunctive strategy utilised were completely different

(perhexiline maleate therapy in intermediate coronary syndrome and a non-pharmacological,

community-based intervention in chronic congestive heart failure) the overriding purpose for

their application was essenúally the same'
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Ís.21 STUDIES OF ADJUNCTIVE PERHEXILINE MALEATE
THERAPY IN THE MANAGEMENT OF THE PATIENT \ryITH AN
ACUTE CORONARY SYNDROME.

t5.2.11 Study purpose and results.

It is within this context that Chapter 2 describes two preliminary investigations examining the

potential role and mechanisms of effect of perhexiline maleate therapy in the management of the

patient with intermediate coronary syndrome and symptoms refractory to conventional therapy.

As discussed in section 2.2, perhexiline is a relatively unique pharmacological agent that has

been recently shown to have "oxygen-sparing" effects via inhibition of carnitine palmitoyl

transferase-l and which has been previously used in the management of chronic angina pectoris

refractory to conventional therapy. In examinations of the acute use of perhexiline in the

management of ..high risk" patients admitted to a coronary care unit with intermediate coronary

syndrome and symptoms refractory to conventional therapy, it was demonstrated for the first

time in this type of patient cohort, that perhexiline has incremental anti-anginal effects over those

of standard treatment. Moreover, it was demonstrated that there is a close association between

the development of toxic symptoms (nausea and./or dizziness) and a "toxic" plasma perhexiline

concentration. In the second study the potential interaction between perhexiline and the recently

described phenomenon of "nitrate resistance" at a platelet level in a similar cohort of patients

was examined. Whilst this study reconfirmed previous observations that patients with acute

coronary syndromes have a poorer than normal response to the anti-platelet effects of the

.,direct" nitric oxide donor sodium nitroprusside (and most probably endogenous nitric oxide)

and therefore exhibit nitrate resistance, it demonstrated for the first time that perhexiline maleate

therapy is associated with an increased response towards normal in this regard. Importantly, there

was a direct correlation in individual patients between resolution of symptoms and improvement

in response to sodium nitroprusside.
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Í5.2.2t Immediate clinical implications.

Although the two studies described in Chapter 2 represent pfgli¡4i4ry investigations of the

potential beneficial effects of perhexiline in the management of the patient with an acute

coronary slmdrome, the results of these studies have a number of immediate clinical implications.

These include:-

l) perhexiline maleate therapy represents a, relatively safe and clinically effective

pharmacological adjunct to the management of patients with intermediate coronary

syndrome and symptoms refractory to conventional therapy.

2) T1¡e normally variable (and therefore unpredictable) plasma perhexiline concentration

following a loading regimen of perhexiline maleate in this clinical context can be

reasonably estimated on the basis of the patient's symptomatic profile on day 3 of

treatment. Therefore, the subsequent dosing regimen of perhexiline maleate can be altered

immediately rather than waiting for the assay of the patient's plasma perhexiline

concentration to be Performed.

3) patients with diabetes and receiving acute loading with perhexiline maleate, should be

subject to routine estimation of their blood glucose levels, and subsequent adjustment of

concurrent phamacological therapy in order to prevent development of hypoglycaemia.

t5.2,31 Future clinical implications.

Although the two studies described in Chapter 2 have a number of limitations they represent a

sound basis for future investigations examining both the clinical importance and potential

treatment of "nitrate resistance" among patients with symptomatic coronary artery disease and

the definitive role of pharmacological agents such as perhexiline in the management of acute

coronary syndromes. Subject to such research it is possible that perhexiline may Prove to be a

useful .,template" for the development and application of similar, but less toxic and cornplex
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pharmacological agents (especially if available in an intravenous form) that prove to be

particularly effective in the management of acute coronary syndromes via restoration of platelet

and endothelial responsiveness to nitric oxide. It is also possible that routine assessment of an

individual's responsiveness to the "direct" nitric oxide donor, sodium nitroprusside, via ex-vivo

platelet aggregometry may also prove to be useful as regards stratifying patients with

symptomatic coronary artery disease according to both their likelihood of responding to

t¡eatment and their subsequent risk of significant cardiovascula¡-related morbidity and mortality.
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ts.3l STUDIES OF ADJUNCTM MIILTIDISCPLINARY, HOME-
BASED INTERVENTION IN TIIE MANAGEMENT OF CHRONIC
CONGESTIVE IIEART FAILURE.

t5.3.11 Study purpose and results.

It is also within this context that Chapters 3 and 4, describes the effects of multidisciplinary,

home-based intervention in the longer-term managernent of patients with chronic congestive

heart failure discharged from acute hospital care. As discussed in section 3.2, therapeutic

outcomes among the predominantly older and frailer population of hospitalised chronic

congestive heart failure patients remains poor, despite the introduction of more effective

modalities of pharmacological treatment. Moreover, many of the identified factors associated

with such poor health outcomes are potentially preventable'

The first study described in Chapter 3, examined the effects of a relatively unique home-based

intervention among a large cohort of older, chronically ill patients with and without cardiac

disease discharged to home following acute hospital ca¡e. Demonstrating an overall benefit as

regards subsequent unplanned readmission and mortality associated with the application of this

relatively cheap and brief intervention, its particular effects on the sub-set of chronic congestive

heart failure patients participating in the study were subsequently examined. As such it was

demonstrated that this intervention may prove to be particularly useful in limiting hospital-use

among "high risK' patients with sevefe chronic congestive heart failure and that its apparent

beneficial effects are sustained in the medium-term-

In order to prospectively examine the effects of essentially the same (but rnore specific to chronic

congestive heart failure) tlpe of intervention among a similar cohort of patients, a further study

was undertaken and is described in Chapte¡ 4. Once again, the multidisciplinary, home-based

intervention was associated with a significant reduction in hospital-use in addition to prolonged

event-free survival, prolonged survival overall and generally improved health-related quality of

life. It was also associated with reduced health-care costs; although this did not reach statistical
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significance in this cohort of patients over the short-term. As such, this controlled study

represents the first time that a non-pharmacological intervention of this type has been shown to

simultaneously improve such outcomes among chronic congestive heart failure patients.

t5.3.21 Immediate clinical implications.

Although some of the potential mechanisms of beneficial effect of this type of intervention

(including detection of early clinical deterioration and mal-compliance with prescribed treatment,

improved medication-related knowledge and reduced incidence of medication-related

admissions) were examined, there is clearly scope for more research to examine the interaction

between the home-based intervention and patterns of illness management. However, the results

of the series of studies undertaken in this regard suggest that widespread application of home-

based multidisciplinary intervention, if targeted towards "higher risk" chronic congestive heart

failure patients especially, has the potential to significantly reduce hospital-use among such

patients; thereby reducing the burden on those hospitals that service a large population of chronic

congestive heart failure patients and therefore have a high turn-over of such patients.

t5.3.31 Futureclinic¡limplications.

This type of intervention may also prove to have incremental benefits if applied to other chronic

cardiac disease states associated with complex pharmacology and relatively high morbidity and

mortality rates. In this context, the application of multidisciplinary, home-based intervention to

the management of chronic atrial fibrillation may prove to especially cost-effective.

Atrial fibrillation is the most cornmon of sustained anhyhmias, its prevalence among the general

population included in the Framingham Study being approximately lVo.633 However, among older

groups its prevalence increases markedly. For example, among individuals aged > 65 years in the

Framingham Study the prevalence of atrial fibrillation is approximately 6Vo,633 whilst some studies
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have suggested that among individuals aged > 75 years prevalence of atrial fibrillation is as high as

6Eo.634 With an increasingly ageing population combined with a greater number of patients

surviving acute ischaemic events there is little doubt that the incidence and prevalence of atrial

fibrillation in the 2l't century will increase: although there is a paucity of studies which have

examined its associated burden to the health-care systems of 'Western developed.ounl¡"t.527

Like chronic congestive heart failure, atrial fibrillation is associated with significantly increased

morbidity and premature mortality: data from the Framingham Study suggest that atrial fibrillation

was associated with an approximate 2-fold increased probability of dying of any cause during study

follow-up and an approximate 3-fold increased probability of any ca¡diovascular-related ¿"u¡5.633,

635 Although there is some controversy in respect to the role of atrial fibrillation in the

pathophysiology of stroke, large-scale studies have demonstrated that its presence is associated

with an approximate S-fold increased probability of stroke.636 Moreover, in the concurrent

presence of chronic congestive heart failure anüor hypertension the probability of stroke increases

17-¡o6.637

As such, stroke patients who demonstrate concurrent atrial fibrillation tend to be older and

experience Ì\,orse outcomes with reduced survival rates, increased hospital stay and greater

likelihood of being admined to long-term institr¡tional ca¡'e.638 It is not surprising, therefore, that of

all cardiac arrhythmias atrial fibrillation is associated with the greatest level of hospital-ut",639 ¿¡1¿

although atrial fibrillation has not been subject to the same level of scrutiny as chronic congestive

heart failure, it undoubtedly represents a major burden to the health-ca¡e system.

Not surprisingly, the clinical profile of atrial fibrillation has many parallels with chronic congestive

heart failure as they share many of the same risk factors 633,635 with only l4Vo of individuals with

atrial fibrillation found to not have underþing ischaemic heart disease.ú0 Furthermore, probability

of developing atrial fibrillation is increased 6-fold in the presence of chronic congestive heart
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faihùre.sz1 Although the exact relationship between these two important clinical entities remains

unclear, many patients are reported to have concurrent atrial fibrillation and chronic congestive

heart failure; estimates range from 15-30Vo depending on the age of the cohort.úl Consistent with

these data, in the study described in Chapter 4,28Vo of the study cohort were discharged from

hospital in atrial fibrillation.

The widespread introduction of multidisciplinary, home-based intervention for patients with

chronic heart failure would, in theory at least, include a significant proportion of individuals with

atrial fibrillation. Overall, however, there is a paucity of studies examining non-pharmacological

strategies designed to limit health-care utilisation among patients with chronic atrial fibrillation.

Atrial fibrillation, therefore, represents the tlpe of chronic cardiac disease state in which

multidisciplinary, home-based intervention may prove beneficial. kr this context, there is an

obvious need to examine the effect of this type of strategy in the management of other chronic

diseases states such as atrial fibrillation.

It is also of interest to speculate about the long-term impact of non-pharmacological versus

pharmacological interventions as regards cardiac events and health-care costs. At this stage,

follow-up for the relevant studies, with the single exception of CONSEN5g5-¡,256 is inadequate

in duration to answer the critical health economist's question: does prevention of ca¡diac events

in the short-term imply merely postponement of morbidity: are there any long-term benefits on

resource utilisation and costs? Indeed the current data for the studies outlined in Chapter 3 and 4

also do not permit this critical question to be answered. However, it is at least possible that such

non-pharmacological interventions may have a longJasting effect of the likelihood that patients

with chronic congestive heart failure will occupy hospital beds. The appropriate analyses should

be made after long-term follow-up.
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t5.41 coNcLUSrONS.

It is unlikely that conventional treatment strategies will ever ameliorate all of the factors that

negatively influence the interaction between an individual and their treatment. There is clearly a

need for the development of adjunctive strategies that take into account inter-individual

variability of response to conventional treatment strategies or address a single (but important)

residual component of therapeutic response that negatively influences an individual's health

outcome. Both the studies of perhexiline maleate and multidisciplinary, home-based intervention

have demonstrated that there is indeed a role for such adjunctive therapies in the management of

both chronic heart failure (where many external factors, such as compliance, may determine

longer-term outcomes) and acute coronary syndrome (where many inherent biological factors,

such as nitrate resistance, may determine short-term outcomes); especially when targeted towards

those patients who fail to gain the maximal benefit from pre-existing modalities of

pharmacological treatment.
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ORTGINAL INVESTIGATION

Effects of a Home-Based Intervention Among
Patients \Mith Congestive Heart Failure
Discharged From Acute Hospital Cate

Simon Stew art, BA, BN; Sve P ear son, B A; J ohn D' Hor owitz, MBBS' PhD

Bcckground: We examined the effect o[a home-based

intervãntion (HBI) on readmission and death among

"high-risk" patients with congestive heart failure dis-

charged home from acute hospital care'

tcthod¡: Hospitalized patients with congestive heart

failure and impiired systolic function, intolerance to
exercise, and å history of I or more hospital admis-

sions for acute heart fáilure were randomized to either

usual care (n=48) or HBI at I week after discharge
(n=49). Home-based intervention comprised a single

home visit (by a nurse and pharmacist) to optimize
medication management' identify early clinical dete-

rioration, and intensify medical follow-up and care-

giver vigilance as approPriate. The primary end point
ãf th. rt'ndy was frequency of unplanned readmissions

plus out-oî-hospital deaths within 6 months of dis-

ih"tg.. Secondåry end points included duration o[
hospitat stay and overall mortality.

Ro¡u iients in the HBI grouP had

fewer (36 vs 63; P= '03) and fewer

out-o 5;P=.Il):0.8+0.9vs I'4+1'8

usual care were more likely to experience 3 or more re-

admissions for acute heart failure (P=.02). Predictors of

admission (OR, 0.4; 95% C[,0.2-1.f )'

Conclu¡io
congestive
duced freq
of-hospital
hospital.

Arch Intern Med. 1 998;1 58:1 067 -1072

From the CardiologY Unit
oJ The Queen Elizabeth

Hospital/IJniv ersity oJ Adelaide,

W o o dv ille, S outh Austr alia.

expenditures in the United States.I The

distribution of costs is non-Gaussian,

among patiens with congestiveheart fail-
ure (CHf), the leading cause of hospital-
ization among patients older than 65

years,a reported readmission rates range

irom 6% io l4o/" per month during the 6

months after initial discharge.5-e

Randomized controlled studies ex-

amining the effect o[ various interven-
tions on frequency and duration ofrehos-

CHFhave

:;iLn".:-
oorted. We examined the effect of a home-

Lased intewention (HBl) on the frequency

of unplanned readmissions plus out-o-f-

hospiial deaths for 6 months among "high-
risk" patients with CHF discharged from
acute hospital care.

CLINICAL AND
DEMOGRAPHIC PROFILE

Tablc I is a summary of the clinical and

demographic profile of the study cohort.
Most patièns were elderly and of lower so-

cioeconomic status. All but I of the study
cohort were receiving a diuretic, 79 (81%)

were receiving an angiotensin-convert-
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P ARTICIPANTS AND METHODS

STUDY COHORT

more unplanned admissions for acute heart failure before

study entry.

RANDOMIZATION

STUDY TREATMENT

an acute ischemic sYndrome.

EXTENT OF STUDY INTERVENTION

END POINTS

ARCH INTERN MED/VOL I58'
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information and reminder card, and (6) referral to a com-

munity pharmacist for more regular review thereafter'
Patients were further evaluated by the study nurse

to detect any clinical deterioration or adverse effects of
prescribed medication since discharge; those requiring
medical review were immediately referred to their pri-
mary care physician. After the home visit, all patients'
primary care physicians were contacted by the study
tturse to inform them of the home visit and to discuss

the need (if any) fo¡ further remedial action or more
intensive follow-up thereafter.

USUAL CARE

Patients assigned to the UC group (n=48) received the

home support (eg, domiciliary care or community nurse

visig) afte¡ discharge.

STUDY END POINTS

DATA COLLECTION

After enrollment, data were collected regarding the pa-

tients' demographic profile, past medical history, and

and fewer days of hospitalization (261 vs 452 days;

P=.05).

implementing the study intervention was $190 Plr pa-

tient. Coss associated with community-based health care

for those patients subject to audit (n=3'1) were similar
for both gioups: $620 per patient assigned to HBI (95olo

CI, $460-$740) vs $680 per patient assigned to UC (95%

CI, $550-$800). (Amounts of currency are expressed in
Austalian dollars.)

Correlates of readmission and death during the study

are summarized in Î¡blc 2; univariate and multivari-
ate data are given. On multiple logistic regression, sig-

nificant corrãlates of unplanned readmission are (I) pro-
iving

i:'":
lates o[ mortality are (l) non-English-speaking back-
ground, (2) regular home support, and (3) multiPle
readmissions during study follow-up.

deuils of the index admission (including signs and symp-

toms, treatment regimen, and results of diagnostic inves-

tigations). Extent of comorbidity was assessed using the

Charlson Index.15

local Birth, Deaths, and Marriages Registry. Costs associ-

ated with the HBI were calculated from detailed diary
entries of study personnel activity and invoices from
external services used. In a randomly selected subset of
34 patients, the cost of community-based health care
(including pharmacotherapy and consultation with pri-
mary care physicians) also was determined.

STATISTICAL ANALYSIS

Comparison data involved
use of the fo th calculation
of odds ratio intewal [CIl)
for discrete variables, (2) the Student ¿ test for normally
distributed continuous variables, (3) the Mann-\ilhiç

sided).

mode and other potential correlates of unplanned admis-

sion and mortality.

Despite the introduction of more effective modalities of
treatment (most notably angiotensin-converting en-

Ht-i:*
ality is as

high a 1'22 In theory, elderlY
puti"tt most from intewen-
iions associated with in-
creased hospital use, including malcoTpliance with, or
adverse effeès of, treatment regimen2s-27' inadequate fol-
low-upto'*tt; suboptimal use of medical cares-32; and earþ
clinicãl deterioration.r0'32-34 We postulated that an early

ofthese factors (both
ce of patients' physi-
caregivers) and might

be most effective in reducing readmissions among
patients with CHF and clinically significant impaired
iystolic function and a history of I or more hospitaliza-
tions for acute heart failure.

During follow-up, Patients in the HBI group had sig--

nificantly fiwer unpla.tned readmissions plus out-of-
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Table 1. Baseline Glinical and Demographic Dala

According lo Treatmenl GrouP*

Home'Based
lnlervention

(n = 49)

Usual Ca16

(n = 48)

Demoglaphic profile

Men:women

Age, y*

Live alone

NorrEngìish+Peaking
background

oischârge medicatiQns

Nó ol prescribed

medicalions'
0irr€t¡c

An giolensin+onvorting
enzyme Inhibitot

Di0o¡¡n

Nitrate

Haspihtization dah,
6 mo preæding

study entry*

Hospitalizafo¡ bqtore
index admlsion, d

Duration of index
admiss¡oil, d

Congætive heart lâilure
gro"file

CengesliYe heart
failure documented
Þfors the index
adrd¡ssion

Left veßtriculàr
eþction fraclion, %*

¡lew Yqrk Hearì

AssoBiatio.n elass

llJll:tV on tlFicharge
frorn hosP¡ttl

ComorbiditY

lschemio head
disease:myocardial
infarclioo

Chronh airways
lim¡iàtion

Chronlc hypertension

Atrial libritlation

Noninsulin:insulii-
dependent diabeles

Cìarlson ¡ndex soore

Admission Prol¡le

Acute pulrnonary edemã

Heart läte, beatVmin

Systolic blood pressure,

mm H0

Diseharge prûJile

Sódium, mmolil
Potassium, mmolll
Albumid, 0/L

Ùeatinine,
pmaùt (ms/dL)

|lsõrt late, beats/min

Systolic blood prossure,

mm Hg

Sin$ rhythm:atrial
librillation

6.9 r 2.4 (2-15) 6.5 t 2.5 (s-14)

35

38 r 11 (18^55)

24.23:2

35;20

3.! r 6.0 (0-24)

7.7 t6.2(2-281

3S

47

38

32

28

49

41

33

29

30:21

22 t0.5

27

94 ¡%
132 t27

14

20

15

10:'2

138 t 4.8 139 t 3.4

4-0t0.4 43+0.5
39 r 3.5 38 r 4-3

13iI t 43 (1.5 t 0.5) 150r i9 (1,7 s 0.9)

79 t 13

I20 + 19

31 :18 M:14

79tS
120 x?l

60

.E
L50

ú

3ooz

Ê¡o
o
g
820

0246

! Usual care Group

I Home-Based lntervenlion GrouP

8101214161820222426
Week of Follow-uP

Accunutaled total number ol unplanned readmissions plus ouI'of-hosp¡tal

deaths during lotlow-up using the unpaired Studentl test (P =.03).

+ Nornalty distributed conlinuous data are prcsented as nean t 1 SD' with

Íigures in pârentheses indicating range' There w.ere no signilicant dilferences

betvvee n g ro u ps regard i ng basel i ne ch a racte ristics'

hospital deaths. Despite the ths in
the ÙC group (and hince no dmis-

sion), there w as stlll a 42o/o dura-

tion of hospital stay. The overall improvement in health

toward fewer out-of-hospital deaths among patients as-

to management of CHF was associated with a signifi-
cant increase in the time to first readmission or out-of-

of the regimen examined in the Present study may

result from a combination of a home visit (a central
component of the approach used by Rich et al8) with a

broaã-based examination o[ chronic morbidity: in the

present study, as in some previous investigations in

þatients wittr CHF,6'22'15'16 approximately40% of read-

missions were primarily associated with conditions
other than CHF.
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Table 2. Conelates of Unplanned Readmission and M¡ilalily During Study Follow-up

Beadmission P

llo
(n = 42)

Yes

ln = 55)

Adiusted 0dds Ratio

Analysis AnalYsls (957' Confidence lnterval)
Variable

Home.based intervention, No. (%)

Unplanned hosPitalization s6 mo

before èntry, d

Lives alone, Ns. {'/o)
Previous admission for an acute

ischemic syndromo, No (%)

25 {60)
8.1 t7.4

24 (U\
130 t 8.9

.06

.002

.07

.02

.01

.12

.005

.09

,2

.06

(2s)

(60)
12

25

26 (47\
40 (73)

2.4* 11.2-ß.tlI
)

concentration, g/L 39+3 37 t2Albumin plàsma

Dieú

Non-English'speaking backg¡ound, No. (%)

Regular home help, No. (%)

Total readmissions duiìng study folfow-up

<.001
<.001

.01

* Ìdds ratio is shown lor patients wirh 1 4 days or more of unplanned hospitalization albumin plasma concentration ol 38 g/L or less, and 2 or more unPlanned

1 Schroeder SA, Showstack JA, Roberts HE. Frequency and clinlcal description of

high-cost pat¡ents. N Engl J Med.1979;300:1306-1309

2 TookCJ, Moore FD. High-cost users of medical care N Engl J Med 1980;302:

996-1 002.

3 Anderson GF, Steinberg EP. Hospital readmissions in the Medicare population

N Engl J Med 1 s84;31 1 :1 34s-1 353

4 Graves EJ lg\g Sumnary: Nalionat Hospital Discharge Survey: Advance Data
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Prolonged Beneficial Effects
of a Home-Based Intervention on Unplanned
Readmissions and Mortality Among Patients
With Congestive Heart Failure
Simonstewart, BA, BN; AnnetteJoyVandenbroeh, BN; Suø Pearson,BA;JohnDavidHorowitz,MBBS,PhD

plus out-of-hospital deaths during a period of 6 months.
The duration of this beneficial effect remains uncertain-

tethod¡: Hospitalized patients with congestive heart
flailure who had been randomly assigned to receive ei-

ther usual care (n = 48) or HBI I week after discharge
(n = 49) were subject to an extended follow-up of 18

months. The primary end point of the study was fre-
quency of unpianned readmissions plus out-of-hospital
deaths. Secondary end points included total hospital stay,

lrequency of multiple readmissions, cost of hospital-
based care, and total mortalrty.

Result¡¡ During l8-monthfollow-up, HBlpatients had fewer

unplanned readmissions (64 vs I25; p = .02) and out-of-
hospital deaths (2 vs 9; P = .02), representing 1.4 + 1.3 vs

2.7 ¡2.8evens per HBI and usual-care patient, respectively
(P = .03). The HBI patients also had fewer days of hospital-

uation(Z.5 ¡2.7 vs4.5 + 4.8 perpatient;P = .004) and, once

readmitted, were less likely to experience 4 or more read-
missions (3/31 vs I2/38;P =.03). Hospital-based costs were

IOR],5.4; P=.006). Positive correlates of deathwere (I)

ment to HBI was a negative correlate (OR, 0.3; P = .02).

Concluslons: In this controlled study, among a cohort
of high-risk patients with congestive heart failure, ben-
eficial effects of a postdischarge HBI were sustained for
at least 18 months, with a significant reduction in un-
planned readmissions, total hospital stay, hospital-
based costs, and mortality.

Ar ch Intern MeL 1 99 9 ; I 5 9 : 25 7 -26 1

From the Cardiology Unit,

Queen Elizabeth
H ospital / U nù er sity oJ Adelai de,

W o o àv ille, S outh Aus tr alia

LTHoucH THE introduction
of angiotensin-converting
eîz].'r¡'e inhibitors has re-
duced morbidity and mor-
tality rates among a large

proportion of patiens with congestive heart
failure ( CHF), t-5 the cost of treating these pa-
tients still represents a disproportionately
large component of health care expenditure
worldwide.6-r1 Attempts to limit this expen-
diture (estimated to be upward of $10 bil-
lion per annum in the United States alone)
rI are confounded not only by the increas-
ing prevalence o[CHF8'Ir-r4 and the ongoing
management itdemands, butby the pattern
of recurrent hospital use among a small sub-
set of thesepatienß.6-8'r5-22 The treatment of
such "high-cost" patients is often compli-
catedby a combination of advanced age, pres-
ence of major concomitant disease, and in-
tractable symptoms despite maximal therapy;

it is clear that a proportion ofpatients receive

ARCH INTERN MED/VOL I59. FEB 8, 1999

suboptimal treatment. 14'23-26 Two-year rnor-
tality among such patients is as high as
g0o/o.t3,27

We have reported the beneficial ef-
fects o[ a postdischarge home-based inter-
vention (HBl) on the frequency of un-
planned readmissions plus out-of-hospital
deaths (the primary composite end point for
the study) during 6-month follow-up of a

cohort of "high-risk" patients with CHF.28
'We were, however, unable to demonstrate
a definitive reduction in hospital-based costs

or mortality among patiens exposed to the
study intervention. To examine the me-
dium-term effects of the interyention on the
original primary end point and, more im-
portantly, frequency of recurrent hospital
admissions, total hospital stay, cost o[hos-
pital-based care, and total mortality, we ex-
tended follow-up of all surviving patients
for a further 12 months (to a maximurn of
18 months after the index hospitalization).
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PATIENTS AND METHODS

STUDY COHORT

STUDY END POINTS

missions, total days of hospitalization, emergency depart-

ment attendance, overall mortality, and cost of hospital-
based health ca¡e.

tive o[ New York Heart Association class II, III, or IV sta-

tus, and a history ofat least I admission for acute heart fail-
ure indicated that such patients were at higher risk for
subsequent hospitalization and premature mortality, and

therefore more likely to benefit from a postdischarge in-
tervention. The study was approved by the hospital's Eth-
ics of Human Research Committee, and all patients signed
a consent form before study entrY.

STUDY INTERVENTION

Patients were randomly assigned to either a postdischarge
HBI (n=49) or to usual care (UC; n=48). Analysis of all
the baseline clinical and demographic profiles of the 2 groups

of patiens demonstrated that the groups were well matched

anà receiving appropriate pharmacotheraPy; a summary of
their baseline characteristics is presented in loblc I . The

tion, and intensify medical follow-up and caregiver vigi-

STATISTICAL ANALYSß

Comparison of end : (l)
¡2 analysis (with cal 95o/o

confidence intervals ann-

Whitney test for all continuous variables, and (3) log-
rank test for comparison of Kaplan-Meier survival curves.

Examination of the interaction between treatment mode

and other potential correlates ofunplanned admission and
use of multiple logistic regression
at a univariate significance level of
n ofvariables at the .05 level ofsig-

nificance). All analyses were performed on an intention-
to-[reat basis, with significance accePted at the level o[.05
(2-sided).

RESLILTS

During the 18 months after index hospitalization, 33

(67"/") of 49 HBI patients (95'/. Cl,52o/"-8O"/") vs 39 (81o/o)

of ,18 UC patienis (g5o/" CI, 670/o-9I"/") had experienced
either an unplanned admission or an out-of-hospital death

(P = . f 2). Afthough the 2 groups did not significantþ dif-
fer in regard to the proportion of patients experiencing
a primary end point, patients in the HBI group accumu-

hìed significantly fewer unplanned readmissions (64 vs

125; P =.OZ¡ and suffered fewer out-of-hospital deaths
(2 vs 9; OR, 5.4; g5o/" CI,1.0-39; P = .02). The combined
total of primary end points was therefore 66 vs 134 for
the HBI and UC groups, respectively (1.4 t 1.3 vs 2.7 +

2.8 events per patient; P = .03) (Flgure I ).
Overail, HBI patients required fewer days of hospi-

talization (both unplanned and elective) than UC pa-

tients (10.5 ¡ 14.4 vi 2I.l x. 24.I days per patient; P = .02)

in addition to accumulating fewer attendances at the emer-

gency department (2.5 * 2.7 vs 4.5 ¡ 4.8 per patient;
Þ = ,cÍo+).-O" the basis of this reduction in hospital stay

and comparable outpatient clinic costs, the calculated cost

of hospital-based care per patient was significantþ lower
for tháHgl group (Aust $5100 t $6800 vs Aust $10 600 I

$13 000; P = .02). The cost of the original home interven-
tion was Aust $190 per HBI Patient.

Analysis of the frequency distribution of un-
planned readmissions showed that UC patients, once re-

ãdmitted, were signiflicantly more likely to experience 4

or more readmissions during study follow-up (I2l38 vs

3/3I; OR, 4.2;95"/o Cl,l.O-22.O;P = .03). Flgurc 2 shows

the frequency distribution of unplanned readmissions for
the 2 groups. Overall, 4To/o (95o/o Cl,35o/o-49o/") of all un-
planned readmissions for the entire cohort were associ-

ãted with a primary diagnosis of acute heart failure, the

patients were significantly more likely to require 3 or more
ãdmissions for heart failure (8/21 vs l/18; P = .004)-

Patiens assigned to HBI were also more likely to sur-

ing variables were subjected to multiple logistic regression

toãetermine potential correlates ofunplanned readmìssion:
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Table 1. Baseline Ghatacteristics at lnder Hospllalizalion*

HBI (n=19) UC (n=48)

Sex, No. MÆ

Age (range), Y

Non-English speaking, No.

PharmacotherapY after index

hospitalization

No. of prescribed

medications (range)

Diuretic, No.

ACE inhib¡tor, No.

Digoxin, No.

lndex hospitalization

Days of hospltalization 6 mo

beforo admission (range)

Duntion of index admission
(range), d

Heart Îa¡lure profle

Loft ventr¡cular eìection fract¡on

(range), %

NYHA functional class on

diæharge from hosPital, No.

I
ilt
IV

Concomitant disease, No.

lschemic heart disease

Myocardial infarct¡on

Cìronic ainwaY limìhtion

47

38

32

49

41

33

24

20

1

6,9t2.4(2-15) 6.5t2.s($14)

38t11 (18-55) 39r11 (17-55)

24

23

2

35

20
21

30

21

14

lJsual Care

140

120

(n = 48)

'ã 100

-80
F.= 60ù

E40
ts

20

P= 03

Home-Based
lntervention

(n = 49)

0 4 8 12162024 2832364044485256 60 64 68 72 76 80

Week of Study Follow-uP

100

90

s80
,¿
¿
àto

Home-Based
lnteruention

(n = 49)
I

50

P= 049

lJsual care
(n = 48)

4 8 12 16 20 24 28 3236 40 44 48 52 56 60 64 68 72 76 80

Week of Study Follow-uP
0

Figure 1 . Cunulative total of unptanned readmissions plus out:lf-hlsp¡tal

deaths during 18 nonths of follow-up (Mann-Whitney test).

ual care;
ciation.

Figure 2. Frequency d¡str¡bution of unplanned readm¡ss¡ons dy.rlnO 18

nionths of foilow-ip. HBt indicates hone-based intervention; UC, usual care'

heart failure, (3) number of days of unplanned hospitalÈa-

tion in the 6 months before study follow-up, (4) LVEF, Figure 3. Kaplan-Meier curves for cunulative survival during 1 I nonths of

fotlow-up (òg+ank test for comparison of survival curves)'

or attenuation o[ beneficial effects of HBI in the medium

term. In this respect, the results of the extended follow-up

clemonstrated còndnued benefit in regard to the primary

end point of frequency of unplanned readmissiors plus out-

of-hãspital deaths, HBI patients accumulated approxi-
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Table 2. Conelates of Unplanned Beadmission During 18'Month Fol¡ow'üp

Unplanned Readmission P

Variable

Flo Yes

(n = 28| (n = 69)
Un¡var¡ate
Analysis

¡¡lültlYarial€
Analysis

Adiusled 0R
(s5% cr)*

[Jnplanned hospitalization 6 mo before study

follow-up, mean t SD, d

Assiqnment to home-based intervent¡on, No. (%)

6.8 t 6.6

1 I (64)

12.5 r 8.8

31 (45)

002

08

.006

.09

5.41 (1.1-11 3)

0.s (0.2-1.2)

+ 0R indicates odds ratio; Cl, contidence interval.

lAdjusted 0R for>14 days of unplanned hospitalization.

Iable 3. Gorelates ol Morlality During 18-Monlh Follow-up

18-mo Monality P

Un¡varlate mut¡uariato
Analysls AnalyslsVariable

llo Yes

(n = 6t) (n = 31)
Adiusted 0R
(s5% ct).

Non{nglish'speaking background, No. (%)

Unplannod hospitalizat¡on 6 mo Dafo¡e study follow-up, mean + SD, d

Ass¡0nment to home-based lntervention, No. (%)

Left ventricular eiect¡on fraction mean r SD, %

12 (3e)

14.4 t 10.1

1 1 (35)

34.9 t 10.9

.005

.02

.049

.02

.008

.008

.02

.03

+ 0B indicates odds ratio; Cl, confidence interval.

IAdjusted 0R for>14 days of unplanned hospitalization.

lAdjusled 0R for left ventricular ejection lraction of <40%.

mately 50olo fewer end points. The data also suggested that
the 2 groups continued to diverge in regard to accumula-
tion of these end poins in the 12 to 18 months after the
single home visit (Figure I). Although there was a trend
toward fewer HBI patients requiring an unplanned read-
mission during study follow-up (31/49 vs 38/48; P =.08),
the continued differential between groups in accumulat-
ing unplanned readmissions potentially reflects the selec-

tive effect o[ HBI on pâtients otherwise likely to have re-
peated unplanned readmissions. Rich et alle also reported
that post hoc analysis o[ the effects of a similar, but more
intensive, intervention that was implemented for 3 months
after discharge suggested that the beneficial efiects of the
intervention lasted up to I year, although it is not clear
whether this was mediatedvia a sustained reduction in mul-
tiple readmissions among intervention patients.re

With larger numbers of patients requiring hospital-
ization during the extended follow-up, skewness andvari-
ability of accumulated costs were less accentuated, and we
were able to demonstrate that the approximate 50o/o re-
duction in hospital stay among HBI patients translated to
a significant reduction in hospital-based costs of a similar
magnitude. Once again, however, the subset of patients
requiring repeated readmissions contributed dispropor-
tionately to the overall costs for their respective groups.

Although the difþrence in group mortality rates just
reached statistical significance, the magnitude of the appar-
entreduction in mortality among HBI patiens was large (ap-

proximately 50olo). In our original anaþis, out-of-hospital
deathwas included in theprimary endpoint to partially ad-
just for the fact that patients would no longer require hos-
pital admission. However, the frequency of out-of-hospital
death alone has proved to be far greater than expected, with
significantly more of these events occurring among UC pa-
tients, both at 6 months in the original heterogeneous co-

hort of hospitalized patiens2e and at l8 months among this
subset of patients with CHF, proving to be the primary dlf-
ference in both cases in regard to the reduced overall mor-
tality among HBI patients. Such a proportional improve-
ment in survival rates, if verified in larger studies, would
be more than comparable with those reported in the origi-
nal (and larger) angiotensin-converting enz)¡me inhibitor
trials.4'5 The l8-month mortality rate among the UC group
in this study was somewhat greater than that reported in
more recent clinical trials that have included carefully se-

lected patiens with heart failure receiving angiotensin-
converting enz)¡me inhibitors as standard therapy and gen-

erallylower LVEFs.30'rI However, the survival profile olUC
patients in the current study, at both 6 and 18 months, is
comparable with that reported at 6 and I2 months among
similar cohors of hospitalizedpatients with CHF inclucled
in 3 recently reported studies.22'26'32 Furthermore, multivar-
iate analysis demonstrated that the improved survival rate
associatedwith the HBI was independent of other "expected"
determinants of mortality, includinglowerLVEF and ahis-
tory of more prolonged hospital stay.

Many forms of therapeutic intervention have been
shown to be highly effective for a short period, but to have

no significant beneficial impact beyond the first few days

orweeks afterwithdrawal of the therapeutic agent.rr'r+ How
and why is it possible for a single posthospitalization inter-
vention to continue to exert a beneficial effect on readmis-
sions and mortality for at least 18 months after implemen-
tation? On the basis of a preliminary study,r5 we anticipated
that an early posthospitalization HBI would not only be ben-
eficialin detecting clinical deteriorarionlikely to lead to short
termhospital readmission(s), but detecthitherto unknown
problems likely to contribute to poorer longer-term out-
comes. Althoughwehaveno directevidence of mechanisms
of beneficial effect of the currentHBI, the magnitude of prob-
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lems detected duringhomevisis requiring remedial action,
many of which have been identified previously as contrib-
uting to unplanned hospitalization (noncompliance with
and/or adverse effects of treatment regimen, early clinical
deterioration, and suboptimal use of medical care, especially
among non-English-speaking patients) , is consistent with
2 previous reports on the mechanisms of beneficial effect
of interventions that involve a home visit.rs'36 As regards im-
provedsurvival, itis possible thata combinationofincreased
vigilance of caregivers, improved compliance, and increased
awareness o[ the therapeutic goals of treatment and better
use of available medical care among HBI patients led to a
reduced incidence ofacute deterioration and deathbefore
hospital care couldbe accessed. However, the precise mecha-
nism(s) of beneficial effect of the HBI in this regard is un-
likely to be elucidated.

The fact that we are unable to propose the exact mecha-

nism(s) of beneficial effect of HBI underlines some of the

limitations of both the original and extended analyses of
this cohort of patients with CHF, although this problem is
common to other interventions incorporating a multifac-
eted approach.23'36 This study represents a subanalysis of
the outcomes of a limited number of patients with CHF,
and we have no data regarding functional status and qual-
ity of life among survMng patients. Possible refinements
of this intervention would include (l) more specific com-
ponents of education in regard to optimal diet, fluid man-
agement, and exercise for patients with CHF; (2) prospec-

tive identificarion of the subset of patients at risk of recurrent
admissions; and (3) repeated HBI for those patients with
recurrent readmissions despite initial intewention.

Nevertheless, this randomized controlled study (to
our knowledge) represents the first report of a nonphar-
macological intervention improving survival among hos-
pitalized patients with CHF while significantly reduc-
ing hospital readmissions. If the efficacy of this relatively
novel approach to treating patients with CHF is con-
firmed in a prospective randomized controlled trial, it
would represent an attractive and relatively cheap means
to both improve health outcomes among such patients
and deliver significant cost savings.
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Page Correction

The LIPID Study refers to The Long-term Intervention with Pravastatin in Ischaemic
Disease Study.

A larger and more recent study (The ACADEMIC Trial presented at the American
College of Cardiology Annual Scientific Meeting in Atlanta, USA, March, 1998) has
demonstrated no treatment benefit associated with the use of Roxithromycin in patients
with acute coronary syndromes. (Additionøl sentencer line 8)

The American College of Ca¡diology Meeting in 1998 was held in Atlanta, USA.

VIIEFT-II trial should read VHEFT-I trial.

More recent trials, including The Cardiac Insufficiency Bisoprolol tr Study (presented at
the American Heart Association Meeting in Orlando, March 1998) and The Metroprolol
Extended Release Intervention Trial (presented at the American Heart Association
Meeting in Orlando, March 1998), have supported the use of these agents in the
management of CHF. (Additional sentence, line 20)

43 Anti-anhythmic therapy. Sudden death due to a ventricular arrhythmia continues to be a
major cause of death among CHF patients. Treatment of ventricular anhythmias remains
problematic due to the negative inotropic effects of Class I agents (The Cardiac
Arrhythmia Suppression Trial (CAST) Investigators. Effect of encainide and flecainide
on mortality in infarction. N Engl J Med 1989;321;406-12) whilst implantable
defibrillators are costly and are therefore less likely to be implanted in older individuals
with co-morbid conditions. A recent meta-analysis of 12 studies examining the effect of
amiodarone therapy in both AMI and CHF has demonstrated that it is associated with a
297o decreased risk of anhythmic/sudden death and a l37o decre¿sed risk of mortality
overall (Amiodarone Trials Meta-Analysis Investigators. Effect of prophylactic
amiodarone on mortality after acute myocardial infarction and in congestive heart failure:
meta analysis of individual data from 6500 patients in randomised trials. Lancet
1997 ;35O: | 417 -24). (Additional s e ctio n)

Figure 2.2: column 3 represents "no angina" and column 4 represents "angina".

Importantly, The DIGAMI Study has shown survival benefits among diabetic patients
with AMI receiving combination intravenous therapy comprising insulin, glucose and
potassium (Malmberg K, Norhammar A, \Vedel H, Ryden L. Glycometabolic state at
admission: important risk marker of mortality in conventionally treated patients with
diabetes mellitus and acute myocardial infarction: long-term results from the Diabetes
and Insulin-Glucose Infusion in Acute Myocardial Infarction (DIGAMI) study.
Circulation 1999;Ð:2626-32). (Additíonal section)

Table 2.2 subtext: should read "33 of the 40 patients receiving PM underwent coronary
angiography".

The observed changes in blood sugar levels were not accounted for by changes in the
patient's insulin or oral hypoglycaemic therapy. (Adilitional sentence,line Q

172 It is important to note that the more unwell the patient, the poorer their ability to
concentrate and therefore recall information provided. (Ailditionøl sentence, line 18)
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193 "Clinical parameters" on line 14 should read'.criteria".

201 Cardiac cachexia was defined as significant weight loss with characteristic wasting of
skeletal muscles.

203 "Exercise intolerance to NYHA Class..." should read "Exercise tolerance indicative of
NYHA Class...".

209 Figure 4.5: continuous black line represents the home-based intervention group and the
dotted line represents the usual care group.

220 "Singular" should read "single".

242 Reference 9: "hypercholestraemia" should read "hypocholesterolaemia".

U9 Reference I I l: "Elliott M, Antman" should read "Antman EM".




