UNIVERSITY of
TASMANIA

University of Tasmania Open Access Repository

Cover sheet
Title
The short and longer term implications of beta-blocker use in cardiology patients with airways disease

Author
Cochrane, B

Bibliographic citation

Cochrane, B (2010). The short and longer term implications of beta-blocker use in cardiology patients with
airways disease. University Of Tasmania. Thesis. https://doi.org/10.25959/23210960.v1

Is published in:

Copyright information

This version of work is made accessible in the repository with the permission of the copyright holder/s under
the following,

Licence.

Rights statement: Copyright 2010 the Author

If you believe that this work infringes copyright, please email details to: oa.repository@utas.edu.au

Downloaded from University of Tasmania Open Access Repository

Please do not remove this coversheet as it contains citation and copyright information.

University of Tasmania Open Access Repository

Library and Cultural Collections

University of Tasmania

Private Bag 3

Hobart, TAS 7005 Australia

E oa.repository@utas.edu.au CRICOS Provider Code 00586B | ABN 30 764 374 782 utas.edu.au


http://doi.org/
http://rightsstatements.org/vocab/InC/1.0/
mailto:oa.repository@utas.edu.au
https://figshare.utas.edu.au
https://utas.edu.au

The Short and Longer Term Implications
of Beta-Blocker Use in Cardiology

Patients with Airways Disease

Belinda Cochrane, B.Med.Sc., M.B.B.S.

A thesis submitted in fulfilment of the requirements for the degree of

Doctor of Medicine

Department of Medicine
University of Tasmania

December 2009



TABLE OF CONTENTS

TABLE OF CONTENTS ...ttt srna e e 2
PREFACE ...ttt e e e et e e et e e e b e e e are e 6
PUBLICATIONS ...ttt a e e e e e s e e 7
ACKNOWLEDGEMENTS ..ottt 9
THESIS ABSTRACT ...ttt eaees 12
CHAPTER 1: LITERATURE REVIEW ......ooiiiiiii e 15
1.1 The Beta-Adrenergic RECEPION.......ccuvieeieiie e 16
1.2 Beta-Blocker MediCations...........ccoviiiriiiiiiieneee e 18
121 THEraPEULIC USES ...ttt 20
1211 Heart Failure ... ..o 21
1.21.2 ISChaemiC Heart DISEASE.......ccuuviiie et 25
1.2.2 Perceived Beta-Blocker ContraindiCations............ccoovveveneneneeienieeneenns 28
1.2.3 Potential Adverse Respiratory Effects...........cccovvieiiieiiiiciicicccsee 28
1.3 Areas of Knowledge DefiCIENCY .......ccccvevveiiiiiiiicic e 41
1.3.1 Extent of Coexistence of Cardiac Disease and Obstructive Airways

1.3.2

133

134

1.4

14.1

DISBASE ..ttt ettt ettt bbbt e 41
Beta-Blocker Prescription Practice Amongst Patients with Obstructive
ATTWAYS DISBASES. ...cvieuviiiieitieiecteste et se e este e ste e e e sae e sre e 43

Cardiac Benefit of Beta-Blocker Medications in Patients with

Obstructive AIrways DISEASE .......c.ccvveiveieerieeieieeieeieesee e eee s e sre e sneas 45
Adverse Respiratory Outcomes Related to Beta-Blocker Use................ 54
ODBJECLIVES ...ttt nre s 56

The Prevalence of Obstructive Airways DiSease ...........cccccvevveviervernennn. 56



142 Investigate Beta-Blocker Prescription..........cccoccevveiiienenic e 57

143 Investigate Adverse Respiratory Effects ..........ccooovevviieniniinnicici 57
15 SUMIMAIY ...ttt ettt ettt nbe e se e et e e sae e e nbeeaneeenee e 58
CHAPTER 2: THE STUDY PROTOCOL ..ot s 61
2.1 RECTUITMENT ... 61
2.2 SEALISTCAl POWET ... 62
2.3 ADDIEVIALIONS ... 63
2.4 MEENOUS ... s 65
2.5 DEFINITIONS ... s 69
2.6 StatistiCal ANAIYSIS ...o.veiiiiieiiee s 70
CHAPTER 3: THE STUDY POPULATION ....oooiiiiiiiiieee e 73
3.1 RECTUITMENT ... 73
3.21 DEMOGIAPNICS. .. ettt 74
3.2.2 Cardiac PatholOgy ........coeiieiieese e 76
3.23 COMOIDIA DISBASE .....c.veveeviieiieieeie e 79
3.2.4 Use of Beta-Receptor Active Medication.............cccccveverveiecieieecieennn, 79
3.3 DISCUSSION. ...ttt ettt 81
34 CONCIUSTONS ...t 83

CHAPTER 4: THE PREVALENCE OF COEXISTENT AIRWAYS

OBSTRUCTION IN PATIENTS WITH CARDIAC DISEASE .........ccccooiiiie 85
4.1 AAIMS et 85
4.2 IMEENOAS ... 85
4.3 RESUIES .. 85
4.4 DISCUSSION. ...ttt ettt 90

4.5 CONCIUSIONS ...t e ettt e e e e e e e e eees 97



CHAPTER 5: BETA-BLOCKER PRESCRIPTION IN PATIENTS WITH

COEXISTING CARDIAC AND OBSTRUCTIVE AIRWAYS DISEASE.............. 99
5.1 AAIMIS Lot 99
5.2 MEENOUS ... s 99
5.3 RESUILS ... 99
5.4 DISCUSSION. ...ttt 103
5.5 CONCIUSIONS ... 107

CHAPTER 6: THE LONGER TERM EFFECTS OF BETA-BLOCKER

MEDICATIONS ON LUNG FUNCTION, RESPIRATORY EXACERBATIONS

AND SURVIVAL IN PATIENTS WITH CARDIAC DISEASE ........ccccoooviiienens 109
6.1 AIMIS e 109
6.2 MEENOUS ... 109
6.3 SEALISTICS ...ttt 110
6.4 RESUIES .. 110
6.4.1 YO 11 0] 1113 1SS 110
6.4.2 Respiratory SYMPLOMS ......cccecoveiiiiieieiie e 114
6.4.3 Longer Term AdVerse OULCOMES .........ccveeeieerieeiieiiesieeeesieesie e 115
6.4.3.1 Beta-Blocker DiSCONtINUALION ...........ccvverieiiiinieieisee e 116
6.4.3.2 Respiratory EXacerbations............cccveveieeiveieiie e se e 116
6.4.3.3 Acute CardiaC EVENTS ..o 117
6.4.3.4 Respiratory Exacerbations — Supplementary Analyses..........c...cccve.... 119
6.4.3.5 DBALN.....eeeee e s 121
6.5 DISCUSSION. ...ttt et 127
6.6 CONCIUSTONS ...ttt 137



7.1 The Status QUO ....ccuveeiie et 139

7.2 Contribution to Existing Knowledge..........cccoooiininiiiiinieeseen, 140
7.3 Screening and MONITOIING ......cooveieiieiiee e 142
CHAPTER 8: DIRECTIONS FOR FUTURE RESEARCH.........ccooiiiiieiieee 147
8.1 Safety and EFfiCACY.......cccuoviiiiiiie e 149
8.2 A Potential Therapeutic Role for Beta-Blockers in the Obstructive
ATIWAYS DISBASES. ....veeuiieiieiiiesieeiiesiee e ettt ettt ettt ae e see e 150
BIBLIOGRAPHY ...ttt 156
APPENDICES. ...t 168
APPENTIX L.ttt b e bbb e reenae e 168
APPENTIX 2 .ttt et b e bbb e e reenae e 174
APPENTIX 3 .ttt bbbt b e nr e e reenne e 176
APPENTIX 4 .ottt et b b b e nr e e reenae e 178
APPENAIX D .o e e nreenreens 184
APPENTIX B ..ttt e e e et e et e e nre e areenreens 189

N o] 0T 10 3 ARSI 191



PREFACE
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subjects gave informed consent prior to participating.

I am responsible for the work represented in this thesis, although many have
provided assistance, enabling its completion. The extent to which others have
contributed is detailed in the acknowledgements. This work has not previously been

presented in application for any other degree.

The thesis may be made available for loan and for limited copying in accordance

with copyright laws.

Belinda Cochrane
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THESIS ABSTRACT

Coronary atherosclerosis and chronic obstructive pulmonary disease (COPD) are
highly prevalent, and two of the commonest causes of morbidity and mortality in the
Australian population. They share cigarette smoking as an important risk factor, and
frequently coexist. Drugs which act on the beta-adrenergic receptor are important
therapeutic tools in both diseases. However, beta-receptor antagonists, which are
commonly used to treat cardiac disease, theoretically may cause adverse respiratory
effects and are traditionally avoided in patients with obstructive airways disease.
This work seeks to explore the short and longer term effects of beta-blocker
medications, when used for treatment of cardiac disease in patients with coexisting

obstructive airways disease. Specifically, the aims of this research are:

1. To estimate the prevalence of coexisting obstructive airways disease amongst
patients with cardiac disease

2. To investigate current beta-blocker prescribing practice in patients with
obstructive airways disease

3. To document adverse respiratory effects of beta-blocker medications, in

terms of symptoms, lung function and other longer term health outcomes.

Within 24 hours of hospital admission for suspected cardiac disease, patients were
screened for airways obstruction, using spirometry. Spirometry results demonstrated
a high level of coexistence of cardiac disease and obstructive airways disease, about

twice that cited in previously published estimates. Documentation of beta-blocker

12



prescribing practices within the Royal Prince Alfred Hospital’s Cardiology Unit
revealed minimal prescription of these medications to patients with previously
diagnosed chronic obstructive airways disease and asthma, despite limited evidence
of adverse effects of beta-blocker use in such patients. This notably occurred even
when guidelines recommended beta-blockade as first line therapy, and where
survival benefit was established. However, many patients with obstructive
spirometry, but no formal diagnosis of obstructive airways disease, did receive beta-
blockers. Longitudinal analysis of symptom assessment, lung function and health
outcomes was performed. Lung function and respiratory symptoms data were
collected over a twelve month period and data pertaining to beta-blocker
discontinuation, respiratory exacerbations, acute cardiac events and survival were
collected over almost six years. There was no indication of a statistically significant
adverse beta-blocker effect on lung function, respiratory symptoms or survival but

beta-blocker medications did appear to increase respiratory exacerbation rates.

This work confirms the very high frequency of obstructive airways disease existing
in combination with cardiac disease in an Australian urban population, which had
been suspected but not previously documented. However, its major contribution is to
provide prospective long term respiratory health outcome data for the use of beta-

blocker medications in this group.
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LITERATURE REVIEW
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CHAPTER 1: LITERATURE REVIEW

Coronary atherosclerosis and chronic obstructive pulmonary disease (COPD) are
highly prevalent, and two of the commonest causes of morbidity and mortality in the
Australian population. Prevalence of both medical conditions increases with
increasing age. Coronary artery disease prevalence estimates in Australia, for
patients older than 65 years, approached 66% in 2001 (1). Measures of COPD
prevalence, until very recently based on doctor diagnosis and inhaled medication
prescriptions, have been considered inexact and greatly underestimated. Despite
ongoing debate surrounding the diagnostic criteria used, recent publication of the
Burden of Obstructive Lung Disease (BOLD) Study (2), an international prevalence
study of COPD in adults aged beyond forty years has provided a basis for more
precise estimates. The Australian section of the BOLD Study found COPD (GOLD
stage Il or greater) in 9.3% males and 11.29% females. GOLD stage Il is defined as
FEV1/FVC ratio less than 0.70 and percentage predicted FEV1 (forced expiratory
volume in one second) from 50% to less than 80% (3). Reflecting global estimates,
ischaemic heart disease is the leading documented cause of mortality in Australia,
with COPD ranking fifth in men and seventh in women (1, 4). In terms of morbidity,
when defined as disability sufficiently profound to limit core daily activity, COPD
marginally outranks ischaemic heart disease, with them lying in third and fourth
places, respectively (5). The import of high disease prevalence and the major impact
on disease burden, when these two diseases are assessed individually, is that
clinicians potentially face enormous patient numbers having the disease combination,

due to population ageing and the shared main risk factor, cigarette smoking. Drugs
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acting on the beta-adrenergic receptor play important therapeutic roles in the
treatment of both diseases. However, beta-agonist agents are used in the obstructive
airways diseases and it is antagonist agents that are most beneficial in the common
forms of cardiac disease. The clinician then must reconcile the apparent therapeutic

dilemma.

1.1 The Beta-Adrenergic Receptor

Beta-blocker drugs target the beta-adrenergic receptor (B-AR), of which there are
three subtypes, distributed predominantly as follows: the beta-1 receptor to
myocardium, the beta-2 receptor to glands and smooth muscle of the airways,
myocardium, blood vessels, uterus, bladder and gut, and the beta-3 receptor (6) to

adipose tissue, gastrointestinal tract and myocardium.

Activation of the beta-1 subtype causes increases in chronotropy, atrioventricular
(AV) node conduction and myocardial contractility, and reduction in the AV node
refractory period. Stimulation of the beta-2 subtype results in bronchodilation, mucus
secretion and surfactant production, peripheral vasodilation and relaxation of other
organ-related smooth muscle. Less is known about the beta-3 receptor subtype. It is
thought to have a role in fat metabolism, regulating lipolysis and thermogenesis in

visceral adipose tissue (7).

At the cellular level, the B-ARs exert their effects via cyclic Adenosine
Monophosphate (CAMP)-mediated activation of protein kinase A, and may also have

CAMP-independent effects on calcium-activated potassium channels (7-9). B-AR
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activity is subject to tight regulation. This is not only achieved through the direct
effects of agonist, inverse agonist and antagonist substances. There exists a negative
feedback system, whereby ongoing beta-agonist stimulation leads to a decrease in
receptor density and substrate affinity in a process termed “desensitisation”. In the
short term, the receptor can be made relatively insensitive to agonist stimulation by a
process known as “uncoupling”, with receptor conformational change preventing
effective molecular interaction between the receptor and CAMP. Less immediately,
there is regulation of surface cell membrane B-AR numbers, by receptor
internalisation and degradation and regulation of B-AR messenger RNA (mRNA)
transcription. There are both immediate and longer term regulatory processes
involving cross interactions with other neurotransmitter systems (such as the
cholinergic system) and inflammatory mediators. Beta-2 receptors are up-regulated
and down-regulated by endogenous substances such as hormones and cytokines, and
by exogenous agents. They are down-regulated rapidly in response to agonist agents,
certain viruses and pro-inflammatory cytokines (8, 10, 11). There is an up-regulatory

beta-2 receptor response to oral corticosteroids (8, 12, 13).

To complicate matters further, as with other complex constituent cellular proteins, B-
ARs, both beta-1 and beta-2 subtypes, are subject to genetic polymorphism, that is,
distinct forms existing within the same population, differing at an allelic locus, and
occurring more commonly than can be accounted for by chance mutation. There are
several documented polymorphisms of each B-AR subtype, which may have
differing effects on disease manifestations, clinical severity and susceptibility to

receptor-active drugs.
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1.2 Beta-Blocker Medications

Beta-blocker medications are competitive inhibitors of catecholamines at the B-AR.
They may act as antagonist drugs, by blocking an agonist-mediated receptor
response, without themselves provoking a biologic receptor response, but may also
have inverse agonist properties, exerting a pharmacologic effect on receptor binding,
opposite to that of receptor agonist drugs. They exist as racemic mixtures of optical
isomer compounds, although, except in the case of sotalol, it is the levorotatory (L)
isoform which is more active, and therefore more clinically useful. Beta-blockers
have a well-established side effect profile. The most commonly cited adverse side
effects include bronchospasm, hypotension, bradycardia, impotence, exacerbation of
heart failure or peripheral vascular disease, hypoglycaemia (or loss of alerting
symptoms), fatigue, depression, hallucinations, insomnia and bad dreams. The
central nervous system (CNS) and psychiatric affects may be seen more commonly
with drugs subject to hepatic metabolism, such as propranolol and metoprolol, and
may reflect enhanced lipid solubility and high CNS concentrations. The water
soluble agents, such as atenolol and sotalol, are renally excreted via the urine and
have more reliable bioavailability and longer plasma half lives. Esmolol is an ultra
short acting agent which is rapidly metabolised in blood, tissues and liver. Its half
life of ten minutes makes it useful as a test agent and predictor of subsequent beta-
blocker tolerance, particularly when there are concerns about life-threatening adverse

effects (14).

Beta-blockers can be classified in terms of their “cardioselectivity”, or beta-1

receptor affinity. Selectivity is not an absolute phenomenon, and diminishes as drug
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dose escalates. This is attributable to the distribution of B-AR subtypes, which is not
entirely exclusive to tissue type, and also to variations in receptor density between
tissue types. A sufficiently high dose will affect all B-AR subtypes. Extended release
drug formulations may enhance selectivity (15). The reason for this relates to the
pharmacokinetics of extended release formulations; peak serum levels are much
lower in comparison with short acting agents at equivalent dose. Most of the beta-
blocker agents now in common use, such as atenolol, bisoprolol and metoprolol, are
relatively beta-1 selective. Carvedilol and propranolol are regarded as non-

cardioselective.

Beta-blockers are also classified as to intrinsic sympathomimetic activity (ISA),
which is the extent of partial beta-agonist effect. A compound may actually exert an
antagonist effect at one receptor subtype, and yet have an agonist interaction at a
different receptor subtype (16). Pindolol, labetalol and acebutolol are agents with
significant ISA properties. Partial agonist activity may cause a reduction in the

desired pharmacologic effect.

Alpha-adrenergic receptor blockade results in coronary and peripheral vasodilation.
Some beta-blocker medications have additional alpha-adrenergic receptor activity
(labetalol and carvedilol) or alternatively-mediated vasodilatory actions (bucindolol).
In the case of carvedilol, a newer agent with blocking effects at the beta- and alpha-1
receptors, but without cardioselectivity or ISA, this property is utilised in the
treatment of heart failure. It has been suggested that the alpha-receptor effects may
ameliorate, or to some extent counter, any potential bronchoconstrictive effect seen

at the beta-2 receptor (17).
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Table 1.1: Characteristics of Beta-Blocker Agents in Common Use

Beta-Blocker Beta-1 Selective | ISA Alpha-Blockade
Metoprolol Yes No No

Propranolol No No No

Atenolol Yes No No

Bisoprolol Yes No No

Esmolol Yes No No

Labetolol No Yes Yes

Carvedilol No No Yes

1.2.1 Therapeutic Uses

B-AR antagonists are important drugs in the treatment of cardiac disease, including
left ventricular dysfunction and myocardial ischaemia. They are long established
antihypertensive agents and are effective in prevention of peri-operative myocardial
events (18). They are useful in treatment of cardiac arrhythmia, as well as in
hyperthyroidism and portal hypertension. Significant survival benefit is established
for their use after myocardial infarction and in the setting of left ventricular

dysfunction.

Their beneficial effects in cardiac disease are thought to occur through the following

mechanisms:

e Reduction in myocardial oxygen demand, with negative chronotropic and

negative inotropic effects resulting in reduced cardiac workload

e Bradycardia, prolongation of diastole and enhanced coronary flow

20



¢ Interruption the sympathetic nervous system (SNS) and renin-angiotensin
system (RAS) stimulation, that accompanies heart failure, with reduction in
circulating levels of vasoconstrictor substances, and hence reduction of

cardiac afterload and enhancement of coronary perfusion

e Membrane stabilisation effects, with reduction in ventricular ectopy and

sudden cardiac death

In addition, in the long term, the following mechanisms are felt to be important with

more prolonged beta-blocker treatment:

¢ Reduction in detrimental post infarct myocardial remodelling, with

preservation of ventricular function

e Reversal of long term consequences of chronic SNS and RAS overactivity,
with B-AR up-regulation and restoration of the myocardial contractile

response

1.2.1.1 Heart Failure

Heart failure is a state of impaired cardiac pump function, which results in
suboptimal perfusion of peripheral tissues. It is characterised by overactivity of the

SNS and RAS, which has the initial effect of improving hypotension and peripheral
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perfusion but the longer term consequences of B-AR desensitisation and decreased

myocardial beta-1 density.

Left ventricular dysfunction is probably the most compelling current indication for
beta-blocker treatment, although these drugs were formerly felt to be contraindicated
due to their negative inotropic effects. The impact on survival, even in the setting of
other effective treatment strategies, with known survival benefit, such as Angiotensin
Converting Enzyme Inhibitor (ACEI) or Receptor Blocker (ARB) agents, is certainly
marked. An attributable reduction in mortality risk of greater than 30% has been
cited (19). A more recent meta-analysis (20) has also shown clear improvement in
survival. They quote a combined odds ratio (OR) of 0.65 (95% confidence interval
0.53 - 0.80) for survival in patients with predominantly class Il — 11 New York Heart
Association (NYHA) heart failure. NYHA class refers to an incremental disability
scale used to express severity of symptoms due to heart failure, where class |
represents no symptomatic limitation and class IV represents symptomatic
congestive cardiac failure whilst at rest and implies inability to perform any physical
activity without discomfort. The meta-analysis reviewed 22 trials, comprising a total
of 10135 subjects. The majority of the patients included in the meta-analysis were
already established on ACEI therapy, or equivalent. The clinical impact of the meta-
analysis’ cited survival benefit translates to 3.8 lives saved, per one hundred patients,
per year. There was also a significant reduction in requirement for hospitalisation.
Survival benefit has been demonstrated in patients with severe heart failure (21) and
in studies of individual agents: sustained release metoprolol (22), bisoprolol (23) and

carvedilol (21, 24). Studies of sotalol and beta-blocker drugs with ISA were not
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included in the meta-analysis, as these agents have been found to be detrimental in

the setting of heart failure.

Guidelines for management of heart failure, issued by the Cardiac Society of
Australia and New Zealand (25), now recommend beta-blocker therapy, early after
myocardial infarction (Ml), regardless of left ventricular dysfunction (Level Il
recommendation), in patients with systolic heart failure, with mild to moderate
symptoms despite the use of ACEI and diuretics (Level | recommendation) and in
advanced congestive cardiac failure (Level 11 recommendation). Level of evidence is
here quoted according to the National Health and Medical Research Council
(NHMRC) designations, which associates each recommendation with the extent and

quality of existing supporting medical evidence, as here detailed (26):

e Level I —evidence from a systematic review of all relevant randomised,
controlled trials

e Level Il —evidence from at least one properly-designed randomised,
controlled trial

e Level lll —evidence from:

(a) well-designed, pseudo-randomised, controlled trials
(b) cohort studies, case control studies, interrupted series with a control group
(c) comparative studies with historic control, two or more single arm studies,

interrupted time series with no parallel control group

e Level IV —evidence from case series
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e Level EO - based on opinion of respected authorities, descriptive studies, and

expert committee reports

Likewise, the American Heart Association Guidelines (27) recommend beta-blocker
and ACEI therapy in patients with recent or remote myocardial infarction, regardless
of left ventricular ejection fraction (LVEF) or heart failure (Class | recommendation,
Level A evidence), and state that beta-blocker treatment is indicated in all patients
without previous myocardial infarction if LVEF is reduced, even if symptoms of
heart failure are mild or absent (Class | recommendation, Level C evidence in the
absence of symptoms of cardiac failure). For patients with current or prior symptoms
of heart failure they recommend beta-blocker therapy and specify the three agents
with proven survival benefit in this setting (Class | recommendation, Level A
evidence). The strength of the recommendations are here qualified using the
American College of Cardiology and American Heart Association classification
system, which reflect the level of supporting medical evidence, with

recommendations classed I-I11, and level of evidence A-C:

e Class | —evidence or general agreement that treatment is beneficial/ effective

e Class Il — conflicting evidence or divergent opinion as to efficacy/ benefit of

treatment

(a) weight of evidence is in favour of treatment

(b) evidence or opinion is less established
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e Class Il — evidence against treatment efficacy or suggesting that treatment

may be harmful

e Level A —derived from multiple randomised clinical trials or meta-analysis
e Level B —derived from single randomised trial or non-randomised studies
e Level C —derived from consensus expert opinion, case studies or standard-of-

care

Heart failure is prevalent in the Australian population, and has high associated
morbidity and mortality. Finding this magnitude of benefit with a relatively
inexpensive drug treatment is clinically important. Beyond drug therapy, alternative
treatment strategies, such as cardiac transplantation, surgical procedures to augment
ventricular contraction, and, in selected patients, implantable defibrillators, are of
high cost and therefore are associated with limitations in terms of availability and

practical clinical utility.

1.2.1.2 Ischaemic Heart Disease

Although in recent times research investigating treatment of acute coronary
syndromes has concentrated on timely myocardial reperfusion techniques, stent
technology and anti-thrombotic strategies, beta-blockers have long held a place in the
management of myocardial ischaemic syndromes. Beta-blocker therapy is known to
improve survival following myocardial infarction. This is well established for ST
elevation myocardial infarction (STEMI) (28, 29). Yusuf’s meta-analysis looked at

beta-blocker use after MI. Pooled results of 23 trials of long term beta-blocker use
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after MI, showed a 20% reduction in mortality and the results of 24 pooled trials
showed a 25% reduction in non-fatal reinfarction. These results are impressive, given
intention to treat analysis, and comparison with the aspirin mortality effect in this
setting, which is cited at 15% (30). The mortality benefit has been shown with beta-
blockers of different types, both selective and non-selective, but notably does not

extend to beta-blockers with ISA.

The evidence is less robust for non ST elevation myocardial infarction (NSTEMI).
The National Heart Foundation of Australia: Cardiac Society of Australia and New
Zealand Guidelines for the management of acute coronary syndromes (31) stratify
patients into categories of risk (for subsequent adverse cardiac outcomes) on the
basis of clinical presentation and adverse clinical prognostic factors;
electrocardiogram and biomarker results, prior coronary intervention and the specific
medical comorbidities of diabetes mellitus and chronic renal insufficiency. These
guidelines recommend beta-blocker therapy for high risk patients unless there is an
existing contraindication. This is a recommendation supported by another meta-
analysis (32). Although interpretation is complicated by the recent changes in
terminology for acute coronary syndromes and the widespread adoption of the
troponins as biomarkers for myocardial damage, this meta-analysis demonstrated
13% reduction in progression to myocardial infarction in the clinical setting of
“threatened myocardial infarction” (characteristic ischaemic chest pain and ECG
normal or with ST depression). The results are a summary of five randomised trials,
comprising a total of 4700 subjects. The same guidelines also recommend beta-
blocker therapy for most patients after confirmed myocardial infarction, with a view

to indefinite use in those at high risk of further coronary events. The corresponding
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American Heart Association Guidelines (33) advocate prompt administration of beta-
blocker in the setting of STEMI, and continuation unless adverse effects preclude
continued use (Class | recommendation, Level A evidence). They also recognise a
role for beta-blockers in secondary prevention, after the acute phase, for all but low
risk patients and those with contraindications. For NSTEMI or unstable angina,
judged to be a threatened or evolving M, beta-blocker therapy is recommended,

once again on the strength of the Yusuf 1988 meta-analysis results.

There are no trials of sufficient power evaluating beta-blocker efficacy for similar
end points in the clinical setting of stable angina. However, given the evidence for
beta-blocker use in STEMI and threatened M, and an established survival benefit for
their use in treatment of hypertension, a major risk factor for adverse cardiovascular
events, beta-blockers are recommended also for patients with stable angina. Goals for
treating patients with stable angina must provide the best strategy to improve
survival and prevent adverse cardiac outcomes, but also should address symptoms
and exercise performance. There is some evidence that beta-blockers improve
symptoms in exercise-induced angina, with increased in exercise tolerance (34-36),
reduced frequency of angina episodes (34, 36) and reduced use of medications used
to relieve angina symptoms (34, 36, 37). In studies using exercise testing and cardiac
monitoring, reduction of both symptomatic and asymptomatic myocardial ischaemia
(34, 37-39) has been shown. Because of these factors, beta-blocker therapy is
recommended, in addition to aspirin and lipid lowering therapy, for these patients by

the American Heart Association Guidelines (40).

27



1.2.2 Perceived Beta-Blocker Contraindications

Despite increasing and compelling indications for beta-blocker use, concern remains
regarding potential adverse side effects, and this is reflected in low prescription rates
amongst patients who might otherwise benefit from beta-blocker therapy.
Underprescription particularly affects the elderly, females, and patients with
obstructive airways diseases, cardiac failure, diabetes and peripheral vascular disease
(41-48). Contraindications to beta-blocker medications have previously included
bradycardia and conduction abnormalities, hypotension, left ventricular
insufficiency, chronic obstructive airways disease and asthma, diabetes mellitus,
peripheral vascular disease, advanced age and depression. However, the recently
accumulated evidence for beta-blocker use in cardiac disease mandates a thorough
reassessment. Left ventricular dysfunction has become an indication for beta-blocker
treatment. Many of the other listed conditions are no longer regarded as
contraindications, or have been demoted to relative contraindications, with the

provision of careful monitoring whilst on therapy.

1.2.3 Potential Adverse Respiratory Effects

The obstructive airways diseases are most commonly cited as reason for withholding
beta-blocker medications after myocardial infarction in elderly patients (45). Beta-
blocker medications have been traditionally avoided in COPD and asthma due to a
potential to precipitate severe, and sometimes fatal, bronchoconstriction. Early
experiences were of acute bronchoconstriction associated with use of non-

cardioselective beta-blockers. Subsequently, even cardioselective beta-blockers have
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caused respiratory symptoms and deterioration of lung function in selected cases
(49). In fact, obstructive airways diseases are traditionally treated with beta-agonist

medications, with the aim of inducing bronchodilation.

Patients with bronchial hyperresponsiveness (BHR) or asthma theoretically are more
at risk of adverse reactions to beta-blockers, due to increased airway caliber
instability associated with exposure to certain provocative stimuli. The concern with
asthmatic patients is that the airway narrowing response to the stimulus (often
measured as FEV1) does not plateau with increasing levels of stimulus exposure, as
it does in non-asthmatics. Use of beta-blockers in these patients potentially raises
safety issues and seems counter-intuitive. Hence, the risk of precipitating
bronchospasm in patients with reactive airways disease is a significant deterrent to
using beta-blockers.

Graph 1.1: Bronchial Hyperresponsiveness — Comparison of Asthmatic and
Normal FEV1 Response to Methacholine Challenge (50)
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The conventional view is that acute bronchoconstriction seen with beta-blocker use
in asthmatics, results from competitive antagonism of the beta-2 receptor and
prevention of bronchodilating effects of endogenous catecholamines or interruption
of constitutive receptor activity. However, Bond (51) has noted the following
inconsistencies in traditional theory: that a significant degree of beta-2 receptor
antagonism can be achieved without any demonstrable change in airway diameter,
lacking evidence for a link between beta-blockade and mast cell degranulation,
reversal of beta-blocker induced airway constriction by anticholinergic drugs, and
frusemide, whose main mechanism of action occurs at a cell membrane ion exchange
transport protein, but not by pre-treatment with pranlukast, a leukotriene receptor
antagonist, or by the corticosteroid, beclomethasone. He proposes that a more
complete explanation also involves contribution from other beta-blocker actions,
including inverse agonist activity and cross-interactions with other neurotransmitter

and cellular pathways.

There is some support for his suggestions. McGraw’s group (52) sought an
explanation for the phenomenon of increased bronchial hyperresponsiveness seen
with chronic beta-agonist use, using two groups of genetically altered mice: those
deficient of B-AR and those overexpressing airway smooth muscle. They showed
airway smooth muscle responsiveness to methacholine, in terms of lung function
measured by plethysmography, and tracheal ring contractility, to be reduced in the
first group, and increased in the second. These changes were replicated when the
challenge agent, methacholine, was replaced with stimulatory agents specific to other
G-protein coupled pathways, such as the prostaglandin and serotinergic pathways.

Their results suggest that the B-AR has regulatory effects on bronchial smooth
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muscle tone, independent of direct bronchodilatory effects. Measuring inositol
phosphate as a downstream representative of G-protein receptor activation, and
finding corresponding decreased and increased levels, respectively, in the two mouse
groups, they proposed a mechanism of receptor pathway “cross-talk”, through a final
common pathway substance, which they identified as phospholipase C-betal, by
Western blot analysis. Their study provides additional explanation for seeming
inconsistencies in the traditional understanding of B-AR mediated airway caliber
effects and has the implication of providing an alternative potential therapeutic target

in the treatment of obstructive airways diseases.

1.2.4 Evidence for Adverse Respiratory Effects

One approach is to examine the available major beta-blocker trials for evidence of
airway-specific adverse drug reactions. Many of the therapeutic trials of beta-
blockers in cardiology excluded subjects with obstructive airways disease, both
COPD and asthma. Adverse reactions mentioned in the major trials of
cardioselective beta-blocker use for acute coronary syndromes and cardiac failure
were predominantly cardiac or haemodynamic. For the most part, permanent
treatment withdrawals were similar in beta-blocker and placebo-treated groups (21-
24, 53, 54). Airways obstruction or bronchospasm was uncommonly mentioned as an
adverse effect, although the Metoprolol in Acute Myocardial Infarction (MIAMI)
Trial did specify “significant airway obstruction not responsive to beta-2 stimulating
therapy” as a criterion for treatment withdrawal. The investigators of First
International Study of Infarct Survival (ISIS) 1 (55) provided for dose omission or

reduction in their beta-blocker protocol in the setting of an adverse response to
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treatment. However, it would appear that less than 1% of their randomised subjects
required any dosage amendment on the basis of bronchospasm or airways
obstruction. Albeit using a non-selective beta-blocker, in the Norwegian Multicentre
Study Group trial of timolol after myocardial infarction, not only was there a
significantly increased incidence of airways obstruction, reported as an adverse drug
reaction in the active treatment group, but there was also a significant increase in the

rate of respiratory infections, bronchitis and pneumonia (56).

In 2002-2003 a pair of Cochrane meta-analyses assessed cardioselective beta-blocker
use, both in patients with chronic obstructive airways disease (57) and in those with
reversible airways disease (58). The meta-analyses were limited to cardioselective
beta-blockers only, since most of the agents in common use are cardioselective, and
since these agents have twenty fold increased affinity for the beta-1 as opposed to the
beta-2 receptor. For inclusion, trials had to be randomised, blinded, controlled trials.
Only published data were examined. The meta-analyses comprised single dose and

longer duration studies.

The first meta-analysis included trials of cardioselective beta-blockers, with or
without ISA, in patients with reversible airways disease, which was defined as 15%
FEV1 response to beta-agonist, positive methacholine challenge or asthma, as
defined by the American Thoracic Society (ATS). Trials were to report beta-agonist
use, respiratory symptoms or FEV1 response to beta-blocker (beta-agonist
medication was to be withheld at least eight hours prior to measuring spirometry).
Predetermined subgroups included COPD, comorbid cardiovascular disease or

hypertension, and beta-blockers with ISA. The COPD subgroup was defined by
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having baseline FEV1<80% predicted, less than 1.8L, or as defined by ATS
guidelines. Of 104 potentially eligible trials, only 29 met inclusion criteria. The trial
results were homogenous, in all but the subgroup analysis for beta-agonist response
in beta-blockers without ISA, but no trial completely met the predetermined
methodology quality criteria. There were 19 single dose trials (240 patients), with
79% male subjects. The pooled results showed a statistically significant reduction in
FEV1 (mean 7.46%) and increase in beta-agonist FEV1 response (mean 4.63%), but
no change in respiratory symptoms. Ten longer duration trials (141 patients) were
included, with 77% male subjects. Five of these had no FEV1 data. Trial duration
ranged from 3 to 28 days. There was no significant effect seen on FEV1, respiratory
symptoms or inhaler use. Beta-agonist response was significantly increased (mean
8.74%). The COPD and cardiovascular subgroups reflected the results of the group
as a whole. The subgroup treated with beta-blockers possessing ISA showed some
differences. The differences are not discussed here as beta-blockers with ISA are
rarely used in the treatment of cardiac disease, the most common setting of clinical

use being for the treatment of hypertension in pregnancy.

A separate meta-analysis for COPD was deemed important because, compared to
patients with asthma, these patients generally have a greater risk for cardiovascular
disease and more severely impaired lung function. Hence, they may have adverse
effects from even small changes in lung function. Included studies assessed the
effects of cardioselective beta-blockers on FEV1 or respiratory symptoms in patients
with COPD. COPD was defined by baseline predicted FEV1<80%, or according to
ATS guidelines. The parameters examined were FEV1, symptoms and FEV1

response to beta-agonist. Eleven single dose studies (141 subjects) met inclusion
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criteria. Eighty percent of subjects were male. Four of these trials had FEV1 data,
two had FEV1 response data and nine were placebo-controlled. Symptoms assessed
were “shortness of breath”, “dyspnoea” and “wheeze”. Eight longer duration studies
(126 subjects) met inclusion criteria. 77% of subjects were male. The duration of the
studies ranged from two days to twelve weeks (mean 1.1 month). Four of these
studies had FEV1 data, seven assessed symptoms, and one assessed beta-agonist
response. The symptoms assessed were “shortness of breath”, “increase in
respiratory symptoms” and “asthma attacks/ COPD exacerbations”. Trial results
were homogeneous. As in the meta-analysis looking at reversible airways disease, all

trials used a beta-blocker dose sufficient to achieve a therapeutic response. However,

five of the trials included patients with COPD diagnosis, based on “clinical grounds”.

No significant effect of cardioselective beta-blockers on FEV1, symptoms or FEV1
response was found in either the single dose or longer duration studies. This held
even for the predetermined subgroups with severe airways obstruction (FEV1 < 50%
or 1.4L), baseline demonstrable bronchodilator response (increase in FEV1 of 15%
after beta-agonist), and with comorbid hypertension or angina. However, amongst
the longer term trials, prevalence of symptoms was very low indeed, with only one
subject reporting symptoms in each of the treatment and placebo groups. There were
no hospital admissions and respiratory exacerbations, though all studies claimed to
report them. Several of the included studies defined reversible airways disease in
terms of FEV1 response, using percentage criteria, but without regard to actual
magnitude of the FEV1 increase. This should not be critical in patients with
moderate airways disease but might have resulted in incorrect classification in

subjects with more severe disease.
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The authors’ conclusions were that, according to available evidence, the use of
cardioselective beta-blockers was probably safe in patients with COPD, as well as in
those with less than severe reversible airways disease, and that these agents should
not be withheld in clinical circumstances where benefit is established. A proviso of
“close monitoring” and medication withdrawal on suspicion of adverse respiratory
consequences was made. However, there has been hesitance to embrace these
conclusions, due to reservations regarding the size and quality of the individual trials,
the small absolute numbers of patients involved, the paucity of long term beta-
blocker exposure data, even amongst “longer duration” studies, and due to under-
representation of minority groups, especially females, patients with severe disease
and the elderly. There is little data on long term respiratory morbidity outcomes, such
as respiratory exacerbations and hospital admissions, and there is doubt that the
conclusions can be extrapolated to situations of potential respiratory instability, such
as respiratory infections or exacerbations. Subsequent to these two Cochrane meta-
analyses, some preliminary work on long term beta-blocker treatment in patients
with obstructive airways disease has been presented. Treatment observation periods
for these studies extend beyond twelve months and outcomes reported include lung
function (59), tolerance of beta-blocker treatment (60), airways-related medical
encounters and respiratory exacerbation rates (61). Despite potential criticisms as to
methodology, need for further clarification (61) and some reporting ambiguity (59)
no adverse results attributable to beta-blocker treatment were found. However,
Kotlyar’s group did report high rates of beta-blocker intolerance in their small subset
of patients with asthma. More detailed discussion of these studies is provided in

context in Chapter 6.
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There have been other attempts to examine whether beta-blocker treatment adversely
impacts on respiratory exacerbations (62, 63). Brooks’ study used an electronic
medical record database to identify 11592 patients with asthma and COPD, taking
beta-blocker medications for at least 30 days, between August 1997 and December
2005. Patients with asthma were found to have increased emergency department
encounters and hospital admissions. Beta-blockers were actually protective against
medical encounters in COPD, under some circumstances. As a retrospective
observational cohort study, the study has important limitations, which are
acknowledged by the authors. These include the reliance on a disease coding system
(the International Classification of Diseases, Ninth Revision) for diagnosis of asthma
and COPD, use of surrogate markers to imply disease severity, potential under-
reporting of emergency department visits, and having a treatment group, the group
taking non-cardioselective beta-blockers, significantly different from the beta-1
selective treatment group and the control group in terms of baseline characteristics.
In a veteran subject population, Barnett’s study had similar limitations, although in
this instance the subject groups were comparable at baseline. They reported no
excess of hospital admissions or hospital length of stay, and fewer airways-related
outpatient clinic visits in association with beta-blocker use. The results did not differ
according to cardioselectivity of the beta-blocker agent used. However, since
subjects could be included solely on the basis of one beta-blocker prescription, it
cannot be assumed that the study results represent accurately the situation seen in

long term beta-blocker therapy.

The Cochrane pooled data on patients with reversible airways disease suggest an

initial reduction in FEV1 after exposure to cardioselective beta-blocker treatment,
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which is accompanied by an increase in beta-agonist response. While the beta-
agonist response is sustained over continued treatment, the reduction in FEV1 is not.
The authors postulated that this might be related to beta-blocker effects on receptor
regulation. Recent research by Callaerts-Vegh (64) also suggests a differential airway
response between single dose and prolonged beta-blocker exposure. This research
group noted that the beneficial effects of B-AR active drugs in the clinical setting of
cardiac failure are dependent on timing and duration of therapy. They postulated the
existence of a parallel situation in the airways. Using a murine asthma model, they
assessed airway responses to acute and chronic B-AR drug exposures, in terms of B-
AR density, airway caliber indices using forced oscillation technique, bronchial
reactivity using methacholine challenge, and airway cellular responses using
bronchoalveolar lavage. Chronic responses were assessed after an exposure duration
of 28 days. Acute exposure to partial agonist agents, salbutamol and alprenolol,
caused some increased airway resistance in the non-constricted state, decreased
airway resistance after methacholine challenge, and increased B-AR density to a
level, the equivalent of non-asthmatic controls. Administered chronically, these
effects were not seen. Whereas, acute exposure to beta-antagonists, nadolol and
carvedilol, caused no airway caliber response in the non-constricted state but caused
an increased bronchial constriction response to methacholine. Chronic exposure
caused a marked reduction in the bronchial constriction response to methacholine
(with the response to nadolol, similar to that seen with acute salbutamol exposure),
and a significant increase in B-AR density. While absolute subject numbers were
small, and while the murine asthma model may not accurately represent the
asthmatic condition in humans, the idea that drugs may show duration-dependent

effects, via modulation of B-AR numbers or activity, warrants further assessment in
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humans and may have significant therapeutic implications.

“Paradox pharmacology”, a phrase coined by Bond (65), is an intriguing possibility
for the future treatment of obstructive airways diseases. The concept has been
demonstrated already in the treatment of chronic heart failure. Acutely in cardiogenic
shock, beta-agonist provides an immediate improvement in haemodynamics, and
beta-blockade an immediate worsening. In the chronic situation, beta-agonist
treatment results in increased mortality, but beta-blockade, despite long being
avoided in the setting of heart failure, actually improves survival. Whether important
parallels exist, with regard to beta-blocker airway effects, remains to be seen.
Certainly, beta-agonist drugs provide effective bronchodilation when used in the
acute setting. Also, since the 1950s, concerns have been expressed about potential
detrimental effects, including deaths and refractory asthma, associated with
prolonged, regular beta-agonist use in asthma (66-70). These concerns arose during
two periods of increased asthma death rates, during the 1960s in six western
countries (including Australia) and during the 1970s in New Zealand, when the
surplus of deaths could not be attributed to a sudden increase in disease incidence or
prevalence, or diagnostic inaccuracy, and hence changes in asthma treatment

practices were implicated.

Detrimental effects of chronic beta-agonist use is more difficult to demonstrate in

asthma, than in heart failure, as asthma patients are generally younger, and mortality
is less frequent. In asthmatics, frequent beta-agonist use may reflect disease severity,
patient non-compliance, delay in medical intervention or poorly-treated disease, thus

confounding the issue of any direct drug effect. Concerns about beta-agonist safety
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resurfaced with the introduction of long-acting beta-agonist (LABA) drugs to
obstructive airways disease treatment in the1990s and never have been completely
dispelled. Regular beta-agonist use does seem to confer mortality risk, at least in
some patients, but evidence is still insufficient to differentiate responsibility from
association. Issues of drug tolerance, masking of deteriorating asthma control, loss of
bronchoprotection, tolerance of increased allergen load and increased bronchial
hyperresponsiveness have been raised with regular use of beta-agonist medication
(51, 67). Hence, America’s Food and Drug Administration (FDA) and Australia’s
Therapeutic Goods Administration (TGA) made recommendations that LABA
should not be used as monotherapy for asthma. To this end, current asthma treatment
guidelines (71) have inhaled steroids as first line treatment for any asthmatic with

regular symptoms and LABA introduced only as a subsequent therapeutic option.

Detrimental effects of chronic beta-agonist treatment have been less extensively
studied in COPD. Nevertheless, a meta-analysis reviewing the clinical outcomes of
“severe exacerbation”, mortality and “respiratory death” in COPD, for chronic use of
beta-agonist, anticholinergic bronchodilators and inhaled corticosteroids (72),
suggested that beta-agonist use was associated with increased respiratory deaths and
comparatively worse outcomes than the alternative therapeutic modalities. Two
major barriers to interpretation of these results were that trials investigating short-
acting beta-agonist (SABA) and LABA were pooled and that most beta-agonist trials
allowed beta-agonist use to alleviate acute symptoms even in the placebo arms. In
contrast, the recent Towards a Revolution in COPD Health (TORCH) Study (73) was
designed to investigate the question of mortality benefit and included regular LABA

treatment in two treatment arms: salmeterol alone and in combination with
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fluticasone. No significant difference in mortality was seen when LABA-containing
treatment arms were compared with the placebo treatment arm. Particular issues in
this study were the overall low mortality rate and the high rate of attrition in the
placebo arm, with conversion to open label active treatment, in the context of
efficacy analyses being performed under the intention-to-treat principle. Therefore,
also in the setting of COPD it is not certain whether beta-agonists exert adverse
effects, and if so, whether adverse effects are restricted primarily to short-acting

agents.

Although a controversial idea, it may be that the same therapeutic reversal, seen
already in the approach to treatment of heart failure with beta-blockers, could be a
future strategy for the treatment of obstructive airways diseases. The first steps in
this direction have already been taken. There is currently in publication, a pilot study
of nadolol, a non-selective beta-blocker, used as chronic treatment of mild asthma
(74). It is an eleven week, open-label, prospective study of ten subjects with mild
asthma. Results to date show a shift in PC,, methacholine comparable to other
disease-modifying therapies, including inhaled corticosteroids, although this is
accompanied by a small, but statistically significant, sustained reduction in mean
FEV1. This work was primarily planned as a safety study. However, on the strength
of these results, further studies comprising much larger subject numbers will no

doubt ensue.
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1.3 Areas of Knowledge Deficiency

1.3.1 Extent of Coexistence of Cardiac Disease and Obstructive Airways

Disease

Chronic obstructive airways diseases and ischaemic heart disease are prevalent and
provide a major contribution to morbidity and mortality. Both global and Australian
estimates rank ischaemic heart disease as the leading cause of mortality and of
disease burden. COPD is ranked amongst the world’s top ten causes of mortality and
disability. In Australia, COPD ranks as the third highest cause of disability, and
asthma is also included amongst the top ten causes (5, 75, 76). The Australian
Institute of Health and Welfare report’s 2006 figures differ slightly in the category of
information presented, but convey a consistent message (4): ischaemic heart disease
is the largest cause of mortality in both sexes, with other forms of heart disease also
holding a ranking in the top five causes of death in both men and women. COPD also
causes significant mortality, being ranked fifth in men and seventh in women, and
being responsible for ten percent of deaths in people beyond 65 years of age. In
terms of disability sufficiently “profound or severe to cause core activity limitation”,
heart disease ranks fourth and “asthma” thirteenth in the age-standardised rankings.
However, the term “asthma” is not defined and COPD is not mentioned amongst
these figures, suggesting that this term might in fact encompass a broader spectrum
of obstructive airways disease. The reported death rate trends in this work are
encouraging, in that they show a trend of reducing death rates from cardiovascular
and respiratory diseases. This notwithstanding, both ischaemic heart disease and the
obstructive airways diseases have a heavy current contribution to the health burden
in Australia, even in the setting of likely underestimation of COPD from inaccuracies
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of death certification and documentation of comorbidities. The burden is predicted to
increase, due to the combined effects of population ageing and a large increase in
smoking during the 1970s and 1980s, auguring a significant increase in the burden of

all smoking-related diseases (75, 77, 78).

The recently-introduced GOLD Guidelines (3, 77) have encouraged population
spirometry screening of smokers, facilitating diagnosis prior to symptom onset, and
hence at an earlier stage of disease severity, in the hope that effective preventive
interventions can be instituted. There is preliminary information that this approach
does at least increase COPD diagnosis rates and increase treatment prescription rates,
both pharmacologic and non-pharmacologic. A recent study by Walker in Liverpool,
United Kingdom (79), made available spirometry for use in a primary care setting
between 1999 and 2003. Of 1508 subjects referred for spirometry, over 50% received
a new diagnosis on the basis of combined clinical and spirometric assessment, and
significantly increased rates of treatment with anticholinergic, LABA, inhaled

corticosteroids and smoking cessation advice, were reported.

Smoking is an important risk factor both for ischaemic heart disease and for COPD.
High rates of coexistence are likely, due to the high individual estimates of
prevalence for both conditions, and their shared major risk factor. A study of fatal
adverse drug events supports this, reporting the presence of heart disease in 74% of
autopsied COPD patients (80). While the authors did not specify as to type of heart
disease, they did comment that extensive coronary disease was virtually always
present in COPD patients who underwent autopsy. It must be remembered that such

patients may well represent a group with unique characteristics. However, previous
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reports of obstructive airways disease prevalence amongst living cardiology patients
IS quite low, at 7-28% (48, 81-84). Even so, the prevalence of 7% reported in Behar’s
study of 5800 survivors of acute myocardial infarction (AMI) is about 50% higher
than prevalence estimates for the general population. Such estimates have been based
on clinical diagnosis or surrogate measures such as inhaled bronchodilator use, and
are mostly unsupported by measures of lung function. Because of reliance on clinical
assessment or clinical surrogates, and the lack of data on objective lung function
measures, which provide a more sensitive diagnostic tool, it is likely that the
previously cited prevalence figures are underestimates. Patients with coronary
atherosclerosis, who usually have higher smoking exposure rates than the general
population, have a higher risk of COPD. Therefore the underestimation of COPD
prevalence, which is seen in the general population, may be even more marked in

this subgroup.

1.3.2 Beta-Blocker Prescription Practice Amongst Patients with Obstructive

Airways Diseases

Traditionally beta-blocker therapy has been avoided in patients with obstructive
airways disease, both COPD and asthma. This group is one in which beta-blocker
medications have been previously underprescribed (42-46). Now, with convincing
indications for beta-blocker therapy in certain types of cardiac disease and the
encouraging statements made by the Cochrane collaboration (57, 58), there may have
been significant alterations to beta-blocker prescribing practice. The study by Heller
(45), would suggest this to be the case, at least in their Pennsylvanian study

population. Their subjects were predominantly female (71.8%); the result of
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recruitment from an income-eligible prescription assistance scheme. This factor
alone makes the study unusual and interesting, as females are a subgroup in which
beta-blocker underprescription has been previously documented, and as most beta-
blocker studies have a majority of male participants. Beta-blocker prescription after
myocardial infarction was investigated in nearly 10000 elderly patients between
1994 and 1997. Comparing groups with and without traditional beta-blocker
contraindications, they found an increase in beta-blocker prescription over the study
period in both groups, which was more pronounced in the group with
contraindications. Between 1994 and 1997 prescription rates increased from 34.1%
to 53.4% in this group. Prescription was more likely if the prescriber was a
cardiologist (odds ratio 1.52, P=0.0001), but less likely in COPD (odds ratio 0.49,
P=0.0001), or asthma (odds ratio 0.32, P=0.0001). Work more recently completed,
whilst still showing that the elderly and patients with obstructive airways disease are
underrepresented with regard to beta-blocker prescription, does show a sustained
increase in overall prescription rates (48), albeit in a specialist cardiology practice
setting. Within the American Heart Association Guidelines (27), the issue merits
mention: “in reference to beta-blocker use in patients with obstructive airways
disease, these guidelines suggest that when beta-blocker therapy is indicated, COPD
patients are mostly suitable”. The guidelines recommend that beta-blocker therapy be
considered also for patients with reactive airways disease. Asthma guidelines too
have incorporated the findings of the 2002 Cochrane meta-analysis of cardioselective
beta-blockers in reactive airways disease; the 2007 version of the National Heart,
Lung, and Blood Institute’s guidelines (85) indicate that these agents may be used for

the treatment of cardiovascular disease after careful evaluation.
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With high rates of occult obstructive airways disease present in the community, it is
likely that large numbers of these patients already receive beta-blocker therapy prior
to a diagnosis of airflow limitation. Experience would suggest that adverse
respiratory complications only rarely occur in this group. It has not been standard
practice to screen patients for obstructive airways disease, prior to commencement of
beta-blocker drugs, nor to monitor patients during therapy. Currently what generally
occurs in clinical practice is a “therapeutic trial”, with medications being
commenced, and only withdrawn with the onset of adverse symptoms, believed to be
attributable to the beta-blocker medication. The existing alternative options for
assessment would be measurement of spirometry, response to bronchodilator, and/ or
bronchial hyperresponsiveness prior to beta-blocker commencement. These tests
could also be performed during ongoing therapy, in conjunction with assessment for
changes in respiratory symptoms and clinical examination findings. It is uncertain
whether any of these tests gives a reliable prediction of adverse respiratory effects.
Should such testing be adopted in the clinical setting, no current guidelines exist as to
what level of abnormal result (if any) should preclude beta-blocker use. It is
therefore necessary to firstly obtain more clinical data as to the utility of such testing,
in order to develop evidence-based guidelines, prior to incorporating any of these
tests into routine clinical practice, when initiating and monitoring beta-blocker

therapy.

1.3.3 Cardiac Benefit of Beta-Blocker Medications in Patients with

Obstructive Airways Disease

COPD is a leading cause of mortality and morbidity worldwide, but death is more
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often due to comorbid cardiovascular disease, than to COPD itself. However, the
cause of death in COPD does vary according to disease severity, with CVD and lung
cancer being responsible for most deaths in patients with COPD of mild to moderate
severity (86, 87) and respiratory failure being the prime cause in those with advanced
disease (87, 88). Review of death certificate information shows quite consistent rates
of death certificate mention of obstructive lung disease in European and United
States’ surveys (89), despite inherent inaccuracies in death certification, with under-
reporting of milder disease and in women (90). Obstructive lung disease is cited as
the actual cause of death less commonly in the surveys from the United States, and
this has been attributed to more stringent documentation of comorbidities, more
thorough training in death certification and utilisation of more aggressive diagnostic
and medical management strategies. (89). In Hansell’s study, using electronic
database information for England and Wales between 1993 and 1997 from the Office
of National Statistics, mention of obstructive lung disease was made in 8% of all
death certificates, with causality attributed in 59.8% of these. In patients classified on
the certificate as having obstructive lung disease but an alternate cause of death,
cause was most commonly, in descending order of frequency, ischaemic heart
disease, lung cancer, bronchopneumonia and congestive cardiac failure. Comparison
with the major United States’ study from the same period, showed that the most
common causes of death, not related to airways disease, were similar, although the
percentage attributed to obstructive lung disease per se, was less, at about 43% (91).
The 1997 study by Vilkman (92), documenting cause of death in a Finnish COPD
cohort, found a high mortality rate. Their group was a worse prognostic category,
comprising patients after their first hospital admission for COPD, who were recruited

between 1986 and 1990. Median survival was 5.71 years, which was considerably
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less than the life expectancy for the corresponding age group in the general Finnish
population (12.24 years in men and 15.89 years in women). The National Research
and Development Centre for Welfare and Health provided their database and
recorded cause of death as cardiovascular or circulatory in 37.3%, and COPD-related
in 30%. Similar figures were quoted by Kuller’s group (93), in their United States’
multicentre study of determinants of COPD mortality, using the Multiple Risk Factor
Intervention Trial data set (94): namely, 34% deaths from COPD and 37% deaths
from cardiovascular causes. Zielinski’s retrospective multicentre European study of
COPD patients with more advanced respiratory disease and type 1 respiratory failure
(88), attributed 38% deaths to an exacerbation of respiratory failure, and 42% to
cardiovascular causes, but commented that pulmonary thromboembolism may well
be under-recognised as cause of death in their group of oxygen dependent patients,

given its relatively frequent discovery at autopsy.

Evidence has accumulated, that measures of respiratory morbidity have an adverse
association with cardiovascular health. Myocardial ischaemia occurring in the setting
of recent influenza-like symptoms or respiratory infection is a clinically recognised
entity. There is also evidence in the literature that symptoms of chronic bronchitis
(95, 96), and acute respiratory infections (97-99) are associated with adverse
cardiovascular events and cardiac mortality. However, dyspnoea, a symptom not
specific to the respiratory system, is the only “respiratory” symptom consistently

found to be related to cardiovascular mortality (96, 100-102).

Although not generally recognised as a traditional cardiovascular risk factor,

impaired lung function has also been associated with cardiovascular morbidity and
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mortality, and is a powerful predictor of mortality, rivalling serum cholesterol and
hypertension as an independent risk factor (103). The association is not attributable
to cigarette smoking and has been demonstrated for never smokers. An association
has been found to exist for bronchial hyperresponsiveness (104) and inverse
relationships have been demonstrated for peak expiratory flow (105), FEV1 (96,
100), FEV1/FVC ratio (forced expiratory ratio, FER) and forced vital capacity (FVC)
(106-108). Some of the early studies failed to express lung function results with
reference to population predicted values; with knowledge of age, height, gender and
race, expected results can be calculated from mean normal population results for
non-smokers - now the widely accepted mode of reporting lung function data.
However, more recent work yields consistent results. Sin (109) reviewed four studies
published subsequent to 1990 (102-104, 110), examining FEV1 and risk of
cardiovascular mortality, which reported statistically significant relative risks (RR)
ranging between 1.1 and 2.11 for males and between 1.07 and 1.88 for females,
corrected for all other major vascular risk factors, most particularly smoking. Their
overall interpretation was that for each 10% decrease in predicted FEV1, there was a
14% increase in overall mortality, a 28% increase in cardiovascular mortality and a
20% increase in non-fatal coronary events. Attempts to further elucidate the
relationship between lung function and cardiovascular events continue, with
Engstrom’s recent prospective Swedish cohort study (111), once again showing
reduction both in predicted FEV1 and FVC, to be associated with coronary events.
The relationship was stronger for fatal than non-fatal events. Not surprisingly, rapid
rate of FEV1 decline, again independent of smoking and other vascular risk factors,

is also a strong predictor of excess cardiovascular events and mortality (112, 113).
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Proposed mechanisms for the links between measures of lung function and
cardiovascular outcomes include smoking and systemic inflammation as shared risk
factors, cardiopulmonary pathophysiologic interdependence, cardiac arrhythmia and,
in patients with advanced lung disease, hypoxaemia. The physiology of the
cardiovascular and respiratory systems is interdependent, and this becomes a crucial
factor in pathologic states. For example, a respiratory exacerbation can exert excess
strain on the heart via increased work of breathing and relative hypoxaemia, whilst
an acute coronary syndrome, decompensated arrhythmia or cardiac failure, can
increase the respiratory burden via increased airways resistance and impaired end-
organ gas exchange. Not only that, but the medications used in treatment of a
respiratory exacerbation have potential to destabilise the cardiac status, and vice

Vversa.

Cardiac arrhythmia, both supraventricular and ventricular, is commonly seen in
patients with established COPD, both during periods of respiratory stability, and
during exacerbations. During exacerbations it is an adverse prognostic factor. From
the Copenhagen City Heart Study data, it would appear that new onset atrial
fibrillation is significantly increased in patients whose FEV1 is reduced in
comparison with population predicted results (114), although the relationship is more
complex in populations with pre-existing coronary or valvular heart disease and in
recurrent fibrillators. Earlier work by Engstrom’s group (115) studying “men born in
1914” examined the situation in ventricular arrhythmia. They looked at categories of
ventricular arrhythmia seen in 24 hour electrocardiogram (ECG) monitoring in a
Swedish cohort of healthy 68 year old men, stratified according to lung function and

followed over a 14 year period. They managed to achieve an autopsy rate of near
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60%, which adds significantly to the accuracy of their cause of death records. The
severity category of dysrhythmia was inversely associated with FEV1, FVC and
FER. In the setting of increased frequency of ventricular arrhythmia in the normal
elderly population, there was significantly higher risk of adverse outcome, that is,
cardiac event or death, for subjects with the more severe dysrhythmia category of
frequent or complex ventricular arrhythmia, if lung function measures were below
the population median. The risk combination was additive for FVC, but synergistic
for FER and FEV1 - measures more representative of the degree of airways

obstruction.

Much of the evidence for beta-blocker use in cardiac disease was produced at a time
when beta-blocker medications were considered contraindicated in patients with
COPD and asthma. Accordingly, many of the landmark cardiology trials excluded
these patients, raising doubts as to whether the beneficial effects of beta-blockers
extend to patients with obstructive airways disease. The MIAMI trial (53), for
example, excluded 3.1% evaluated subjects on the basis of “severe chronic
obstructive airways disease”, the Beta-blocker Heart Attack trial (116) excluded
patients with obstructive airways disease, who required regular treatment, and two of
the major trials of beta-blockers in the setting of AMI, centred in Scandinavia (54,
56) excluded patients on the grounds of COPD and asthma, respectively. The
investigators of 1SI1S-1 (55) considered “bronchospasm” a factor on which to exclude
subjects who were otherwise eligible. Even Soumerai’s work (47), looking at beta-
blocker under-prescription in the elderly after myocardial infarction, excluded 8.5%
of potential subjects because of COPD or asthma. This trend has continued in the

more recent trials of beta-blocker use for left ventricular dysfunction, with patients
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being excluded on the basis of *“ongoing requirement for inhaled beta-agonist or
steroid” in the Capricorn trial (117), “reversible obstructive lung disease” in Cardiac
Insufficiency Bisoprolol Study (CIBIS) 11 (23), “obstructive lung disease requiring
oral bronchodilator or steroid therapy” in the Multicenter Oral Carvedilol Heart
Failure Assessment (MOCHA) Trial (24), “severe primary pulmonary disease” in
Packer’s study of subjects with severe heart failure (21) and “contraindication to
beta-blocker therapy” in the Metoprolol Randomised Intervention Trial in
Congestive Heart Failure (MERIT-HF) Study (22). It is uncertain whether these
exclusions amount to significant numbers of patients, as very few of the studies
reported actual numbers or proportions of subjects excluded for reasons of
obstructive airways disease. Although the exclusion criteria were not necessarily
specific as to disease type (that is, reversible airways disease versus COPD), most of
these studies did attempt to differentiate by disease severity, often using surrogates

markers, such as the need for regular airway-directed medication.

However, there are trials of beta-blocker use in patients with coexisting obstructive
airways disease, suggesting that patients with obstructive airways disease do benefit
from beta-blocker treatment (42, 43, 118-120). Unfortunately, none of these are
randomised controlled trials. Gottlieb’s analysis of two year mortality in 200000
patients after myocardial infarction, according to beta-blocker prescription at hospital
discharge, found that mortality was lower in beta-blocker treated patients in every
subgroup, including those with COPD and asthma. The COPD subgroup had a
mortality benefit equivalent to that of patients with uncomplicated myocardial
infarction. Almost certainly, prescription bias was operating, in that patients who did

not receive beta-blockers were a “sicker” category of patient, or were considered less
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likely to tolerate treatment. The authors did try to compensate for this potential bias
by stringently controlling for other risk factors for cardiovascular mortality. Chen’s
study of 55000 elderly patients after myocardial infarction utilised United States’
data from the Cooperative Cardiovascular Project, and examined one year mortality
in the context of beta-blocker prescription at time of hospital discharge, with the
purpose of identifying any differential beta-blocker effect according to severity status
of obstructive lung disease. They defined severity in terms of medication
requirements and prior hospital admissions. They reported a relative risk reduction of
14% in patients with obstructive airways disease and no regular beta-agonist use,
which was equivalent to patients without airways disease. The risk reduction was not
statistically significant for patients using regular beta-agonist and was not apparent
for those with severe disease. At six months, there was no increase in hospital
admissions for any of the beta-blocker treated groups. Au’s group looked at mortality
as a primary outcome in 1966 veteran’s affairs patients with coexisting COPD and
hypertension. The study population was predominantly male. Compared with
calcium channel blockers, beta-blockers conferred a mortality benefit of near 50%,
after adjustment for medical comorbidity and some measures of lung disease
severity. The mortality benefit was similar, but not statistically significant, when
comparison was made with other categories of antihypertensive agents. Pre-existing
cardiac disease seemed to account for the beta-blocker effect. The study examined
respiratory exacerbations as a secondary outcome. There was no evidence for an
increase in exacerbations in patients treated with beta-blockers. Unfortunately, these
studies all suffer from the inherent limitations of retrospective cohort studies,
particularly in terms of potential for confounding. COPD diagnosis and severity

estimates were variously based on self report, prescribed treatments for airways
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disease and medical record scrutiny. Corroboratory lung function measures, with
which to better define disease reversibility and severity, were not provided in any of
the studies. Although Au’s group did attempt to improve compliance by using an
estimated antihypertensive regimen adherence of 80% as part of their inclusion
criteria, the other studies had no measure of patient or doctor-initiated dose reduction

or drug discontinuation, following hospital discharge.

Concurrent use of beta-agonist and beta-blocker medications has also raised
concerns. Theoretically, sharing the B-AR as target could result in compromise of
one or both drugs’ individual effects. While there is good evidence for a maintained
bronchodilator response (beta-agonist effect) with most cardioselective beta-
blockers, the converse situation is more controversial. There remains concern that in
patients who require regular beta-agonist medication, an attenuation of beneficial
beta-blocker effects will occur, due to simultaneous opposing B-AR effects. A study
by Au and his colleagues in 2002 suggested that concurrent beta-blocker use was
protective against an excess of acute coronary syndromes seen in those prescribed
beta-agonist medications (121). In a later study, the cardiovascular benefits
attributable to beta-blockers were preserved in those patients already taking beta-
agonist medication, that is, those who had had scripts filled for SABA in the
preceding 6 months (118). However, Chen’s group failed to show any significant
mortality benefit for beta-blockers, amongst those patients requiring regular beta-
agonist medication or those with more severe disease (43). Requirement for beta-
agonist medication can be a surrogate marker for disease instability, severity, age or
bronchial reactivity, which may confound the interpretation of such results. Hence,

although it is known that patients with obstructive airways disease have high rates of
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comorbid cardiac disease, and it is very likely that they benefit from beta-blocker
medications, when used for treatment of cardiac disease, it is still unclear whether the
benefit extends to all severity categories, to those with airway hyperreactivity and

those who use beta-agonist medications on a regular basis.

1.3.4 Adverse Respiratory Outcomes Related to Beta-Blocker Use

Beta-blocker medications have been extensively studied with regard to their effects
on standard respiratory function tests, particularly spirometry, and respiratory
symptoms, mainly in single dose and short duration study protocols. The Cochrane
meta-analyses (57, 58) provide a overview of these collated results, subject to the
limitations of the included studies and the meta-analysis technique. Overall there is
little evidence of adverse effects of cardioselective beta-blockers on lung function, in
patients with reversible or fixed obstructive airways disease, but there is a paucity of
data with regard to patients with disease of more than moderate severity and all other
minority subgroups, including the elderly. There is even less available information
about the effects of long term beta-blocker use on disease progression and other
respiratory morbidity outcomes, such as frequency of respiratory exacerbations, or

hospital presentations and admissions.

Most existing work has concentrated on beta-blocker use in the stable patient and has
not clearly defined the categories of respiratory patient, in whom the clinician must
adopt a more cautious approach. Traditionally, beta-blocker agents are ceased during
acute exacerbation, and this may still be prudent clinical practice. In the setting of
respiratory precipitating factors, such as viral infection, the situation with regard to
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beta-blocker tolerance may be quite different. The airways may exhibit more
reactivity and the response to beta-blocker agents may be more unpredictable. Most
clinicians would also exercise discretion before introducing beta-blocker agents in
the setting of suboptimal asthma control or instability and in cases of severely
compromised lung function. Despite the long held clinical beliefs and the clinical
practices here described, there exists surprisingly little medical documentary
evidence supporting this approach. Perhaps this is because there have been
appropriate alternative medical treatment options available, and hence until now the
need to use beta-blocker medications in airways disease patients has not been a
pressing issue. However, there do exist three reported cases in the paediatric medical
literature of status asthmaticus occurring during respiratory infection in patients
requiring chronic beta-blocker treatment for prolonged QT syndrome (122). It is
more difficult to find comparable information for COPD. Although the Norwegian
multicentre study of timolol after myocardial infarction (56) excluded COPD patients
prior to study entry, the significant increase in “pneumonia and bronchitis” events in
their treatment group, possibly could be due to occult COPD and disease destabilised
in the setting of infection. A recent study (119), though a retrospective cohort study,
with only limited information about lung function by which to infer disease severity,
provides more reassurance in the setting of chronic beta-blocker therapy and acute
COPD exacerbation. Dransfield’s group reviewed medical records for the period
October 1999 till September 2006, assessing 825 patients who met their inclusion
criteria: admission diagnosis of acute exacerbation of COPD, with or without
respiratory failure. Their primary focus was to define the factors associated with
beta-blocker use and to establish whether use was associated with mortality. After

multivariate analysis, and attempting to correct for any discrepancy in COPD
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severity between the groups and for prescription propensity for those with cardiac
disease, they found increased survival to hospital discharge in the group treated with
beta-blockers. VVan Gestel’s study (120), another retrospective observational study, is
also reassuring. It targets a population known to exhibit high rates of ischaemic heart
disease, those undergoing major vascular surgery. They reported significant mortality
benefit of cardioselective beta-blockers in COPD patients, at 30 days and long term,
stratified by severity of COPD as measured by spirometry. These authors also
attempted to adjust for bias by indication by using a propensity score. However, the
duration and maintenance of beta-blocker therapy is unclear, both at study entry and
over the long term follow up, which does significantly limit interpretation of the long

term beta-blocker effects.

1.4 Obijectives

1.4.1 The Prevalence of Obstructive Airways Disease

We sought to estimate prevalence of obstructive airways disease and bronchodilator
reversibility, amongst a population of patients with cardiac disease, using objective
measures of lung function. We recruited from amongst patients admitted to Royal
Prince Alfred Hospital’s Cardiology Unit for the assessment and management of
cardiac disease. We obtained sequential measures of spirometry and bronchodilator
responsiveness over twelve months and used these results to identify subjects with
objectively-defined airways obstruction and asthma. Information from an initial

interviewer-administered questionnaire further characterised our subject population
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in terms of demographics, occupation, known medical comorbidity and medication

use (Appendix 1).

1.4.2 Investigate Beta-Blocker Prescription

Past research has demonstrated physician reluctance to use beta-blocker medications
for recognised therapeutic indications in certain subgroups of patients, including the
aged, females and the medically frail, in particular those with heart failure,
obstructive airways diseases and diabetes. More recently, the medical literature
reflects increased prescribing, although this has most affected patients with heart
failure, following recognition that beta-blocker treatment in this group confers
survival benefit. We sought to document the prevailing prescribing practice amongst
Royal Prince Alfred Hospital’s cardiologists, with regard to beta-blockers, in our
study population, recording for each subject whether beta-blocker medication was
indicated, whether such medication was considered first line treatment, and any
reasons for withholding beta-blocker treatment. Of particular interest to us was a
comparison of beta-blocker prescription practice between subjects with previously
diagnosed or “known” obstructive airways disease and subjects without an
established diagnosis, but who demonstrated airways obstruction or bronchodilator

responsiveness on spirometry.

1.4.3 Investigate Adverse Respiratory Effects

Beta-blockers may cause bronchoconstriction via interaction with airway beta-2

receptors, and hence have significant potential for adverse effects in patients with
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obstructive airways disease. Nevertheless, the existing medical literature examining
beta-blocker use in patients with COPD and reactive airways disease would suggest
that beta-blocker use is safe in most instances. However, there is a paucity of
information about the respiratory effects of longer term beta-blocker use, which is
particularly important in obstructive airways diseases, as they are punctuated by
periods of worsening symptoms or “exacerbations”, adversely affecting prognosis. In
fact, most of the reported research available to clinicians about this topic is
retrospective. In the recent Cochrane meta-analyses investigating this topic (57, 58),
the longest duration prospective study of cardioselective beta-blockers in obstructive
airways disease targeted COPD patients and lasted only 3 months. Therefore we
sought to investigate the longer term respiratory effects of beta-blocker use on lung
function, symptoms and exacerbations. Specifically, over twelve months we serially
assessed respiratory symptom severity scores and spirometry for evidence of
deterioration in chronic symptom morbidity and lung function. We collected data
pertaining to beta-blocker cessation, respiratory exacerbations, acute cardiac events,
hospital admissions for treatment of acute cardiac or respiratory disease and deaths
over six years’ duration. We sought to ascertain whether there existed a relationship
between long term beta-blocker use and risk of respiratory and cardiac events. The

effect of beta-blocker use on survival was also investigated.

1.5 Summary

Two of the commonest diseases in the Australian community, ischaemic heart
disease and COPD, share cigarette smoking as a most important risk factor. It is
therefore likely that a high proportion of patients with cardiac disease have
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coexisting obstructive airways disease. Beta receptor antagonist drugs are the
appropriate therapeutic choice in many patients with cardiac disease, and the
indication for their use after myocardial infarction and for left ventricular
dysfunction is compelling. Concern remains about the safety of beta-blocker use in
patients with obstructive airways diseases, both COPD and asthma, due to potential
for precipitating life-threatening bronchoconstriction. It is possible to monitor lung
function and bronchial reactivity in these patients, but there is no assurance that such
monitoring is predictive of adverse respiratory consequences. The research

represented here for this thesis seeks to:

e Determine the proportion of cardiology patients who have coexisting airways

disease

e To document current practice with regard to beta-blocker prescription

e To assess for adverse respiratory effects over a prolonged duration of beta-

blocker treatment
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CHAPTER 2: THE STUDY PROTOCOL

2.1 Recruitment

For a total recruiting period of four weeks, we reviewed all patients who met the
eligibility criteria. The patients were recruited consecutively from amongst
admissions to the Cardiology Unit of Royal Prince Alfred Hospital, a tertiary
teaching hospital, during designated recruitment weeks. Subjects were identified
using the hospital computerised listing of Cardiology Unit inpatients. Subjects were
considered eligible if accepted for admission under a cardiologist at the hospital, for
assessment and/or treatment of an acute cardiac problem. Thus acceptance for
admission under a cardiologist was used as a surrogate marker for bone fide cardiac
disease, given that often the cardiac diagnosis was not apparent at the time of

hospital admission, and was not always confirmed by the time of hospital discharge.

Inclusive selection criteria were deliberately chosen, in order to broaden the
applicability of the results obtained. The target population was to be a sample of the
Australian resident population. Patients with acute cardiac disease were selected
because of the high likelihood that beta-blocker therapy would be used in acute
treatment or be considered in chronic management. As ischaemic heart disease is the
most common form of acute cardiac morbidity in Australia, and shares with
obstructive airways disease, smoking as a major risk factor, we felt that this selection
was likely to provide us a study population with high potential for coexisting heart
disease and obstructive airways disease, in which to examine the respiratory effects

and impact of beta-blocker therapy.
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The following exclusion criteria were applied:

¢ Inability to communicate in English, due to insufficient interpreter resources

e Impaired cognition, sufficient to compromise informed consent.

o llIness severity, sufficient to preclude informed consent or completion of the
study protocol. Subjects were also excluded if enrolment in the study protocol

was likely to interfere with timely medical investigation and treatment.

¢ Inthe initial stages, subjects were excluded if their current place of residence
was of sufficient geographic distance from the hospital to preclude return for
follow up assessments. This exclusion also applied to those whose physical
impairment or social circumstances prevented them from being available for
the follow up interviews. However, early during the recruitment period, it
became apparent that high numbers of subjects were being excluded on these
grounds. Subsequently, the protocol was amended so that those subjects, who
were to be excluded purely because of anticipated follow up difficulties, were

recruited for an amended version of the protocol.

2.2 Statistical Power

There were insufficient previous research data available for a formal statistical power
calculation. Firstly, this is because previously quoted prevalence figures (48, 81-84)

for airways obstruction amongst patients with ischaemic heart disease have not used
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spirometry for diagnosis. Instead they have relied upon clinical diagnosis and
surrogate measures, such as inhaled medication use. These are much less sensitive
measures of airways obstruction, incapable of detecting subtle disease. COPD is now

precisely defined by spirometric criteria (77).

Secondly, our subjects were recruited from a population of cardiology patients, who
did not exclusively have ischaemic heart disease. Although this category of cardiac
disease is the most common in the Australian population, our inclusion of patients
with non-ischaemic cardiac morbidity meant that the study population was not
necessarily comparable to those populations from which the previous prevalence
figures have been derived. Neither is it possible to make comparison with the
general population, as its COPD prevalence is likely to be much lower. In this
setting, any attempt at statistical power calculation would result in compromise of
accuracy due to the degree of extrapolation required. A recruitment target of 50

subjects was set for this pilot project.

2.3 Abbreviations

Abbreviations which have been frequently used in this work include the following:

e ACS = acute coronary syndrome

e B-AR = Beta adrenergic receptor

e BDR = Bronchodilator reversibility
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BMI = Body mass index

CAD = Coronary artery disease

Cl = Confidence intervals

COPD = Chronic obstructive pulmonary disease

CVD = cardiovascular disease

FEV1 = Forced expiratory volume in one second

FVC = Forced vital capacity

FEV1/FVC = FER= Forced expiratory ratio

IHD = Ischaemic heart disease

LABA = long-acting beta-agonist

% P FEV1 = Forced expiratory volume in one second expressed as a

percentage of the predicted value

% P FVC = Forced vital capacity expressed as a percentage of the predicted

value
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e PC, = The provocative concentration of an agent that caused a 20% drop in

FEV1

e SABA = short-acting beta-agonist

e STEMI = ST elevation myocardial infarction

e NSTEMI =non ST elevation myocardial infarction

2.4 Methods

The study was approved and monitored by the Ethics Review Committee of Sydney
South West Area Health Service, RPAH Zone. At time of recruitment, informed
consent was obtained. Beta-blocker treatment was determined by the treating
cardiologist. The subjects then completed an interviewer-administered questionnaire
(Appendix 1). Information was collected as to demographics, acute cardiac
diagnosis, previously made cardiac and respiratory diagnoses, medical comorbidity,
medications, including beta-blocker and beta-agonist use, smoking status, previous
respiratory exacerbations and potential markers of socio-economic status, including
ethnicity, employment and health insurance status. After receiving training in
performance of the forced expiratory manoeuvre and observing a demonstration by
the study investigator, spirometry was performed, according to American Thoracic
Society guidelines (123), using a hand-held EasyOne™ spirometer. This included an
assessment for response to inhaled bronchodilator. Patients were subsequently

reviewed at day 3 of admission or hospital discharge, and then again at 6 and 12
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months. At each review, the subject completed an interviewer-administered
questionnaire about smoking habits, respiratory symptoms, respiratory and general
health (Appendices 2 and 3), and performed spirometry. Subjects who would have
been excluded on the basis of geographic factors, but who participated in the
amended version of the study protocol, were required to complete the first and
second reviews only. All subjects were then recontacted five years after study
commencement and asked to complete a postal questionnaire (Appendix 7), in order
to capture long term respiratory health outcomes data; survival, respiratory
exacerbations, cardiac events and hospital admissions related to exacerbation of

respiratory or cardiac disease.

Spirometry is the timed measure of dynamic lung volumes during forced expiration
and inspiration to quantify how effectively and how quickly the lungs can be emptied
and filled (124). Important measurable variables include FEV1, FVC and FEF 25-
75%. Daily spirometer calibration testing is recommended (123), although the
EasyOne™ spirometer has demonstrated performance stability, without need for
repeated calibration checks, over prolonged periods, up to 26 weeks (125).
Calibration checks were performed daily using a “biologic standard” (testing
performed using a subject of known and stable spirometry parameters) and weekly
using a 3L calibration syringe, to accuracy within 3%. All spirometry was performed
with subject seated upright, facing directly ahead, and both feet flat on the floor.
During the manoeuvre supervision and enthusiastic encouragement was provided by
a medically-trained study investigator. Subjects were asked to inhale fully and
briskly, to insert the spirometer mouth-piece (if not already inserted at start of

inspiration) so that the lips formed an airtight seal, and then to forcefully expel or
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“blast” the air from their lungs, as hard and fast as possible, until their lungs felt
completely empty. At this point, they were asked, whilst remaining with mouthpiece
in situ, to breathe in fully — the completion point of the manoeuvre. Subjects were
warned about dizziness during the expiratory phase and instructed to breathe in via
the mouth piece (and terminate the manoeuvre) should this occur. Repeated
manoeuvre attempts were requested until performance acceptability and
reproducibility was demonstrated, until eight successive manoeuvres had been
attempted, or until tiring, as indicated by the subject or as evidenced by progressive

deterioration in spirometry performance.

Each manoeuvre was evaluated for acceptability. The spirometer possessed a
computer-based system which assessed start of test (using back extrapolated volume
not greater than 0.15L or 5% FVC and time to peak flow not greater than 150ms) and
end of test (expiration lasting less than 2s or volume accumulation not diminished
below 0.1L per 0.5s) for non-acceptability criteria. In addition, the study investigator
terminated prematurely any manoeuvre where technique was overtly marred by
hesitation, air leak, cough, extra breath, submaximal effort, glottic closure or
valsalva, mouthpiece closure or otherwise poor technique. At least three manoeuvres
were required for test reproducibility. The spirometer’s computer-based system
possessed a quality grade rating system. An A grading required a difference between
greatest two measures of both FVC and FEV1, of less than 0.15L and a B grading to
a corresponding difference of 0.2L. Tests were not regarded as reproducible unless
quality grade rated as A or B. Published reference values were used to derive
predicted values of ventilatory function, given age, gender, ethnicity and height

(126). Morris’ values were chosen as they cover an age range skewed towards the
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very elderly, with wide height range, even though they are based on American, and

not Australian, population values.

Ideally bronchodilator medication, both long-acting and short-acting, and smoking
should be deferred preceding assessment of bronchodilator response. However, the
study investigators were not able to intervene in the prescription of regularly-used
medications or in habitually-used recreational drugs, such as nicotine. This was not
relevant for long-acting bronchodilators, as none of our subjects were using them.
However, the recommended four hour delay for short-acting bronchodilators and the
hour’s delay for smoking were not able to be imposed. Because of this, the
bronchodilator response results were subject to potential underestimation. The
bronchodilator medication used was a combination of salbutamol 5mg (short-acting
beta-agonist), and ipratropium bromide 0.5mg (short-acting anticholinergic drug),
administered undiluted via nebuliser. This combination was chosen because it has a
rapid onset of action and is generally safe. It provides two mechanisms of
bronchodilation, incorporating pathways of both sympathetic and parasympathetic
nervous systems. The drugs employed are widely available and commonly
administered in combination via this route of delivery. They are also routinely used
for the purposes of determining bronchodilator response. The combination and doses
chosen have been used by others for the purpose of establishing the presence or lack
of bronchodilator response (79). In addition, the choice of an anticholinergic agent
specifically, is recommended in reversing beta-blocker induced bronchospasm. There
exists a theoretical benefit using a bronchodilatory pathway not dependent on beta
adrenergic receptor function and also some experimental evidence of efficacy in this

setting (127). A nebuliser was used for drug delivery in order to easily administer an



adequate dose, and because it is a readily available drug delivery modality in the
hospital setting. Repeat spirometry, performed for the purposes of assessing the
airways response to bronchodilator, was performed after a delay of 15-30 minutes, a
time period which is intermediate between those stated in the current ATS
recommendations (128) for assessing bronchodilator response with short-acting beta-
agonist (10-15 minutes) or short-acting anticholinergic (30 minutes), due to our

decision to use a combination of these bronchodilator types.

Respiratory symptoms were assessed using symptom scores. Subjects were asked to
rate symptom severity on a scale, with 0 representing absence of the symptom and 10
representing the worst possible severity. The scores were to reflect the subjects’

usual experience of the symptom over the last few weeks (except in the second
interview, when subjects were asked to consider the last few days). Scores were

recorded for cough, sputum production, dyspnoea and wheeze.

2.5 Definitions

e “Airways obstruction” is defined by the single criterion of FEV1/FVC ratio <

70% (77).

e “Body mass index” of an individual is defined as weight divided by the

square of height and is expressed in units kg/m?.

e “Bronchodilator reversibility” (BDR) is defined as a FEV1/FVC <70% and a

15% post bronchodilator increase in FEV1 of at least 0.2L (129).
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2.6

A “pack year” is defined as the estimated average number of cigarettes
smoked per day, multiplied by the smoking duration expressed in years,

divided by twenty.

A “regular smoker” is here defined as someone who has smoked at least
seven cigarettes per week (or the equivalent in terms of tobacco smoked) for

three months or more (130).

A “respiratory exacerbation” is here defined as an increase in respiratory
symptoms (sputum quantity or purulence, cough or dyspnoea) prompting a
presentation for medical assessment and/or prescription of either antibiotic or

systemic corticosteroid.

Chronic obstructive pulmonary disease (COPD) is defined as persistence of

FEV1/FVC ratio<0.7 after bronchodilator (3)

Statistical Analysis

Results for normally distributed data have been expressed as mean (standard

deviation). Results for non-normally distributed data have been expressed as median

(range). A p-value less than 0.05 (two-tailed) was considered statistically significant.

Non-normal variables were transformed if necessary to obtain normality and means

of normal variables were compared using T-tests when the variances were

statistically equal and with the Welch Test (131) when the variances were

statistically unequal. Otherwise, Kruskal-Wallis tests were used to compare medians
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of non-parametric variables. Chi-squared tests were used to examine differences in
proportions and, where the expected cell frequency in the contingency table was
below five, levels of significance were reported using Fisher’s exact test. Data
contained in Chapter 3 “Defining the characteristics of a population of cardiology
patients”, Chapter 4 “The prevalence of coexistent airways obstruction in patients
with cardiac disease” and Chapter 5 “Beta-blocker prescription in patients with
coexisting cardiac and obstructive airways disease” were analysed using SPSS 13.0

software.

The statistical analyses used in Chapter 6 “The longer term effects of beta-blocker
medications on lung function, respiratory exacerbations and survival in patients with
cardiac disease” were performed on intercooled STATA 10.0 for windows
(StataCorp LP). Specific to this chapter was the requirement for repeated measures
analysis, in the context of multiple missing data points. Longitudinal regression was
used for analysis of variables for which repeat measures were available. Because of
correlated readings in individual subjects over time, the association of beta-blocker
use with lung function parameters and with symptom scores was evaluated using
linear mixed models with individual-specific random intercepts. The association
between respiratory exacerbations or adverse cardiac events and the use of beta-
blockers was analysed using a mixed model Poisson regression, which is a consistent
estimator of relative risk (132). Results were reported as risk ratios. Survival
outcomes were analysed using a Cox proportional hazards model and hazards ratios
were reported. All models were adjusted for potential confounding factors, including
age, gender, body mass index (BMI), pack years, steroid score and mean FEV1,

where appropriate. Routine residual diagnostics were tested to ensure model validity.
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CHAPTER 3: THE STUDY POPULATION

3.1 Recruitment

During the recruitment period, 173 patients were reviewed for eligibility. Of these,
68 (39%) were excluded and 32 (18%) refused to participate in the study protocol.
Exclusion criteria were divided as follows: 32 (47%) were non-English speaking, 21
(31%) were excluded due to geographic or transport considerations precluding
follow up, ten (15%) were judged too medically unwell to attempt the protocol and
five (7.4%) had cognitive or psychiatric impairment sufficient to preclude informed
consent. Of the 64 patients (37%) who agreed to participate, 54 were enrolled in the
full, and ten in the amended study protocol. The “not achieved” category applied to
those patients who were not included in the study, either because of hospital
discharge prior to assessment for eligibility, or to patients who were prevented from
participating in the study protocol due to unforeseen circumstances, but who had not
actually withheld consent. The response rate was calculated to be 61%, based on 64

subjects and 105 eligible patients. Recruitment is illustrated in Figure 3.1.1.
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Figure 3.1.1: Recruitment

Reviewed for Eligibility
173
Cardiology Inpatients

105 68
Eligible Excluded
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54 l 10
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3.2.1 Demographics

The raw data for results reported in this chapter are presented in Appendix 4 and the
characteristics of the subject population are summarised in Table 3.2.1. The subject
population was predominantly Caucasian and male, of mean age 65.05 years. Most
were overweight, the mean body mass index (BMI) being 27.21 kg/m? after
reciprocal conversion of data and 9.4% possessed private medical insurance. Nearly
all (as detailed in subsequent sections) proved to have bona fide cardiac disease, after
medical investigation, and 70.3% either had been diagnosed previously with
coronary atherosclerosis, or had an acute coronary syndrome (ACS) as precipitant of

the index hospital admission.

Most subjects had previously smoked, or were currently smoking cigarettes on a
regular basis. The median pack year smoking history was 18.8, a level sufficient to

confer risk of cardiovascular disease and smoking-related lung disease. The pack
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year smoking data were strongly right-skewed, with the distribution being influenced
by substantial numbers of never smokers and a few subjects with extremely high
pack year smoking exposure. Some had previously received a diagnosis of
obstructive airways disease, though more had been diagnosed with asthma, than

chronic obstructive pulmonary disease (COPD).

There was a significant proportion of New Caledonian patients amongst the acute
cardiology admissions, all of whom were excluded on the basis of language
considerations. They comprised 27.7% of the excluded patient population. These
patients had been transferred from overseas for treatment under an international
agreement. They did not represent Australian resident population, and therefore were
not the intended target population of this study. Despite this, compared to the non-
participating eligible patients and excluded patients, the subjects were not
significantly different in age: median age 67 (range 29-91) years versus 69.5 (range
15-86) years and 68 (range 27-90) years, respectively (Kruskal-Wallis Test: 2
degrees of freedom, p = 0.736). A non-parametric statistical test was used for
comparison, given the non-normal distribution of age amongst the non-participating,
eligible patients. Nor was there any significant difference in gender distribution;
64.1% male, versus 51.2% and 62.1% respectively (Chi-square Test: 2 degrees of

freedom, p = 0.476).
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Table 3.2.1: Study Population Characteristics

Study Population Characteristics

Mean Age (Years)

65.05 (SD 12.44)

Gender (Male %)

64.1

Caucasian (%)

95.3

Mean Body Mass Index (kg/m?)

27.21 (SD 13.52)

Diagnosed Coronary Atherosclerosis (%)

70.3

Smoking History (%)

75.0

Median Smoking Exposure (Pack Years)

18.8 (Range 0-228)

Diagnosed COPD (%)

9.4

Diagnosed Asthma (%)

28.1

Beta-Blocker Use (%)

28.1

3.2.2 Cardiac Pathology

Figure 3.2.1: Acute Diagnosis
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The distribution of acute cardiac diagnoses is depicted in Figure 3.2.1. The acute
reason for presentation and hospital admission was most often ischaemic heart
disease (IHD). Lesser numbers of subjects were admitted for cardiac arrhythmia,
non-cardiac or non-specific symptoms, and only small numbers of subjects were
admitted because of cardiac failure (CCF), pericardial disease and valvular heart
disease. There was a subset of subjects with prior diagnosis of coronary disease, who
were admitted for further investigation of chest pain, on suspicion of a coronary
cause. A conservative approach was taken and these were included in the “non-

cardiac or non-specific” category for acute cardiac diagnosis.

Examination of past medical histories yielded even higher numbers of subjects with a
diagnosis of coronary atherosclerosis, with 70.3% having known coronary artery
disease (CAD), or else unequivocal evidence of acute myocardial ischaemia during
the enrolment admission. In fact, six of the 15 subjects who received no acute
diagnosis or who were diagnosed with a non-cardiac condition at hospital discharge,
already had established CAD. Table 3.2.2 demonstrates the distribution of cardiac
disease in our subject population, judged to be the reason for the acute presentation,

after completion of diagnostic investigations.
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Figure 3.2.2: Distribution of Cardiac Morbidity*

*When there existed more than one cardiac morbidity category per patient, the one cited is that
towards which most investigation and treatment was directed during the hospital admission

After further cardiac investigations, 87.5% subjects had an established cardiac
diagnosis at the time of hospital discharge, confirming that despite the use of the
potentially non-specific “cardiology unit admission” as the criterion for study
eligibility and as a marker indicating cardiac disease, the majority of our subjects did
in fact have cardiac disease, which was predominantly ischaemic heart disease. The
high proportion of subjects with ischaemic heart disease is consistent with our
knowledge that this form of cardiac disease is the most common cause of cardiac

morbidity among the Australian population (4).
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3.2.3 Comorbid Disease

In terms of respiratory disease, 9.4% subjects had been previously diagnosed with
COPD, though more had been labelled as having “asthma” (28.1%). This is in the
context of high subject population smoking rates, with 75% having been “regular
smokers”. A regular smoker is here defined as someone who has smoked at least
seven cigarettes per week (or the equivalent in terms of tobacco smoked) for three
months or more (130) . In our subject population this translates into a high level of

cigarette smoke exposure, reflected by the population median of 18.8 pack years.

Vascular risk factors and non-coronary vascular disease were prevalent in our
subjects, with 18.8% having diabetes mellitus, 17.2% hypertension, and 17.2%
having either peripheral vascular disease or cerebrovascular disease. Many patients
were also receiving lipid-lowering therapy, although it was not always possible to
establish whether therapy had been instituted to treat hyperlipidaemia per se, or
whether it had been commenced for risk factor modification and anti-inflammatory

effects.

Of other diseases, the most common diagnoses were gastro-oesophageal reflux

disease (6.25%) and prostate cancer (4.7%).

3.2.4 Use of Beta-Receptor Active Medication

At the time of hospital admission, 28.1% subjects were using beta-blocker

medications. This was in the context of many subjects (42.2%) having a diagnosis,
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prior to admission, of ischaemic heart disease, tachyarrhythmia or significant left
ventricular dysfunction, all of which are potential indications for beta-blocker

therapy.

Twenty-five percent of subjects were using inhaled medications on a regular basis.
With one exception (who was prescribed inhaled budesonide only), all of these had
been prescribed a short-acting beta-agonist (SABA), such as salbutamol or
terbutaline. In 6.25% subjects a short-acting anticholinergic bronchodilator (SAACh)
was used in addition to a beta-agonist drug. No subjects were taking either long
acting beta-agonist (LABA) or long acting anticholinergic (LAACh) medication.
There were several subjects, who took no inhaled medication, despite having known
obstructive airways disease, which is in keeping with the episodic nature of
reversible airways disease. Conversely, there were also a small number (4.7%) of
subjects who used inhaled bronchodilator without any established diagnosis of lung
disease. Only one subject was taking both inhaled beta-agonist medication and a
cardioselective beta-blocker in combination. Table 3.2.2 shows the use of beta-

blockers and inhaled medications in our subject population at study commencement.

Table 3.2.2: Medications

Medication Number of Subjects (%)
Inhaled Medication 16 (25.0)

SABA 15 (23.4)

AACh 4 (6.2)

Inhaled Corticosteroid 1(1.6)

Beta-Blocker 18 (28.1)

Beta-Blocker and SABA 1(1.6)
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3.3 Discussion

The subject population was characterised by a high rate of cardiac morbidity. This
was important to establish, given that the eligibility criterion “acceptance for
cardiology admission” was intended to select patients with heart disease. The
population also showed a male predominance, which was expected given the known
male predominance of coronary disease in the Australian population. It is possible
that the nature of the study favoured selection of patients with respiratory disease, or
those who were familiar with the inhaled medications used in treatment of
respiratory disease. Informed consent for study participation, specifically included
consent for the administration of bronchodilator medications for the assessment of
bronchodilator response. This entailed discussion about the potential risk of inducing
myocardial ischaemia or cardiac dysrhythmia, through the chronotropic, inotropic
and proarrhythmogenic effects of these agents. The scientific literature does suggest
an association between use of short-acting bronchodilators, both beta-agonist and
anticholinergic agents, and adverse cardiac events, though causality is unestablished
(86, 121, 133, 134). Subjects familiar with bronchodilator medications might have
been less worried about potential adverse effects and therefore more likely to consent

to participation in the research protocol.

Most of the subject exclusions were for reasons of language or because of
circumstances precluding follow up outside hospital. The language exclusion was
instituted due to a scarcity of interpretation services and because of anticipated
difficulty in teaching the spirometry manoeuvre via a foreign language. The language

criterion was the reason for excluding all New Caledonian patients, who were
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transferred from Noumea and admitted to the hospital under international agreement,
for treatment of acute cardiac disease. Inclusion of these patients, given their
significant numbers amongst cardiac admissions, would have skewed the ethnic
distribution of the study patients, and compromised the intent of studying a

population of Australian residents.

During the first week of recruiting it was seen that many patients were being
excluded on the basis of anticipated follow up difficulties, especially travel duration
from normal place of residence, despite being otherwise eligible for the study. A
decision was made to subsequently consent such patients for an amended version of
the study protocol, so that the number of patients excluded on this basis represents

only those approached early during the recruitment period.

The reasons for withholding consent were frequently not specifically stated and were
usually expressed as an unwillingness to contribute the effort required by the
protocol whilst still unwell. When a specific reason was given, most often the
concerns raised were related to the potential cardiac risks of the bronchodilator
medications used in the assessment of bronchodilator response, or reluctance to

commit to the planned follow up arrangements.

Because of the nature of cardiac assessment, being reliant on a number of
complementary investigations as well as clinical history and examination,
information pertaining to the exact cardiac diagnosis often accumulates during the
course of time. Hospital protocols at the time of patient recruitment were most

directed at excluding coronary disease manifestations, where clinically relevant,
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whilst in hospital. Therefore the presence or absence of coronary disease was likely
to be confirmed prior to hospital discharge. However, specific investigation of
ventricular and valvular function was not always performed in the acute setting.
Hence the figures cited with regard to diagnosis of heart failure and valvular heart
disease may be underestimated, although these diagnoses were unlikely to have been

missed as the reason for the acute presentation.

3.4 Conclusions

The studied population of cardiology patients did prove to have a high rate of bona
fide cardiac disease. The subjects were predominantly male, overweight, and average
age was 65.6 years. Smoking exposure was significant and there were high reported

rates of comorbid respiratory disease and non-coronary vascular disease.
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CHAPTER 4: THE PREVALENCE OF

COEXISTENT AIRWAYS OBSTRUCTION IN

PATIENTS WITH CARDIAC DISEASE

4.1 Aims

Using simple spirometry, we sought to estimate the prevalence of airways
obstruction amongst patients admitted to hospital with acute manifestations of

cardiac disease.

4.2 Methods

Subject population recruitment, methods and statistical analysis for this observational
study are as delineated in Chapter 2. Data collection occurred between April 2003

and July 2004.

4.3 Results

For the purposes of this study, FEV1/FVC ratio < 70% has been chosen as the single
criterion defining airways obstruction (77). Bronchodilator reversibility (BDR) is
defined as a FEV1/FVC <70% and a 15% post bronchodilator increase in FEV1 of at

least 0.2L, as cited by the 1995 American Thoracic Society (ATS) guidelines (129).
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Persistence of FEV1/FVC ratio<70% after administration of bronchodilator was
regarded as being consistent with a diagnosis of COPD. Given the variable nature of
airways obstruction, subjects were classified as having airways obstruction and BDR,
if these criteria were met at any of the interview sessions during the twelve month
study protocol. Spirometry results which did not meet ATS reproducibility and

acceptability criteria (129) were excluded from analysis.

The individual subject data for results reported in this chapter are presented in
Appendix 5. By completion of the twelve month study period, four subjects were
excluded from the following analyses because of inability to perform acceptable and
reproducible spirometry, and one because she withdrew consent prior to her first
attempt at spirometry. 30 of 59 subjects (50.8%) met criteria for airways obstruction
on one or more occasions. BDR was seen in 17.2% subjects by completion of the
protocol. When BDR was assessed as a proportion of those subjects with airways
obstruction, ten of the 29 subjects (34.5%) met criteria for BDR on at least one

occasion during the study protocol.

For our subject population, on initial assessment, mean percent predicted FEV1 was
73.60 (21.45), mean percent predicted FVC was 80.21 (19.61), mean percent
predicted MMEF was 54.92 (27.71) and mean FEV1/FVC ratio was 0.70 (0.09). The
reduced FEV1, forced expiratory ratio and MMEF, reflect the relatively high

prevalence of obstructive airways disease in this group.
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Figure 4.3.2: Mean Subject Population Spirometry Results

Mean and 95% Confidence Interval

FER(%) %PIEVL %PFVC

Forced expiratory ratio (FER) expressed as a percentage, FEV1 and FVC expressed as percentage of
predicted values

As a further guide to the severity of airways obstruction encountered amongst our
subject population: GOLD stages Il and greater are generally agreed to correlate with
clinically significant obstructive airways disease (135). Of our subjects with airways
obstruction, 72% had FEV1 within the range of 30-80 percent predicted (GOLD
stage I1), and 7% had FEV1 < 30% predicted (GOLD stage Il1). Mean percent
predicted FEV1 was 61.79. This is an approximate comparison only, since GOLD
stage assessmient, strictly applied, pertains only to post bronchodilator spirometry

measures. Our group contained both COPD and asthmatic patients, and the quoted
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figures represent the most severe measure of obstructive lung function, graded

according to FEV1/FVC ratio, seen over the twelve month study duration.

Table 4.3.1: Study Population Characteristics According to FEV1/FVC Ratio

FEV1/FVC<0.7 | FEV1/FVC>0.7

(n=230) (n =29) P Value
Male (%) 60.9 62.9 1.00
Age (year) 69.15 (9.84) 62.03 (12.40) 0.02
Smoker (%) 78.3 74.3 0.974
Mean Pack Years 53.48 (2.23) 10.95 (3.31) <0.001
Beta-Blocker (%) 43.5 57.1 0.45
Diagnosis COPD (%) 34.8 2.9 0.002
Diagnosis Asthma (%) 34.8 25.7 0.66
IHD (%) 69.6 65.7 0.98
Body Mass Index (kg/m?) | 27.91 (1.24) 27.68 (1.22) 0.48

When patients were divided on the basis of airways obstruction, that is, FEV1/FVC
ratio <0.7 or > 0.7 at initial assessment, comparison of patients with and without
airways obstruction showed significant differences with regard to age, pack year
smoking history and previous diagnosis of COPD. That is, the patients meeting
criteria for airways obstruction had accumulated a greater exposure to tobacco smoke
and were more likely to have an established diagnosis COPD. These differences were
expected: forced expiratory ratio is known to decline with age, there is an established
relationship between smoking and airways obstruction, and COPD is a disease

defined in part by presence of airways obstruction (77).

That asthmatic patients featured no more prominently in the group with airways
obstruction may be due to the episodic nature of their airways obstruction. There was
no significant difference between the numbers of subjects taking beta-blocker

medications, in each group, which might reflect an absence of medication-related
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symptoms or a difficulty in distinguishing symptoms of cardiac disease from those of

airways obstruction.

Figure 4.3.3: Symptoms According to FEV1/ FVC Ratio

When a comparison was made of FEV1/FVC ratio between patients reporting the so-
called “respiratory symptoms” of breathlessness (SOB), wheeze and cough, and
those who did not, the patients complaining of these symptoms did have lower
FEV1/ FVC ratios. This difference did not reach statistical significance for any

symptom, but was most marked for wheeze.

When the study population was divided on the basis of airways obstruction, those
subjects with forced expiratory ratio less than 0.7 were significantly more likely to

report wheeze, but this did not apply for breathlessness or cough. Assessment of
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these symptoms is part of standard clinical evaluation, used in conjunction with
physical examination and results of medical investigations, in an attempt to
differentiate obstructive airways disease from other possible causes. Clinical
experience suggests that these symptoms are not specific for respiratory disease and
that they are unreliable for differentiating respiratory from cardiac disease, which
may be accompanied by similar symptoms. In this group of patients with cardiac
disease, the clinical impression is supported by our results, with none of the

symptoms proving reliable differentiators between airways and cardiac disease.

Table 4.3.2: Symptoms According to FEV1/FVC Ratio

FEV1/FVC<0.7 | FEV1/FVC>0.7

(n=30) (n=29) P Value
Cough (%) 58.3 41.2 0.307
Breathlessness (%) | 79.2 67.7 0.504
Wheeze (%) 54.2 23.5 0.035
Any Symptom (%) | 95.8 76.5 0.067
All Symptoms (%) | 29.2 11.8 0.172

4.4 Discussion

Criteria for diagnosis of airways obstruction using spirometry include assessment of
the forced expiratory ratio, in conjunction with the timed forced expiratory flow
values, and the appearance of the inspiratory and expiratory phases of the flow
volume loop. There is some variation between international guidelines, and hence
also some variation in interpretation between observers. There is controversy as to
the best method for measuring airflow obstruction, and other methods, such as forced

oscillation, are also used. This contributes to difficulty in making comparisons



between studies of airways obstruction. However, spirometry is the technique being
implemented in international studies of COPD prevalence (135), is routinely used in
clinical assessment of both COPD and asthma, and is intended for use in community

screening programmes for COPD.

We elected to use the forced expiratory ratio, obtained during performance of
spirometry, to define airways obstruction. Whether airflow obstruction should be
defined by a fixed value or a predicted normal value, adjusted for age, is a
contentious issue and a subject of current international debate, because the FEV1/
FVC ratio is known to physiologically decline with age. Hence, choosing a fixed
value creates potential for over-diagnosis in the elderly and, conversely, under-
diagnosis in the young. We chose a value of below 0.7 to define obstruction, given
the advanced age of our patient group and given that this would likely represent
airflow limitation even in an older population. A value of 0.7 has been chosen in the
Global Initiative Guidelines for Chronic Obstructive Pulmonary Disease (GOLD
guidelines), for diagnosis of COPD (77) and also in the international BOLD study,
for the purposes of assessing the global burden of obstructive lung disease (135).
However, the recent lung function interpretation guidelines issued jointly by the
European Respiratory Society and the American Thoracic Society (136) advocate the
use of predicted normal values for defining an obstructive ventilatory deficit. The 0.7
threshold was initially chosen partly for reasons of pragmatism, to simplify the
application of spirometry and facilitate its wider use in the community. The
alternative, predicted normal values, are figures derived from large populations of
never-smokers. There are strong arguments for using a threshold, rather than mean

population values, particularly when the population mean value is demonstrably
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unhealthy, as seen with body mass index, for example. There is also the question of
whether we should accept age-related changes as normal, as deterioration associated
with the ageing process may be associated with significant morbidity, and timely

therapeutic intervention may result in improved health outcomes.

Recent work (137) provides some evidence for using the 0.7 threshold: the authors
found that even though 54% of their elderly subject group would not have met
criteria for airflow obstruction, had predicted forced expiratory ratio values been
used, this group (with 0.7>FEV1/FVC ratio > predicted ratio) did have increased
mortality and increased risk of COPD-related hospitalisation. Mannino’s group
sought to determine the mortality and morbidity associated with having FEV/FVC
ratio<0.7 but higher than the predicted lower limit of normal, a setting in which
GOLD criteria are thought to potentially overestimate COPD diagnosis. Their study
population comprised 4965 Cardiovascular Health Study participants, of age greater
than 65 years, for whom spirometry results were available as part of the
cardiovascular study intake assessment. COPD severity was stratified by two
methods: modified GOLD criteria (using FEV1/FVC<0.7 and an additional
restriction category) and using predicted FEV1/FVC ratios. Subjects were followed
over an eleven year period, with deaths and COPD-related hospital admissions being
recorded. After adjustment for potential confounders, application of a Cox
proportional hazard regression model, showed that the group “with COPD potentially
overdiagnosed” had significantly increased risk of death (hazards ratio 1.3) and of
COPD-related hospitalisation (hazards ratio 2.6) after comparison was made with the
group having no symptoms and normal lung function. A potential criticism of this

study is that GOLD criteria use post-bronchodilator spirometry to define severity



categories of COPD, data which was not available to the study investigators.
However, using pre-bronchodilator spirometry would have resulted in potential
overclassification of COPD, and so in fact strengthens the significance of the results
obtained. The results are persuasive in their implications that, regardless of whether
you label it “COPD”, this group of patients having forced expiratory ratio lying
below 0.7 and yet above the lower limit of normal predicted values, has significantly
increased morbidity and mortality compared to their “normal” counterparts and that
recognition of this group as a group at risk of adverse health outcomes, might result

in benefit from targeted therapeutic intervention.

The estimated prevalence of obstructive airways disease in our subject population of
patients with comorbid heart disease of 50.8%, is higher than previous comparable
estimates cited in the medical literature (7-28%)(48, 81-84) and this is reflected by
the mean population spirometry results. The reason for this is multifactorial. Until
recently, diagnosis of obstructive airways disease has been based on physical
assessment and medication use, often without any objective measure of lung
function, and so disease prevalence in the general population has been
underestimated. Secondly, COPD patients generally present late in the course of
disease, with established parenchymal destruction and respiratory function
impairment, when respiratory symptoms, such as marked exertional dyspnoea,
supervene. This is because impairment of lung function is poorly perceived by
patients. Early COPD is often relatively asymptomatic, and hence frequently remains
undiagnosed. Use of spirometry increases the sensitivity for detecting early COPD
when symptoms are mild or absent (79). This is the basis behind planned community

spirometry screening programmes, whose purpose is the introduction of preventive



measures, such as smoking cessation programmes and early medical intervention.
However, even spirometry can occasionally be normal in smoking-related lung
disease of emphysema-predominant type, where measures of gas exchange or
diffusion and high resolution CT imaging may be needed to confirm the diagnosis
(138). Thirdly, because of a significant degree of symptom overlap between cardiac
and pulmonary disease, diagnosis of obstructive airways disease in patients with
known cardiac disease is complicated and often delayed. Lastly, there is the
possibility that our recruitment process was affected by selection bias. Our subjects
gave consent for spirometry, including assessment of BDR. The process of informed
consent required an explanation of potential risks of bronchodilator therapy, and
hence all patients approached for enrolment, were told of a small risk of precipitating
cardiac arrhythmia or myocardial ischaemia, associated with the use of the
bronchodilator agents (121, 133, 134). In some cases, where consent was withheld,
this was due to concerns about adverse cardiac effects. It may be that patients who
were familiar with bronchodilator agents, experienced less anxiety about untoward
effects, and hence were more likely to agree to participate in the study protocol. This
could potentially result in overrepresentation of patients with obstructive airways
disease amongst our subject group, and result in overestimation of the prevalence of

airways obstruction.

General population results from another Australian group, working to establish
estimates for the burden of obstructive lung disease in this country (139), are
available. This study was comparable with previous studies of adult European
populations and has shown airways obstruction in 18.5%, and asthma in 12.5% using

very similar criteria to our own, although their population mean age was, younger
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(57 years, compared with our mean age 65.6 years). Our much higher prevalence
figure does suggest that obstructive lung disease is over-represented amongst
cardiology patients, which is part of our original premise. Alternatively, our result
might signify the advantage of a longer duration study period, with multiple
assessments providing more opportunity for detecting airways obstruction, which has
some inherent variability. A recently published British community heart failure clinic
study here warrants mention. Shelton’s group (59) reports retrospectively on data
collected from a group of 513 heart failure patients between September 2001 and
July 2003, a period which overlaps with our own data collection period. They report
a 34% prevalence of obstructive airways disease, defined by criteria more stringent
than our own, namely, FEV1/ FVC < 0.7 and FEV1< 60%. However, they performed
spirometry with subjects supine and did not otherwise specify the degree of

adherence to spirometry standards of acceptability and reproducibility.

The clinical relevance of our high prevalence figure pertains to the treatment of
patients with combined airways obstruction and cardiac disease, where the agents
used, despite attempts at attaining beta-receptor subtype selectivity, may have
opposing effects, both on the airways and on the myocardium. Beta-blocker
medications are crucial agents in the treatment of cardiac disease, with proven
survival benefit in left ventricular dysfunction (140) and coronary artery disease (42,
141). They have useful therapeutic effects perioperatively and in other forms of
cardiac disease. They should not be withheld unnecessarily, in conditions where their
therapeutic effect is established. However, even the cardioselective beta-blocker
medications, can have adverse respiratory effects via their beta 2-receptor actions,

with potential to precipitate bronchoconstriction. The high prevalence figure implies
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large numbers of patients potentially at risk of adverse respiratory effects from beta-
blocker medications. Conversely, beta-2 agonist use for the purposes of
bronchodilation, in patients with obstructive airways disease, may present potential
risk for adverse cardiac effects such as myocardial ischaemia and malignant cardiac

arrhythmia (43, 121, 133, 142).

The clinical importance of our prevalence finding is uncertain. Most of our subjects
with airways obstruction do have clinically significant impairment of lung function.
Further studies will be required to determine whether there are implications for
medical management. For now, we propose that screening for obstructive airways
disease with spirometry should be considered, ideally prior to commencement of
beta-blocker therapy, or soon after treatment is commenced, in patients diagnosed
with cardiac disease. The purpose would be to better determine those potentially at
risk of adverse airways effects. At the time of beta-blocker commencement or dose
escalation, particular attention should be paid to any symptomatic respiratory
deterioration, such as breathlessness, cough or wheeze. In such patients, evaluation
for symptomatic deterioration should take into consideration the high degree of
symptom overlap in cardiac and respiratory disease, as well as the potential of beta-
blocker medications to destabilise both obstructive airways disease and heart failure.
An attempt should be made to differentiate, using spirometry and the more recently
introduced serum marker, brain natriuretic peptide. These tests should be used in
conjunction with clinical assessment and conventional investigation tools, such as the

electrocardiogram and chest imaging.
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45 Conclusions

The estimated prevalence of obstructive airways disease in our population of

cardiology patients was 50.8%. Of these, 34.5% also had bronchodilator reversibility.

This represents a high prevalence of airways obstruction, a higher prevalence than
that reported in previous studies, and is likely attributable to clinically occult mild
disease, and symptom masking by coexistent cardiac disease. There may be

implications for monitoring of respiratory function and the use of beta-blocker and

beta-agonist drugs in this population.
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CHAPTER 5: BETA-BLOCKER PRESCRIPTION

IN PATIENTS WITH COEXISTING CARDIAC

AND OBSTRUCTIVE AIRWAYS DISEASE

5.1 Aims

This study reviews beta-blocker prescription in Royal Prince Alfred Hospital’s

Cardiology Unit, stratifying patients according to airways obstruction.

5.2 Methods

Sixty-four patients, consecutively recruited from acute cardiology unit admissions,
completed interviewer-administered respiratory questionnaires and performed
spirometry, including assessments of bronchodilator response, as described in
Chapter 2. Current medications were recorded and the treating cardiology team were
consulted about the role for beta-blocker medications and any existing

contraindications to their use.

5.3 Results

Beta-adrenergic antagonist drugs were prescribed in 30 (46.9%) of our subjects.

Cardioselective agents were prescribed in 25 (83.3%). The most commonly



prescribed non-selective beta-blocker was carvedilol. None of the five subjects
taking non-cardioselective beta-blocker drugs were taking inhaled medications or
had been formally diagnosed with any obstructive lung disease, although one
demonstrated both obstructive spirometry and an asthmatic range bronchodilator
response on lung function testing. In 13 cases, beta-blocker medication was
commenced during the index admission. The agents initially prescribed were beta-1

receptor selective. Metoprolol was chosen in all but one instance.

Figure 5.3.1: Beta-Blocker Prescription

Beta-blockers were considered the cardiac treatment of choice in 48 (75%) patients
and were prescribed in 29 (60%) of these. The predominant reason given for non-
prescription of beta-blocker medication was the coexistence of respiratory disease.
Other reasons included peripheral vascular disease, decompensated heart failure,

hypotension, depression and diabetes mellitus.
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Figure 5.3.2: Beta-Blocker Contraindications

The group of patients in whom beta-blockers were considered medically indicated
were analysed according to beta-blocker prescription status (Appendix 6). Patients
who did not receive beta-blockers were more likely to be of female gender, to have
been previously diagnosed with obstructive airways disease, and were less likely to
have coronary artery disease (CAD), although the differences did not reach statistical
significance. These results are consistent with previous studies of beta-blocker
prescription. However, unlike previous studies, we found no age difference between
the two groups. After logarithmic conversion to achieve normally distributed data,
smoking exposure, in terms of pack years, was significantly lower in those subjects

who received beta-blocker medications.
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Table 5.3.1: Population Characteristics According to Beta-Blocker Prescription

Prescribed Withheld P Value
Mean Age (Years) 65.8 (9.8) 65.7 (14.5) 0.98
Female (%) 43.8 56.3 0.18
Mean Pack Years 14.1 (4.4) 45.4 (2.5) 0.01
Mean BMI (kg/m?) 28.9 (1.18) 28.0 (1.35) 0.67
CAD (%) 65 35 0.24

Beta-blocker medications were prescribed in only one of five (20%) patients with
previously diagnosed obstructive airways disease. A corresponding figure of ten
(50%) was obtained for beta-blocker prescription amongst the 20 patients, whose
airways obstruction was defined by spirometry. Amongst patients with previously
diagnosed asthma, five of 13 (38%) were prescribed beta-blockers. Ten patients
demonstrated bronchodilator response (BDR) during the study protocol and five of

these (50%), were taking beta-blocker medications.

Although there were fewer patients with a previous diagnosis of asthma in the group
prescribed beta-blocker agents, the difference failed to reach statistical significance.
In contrast, although very small numbers were involved, the difference with regard to
previous COPD diagnosis approached significance. Measured impairment of lung
function, both in terms of the obstructive indices, FEV1 and forced expiratory ratio,
and FVC (which traditionally reflects restrictive respiratory disease) was markedly
worse in those denied beta-blocker treatment. Co-treatment with inhaled
bronchodilator medications, another potential marker of obstructive lung disease
severity, was also more common in the group which did not receive beta-blockers.
Conversely, “respiratory symptoms” were seen more in the group taking beta-blocker

medications. The difference was small, but statistically significant. Interestingly,
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when each symptom was analysed on an individual basis, breathlessness and wheeze

were actually less frequent in the group prescribed beta-blockers, and cough was

equally distributed. The difference was only statistically significant in the case of

dyspnoea (Chi square test, P = 0.018).

Table 5.4.2: Beta-Blocker Prescription and Obstructive Airways Disease

Prescribed Withheld P Value
COPD Diagnosis (%) 20.0 80.0 0.07
Asthma Diagnosis (%) 38.5 61.5 0.12
Inhaled Medication (%) 23.1 76.9 0.004
Respiratory Symptoms (%) 51.2 48.8 0.032
Mean FEV1/FVC Ratio 0.72 (0.06) 0.66 (0.11) 0.04
Mean Predicted FEV1 (%) 78.2 (18.3) 59.9 (24.4) 0.007
Mean Predicted FVC (%) 83.7 (18.1) 68.1 (21.4) 0.014
Airflow Obstruction (%) 50% 50% 0.16
BDR Positive (%) 50% 50% 0.46

5.4 Discussion

Previous assessments of beta-blocker prescription, mostly in the post myocardial

infarction setting, have found low prescription rates (42, 43, 45, 47).

Underprescription was found to be most marked in the elderly, females and those

with medical comorbidity. Although prescription rates were lower amongst our

female subjects, this did not achieve statistical significance, nor did we not find any

tendency for older age in the group which did not receive beta-blocker medications.

The beta-blocker prescription rate of 60% for our subjects recruited in 2003, in

whom beta-blockers were deemed treatment of choice, compares favourably with

prescription rates reported previously of 22 — 34% (42, 43), suggesting some
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amendment in beta-blocker prescribing practices. Other studies (45, 48) would
support this. However, in these studies as well as our own, patients were managed by
a cardiologist. This must be taken into consideration, as beta-blocker prescribing
rates are known to be higher amongst cardiologists when compared with other
physicians (45). The other studies include patients whose medical management was

overseen by non-cardiologists.

A number of clinical conditions and medical comorbidities have in the past been
perceived as contraindications to beta-blocker use. In Chen’s 2001 study, by far the
most frequently recorded contraindication was cardiac dysfunction, which accounted
for 90%. In Soumeri’s 1997 study, 30% of otherwise eligible patients were regarded
as having one or more contraindications to beta-blocker treatment: on the basis of
cardiac failure or loop diuretic use (63.5%), insulin use in diabetic patients (30.1%)
and asthma or inhaled bronchodilator use (8.5%). Their reported 21% prescription
rate was in patients without any of the above-mentioned contraindications. In our
subjects, obstructive airways disease was the most frequent reason for non-
prescription of beta-blockers. It was the cited reason in 64%, compared to
decompensated cardiac failure and diabetes mellitus, which were cited in only 8%

and 5% of cases, respectively.

Beta-blockers were prescribed in approximately 17% of patients with obstructive
airways disease in Chen’s study. Their group used a simple clinical severity scale,
based on treatments required for airways disease and found that stratified this way,
beta-blocker use declined with severity of airways disease, with rates of 37% in mild

disease (no regular beta-agonist use) and 12.5% in the most severe category (need for
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oral corticosteroid or hospitalisation for obstructive airways disease during preceding
year). In Gottlieb’s study, prescription rates were 22% for patients with COPD and
18% for those with asthma, whilst in Heller’s study prescription rates for patients
with obstructive airways disease had increased to 42.3% by 1997 from 26.2% in
1994. Even so, this subgroup had the lowest prescription rates for beta-blockers; the
other subgroups being patients with cardiac dysfunction, diabetes mellitus and
peripheral vascular disease. The 20% prescription rate seen in our subjects with
previously diagnosed COPD is comparable with previous results, although the 38.5%
prescription rate in our subjects with a prior asthma diagnosis is interesting, both in
terms of comparison with other studies and in terms of the relatively lower
prescription rates in COPD patients; patients who might be expected to be more at
risk of coronary disease, and to benefit more from beta-blockers, by virtue of their
higher rates of smoking. We also found that pack year smoking exposure was
significantly higher, regular inhaled medication use more common and lung function
indices of obstruction were worse, in patients not prescribed beta-blockers. These are

all measures which serve as markers of severity for obstructive airways disease.

Review of our data shows an increased rate of beta-blocker prescription in
comparison with older studies. However the higher prescription rates are not
attributable to higher rates in patients with obstructive airways disease, but to higher
rates in other groups. This may reflect the incorporation of beta-blocker medications
into therapeutic regimens for heart failure during the last two decades, after they
were shown to have significant mortality benefit for this indication. The reason for
the higher beta-blocker prescription rates seen amongst subjects with previous

asthma diagnosis compared to those with COPD may be a reflection of the small
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numbers involved, or due to non-current disease, as childhood asthma can become
quiescent in later life. It could also reflect differing disease severity. By definition,
asthma is an episodic disease with fully reversible airflow obstruction. Because the
onset of COPD is usually insidious, a diagnosis is often not made until disease is
advanced, symptoms are chronic and persistent, and the degree of airflow obstruction

Is severe, with minimal reversibility.

A substantial proportion of our subjects taking beta-blocker medications had
spirometry meeting criteria for airflow obstruction and also for asthmatic
bronchodilator response, though only a few had a prior diagnosis of obstructive
airways disease. It not possible to determine cause and effect; that is, our study was
not designed to show whether the abnormal spirometry results were attributable to
the use of beta-blockers, or whether the lung function abnormality actually preceded
the use of these medications. A prospective randomised interventional trial would be
required to differentiate. However, what can be said is that the low population event
rates for severe adverse respiratory outcomes from beta-blocker use, in conjunction
with the relatively high frequency of obstructive airways disease diagnosed on the
basis of spirometry criteria seen in patients taking beta-blocker medications in our
study, would suggest that many such patients may be able to take beta-blockers over

the long term without untoward effect.
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55 Conclusions

In view of compelling indications for beta-blocker use in cardiac disease, there has
been amended prescribing practice for these medications, with an increase in beta-
blocker prescription rates. The most common contraindication in our subject group
was clinical diagnosis of obstructive airways disease, including both COPD and
asthma. In this patient category, beta-blocker medications continue to be
underutilised. Patients with abnormal lung function, but no formal diagnosis of
obstructive airways disease, may receive beta-blockers without untoward effect. Beta-
blocker therapy should be considered amongst therapeutic options in patients with
obstructive airways disease and comorbid cardiac disease in situations where an

established evidence base exists.

107



CHAPTER 6

THE LONGER TERM EFFECTS OF
BETA-BLOCKER MEDICATIONS
ON LUNG FUNCTION,
RESPIRATORY EXACERBATIONS
AND SURVIVAL IN PATIENTS

WITH CARDIAC DISEASE

108



CHAPTER 6: THE LONGER TERM EFFECTS OF
BETA-BLOCKER MEDICATIONS ON LUNG
FUNCTION, RESPIRATORY EXACERBATIONS
AND SURVIVAL IN PATIENTS WITH CARDIAC

DISEASE

6.1 Aims

Our initial aims were to assess the longer term respiratory effects of regular beta-
blocker therapy by means of serial comparative measures of lung function and
symptom severity and respiratory exacerbation rates in a population of cardiology
patients over a year’s duration. Research aims were subsequently revised and
modified so that information regarding respiratory exacerbations, adverse cardiac
events and survival was provided for a more prolonged period of close to six years’
duration. We hypothesised that beta-blocker use would not be associated with
worsening of symptoms, lung function or an increase in the frequency of respiratory

exacerbations.

6.2 Methods

Subject population recruitment, methods and statistical analysis for this study have
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been previously described in Chapter 2. Permission to extend the study duration for
the purposes of further data collection was sought and surviving subjects participated
in the final postal questionnaire (Appendix 7). The questionnaire could be self-
administered, or interviewer-administered, according to subject preference. Data
collection for the extended protocol occurred between April 2003 and May 2008, and

included data from between April 2002 until May 2008.

6.3 Statistics

The statistical techniques used in this chapter are described in Chapter 2.

6.4 Results

6.4.1 Spirometry

The proportion of subjects with airways obstruction was stable throughout the twelve
month period, with this ranging between 36-42% over the four interviews. The
proportion of subjects with BDR diminished for subsequent interviews, from an
initial rate of 13.9% to a rate of 5.6% at twelve months. Of the original subject
population, 59 subjects have been included in the analysis of airflow obstruction and
58 in the analysis of BDR. Differences between time points were not statistically
significant. However, the results should be interpreted with caution due to a
substantial amount of missing spirometry data due to subject attrition and technically

inadequate spirometry. Individual subject data are presented in Appendix 5.
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Figure 6.4.1: Population Results - Subjects with Airways Obstruction and BDR

When the same analysis was made, stratified by beta-blocker status, there were no
significant differences between the two groups. The proportion with airways
obstruction in each group did not significantly change over the twelve months. There
was a tendency for a higher proportion of airways obstruction in the group of patients
not taking beta-blockers, which had disappeared at twelve months. The apparent
increase in proportion obstructed in the beta-blocker group and decrease in
proportion obstructed in the group not taking beta-blockers at twelve months, also

did not reach statistical significance.

For BDR the numbers are too small for meaningful statistical comparisons. The
observed trend was for the proportion with BDR in both groups to decrease over the
twelve month period. However, there wa