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Summary

Heart failure (HF) is a major health concern ingtionally and associated with considerable
mortality and morbidity. Patients with HF are akriof sudden cardiac death (SCD). Most
SCD is caused by ventricular tachyarrhythmic evgM$E) that can be treated with an
implantable cardioverter-defibrillator (ICD). Idéfiying patients at risk of VTE remains a

clinical challenge.

Microvolt T-wave alternans (MTWA) examines beatbiat fluctuations in the morphology of
the electrocardiographic T-wave. The presence giifstant alternans is thought to reflect
dynamic instability of repolarisation and be meabkteally linked to VTE. MTWA testing
can be performed clinically using a commerciallgitable system. Patients must be in sinus
rhythm and the heart rate is increased up to amuaxi of 110 beats per minute by using sub
maximal treadmill exercise. Observational studies highly selected populations have
suggested that MTWA testing may be used as a nasive tool for identifying patients at
risk of VTE who, by implication, may benefit frommimary prevention ICD therapy. However,
to date, no study has investigated the use of MTiés4ing in a real-life population of patients
with HF.

The main aims of this study were to evaluate thpliegility of MTWA testing in an
unselected cohort of patients recently hospitalisgd decompensated HF and determine the

prevalence and incremental prognostic value oftdss

Of 2361 patients with suspected decompensated Hfersed for inclusion in the study, 1003
were recruited. Of those recruited, 648 patiertended the study visit for MTWA testing one
month following hospital discharge. The most commeason for failing to attend the study
visit was refusal to participate; other reasonsewddgteriorating health and death before the

study visit appointment.
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The mean age of those returning for MTWA testing Wa years (SD 11) and 58% were male.
Of 648 patients who completed the study visit, 830%) were eligible for MTWA testing.
Almost half were ineligible for MTWA testing due tatrial fibrillation (AF), pacemaker-
dependency or physical inability to undertake treadmill test. AF accounted for three-
quarters of those who were ineligible in this stuidy. 38% of all patients. Although only a
small proportion of patients (7%) overall were igille because of physical inability to
attempt the sub-maximal treadmill test, this iswamerestimate of this problem as many

patients simply did not attend for the test becaidgmor health.

Many of the characteristics of the ineligible patgin this study suggested they had a poor
prognosis, including the highest log (BNP) concatin. BNP is also an independent
predictor of sudden cardiac death, suggestingttiepatients at the highest arrhythmic risk
may in fact not be eligible for MTWA testing. Thefsadings suggest the utility of the MTWA
test as a means of detecting those at highestofiskidden death is likely to be limited as
many such patients are ineligible for the testigPé ineligible for MTWA testing were older
than patients eligible for testing and a higherpprtion had a history of pre-admission heart
failure. Ineligible patients also had more evideateersisting or advanced heart failure, with
a higher proportion having NYHA functional claskdt IV symptoms and a greater frequency
of peripheral oedema. Those ineligible for MTWAtieg also had a greater prevalence of

renal dysfunction, liver enzyme abnormalities, hhypieaemia and lymphopenia.

The clinical data collected at the study visit veamlysed according to whether patients had
HF with preserved ejection fraction (HF-PEF) orueed ejection fraction (HF-REF). The
majority of clinical characteristics were similagtiveen the two groups although there were
some notable differences. Patients with HF-PEF weéder, more likely to be female, more
likely to have hypertension and less likely to hawed a myocardial infarction (M), in
comparison to those with HF-REF. These findingscargsistent with previous studies of HF-
PEF. Prescribing of HF pharmacological therapies graater amongst patients with HF-REF.
Patients with HF-REF had median BNP concentratansost twice that of those with HF-
PEF, both on admission to hospital and at the sl
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Of 330 patients who underwent MTWA treadmill tegtii00 (30%) were positive, 78 (24%)
were negative and 152 (46%) were indeterminate blento be classified as positive or
negative). The majority of indeterminate tests (J9%curred because of failure to achieve the
target heart rate due to chronotropic incompeteseepndary to beta-blocker therapy, or
physical limitations. There were more abnormal ichh characteristics associated with an
indeterminate result, than a positive or negatesult. Patients with an indeterminate result
were older and more likely to have a history of Hiabetes, AF, anaemia and renal
dysfunction, as well as a higher log (BNP). Pasenith positive and indeterminate MTWA
tests were quite different, in terms of clinicalacdcteristics, questioning the contemporary

way of classifying these results as ‘non-negative’.

The mean follow-up was 18 months (SD 8.1) and 1&aths occurred during this period.
There were proportionately more deaths amongsipétents ineligible for MTWA testing
than those eligible. There was no significant défece in mortality rates between patients
with HF-PEF and HF-REF. There was no significaritedence in crude all-cause mortality
rates between the three MTWA groups. Unexpectegiigtients with negative and
indeterminate results had proportionately similasrtaity rates whilst those with positive
results had proportionately fewest events ovekdlWA was analysed in the accepted way of
‘non-negative’ (positive and indeterminate) and ateg, but this did not alter the results.
Indeed, the very different mortality for those pats with positive and indeterminate results

challenges the use of this ‘non-negative’ clasatian.

MTWA had no incremental prognostic value when adiged multivariable model containing
the strongest predictors of mortality in this studye independent predictors of all-cause
mortality following stepwise multivariable modeljnwere; lower body mass index, New
York Heart Association class IlI-IV, previous myod&l infarction, elevated BNP

concentration and elevated troponin levels.

In summary, MTWA treadmill-testing was not widelgpdicable in typical patients with HF
and failed to predict mortality risk. At present MVA cannot be endorsed as a tool for

improving risk stratification in HF.
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CHAPTER ONE

INTRODUCTION
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1.1 Epidemiology and pathophysiology of heart failte

1.1.1 Definition of heart failure

Heart failure (HF) is the clinical syndrome thators when the ventricle fails to properly fill
with or eject blood. It commonly presents with syoms of breathlessness and fatigue and
clinical signs of fluid retention. Depending on ttiming of symptoms and signs, HF may
present in one of three ways; acude ‘novo HF, chronic HF or acute decompensation of
chronic HF. Acute de novo’HF may present as acute pulmonary oedema or cgnaio

shock, often in the context of an acute coronangesyme.

1.1.2 Global burden of heart failure

HF is a significant public health problem interoatlly. In Europe the overall prevalence is
2-3% (1). The prevalence of HF correlates with age increases exponentially, rising to 10-
20% for septuagenarians. Younger patients with HFnaore likely to be men with reduced

systolic function secondary to myocardial infarntiggredominantly because coronary heart
disease occurs earlier in men. On the other hddeklg patients with HF are more likely to be

women with HF with preserved systolic function, aedary to established hypertension (2).
Overall the prevalence of HF is rising, particwar developed countries as life expectancy
improves. Thus the burden this health problem Imasaziety is increasing. The incidence of
HF is also age-related. In the United Kingdom (U&)opulation-based study found that the
majority of new diagnoses of HF occur in the elgevith an incidence rate of 0.2 cases per
1000 population per year for 45-55 year olds, gdim 11.6 in those 85 years and over (3). In
this study the incidence was greater in males hedrtedian age at presentation was 76 years.

The financial burden of HF is huge and growing. Tdaeise of this is multifactorial and
includes the increasing prevalence of HF, an ag@ogulation, a rising rate of hospital
admissions for HF and the availability of expensitheerapies that are revolutionising

treatment of this condition. The implications faaithcare systems are substantial. Between
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1-2% of the National Health Service (NHS) budgespent on HF (4), whilst in the United
States a recent estimate for annual expenditurklffowas 27.9 billion dollars (5). In the UK,
HF accounts for around 5% of all hospital admissi¢®) and readmission rates are high,
almost one-third of patients hospitalised with HRynbe readmitted within one year of
discharge (6). Unsurprisingly, hospitalisation soatcount for the majority of the budget

spent on HF.

1.1.3 Aetiology of heart failure

HF may result from a broad spectrum of structurafumctional cardiac and non-cardiac
disorders and is often the end-stage of many fafnsardiovascular disease. The common
causes of HF and their clinical presentations aténed in Table 1-1. Causes of HF can be
categorised into disorders of the pericardium, mydicm, endocardium or great vessels.
Myocardial disorders are the most common causét~adind are often classified according to
ejection fraction (EF), namely HF with reduced @&t fraction (HF-REF) or HF with
preserved ejection fraction (HF-PEF). HF-PEF iscubsed in more detail below (section
1.1.5). HF-REF is also commonly classed as isch@aemmon-ischaemic HF. Common causes
of non-ischaemic HF-REF include hypertension, viarviheart disease, arrhythmias, alcohol
and dilated cardiomyopathy. The cardiomyopathies arcollection of myocardial diseases
that are often, but not exclusively, familial in ieh the diagnosis can only be made after the
exclusion of other causes of heart failure. Thefed#nt types of cardiomyopathy are
hypertrophic, dilated, restrictive, arrhythmogemght ventricular and unclassified (7).
Hypertension is also a common cause of HF-PEF. rOtaises of HF-PEF include
hypertrophic, restrictive and infiltrative cardioopathies. HF-PEF often occurs in association
with atrial fibrillation (AF). Other causes of Hifeapresented in Table 1-2.

Aetiology and risk factors for HF exhibit geogragdli variation. Coronary heart disease is
undoubtedly the most common cause of HF in developeuntries, accounting for

approximately 70% of cases (8). Hypertension is nlegt commonest cause in Western
countries, followed by valvular heart disease {palarly degenerative) and cardiomyopathies.

Arrhythmias and alcohol are also frequent precsrsoir HF in developed countries. In
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Africans and African Americans, hypertension isoaimon cause of HF (9), whilst in South
America Chagas disease is often implicated (10§lelveloping countries, rheumatic valvular

heart disease and nutritional deficiencies are rnonemon causes of HF (11).

Coronary heart disease has not always been the onashcause of HF in Western societies.
Hypertension was the most common cause in thenadigiramingham study (12). However
the proportion of cases of HF caused by hypertensas decreased over the follow-up period,
whilst those attributed to coronary heart diseageehrisen. The reasons for the changing
aetiology of HF are likely multifactorial and incle improvements in survival after a
myocardial infarction (13) as well as increasingeasibility to techniques for diagnosing
coronary heart disease. Hypertension may be resperter fewer cases of HF owing to
pharmacological advances in antihypertensive theragpeventing the longer term
complications such as HF (14).

Table 1-1: Common causes of heart failure and thecommon modes of presentation

Cause Examples of presentations

Coronary heart disease Myocardial infarction

Chronic ischaemia

Arrhythmias
Hypertension Heart failure with preserved systhliection

‘Burnt out’ hypertensive cardiomyopathy

Malignant hypertension with acute pulmonary oedema
Valvular heart disease Degenerative

Rheumatic fever

Endocarditis

Congenital valve disease

Arrhythmias Atrial fibrillation
Cardiomyopathies Idiopathic
Alcohol
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Table 1-2: Other causes of heart failure and theimodes of presentation

Cause

Examples of presentations

Cardiomyopathies

Congenital heart disease

Infective

latrogenic

Infiltrative

Storage disorders

Endomyocardial disease

Pericardial disease

Metabolic

Neuromuscular disease

High-output

Familial
Peripartum
Toxins (cocaine, iron, copper)
Corrected transpositignezt arteries
Repaired tetralogy of Fallot
Ebstein’s anomaly
Viral myocarditis
Chagas disease
Human immunodeficiency virus
Lyme disease
Anthracyclines
Abstruzimab
Steroids
Amyloid
Sarcoid
Neoplastic
Haemachromatosis
Fabry disease
Glycogen storage diseases
Radiotherapy
Endomyocardial fibrosis
Carcinoid
Calcification

Infiltrative

Endocrine (e.g. acromegaly, thyroid dssga

Nutritional (e.g. deficiency of thiamine, selenium)

Autoimmune (e.g. scleroderma)
Friedreich’s ataxia

Muscular dystrophy

Anaemia

Thyrotoxicosis

Arteriovenous fistulae

Paget'’s disease
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1.1.4 Diagnosis of heart failure

The Heart Failure Association of the European Sp@é Cardiology (ESC) specify that three
diagnostic criteria must be met in order to make diragnosis of HF (1). Firstly, the patient
must experience symptoms characteristic of thisditimm. These include breathlessness,
fatigue and ankle swelling. Secondly the patiemusth have clinical signs indicative of HF,
including amongst others; tachypnoea, tachycardiaed jugular venous pressure, pulmonary
crepitations, pleural effusions and peripheral oeale Finally, there must be objective
evidence of structural or functional cardiac diseabhis may be verified by evidence of
cardiomegaly, a third heart sound, echocardiogagiinormalities or a raised natriuretic

peptide level.

1.1.5 Heatrt failure with preserved ejection fractim

Myocardial disorders account for the vast majooitgases of HF, caused by either systolic or
diastolic dysfunction. Systolic dysfunction leads & low left ventricular ejection fraction
(LVEF). Diastolic dysfunction impairs left ventriew (LV) distensibility, filling and
relaxation, irrespective of LVEF. Yet, patientstwiiF are often subdivided according to their
EF; HF-REF or HF-PEF. One possible explanationtfos is because of the difficulties
measuring diastolic dysfunction. HF-PEF diagnos®dlg by LVEF may encompass patients
without diastolic dysfunction. Indeed, the majonidal trials of pharmacological therapy in
HF-PEF enrolled patients solely on the basis oé@mocardiographically assessed LVEF (15-
17). HF-REF may also include patients with diastalysfunction. Unlike HF-REF, HF-PEF
remains a diagnosis of exclusion. Non-cardiac cwu$eigns and symptoms of HF must be
excluded before HF-PEF can be accurately diagnosed.

The LVEF cut-off criterion for HF-PEF varies in flifent guidelines and studies. A recent
ESC consensus statement includes more than jusELiNEhe diagnostic criteria of HF-PEF
(18). In addition to the presence of signs or syms of HF and normal or mild LVSD, these
guidelines recommend that there should be evidesfceliastolic dysfunction, obtained
invasively or non-invasively. Normal or mild LVSB defined as LVEF > 50% (18).
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HF-PEF and HF-REF may be considered as two endspéctrum. Both lead to reductions in
exercise tolerance and activation of neurohormasyatems with different myocardial
remodelling processes. HF-PEF is recognised asaugsor to HF-REF in several causes of
HF, for example hypertension and the cardiomyopathiEpidemiological studies have
revealed that as many as 50% of HF patients witeadecompensation have HF-PEF (19-23).
HF-PEF is the principal cause of HF in the eldarig in women (23;24). Although previously
considered to have a more favourable prognosis H&REF, HF-PEF is now considered to
be associated with significant mortality risk. Thertality rates of HF-PEF vary between
clinical studies. This variation may be explainegl the heterogeneity of the populations
studied and the diagnostic criteria used for HF-PEEcent large population studies have
reported one year mortality rates of 22% and 29%patients with HF-PEF (19;23),
comparable to one year mortality rates of 21% okeskin a recent local study (25). Yet,
despite the poor prognosis associated with thiditon, treatment of HF-PEF remains
challenging and largely symptomatic based. This istark contrast to HF-REF, for which a

large evidence-base exists.

1.1.6 Treatment of heart failure

The treatment of HF-REF consists of pharmacologiaVice and surgical therapy. Advances
in pharmacological therapy over the last three desahave significantly improved the
prognosis for many patients with HF-REF. The fgt&p of managing HF-REF should involve
initiating diuretic therapy and an angiotensin-cemwvmg enzyme (ACE) inhibitor. There is a
large evidence-base for the use of ACE inhibitarklF-REF for improving both mortality and
morbidity (26;27). For patients hospitalised wigcdmpensated HF, an ACE inhibitor should
be initiated prior to discharge from hospital. Pats intolerant of ACE inhibitors may be
prescribed an angiotensin-receptor blocker (ARB).(2ll patients with HF-REF should also
be treated with a beta-blocker, unless contrainelicaThere is significant evidence of
improved mortality and morbidity with the use oftdodlockers in addition to ACE inhibitor
therapy (29-31). Patients hospitalised with decampted HF may be commenced on beta-
blocker therapy prior to discharge, once they &bls and euvolaemic (31). Following ACE
inhibitor and beta-blocker therapy, patients with-REF and persistent symptoms should be
started on an aldosterone antagonist (32;33).
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The introduction of device therapy, in the formtbé implantable cardioverter defibrillator
(ICD) and, more recently, cardiac synchronisatiberapy (CRT), has revolutionised the
treatment of HF-REF. ICDs have been demonstrateedioce the risk of sudden cardiac death
in patients with HF-REF. The majority of evidenaar this comes from trials involving
patients with coronary heart disease (34-36) athaihere is evidence of survival benefit in
patients with non-ischaemic HF-REF (37). CRT witdt@maker function (CRT-P) should be
considered for patients with moderate-severe HRMNerk Heart Association [NYHA] IlI-
IV) with left ventricular ejection fraction (LVEF¥X 35% and QRS duration 120ms that
remain symptomatic despite optimal medical theré®§). Patients who fulfil criteria for
CRT-P and who have a life expectancy exceedingat gleould be considered for CRT-D (39).
Patients with mild HF (NYHA I-Il, LVEF 30% and QRS duration 130ms) (40) and those
with mild-moderate HF (NYHA I1I-11l, LVEF< 30% and QRS duration 120ms) (41) should
also now be considered for CRT-D.

Surgical treatment for advanced HF-REF is availabléhe form of cardiac transplantation,
ventricular assist devices and artificial hearteege are therapies of limited resource, for
financial and availability reasons, and therefongstrbe targeted to those at highest risk of
dying and greatest potential for benefit. Patiemts HF, LVEF < 35% and coronary artery
disease amenable to coronary artery bypass grafiABG) may be considered for CABG,
although a recent trial showed no difference incalise mortality compared with medical
therapy alone (42).

The evidence-base for the treatment of HF-PEF &s lelear. Diuretics are used for
symptomatic control and fluid balance. There isdewmce that ARBs reduce hospital
admissions in patients with HF and preserved sgstahction (15). However there is no
evidence of mortality benefit with modulation okthenin angiotensin system (15-17). Results

are awaited for the effect of aldosterone antagdhesapy in HF-PEF (43).
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1.1.7 Prognosis in heart failure

Although advances in the modalities of treatmentehgreatly improved the prognosis for
patients with HF, the outlook for many remains po®he mortality rate is high and

comparable with rates seen in many common candéjs Around 50% of patients with heart
failure will be dead at 4 years (1). The morbidityd mortality associated with hospitalisation
for HF is dire; 40% of patients will be readmitteddead within 1 year (1). The mortality rate
for new cases of HF admitted to hospital is higlvaghin the first few weeks with a 30 day

mortality rate approximately 10-20% (2).

1.2 Prognostication in heart failure

1.2.1 Importance of assessing prognosis

Determining whether a patient with HF is at higbkriof mortality is important for several
reasons. Optimal tolerated doses of evidence-bagelical therapies are indicated regardless
of risk status. However, other therapies for whicére are limited resources, such as ICDs,
CRT and cardiac transplantation should be targétethose at highest risk of dying and
greatest chance of benefit. Those at particulaiyh risk of dying can be considered for
appropriate end-of life care. Benefits can alsmedrom identifying those at low risk of
dying. Patients at lower risk could be reassuiteat invasive therapies (e.g. ICDs or
transplantation) are unlikely to be in their intese

Accurate assessments of prognosis can also cooteromic benefits. This is particularly
important given the financial burden associatechwiE. The majority of this expenditure is
incurred in the provision of inpatient care. ldénitig low risk patients in hospital may allow
appropriate early discharge, thus improving hospéticiency and targeting intensive
monitoring and longer hospital stays to high risktignts. Furthermore, identifying patients at
high risk of admission or readmission to hospitajimh allow targeted interventions to lower

hospitalisation rates.
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A universal approach to defining prognosis in HEEasnplicated for several reasons. HF is a
clinical syndrome with a range of aetiologies anedchanisms and is associated with both
reduced and preserved LV systolic function. Pagievith HF often have co-morbidities which
also influence prognosis. For these reasons, madiyidual predictors of morbidity and
mortality do not have independent predictive powren incorporated into multivariable
models. Moreover, patients with HF face competiisgsr of progressive pump failure and
sudden cardiac death (SCD). Thus predicting prdgnims patients with HF is extremely

challenging.

Yet despite the recognised importance of prognaistic in HF, accurate determination of
individual risk within this large and heterogeneqapulation is a major challenge. It has
recently been demonstrated that physicians oftédntdaaccurately predict mortality for
patients with advanced HF (45).

1.2.2 Traditional predictors of prognosis in heartfailure

Many individual markers have been associated withirecreased risk of mortality and

morbidity in HF. These include a spectrum of demapbic data, past medical history,
physical examination findings, comorbidity, aetgyoof HF, electrocardiographic parameters,
echocardiographic variables, exercise-related petens, laboratory blood results and
haemodynamic variables. Some of these markersxample the natriuretic peptides, have
been identified to be independently predictive mmprehensive multivariable analyses
undertaken in large cohorts of HF patients. Howereny markers have limited prognostic
ability having been identified in small cohortseafonly univariate or limited multivariable

analyses. Few markers have been evaluated in #icpon of cause-specific death. The

established prognostic markers in HF are display&able 1-3.

The use of individual risk markers in isolation hasited prognostic utility. The absence or
presence of a single risk marker does not necéssarivey a good or bad prognosis. Multiple
individual risk markers may be present in any gipatient. Combining these to predict an

individual’'s prognosis is a challenge that hasyattbeen adequately met.
40



Table 1-3: Established prognostic markers in heartailure

Category

Prognostic Marker

Demographics

Comorbidity

Clinical parameters

Laboratory tests

Electrophysiological

Imaging

Haemodynamics

Age
Male sex

Coronary artery disease

Resuscitated sudden cardiac death

Chronic renal failure
Diabetes mellitus

Anaemia

Chronic obstructive pulmonary disease

Low blood pressure
Increasing heart rate
NYHA class llI-IV
Prior HF hospitalisation
B-type natriuretic peptides
Sodium
Creatinine/Urea/eGFR
Haemoglobin
QRS duration
LVEF
LV end-diastolic dimensions
Peak (O

6 minute walk test

eGFR = estimated glomerular filtration rate; 30oxygen consumption
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1.2.3 The B-type natriuretic peptides

The natriuretic peptides consist of a group of 4rfames (A, B, C and D). The principal
role of these hormones is to regulate sodium artdnmeostasis via natriuresis, diuresis
and vasodilatation. The B-type natriuretic pepti(@NPs) have been most widely studied
in HF and their name derives from the site of arigi their discovery - porcine brain (46).
However it has since become apparent that the msgaretory source of these
neurohormones in humans is the left ventricle (LRfOBNP is the precursor from which
the biologically active BNP and inactive N-termiupabBNP (NT-proBNP) are derived.
ProBNP is produced predominantly by ventricular oyes, and to a lesser extent in the
atria, and synthesis increases in response talstagid dilatation of the LV. The biological
half-life of BNP is approximately 20 minutes whilST-proBNP, partially excreted by the
kidneys, has a half-life of between 1-2 hours. ddiion to natriuresis, diuresis and
vasodilatation, the physiological actions of BNBoainclude inhibition of the sympathetic
and renin-angiotensin-aldosterone systems and tieduén myocardial fibrosis and

vascular smooth muscle proliferation.

Over the last 5-10 years, BNP and NT-proBNP haweesingly been used in HF for
diagnostic and prognostic purposes. One of thegting of this test as a diagnostic tool is
its high negative predictive value (47). Clinicakeuof this biomarker has been endorsed by
the ESC guidelines for HF and features in the datjo pathway. These guidelines state
that a diagnosis of chronic HF is unlikely in umtied patients with normal BNP or NT-
proBNP levels (1).

In recent years, BNP has become established aswvarfub predictor of prognosis in
chronic HF, independent of many other markers sK.rindependent prognostic power for
mortality has been demonstrated across the HF rsjpectncompassing asymptomatic
LVSD (48), mild to moderate severity (49;50) and/axated HF (51). It has also been
demonstrated that patients with BNP levels thatrefese significantly have a more
favourable prognosis. On the other hand, elevatd® Evels that fail to fall or rise over
serial measurements confer highest mortality r&&K.(Studies evaluating the link between
BNP and prognosis have largely concentrated onaaise mortality or cardiac mortality,
incorporating both modes of death in HF; pump failand SCD. However, one study has
established BNP to be the only independent prediofoSCD in chronic HF in a
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multivariable analysis including systolic blood gsare (SBP), LVEF, NYHA, coronary
heart disease, diabetes, heart rate and HF mexisd63).

BNP and NT-proBNP have also been demonstrated tbebeficial in the diagnosis of
acute HF. These biomarkers have high negative gireglivalues for patients presenting to
Accident and Emergency departments with breathésssn(54-56). The diagnostic
accuracy of BNP has incremental benefit, after ivaliable adjustment for standard
clinical variables, in the identification of patisnwith acute HF (55). Akin to its role in
chronic HF, BNP has also been shown to be a poleetierminant of prognosis in acute
HF (57). BNP levels that rise during an admissiathvacute HF are predictive of an
increased risk of both mortality and readmissiothwiecompensated HF (58). Moreover,
one study found a high pre-discharge BNP to bette significant variable for predicting
risk of death or readmission with HF. This followedltivariable adjustment including
clinical variables, echocardiographic parameterd parcentage change in BNP levels

during admission (59).

BNP and NT-proBNP are simple, non-invasive biomegkeith powerful prognostic
utility in HF, independent of many established peeds of risk. The BNPs should be

incorporated into the management of all patients WiF to guide prognostication.

1.2.4 Cardiac troponin

Cardiac troponins are emerging as potentially pawdriomarkers for prognostication in
HF. Troponin is a complex of three integrated pgraé€troponin C, troponin | and troponin
T), integral to muscle contraction and relaxatiowl ander the regulation of intracellular
calcium concentration (60). Cardiac troponin | @argponin T are cardiac specific, levels
are not raised following noncardiac injury or diseaCardiac troponin has become
established as the gold standard biomarker fodihgnosis of acute myocardial infarction
(61). Acute myocardial ischaemia and necrosis dgstthe myocyte structure, resulting in
large elevations of the troponin proteins in theoblstream. Modern troponin assays are
able to detect small elevations in cardiac troponépresentative of minor myocardial

injury in acute coronary syndromes. These biomarkeovide prognostic information and
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are used in the risk stratification process forguds with an acute coronary syndrome (62-
64).

Troponin elevation reflects myocardial damage b&itnot indicative of a specific
pathological process. Elevated levels of troponie detectable in the absence of
myocardial ischaemia in a wide range of clinicahditions, including HF. The majority of
cardiac troponin is located within the complex ilweal in the contractile process with the
remainder existing in the cytoplasm. The mechanishmonischaemic troponin elevations
are unclear but are probably related to disruptbrihe cell membrane and release of
cytoplasmic troponin, leading to small rises ofptoin concentration in the bloodstream.
Possible mechanisms in HF include; ongoing myoagerosis in ischaemic LVSD (65),
cellular stretch in dilated cardiomyopathy (66-68gntricular remodelling (69) and

chronic activation of the neuroendocrine and infiaaory pathways (70).

Several studies over the last decade have ideht#ie elevated troponin in 10-50% of
patients with chronic HF (71-73). Troponin elevatia patients with stable HF may reflect
pathophysiological mechanisms such as continuab&ofic leakage’. Elevation of this
biomarker has been linked with adverse clinical cootes, including mortality,
hospitalisation with HF and cardiac transplanta{iof-75). A multimarker approach with
BNP and other established biomarkers has recengdgn bshown to improve risk
stratification in two modest-sized studies of pat$ewith advanced HF (71;75). Only one
study published to date has included troponinpnagnostic risk score for chronic HF (76).
This large study stratified patients into risk cmiees using ten non-invasive variables,
including troponin and NT-proBNP. A high score esponded with a four-fold risk of the
primary outcome of cardiac mortality. This risk ke® yet to be validated in an external

cohort to determine its applicability to a gend#&l population.

More recently, troponin elevation has been idesdiiin patients with acute decompensated
HF. Unsurprisingly, these studies have found higbpprtions of patients to have raised
troponin levels in the decompensated state (697782). Elevation of troponin has also
been linked to adverse clinical events in theseistu Although many of these studies
have evaluated the incremental prognostic valuanotlevated troponin, albeit some in
limited multivariable analyses, the incorporatidntreponin into a prognostic risk tool is

currently lacking for acute HF.
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Troponin elevation is common in chronic and acute khe prognostic significance of
which is emerging. Many studies to date have evetlthe impact of a raised troponin in
univariate or limited multivariable analyses. Morecent analyses have shown an
incremental prognostic value for troponin over trariuretic peptides. No studies have
evaluated the significance of elevated troponiprediction of cause-specific death in HF.
The combination of troponin with other establistaimarkers in the form of a prognostic

scoring tool may improve risk stratification in HF.

1.2.5 Rationale for improving prognostication

There remains a real need for improving prognostinain order to improve the

management of patients with heart failure. Thiggsential in an era in which complex
therapies are improving outcomes but are limitedrégources and financial restraints.
Accurate targeting of these therapies is requiocedptimise their use. An accurate means
of predicting an individual’s risk will facilitatehe efficient allocation of therapies and
provide physicians with an objective assessmerntheifr patient's prognosis. The latter
may enable medical staff to have more honest afanmative discussions with their

patients regarding prognosis. In a wider senserampg risk assessment in HF may
further knowledge of the pathophysiology of thisndition. Identification of novel

biomarkers and determining the combinations ofaldeis which identify those at greatest
risk are likely to provide avenues for further @sd and new targets for potential

therapeutic intervention.

1.2.6 Identifying cause-specific mortality in hearfailure

Many established and novel biomarkers are predioctivan increased risk of all-cause
mortality. Few biomarkers have demonstrated a dhiyabo determine cause-specific

mortality. This is particularly relevant in HF wigemany deaths may be attributed to SCD
caused by ventricular tachyarrhythmic events (Vagi) better selection of candidates for
primary prevention ICD devices is warranted. Manydglines advocate the use of LVEF
to select candidates who would most benefit fromiadeimplantation (1;83;84), as this

was what gated the clinical trials inclusion cigerHowever, in the largest randomised

controlled trial evaluating primary prevention IGRerapy in patients with reduced LVEF
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HF, 79% of patients in the ICD arm did not use rthigvice (37). Moreover the absolute
risk reduction in the group randomised to ICD tpgravas modest at 7.2% over 5 years
follow-up. Although this landmark study clearly denstrated the mortality benefit
associated with reducing SCD in HF, it also highiegl the limitation of LVEF in isolation
for identifying those at risk of SCD.

Other non-invasive tests have been scrutinisedotenpal biomarkers for predicting the
risk of SCD in HF. These include electrocardiogiagdarameters, markers of autonomic

dysfunction, imaging modalities and serum biomasker

A prolonged QRS duration is associated with a gwognosis in patients with HF and is
currently part of the selection criteria for impation of CRT devices (83;84). However,
patients with HF and a normal QRS duration remaihigh risk of SCD (37;85). This
highlights the difficulty of using QRS duration astool for predicting risk and ICD
requirement. The presence of nonsustained arrhgthdoes not predict risk of SCD in HF
(86). Markers of ventricular repolarisation, such@T dispersion, QT dynamics (ratio of
QT to RR interval) and QT interval rate dependemaee been linked to increased risk of
arrhythmias. Many of these markers have been preelifor all-cause mortality rather
than SCD or have been predictive for SCD after tkohimultivariable analyses and in
patients on sub-optimal medical therapy (87). OtHectrophysiological markers, such as
signal-averaged electrocardiogram (ECG), are atsiteld predictors of SCD due to their
low sensitivity (88). Markers of autonomic dysftina, such as baroreflex sensitivity and
heart rate variability, have limited clinical utylidue to their low sensitivity (88). The
clinical utility of BNP as an independent predictdrSCD in chronic HF has already been
discussed in section 1.2.3. Markers of collagemawer, such as procollagen type 1
aminoterminal peptide (PINP) and PIIINP have beemahstrated to be elevated in HF
and may have a role in predicting SCD (89). The i nuclear imaging with single-
photon emission computed tomography (SPECT) isrekpg in HF and may be used to
risk stratify patients for SCD in the future (90).

Microvolt T-wave alternans (MTWA) has recently be@moposed as a potential tool for
identifying patients at risk of sudden cardiac Hestd assisting in the selection of patients

for primary prevention ICD therapy.
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1.3 Microvolt T-wave alternans in heart failure

1.3.1 Definition and clinical application

T-wave alternans describes beat-to-beat fluctuation the morphology of the
electrocardiographic T-wave. Experimentally, it le®n suggested that T-wave alternans
is caused by cellular repolarisation alternans,ctvhtan cause dynamic instability in
cardiac repolarisation and has been mechanistiltakgd to a predisposition to ventricular
arrhythmias (91). Repolarisation alternans is tibug be due to action potential duration
alternans and abnormal intracellular calcium hagdl{(92). Repolarisation alternans
normally develops in a concordant way with all myles alternating in phase. The
presence of repolarisation alternans may cause/thmiias if discordant repolarisation
alternans develops. In early clinical studies, MTW#ing atrial pacing was associated
with ventricular arrhythmia (93). MTWA testing isow performed clinically using a
commercially available system (CH2000 or HearTwdyeCambridge Heart, Bedford,
Mass). MTWA testing is undertaken using proprietamw-noise ECG electrodes. Patients
must be in sinus rhythm and the heart rate is as&é up to a maximum of 110 beats per
minute (bpm) by using sub maximal treadmill exexci8 series of beats recorded at a
stable heart rate are lined up and the amplitudeach T-wave at the same time with
respect to the QRS complex is plotted. These theta indergo spectral analysis using fast
Fourier transformation, a computer mathematicat@ss that transforms a waveform into
the components of its frequency spectrum. Thisrdetees the magnitude, at the microvolt
level, of T-wave fluctuations occurring on altemnabeats. If sufficient alternans is
sustained at heart rates <110 bpm, the test isifitab as positive. Absence of alternans
activity at 110 bpm constitutes a negative testerlans is a heart rate dependent
phenomenon and the presence of alternans at lagest¥110 bpm is considered normal. A
test that satisfies neither set of criteria is silfed as indeterminate. An indeterminate test
may occur when analysis is not possible due tdaatti ectopic beats, nonsustained
alternans or inability to raise the heart rate 10 bpm. The latter may occur either due to
chronotropic incompetence or if the patient is ptalyy incapable of exercising long
enough to raise their heart rate. The computeesysgfenerates a report and an automatic
classification of the MTWA results. MTWA tests areported as positive, negative or
indeterminate. Patients in AF are ineligible for WA testing by the spectral method as

unequal R-R intervals confound the frequency amalydTWA can also be determined
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with time-domain methods, which are applicable t© @&d Holter data. This method has
been evaluated during pacing (94), in patients igaieg routine exercise tolerance testing
(95) and in post myocardial infarction studies @99; but at present no prospective data
are available regarding the prognostic value oftétdbased MTWA testing in patients
with HF.

1.3.2 Predictive value of microvolt T-wave alternas

The published studies that have assessed the twedi@lue of MTWA testing during

exercise are summarised in Table 1-4.

1.3.2.1Known or suspected arrhythmia

In a population of 313 patients referred for cazdeectrophysiological study (EPS), a
positive MTWA test predicted the primary endpoirft \6TE (VTE: SCD, ventricular

fibrillation [VF], sustained ventricular tachycaadiVT] or appropriate ICD therapy) better
than EPS (relative risk [RR] 10.9 vs.7.1) (98). Hwer, this was a heterogeneous
population; some patients were referred for EPSalmee of prior cardiac arrest, while

others were undergoing assessment of supravetri@dhycardia.

1.3.2.2Myocardial infarction

Three studies have investigated the prognostigyutif MTWA following myocardial
infarction (MI) regardless of LVEF. Only one hagygasted that MTWA may predict SCD.
This study enrolled 850 consecutive patients whdeawent MTWA testing after M
(mean 2.7 months post-Ml). A positive MTWA test gicted SCD or resuscitated VF,
although the event rate was only 3% in this popatat99). The proportion of patients
prescribed a beta-blocker was low (30%). Two ogttedies have suggested that MTWA is
not prognostically useful in this population. In eon140 consecutive patients were
investigated in the first 30 days following MI. @nthree endpoints, death or VTE,
occurred over 15 months of follow-up (100). A pov&EtMTWA test did not predict events
in this low-risk population. The second study exai the predictive value of MTWA for
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all-cause mortality in patients early after MI (me& days post-MI) (101). Of 323
consecutive patients, only 56 (17%) had a positMaVA result. None of the 26 deaths
occurred in this group. Notably, these patientsewm@rceiving optimal medical therapy,
including a beta-blocker in 97%, at the time of MAWésting.

In a cohort of 1041 patients with preserved LVEE@MI (mean 48 days post-Ml), a
positive MTWA test did predict VTE, although themiber of endpoints was extremely
low over a long period of follow-up (18 over 34 ntios) (102).

Two small studies have enrolled patients meetingtidnter Automatic Defibrillator
Implantation Trial (MADIT)-1I entry criteria (prewius MI, LVEF< 30% and no history of
ventricular arrhythmia) from other cohorts. In 18%h patients, none of the twelve who
experienced SCD or resuscitated VF had a negatiVeVM result (103). In a subgroup
analysis of a larger study, 177 patients meetingDVIAIl criteria were studied. MTWA
tests were classified as abnormal (positive orterd@nate) in 68% and normal (negative)
in 32% (85). The hazard ratio (HR) associated veith abnormal test was 4.8 (95%
Confidence Interval [CI]: 1.1-20.7), but this wasly adjusted for QRS duration, and

therefore does not reflect incremental prognosiice.

Results from two larger studies were publishedraftg study commenced. The Microvolt
T-Wave AlternanS Testing for Risk Stratification Bbst M| Patients (MASTER) study
(104) study examined MTWA in 575 MADIT-ll-indicate€D-treated patients. MTWA
tests were classified as non-negative (positive st indeterminate 12%) and negative
(37%). After multivariable adjustment (includingead-VEF, beta-blocker medications,
QRS duration and NYHA class), a non-negative MTWAult did not predict VTE. The
Cardiac Arrhythmias and Risk Stratification After csée Myocardial Infarction
(CARISMA) study (105) examined MTWA in 312 patienBatients were tested six weeks
post-Ml, all had LVEF< 40% and all received an implantable ECG loop-r@enr In
addition to MTWA testing, heart rate variability amires, signal-averaged ECG and
electrophysiological studies were also performedlVWA was not predictive of the
primary endpoint of VF/VT, all-cause mortality cardiac death. The strongest predictors
of the primary endpoint were measures of heartvatability. MTWA does not appear to

have clinical benefit early after Ml in patientstivLVSD.
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The evidence for the use of MTWA in the risk sfrafition of patients post-Ml is not
robust. The negative predictive value (NPV) mayhigh in selected patients, but the

results are conflicting in more representative ctsho

1.3.2.3 Ischaemic left ventricular systolic dysfurton

Three studies have examined the prognostic valUdTOVA in patients with ischaemic
LVSD. The first performed MTWA testing in 144 noofsecutive patients referred for
EPS (106). The cohort was separated into primary (88) and secondary (n = 56)
prevention subgroups and 111 patients receivedCéh because of a prior history or
induction of sustained ventricular arrhythmia. Aspiwe MTWA test did not predict the

primary endpoint, death or VTE, in the primary gmetron subgroup.

The second study evaluated 768 consecutive patieitis coronary heart disease and
LVSD (107). The authors analysed positive and ieiheinate tests together and separately,
addressed cause-specific death as a secondaryiehdpa performed a more extensive
multivariable analysis than previous studies. Hoavethe follow-up was relatively short
(mean 18+10 months) and the event rate (n=99) wasfor this type of population,
limiting the power of the study. A non-negative MRWest independently predicted all-
cause mortality (HR 2.24; 95% ClI, 1.34 to 3.75) andhythmic mortality (HR 2.29; 95%
Cl, 1.0 to 5.24) in the whole population. Howewghen positive and indeterminate results
were analysed separately, positive results faibegredict arrhythmic mortality, whereas
indeterminate results predicted both all-cause ardhythmic death. Therefore,
indeterminate rather than positive tests accoufdethe majority of the predictive value
for arrhythmia in this study, which contradicts theposition that MTWA identifies a

specific proarrhythmic substrate.

The Alternans Before Cardioverter Defibrillator (8B) study published results as my
study was closing (108). This interventional stwdgruited 566 patients with ischaemic
LVSD and nonsustained VT and compared the abifity &WA and EPS to predict VTE.
The 1-year event rate was lowest (2.3%) when lestts were negative and highest (11.1%)
when both were positive. The event rate was intdiate and similar when only 1 test was
positive (MTWA positive, 6.5%; EPS positive, 7.8%lowever, the 1-year event rate was
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highest when MTWA was indeterminate and EPS wa#ipeg14.8%). Use of an ICD
(shock or pacing) accounted for the majority of gmuints (85%). However, ICD
implantation was not compulsory if both tests weoemal, and so patients in this group
(n=99) may have been less likely to reach an erct.p@loreover, because ICD therapies
occur more frequently than SCD in patients withii@Ds, a significant proportion of the

end points in this study may have been attributablen clinical arrhythmias.

1.3.2.4Left ventricular systolic dysfunction irrespectiveof aetiology

One study recruited 549 patients with LVSD and mstolny of sustained ventricular
arrhythmia, including patients with both ischaerfric= 267) and non-ischaemic (n = 282)
cardiomyopathy (109). The primary endpoint was mposite of death and VTE. Over 20
months, there were 2 deaths and 2 ICD dischargdginormal (negative) MTWA group
(n = 189) compared with 38 deaths and 9 ICD disgsin the abnormal (positive or
indeterminate) MTWA group (n = 360). The proportigith an ICD in each group was the
same. After multivariable adjustment, an abnormdVA test was associated with an

increased risk of VTE.

Results were published from an electrophysiologM@WA study shortly after my study
began. This study investigated the predictive vadieMTWA in patients with both
ischaemic and nonischaemic cardiomyopathy, refefoedEPS for evaluation of non-
sustained VT and/or syncope (110). MTWA was pergdrduring atrial pacing at the time
of EPS. Over 38 months, the primary endpoint ohyhmia-free survival (defined as
freedom from death or sustained ventricular arnmy#ls) was higher in MTWA negative
patients (88%) than MTWA non-negative patients (h6Ptowever, the two-year event
rate for death or sustained ventricular arrhythmvas 19% among the MTWA negative
patients. This suggests MTWA alone may be insufitifor identifying a low-risk
population who, by implication, do not need ICD ianation.

1.3.2.5Nonischaemic left ventricular systolic dysfunction

Three studies have examined the prognostic utiify MTWA in non-ischaemic

cardiomyopathy. The first study performed MTWA begtin 104 patients and found that a
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positive MTWA test was independently associatechWITE (111). However, this study

has many limitations. The actual number of endpoims very small (n=12), as was the
sample size, limiting the multivariable analysisamy screened patients were ineligible
because of AF, but no information was given regaydhe number or characteristics of the
patients screened. No patient was prescribed an #@ibitor or beta-blocker prior to

entry into the study and thus MTWA testing was iegrrout on sub-optimal medical

therapy. The mean NYHA functional class was lémmtll and more than half of the
patients were not prescribed a diuretic, suggeshiegmajority had asymptomatic LVSD,

not symptomatic heart failure. The second recruitd8@ patients and compared MTWA
with other arrhythmic markers (112). A positive MAMest was the only independent
predictor of VTE after a mean of 14 months follopi-u This study again has many
limitations. The multivariable model did not indiel age or LVEF. The cohort included
patients with an ICD (27%), mostly for prior sustd ventricular arrhythmia, and 11 of 18
endpoints occurred in those patients. This restrettrapolation of these results to a
primary prevention population. The third and latgetsidy (n = 263) excluded patients
with prior VF/VT and had a longer duration of falteup (52 months) (113). In this study a
positive MTWA test was not associated with the omnce of VTE. In this study an

indeterminate test was associated with the priroatgome on univariate analysis.

The available evidence suggests that MTWA is negliable indicator of arrhythmia in
patients with non-ischaemic LVSD. There appearsetdittle to recommend a strategy of
using MTWA in this population to determine whichtipats should or should not have an
ICD.

1.3.2.6Symptomatic heart failure with low left ventricular ejection fraction

The evidence for the prognostic utility of MTWA tVSD cannot simply be extrapolated
to patients with symptomatic chronic HF, which iglaically distinct entity. When my
study began, only three small studies (n=73, n=¥8,07) had assessed the predictive
value of MTWA testing in patients with HF-REF (1146). On initial review these studies
suggest that MTWA predicts clinical outcome in thpulation. However, they do have

several limitations beyond their size.
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The first study selected 73 patients with NYHA Hronic HF after excluding those with
LVEF < 20% “because of high risk of death”. An additiofd@lpatients with indeterminate
results were excluded, leaving a small and higldected group in which a positive
MTWA test was associated with an increased ris/@E over 17 months (114). In
another study, of 46 patients with NYHA II-lll chmiz HF, MTWA predicted cardiac
death (n=7) but not SCD (n=1) (115). In the thitddy, of 107 patients with chronic HF,
none of the 13 end points occurred in MTWA-negapatients and MTWA was the only
independent predictor of VTE (116). However, thigltimariable analysis included only 7

arrhythmia markers.

These studies are small, appear to be highly selea@nd lack proper multivariable
adjustment. Their limited relevance to real-lifepptations with chronic HF is exemplified
by the mean ages of the patients enrolled (64 y&8rgears, and 56 years, respectively).
The average age of unselected HF populations igedfs (117). This evidence certainly

does not support the routine use of MTWA testingdhk stratify patients with chronic HF.

Results were published from two larger studies @GVW¥A in chronic HF after my study
began. The Microvolt T-Wave Alternans in PatientshwHeart Failure (ALPHA) study
recruited 446 patients with non-ischaemic cardiopayby (LVEF < 40%) and stable
NYHA 1I-1ll chronic HF on optimal medical therapyL18). A non-negative MTWA test
was associated with an increased risk of cardiathder VTE over 18 - 24 months.
However, these patients were older, more symptematd had lower mean LVEF,
imbalances that highlight the need for careful naatiable adjustment in such studies. In
the Sudden Cardiac Death in Heart Failure Trial3€2FT) T-wave alternans sub-study,
MTWA testing was performed in 490 patients with LWVE 35% and NYHA II-Ill chronic
HF (119). In this study 41% of tests were indeteate and over 35 months there was no
difference in the rate of VTE between MTWA groups patients who received either ICD
or placebo. These studies are larger than thoskspall to date and their contradictory
results means that doubt remains regarding theevaltMTWA for predicting arrhythmic

risk in chronic HF.
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Table 1-4: Published observational studies of MTW/ZAexercise testing

Study N Mean age Mean LVEF Prior BB stopped MTWA result (%) Primary end-point Predictive value
(yrs) (%) VTE (%) pre-MTWA
Pos Indet Neg Event Mean FU N RR/HR PPV NPV
(mths) (95% ClI) (%) (%)
Suspected arrhythmia
Gold (98) 313 56 44 19 >24 hrs 31 248 45 VTEF 10 22 RR10.9 NA NA
Post-MI
Ikeda (99) 850 63 NA 0 NA 36 138 51 SCD/ 25 25 RRT 5.9 7 99
VF (1.6-21)
Schwab (100) 140 60 56 0 1 dose 20 278 53 Death/ 15 3 NS 4 97
VTE
Tapanainen (101) 323 62 45 0 No 17 38 45 ACM 14 26 NS 0 99
lkeda (102) 1041 64 55 0 No 17 9 74 VTE 32 18 19.7t 9 99
Post-MI LVSD
Hohnloser (103) 129 63 26 0 NA 60 13 27 SCD/ 17 12 RR 5.5 13 100
VF
Chow (104) 575 65 24 0 NA 51 12 37 VTE 25 70 NS NA NA
Bloomfield (85) 177 61 23 0 No 27 41 32 ACM 20 20 RH4.8 NA NA
(1.1-20)
Huikuri (105) 312 65 35 0 NA NA NA NA VFIVT 22 25 S NA NA
LVSD (ischaemic)
Rashba (106) 144 64 28 39 >24hr 49 25 26 ACM/ 17 50 HR 2.2t 40 84
VTE} (1.1-4.7)
Chow (107) 768 ~67 ~27 0 >24hr 46 21 33 ACM 18 99 R H2t 15 92
(1.3-3.8)
Costantini (108) 566 65 28 0 >24hr 46 25 26 SCD/ 19 65 HR 2.1 9 95
ICD
LVSD (ischaemic and nonischaemic)
Bloomfield (109) 549 56 25 0 No 29 35 36 ACM/ 20 51 HR 6.51 13 98
VTE$ (2.4-18)
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Study N Mean age Mean LVEF Prior BB stopped MTWA result (%) Primary end-point Predictive value

(yrs) (%) VTE (%) pre-MTWA
Pos Indet Neg Event Mean FU N RR/HR PPV NPV
(mths) (95% ClI) (%) (%)
LVSD (nonischaemic)
Kitamura (111) 104 52 41 0 NA 44 208 36 VTE 21 12 R &9t 38 95
(2-34)
Hohnloser (112) 137 55 29 20 NA 48 278 25 VTE} 14 8 1 RR34%t 22 94
Grimm (113) 263 ~49 ~30 0 >24hr 52 21 27 VTE 52 38 NS 13 90
Chronic HF and LVSD
Baravelli (114) 73 64 36 10 >48hr 41 238 36 VTE$ 17 8 0 24 100
Sarzi (115) 46 59 29 0 NA 52 208 28 Cardiac 19 7 NA 30 100
death
Klingenheben (116) 107 56 28 0 NA 49 20 31 VTE 14 31 0 21 100
Gold (119) 490 59 24 0 >24hr 37 41 22 SCD/ 30 75 NS NA NA
VTE$
Chronic HF and nonischaemic LVSD
Salerno-Uriarte (118) 446 59 29.5 0 No 45 20 35 dizar 19 33 3.98 9 97
death/
VTE

N = number; BB = beta-blocker; Pos = positive; Inddndeterminate; Neg = negative; FU = follow-lgR = relative risk; HR = hazard ratio; ClI
confidence interval; PPV = positive predictive \&lINPV = negative predictive value; hr = hours; NAwot applicable; NS = not significant; ICD
appropriate ICD discharge; T = multivariable HR/BR; VTE including ICD discharges; 8§ = excludedifrpredictive analysesy = infinity
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1.3.3 Unresolved issues in Microvolt T-wave altermes testing

1.3.3.1 Does MTWA have incremental prognostic val(e

There are, at present, few data regarding theiticremental prognostic value of MTWA
testing, due to the lack of detailed multivariabtelysis undertaken in the studies to date.
The parameters that have been included in thesigedlmmultivariable analyses are
displayed in Table 1-5. A number of powerful predis of outcome in chronic HF have
been identified including BNP, as outlined in sectl.2.3. BNP has also been found to be
an independent predictor of SCD (53). The prognogtilue of MTWA testing has not
been compared with that of BNP. It is certainly @amable that a low BNP could confer
as good a prognosis as a negative MTWA test. $f\irgre the case, then the cost and small
risk to the patient associated with MTWA testingwebbe unjustified. Although BNP may
be considered unsuitable for risk stratificatiolcdngse concentrations may vary over short
periods of time, there is no evidence regardingrémeoducibility of MTWA results over
timescales greater than a few hours (120). MTWAirtgsshould be investigated as an
independent predictor of outcome over and aboweadir established indicators in chronic
HF.

1.3.3.2Atrial fibrillation

MTWA exercise testing cannot be performed in pasiemith AF. Only 2 studies have
reported the proportion of screened patients iidgdue to AF [23% (113) and 22%
(118)]. In the MADIT-II study 9% of patients had AB6), and in populations with chronic
HF approximately 25-30% have concurrent AF (12if)sufficient evidence was obtained
to allow MTWA to be used to identify appropriatendadates for ICD therapy in
populations with sinus rhythm, alternative stragsgwill have to be found for the large
population ineligible for testing. Other methods MTWA analysis, which may be
applicable to patients with AF, are available, lbiere are as yet no published data

regarding their prognostic value.
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Table 1-5: Parameters included in MTWA observationastudies multivariable analyses

Age Gender LVEF NYHA class BNP B-Blocker ACE QRS
inhibitor duration

Suspected arrhythmia
Gold (98) \ \ \ X X X X X
Post-MI
Ikeda (99) \/ \ \/ X X V X X
Tapanainen (101) J \ V \ X X X \/
lkeda (102) J \ \/ X X J X X
Post-MI LVSD
Bloomfield (85) X X X X X X X \/
LVSD (ischaemic)
Rashba (106) \/ \ \/ \ X X X X
Chow (107) \ \ \ X X \ \ \
LVSD (ischaemic and nonischaemic)
Bloomfield (109) \/ \ \/ \ X X X X

LVSD (nonischaemic)
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Age Gender LVEF NYHA class BNP B-Blocker ACE QRS
inhibitor duration

Kitamura (111) X X N X X X X X
Hohnloser (112) X X \ X X X X \
Grimm (113) \ \ \ \ X \ \ X
Chronic HF and LVSD

Baravelli (114) \/ \ \/ X X X X X
Klingenheben (116) X X \ X X X X X
Chronic HF and nonischaemic LVSD

Salerno-Uriarte (118) J \ V \ X \/ \ J
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1.3.3.3Inability to exercise

One post-MI study reported that 15% of 379 conseeytatients in sinus rhythm could not
exercise due to co-morbidity or physical frailtyp}. Although a positive MTWA test did
not predict all-cause mortality, inability to pemfio the exercise test was found to be an
independent predictor of death (RR 5.62; 95% (1610 15.99). Implementation of a risk
stratification tool which requires exercise is liké be problematic in populations such as
chronic HF and LVSD, where the incidence of fradtyd co-morbidity is high.

1.3.3.4Medical therapy

Pharmacological therapy can reduce SCD. Yet optmmadiical therapy was mandatory
inclusion criteria in only one of the studies désed. Less than half of patients were
prescribed a beta-blocker in one post-MI study €8) two chronic HF studies (115;116).
Most studies have discontinued beta-blockers féeat 24 hours, to facilitate elevation in
heart rate and reduce indeterminate tests. Thidipeas not suitable for many HF patients,
but whether beta-blocker continuation would theevpnt a significant portion of patients
achieving the heart rate required for a valid tesincertain but clearly important. Aside
from the impact on heart rate, there is also evidethat acute beta-blockade reduces the
magnitude of MTWA, potentially converting a poséito a negative test (122). Omission
of beta-blockers may not only reduce the numbeindéterminate tests but may also
increase the number of positive testelieve that MTWA testing is only clinically
valuable, if shown to be independently predictiieoatcome in patients on optimal

tolerated medical therapy, including a beta-blocker

1.3.3.5Indeterminate MTWA results

MTWA tests are classified as indeterminate in tbkoWing circumstances: if there is
significant noise or ventricular ectopy; if altensais unsustained; or if the patient is able to
exercise but cannot attain a heart rate of 110bpmohe minute. In early studies,
indeterminate MTWA tests were believed to be obigmificance to arrhythmic events and
were excluded from predictive analyses. Howeveraistudy of 177 patients post-Ml,

indeterminate MTWA tests accounted for the majootyhon-negative tests. The authors
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grouped indeterminate and positive tests togethabaormal (85), which has now become
common practice in MTWA studies. Table 1-6 showtcomes in MTWA positive and
indeterminate groups from studies which have exathiall-cause mortality. For each
study, mortality was higher in the MTWA indetermi@@roup than in the MTWA positive
group. Clearly, an indeterminate test result iaths a poor prognosis, but the nature of
this risk is unclear. Only one study, in patientghwischaemic LVSD, enrolled a
sufficiently large cohort to examine cause-spedifiortality (Table 1-7). Indeterminate
tests accounted for 159 of 514 non-negative MTWS#tsteand an indeterminate test
predicted both arrhythmic and non-arrhythmic deathereas a positive test only predicted
all-cause mortality (107). Moreover, in anotherdstuthe rate of major arrhythmic events
was higher in the indeterminate group (24%) thaheeithe MTWA positive (13%) or
negative (10%) groups (113).

This suggests that an indeterminate test may dgtpatdict both non-arrhythmic and
arrhythmic risk. While this may seem counter-intt it is possible that patients with
unsustained alternans or ectopy on exercise amepi®@ ventricular arrhythmia. Recent
analyses of indeterminate tests concluded that gatibnts were at high risk, distinct from
the tests categorised as indeterminate due to ,naitéact or a sharp rise in heart rate
(123;124). This suggests that the classificatiomMdMWA tests may require re-evaluation
and the prognostic value of MTWA may be improvedrégiassification of indeterminate
tests.
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Table 1-6: Distribution of all-cause mortality ratesper MTWA result

Study Number Population Mean FU (months) All-cause mortality, %

Positive Indeterminate Negative
Chow (107) 768 Ischaemic LVSD 18 12 21 8
Bloomfield (85) 177 Ischaemic LVSD 2-year mortglitite 14.5 20.1 3.8
Bloomfield (109) 549 LVSD 2-year event rate 12.3 17.8 2.4

(mortality & ICD

discharges)

Tapanainen (101) 323 Post-Mi 14

(5 ICD discharges) (4 ICD discharges) (2 ICD discharges)

0 15 <1
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Table 1-7: Adjusted comparisons of mortalityper MTWA result in 768 patients with ischaemic cardionyopathy (107)

MTWA Result
Non-negative (n=514) Positive (n=355) Indeterminat@é=159)
All deaths HR (95% CI) 2.24 (1.34 - 3.75) 2.08 (1.18 — 3.66) 2.78 (1.9599)
Arrhythmic deaths HR (95% CI) 2.29 (1.00 —5.24) NS 3.62 (1.44 —9.13)
Nonarrhythmic deaths HR (95% CI) NS NS 2.47 (1.17 - 5.22)

CIl = confidence interval; HR = hazard ratio; NSat significant
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1.3.4 Extrapolation to primary prevention ICD therapy

There has been much speculation that MTWA couldawvgrisk stratification for the primary
prevention of SCD, including patients with HF. Hshbeen argued that the current evidence
regarding the favourable prognosis conferred bygative test is sufficient to justify using
MTWA to identify a subgroup of primary preventio@D candidates who would not benefit
(85;125). This could reduce the number of primagvpntion implants and thereby reduce the

cost of therapy.

However, the current evidence is lacking in margpeets. Most of the studies are limited by
small sample size or by low event rates, which cedyower, and there is a lack of detailed
multivariable analysis. We cannot, at present,agdiate the prevalence data for a negative
test to unselected populations, because the piopast patients who would be ineligible for
testing because of AF, demand ventricular pacingromability to exercise is unknown. In
addition, a high NPV has only been demonstrated oghkatively short time scales, and
because the arrhythmic substrate changes over itimselikely that serial MTWA testing
would be required. This is difficult to address whitle is known regarding reproducibility of
this test. The corollary of not implanting in MTWi#egative patients would be to implant in
all non-negative patients, including those withateminate tests. Given the lack of proven
incremental prognostic value of MTWA and the cartitig results in some studies, there are

serious doubts regarding the benefit of this sisate
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1.4 Aims of this study

MTWA has been proposed as a novel method of piadicisk of sudden cardiac death and
recommended as a solution to the conundrum of idecmsaking for ICD implantation. Yet as
outlined above, there are many gaps in the liteesgurrounding MTWA and HF. The clinical
utility of MTWA testing in HF remains to be fullyvaluated. The proportion of patients
eligible for MTWA testing in a representative HFppdation is unknown, but clearly has
major implications for the widespread use of MTW&Sting. The tolerability of the exercise
protocol and the prevalence of determinate MTWAultes have not been assessed
prospectively in such a population. In particuthg prevalence of abnormal MTWA results in
patients with HF and preserved LVEF is not knowittld is known about the clinical
characteristics associated with a specific MTWAulesThe incremental predictive value of
MTWA over LVEF in an unselected HF population ha$ § be conclusively demonstrated.
The incremental value of MTWA over other prognostiarkers such as BNP has not been
assessed in any type of HF. In particular, patients HF-PEF have not been studied. It is
necessary to have this information before considermplementing MTWA as a routine

clinical tool.

This study intends to provide a comprehensive et@n of the use of MTWA in patients
with HF and evaluate if this test will improve riskratification for these patients. The

hypotheses of the study of MTWA are twofold.

Firstly, in an unselected population of patientergly hospitalised for HF, the presence of an
abnormal MTWA test (positive or indeterminate) pd®s prognostic information over and
above that obtained from clinical data, LVEF orrnaétic peptide levels in the prediction of

all-cause mortality, SCD and cardiovascular death.

Secondly, not withstanding the first hypothesis thability or ineligibility to perform an
MTWA test will identify a group of patients at higst risk of all-cause mortality, SCD and
cardiovascular death.
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This aims of this study are:

1. Define eligibility for MTWA testing in a cohort giatients with stable HF.

2. Determine the prevalence of positive, negative amdeterminate results in a
representative, well-defined population of patiemith HF on optimal medical therapy,

accounting for aetiology and LVEF.
3. Determine the tolerability of the exercise protocopatients with HF.
4. Describe the clinical characteristics associatdt wispecific MTWA result.

5. Examine the predictive value of MTWA testing fol-eéhuse mortality, SCD and

cardiovascular mortality in HF.

6. Clarify the incremental prognostic utility of MTWAYy evaluating MTWA alongside
established predictors of mortality, including BN#hd more novel biomarkers, such

as cardiac troponin.

7. Describe the characteristics and outcomes of timedigible for MTWA testing.

Ultimately this study endeavours to determine if WA testing has a role in the risk

stratification of patients with HF.
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CHAPTER TWO

METHODS
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2.1 Introduction

This chapter will explain the methods behind thigspective observational study. The study
design, patient identification methods, and datdection techniques will be illustrated.

Application of the MTWA test to this cohort will ldescribed. The methods of collecting and
storing data will be outlined, and the statistiaahlyses used will be described. An overview

of the study design is presented in Figure 2.1.

Admission with acute
decompensated HF

Inclusion
criteria
met

BNP
>100pgiml

Clinical data collection in hospital

Survivors invited for study visit
(a) Clinical data updated
{b) LVEF {echo)
(c) Convalescent blood tests

MTWA
treadmill
testing

MTWA Ineligible

MTWA Result
Positive | Negative f Indeterminate

Long-term follow-up — link with 1ISD

Figure 2.1: Outline of the study design
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2.2 The hospitalised heart failure cohort

2.2.1 Patient population and recruitment

All patients were recruited from the Royal and Véestinfirmaries in Glasgow, and the Royal
Alexandra Hospital in Paisley. The Royal InfirmanyGlasgow is a city hospital covering a
catchment area of over 250,000 for the north arsi eaGlasgow. The Western Infirmary
covers north-west Glasgow, with a catchment areappfroximately 250,000. The Royal
Alexandra Hospital is a district general hospitalhwa large catchment area, approximately

200,000 from Renfrewshire and also serving aredaramvay as Oban and Argyll.

Patients recruited into this study were admittedtiese hospitals by self referral to the
Accident and Emergency Department or referral ftoeir General Practitioner. All patients
recruited were admitted to the Medical Receivingt§JnCoronary Care Units or directly to
general medical wards. Near-consecutive admissigre screened daily in both Glasgow
hospitals between*1December 2006 and #QJanuary 2009, and in the Royal Alexandra
Hospital in Paisley from 28 April 2008 to 18 January 2009. Recruitment of patients from
the third site, the Royal Alexandra Hospital, begéter it became apparent that a significant
proportion of enrolled patients failed to returm fbe follow-up study visit and that additional
recruitment was needed to achieve an adequate mumhlpatients attending the follow-up

visit.

Identifying potential study patients

All admissions to the three hospitals were screefoedevidence of decompensated HF
(appendix |, page 326). This involved reviewing tiase records for all new admissions for

documentation of the following:

» Symptoms and clinical signs of HF
* Radiological evidence suggestive of HF

» Clinical response to intravenous diuretics
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Symptoms of HF included shortness of breath anglperal oedema. Clinical signs of HF

included a raised jugular venous pressure (JVR)g larepitations and pitting peripheral

oedema. Radiological evidence of HF included cangigaly (defined as a cardiothoracic ratio
>0.5) and signs of pulmonary oedema. The latterprm®d vascular redistribution (upper lobe
venous diversion), raised pulmonary pressure (KeBldines), pulmonary venous congestion
(interstitial or alveolar oedema) and pleural effas. A clinical response to intravenous
diuretics was defined as an improvement in thess@rtHF (documented in the case notes) or

a symptomatic improvement (reported by the patient)

Inclusion criteria

Patients were invited to participate in the studhey met all of the following criteria:

* Primary reason for admission to hospital was de@msated HF
* Symptoms and signs of Hblus radiological evidence of HBr clinical response to
intravenous diuretics

* No exclusion criteria (see below)

Exclusion criteria

Patients were not approached for participatiorhdyt met any of the following exclusion

criteria:

« Cognitive impairment

» Serious concurrent systemic disease resultingdnaed life expectancy (such as
advanced malignancy)

» Acute coronary syndromes complicated by pulmonadema

» Geographical or social factors making participatotiollow-up impractical

Recruitment into the study involved a two stage semh process (see below). Written
information was provided for both stages (apperdide page 327, and lll, page 329).

Patients who agreed to participate in the studyigeal written informed consent for both
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stages (appendix IV, page 334). Copies of the cdrfsem were given to the patient and filed
in their medical case records. The study was amgroby the Local Research Ethics

Committee.

Consent - Stage One

Stage one involved providing informed consent tooldl sampling to measure plasma BNP
concentration. Information for medical staff explag the BNP test was placed in the
patient’s case notes (appendix V, page 336). Th® Bdst result was available within 24
hours. All patients were informed the following dafytheir result. Those with a BNP level
within the normal reference range, below the ES@eajues “rule-out” threshold for HF
(<100pg/ml) (1), were not recruited into stage tWo. further participation in the study was
asked of these patients. Patients providing conaetitis stage also gave permission to be
“flagged” for follow-up with Information Servicesifdsion (ISD) of NHS Scotland, allowing

identification of deaths and readmissions to haspit

Thus, all patients enrolled in the study fulfilldte three ESC diagnostic criteria for HF (1).
All enrolled patients had both symptoms and signdf the first and second criteria of these
guidelines. The third criteria requires evidencestfictural or functional cardiac disease,
namely; evidence of cardiomegaly, a third hearingo@echocardiographic abnormalities or a
raised natriuretic peptide level. Thus, an elev&B& concentration satisfied the third criteria

of these guidelines.

Consent — Stage Two

This involved obtaining consent from patients wih elevated BNP concentration to
participate in the follow-up study visit. The studigit was scheduled for approximately 4-6
weeks after the patients were discharged from kalspgDetails of the study visit were
provided verbally and by written means. A letteplaining the study was issued to every
participant’s general practitioner and filed in fhegtient’s case notes (appendix VI, page 337).
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An appointment card was issued to each patientr gaotheir discharge from hospital,

detailing the date and location of the study \@gpendix VII, page 339).

2.2.2 Data collection

Every patient recruited into the study had an esitenamount of clinical data collected during
their hospital admission. This was contained imsececord form (appendix VIII, pages 340-
355). Each patient was allocated a unique and anouny study identification number.
Completing the case record form involved a fortyefiminute consultation with each patient
during their hospital admission. Data were obtaibgda thorough review of the patient’s
medical case notes as well as a clinical assessvheath patient. The latter comprised taking
a detailed account of their medical history andner@ng their cardiovascular system. Other
methods of obtaining data included searching hakgdtabase systems for echocardiography,

coronary angiography and radiological reports.

The types of data recorded were chosen for seveesons. A precise record of the past
medical history and results of any previous angipgy allowed accurate determination of the
aetiology of HF. Data used in recently validateddels of mortality prediction in HF (126)
were collected, both from hospitalisation and studsit, to evaluate the incremental

prognostic value of MTWA to these models.

Data were recorded under the following headingmatgaphics, clinical HF assessment, past
medical history and family medical history. Medioas prescribed pre-admission and heart
failure medical therapy administered during thetf24 hours of admission were noted. ECG
results, chest X-ray (CXR) findings and echocardhog analysis pre- and during admission
were also recorded. Finally, results from bloodstesirried out on admission to hospital were

noted.

Demographic data included date of birth, genderrand. Dates of admission, recruitment and

discharge, or death in hospital, were recorded.
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The clinical HF assessment included a detailedhjistecording the presence or absence of
typical symptoms of HF prior to admission. An assesnt of symptom severity in the days
prior to admission was made using the NYHA clasatfon system, an established objective
method of recording HF symptom status (Table 27)is classification system relates
symptoms to activities of daily life and allows assessment of quality of life. This
classification is also commonly used by medicalfgssionals to guide therapeutic decisions.
If the patient already had an established diagnafschronic HF in their medical case notes,
this was recorded as a previous history of HF.tRose with a history of HF, the duration was
documented and whether or not there had been aopsewospitalisation for HF. This
information has prognostic relevance in HF (126)e Elinical HF assessment also included a
clinical examination. This examination involvedethital signs on admission, the presence or
absence of common signs of HF and a complete carsboilar system examination. The
severity of the HF clinical examination findings esummarised by assigning each patient a
Killip score (Table 2-2). In addition to the cloal examination, every patient had their weight,

height and waist measurement recorded whilst ipikeds

Table 2-1: New York Heart Association (NYHA) clasdication of heart failure

NYHA Class Patient Symptoms

I No limitation of physical activity. Ordinary phigsl activity does not

cause undue fatigue, palpitations or breathlessness

Il Mild limitation of physical activity. Comfortalel at rest or with mild
exertion but ordinary activity results in fatigu@alpitations or

breathlessness.

1] Marked limitation of physical activity. Comfaable at rest but any

ordinary activity causes fatigue, palpitations mathlessness.

v Symptoms of HF at rest and any physical activiuse exacerbation

of symptoms.
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Table 2-2: Killip classification of heart failure

Killip Score Description of Signs

I No clinical signs of heart failure.

I Basal lung crepitations, S3 gallop rhythm, ekedajugular venous

pressure.
1] Frank pulmonary oedema.

v Cardiogenic shock — hypotension and evidence pdripheral

vasoconstriction.

Every patient in this study had a 12-lead ECG paréa during their hospital admission. ECG
abnormalities occur frequently in patients with HFhis is particularly evident in LVSD
(127;128). The ECG can also allude to the primaefiokbbgy, for example previous
myocardial infarction (MI). Arrhythmias can be tbause or effect of decompensated HF and
may also be evident on the 12-lead ECG. There areyrather ECG abnormalities suggestive
of potential causes of HF (1). The ECG can alsdezgorognostic information in HF. AF and
bundle branch block have been shown to be indepénpledictors of mortality in the
Candesartan in Heart failure: Assessment of Realuati Mortality and morbidity (CHARM)
study (126). Left bundle branch block (LBBB) hasbalemonstrated to be an independent
predictor of sudden cardiac death, as well as alke mortality, in the Italian Network
Congestive HF registry (129). Specific ECG paramseteere recorded in each patient’s case
record form (appendix VI, page 352). These ineddhythm, QRS duration and the QT
interval corrected for heart rate (QTc). QTc wakwated using Bazett's formula (130). The
presence or absence of the following parameterg ko recorded; bundle branch block,
paced rhythm, pathological Q waves, left ventriciigpertrophy (LVH) and ischaemic ST
depression. LVH was defined using the Sokolow apdnLcriteria (S ¥ + R Vs or Vg > 35
mm) (131).
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The CXR frequently assists in the diagnosis of @ddE, although a normal CXR does not
exclude this diagnosis. The majority of patientsoled in this study had a CXR performed on
admission to hospital. The presence of radiologsaghs suggestive of HF, as detailed in the
ESC HF guidelines (1), were recorded in the caserdeform (appendix VI, page 352).
These radiological signs were outlined earlier att®n 2.2.1. Cardiomegaly has prognostic
significance in HF and has been shown to be priedict all-cause mortality (126), as well as
sudden death (132).

Echocardiography is an established investigatiopatients with suspected HF. It enables a
non-invasive assessment of pericardial, myocaatidlvalvular function. LV systolic function,
as measured by ejection fraction, is an indepenglieratictor of mortality in patients with HF
(126). Many patients in the study had an echocgrdi performed prior to enrolment in this
study. Data from this was recorded in the caserdetorm (appendix VIII, page 353). If
multiple echocardiograms had previously been peréal, data from the most recent one was
recorded. If an echocardiogram was performed dutiegndex hospital admission then these
data were also recorded in the case record formenQfatients were discharged from hospital
with an appointment for an early outpatient echdiogram; in these instances the data from
these scans were also obtained. Specific informaftiom the echocardiogram report was
recorded. The LV internal dimension in diastole wasorded and whether or not the ventricle
was dilated. The presence or absence of LVSD and Wwds noted. LVSD was recorded as
documented on the report; mild, mild to moderatedenate, moderate to severe or severe.
This classification system is a subjective measfirdysfunction. Unfortunately LVEF is not
routinely calculated. The presence of absence bfulaa heart disease was recorded. The
valve type and lesion (stenosis or incompetence) igaorded as well as the severity, using
the same classification system as that of LVSD.

2.2.3 Biochemical and haematological tests

Blood sampling is informative in heart failure. dtovides prognostic information and can
assist with determining the aetiology of HF andsoeafor decompensation. Many routine

laboratory investigations are recommended in tleuagion of patients with HF (1).
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All patients had the following blood tests takenridg hospitalisation; BNP, urea and
electrolytes (U&E), liver function tests (LFT) aridll blood count (FBC). The majority of
patients had troponin | measured. The results efaHowing blood tests were also recorded
in the case record form if they were carried outrduthe hospital admission; thyroid function
(TFT), glycosylated haemoglobin (HBAlc), urate, gpploate, C-reactive protein (CRP),
glucose and lipid profile. All routine biochemicahd haematological tests were performed at
the time of admission and analysed in the hospitathemistry and haematology laboratories

within four hours of venesection.

Plasma BNP was an essential test in this studyelamated level being mandatory for
recruitment to stage two of the study. Blood sangpfor BNP was performed within 24 hours
of admission to hospital. Blood samples were ctdi@dn potassium ethylene diamine tetra
acetic acid (EDTA) tubes and sent to the departroértiochemistry at Gartnavel General
Hospital in Glasgow for testing. Results were atd# on the same day of sampling. Plasma
BNP was measured using the Architect Assay (Abbaltoratories, Abbott Park, IL, USA).
The Architect Assay has a range 0-5000 pg/ml. BElRes exceeding 5000pg/ml are recorded
as >5000pg/ml. The cut-off for BNP in this studyswB00 pg/ml and patients with values
<100pg/ml were not recruited into stage two. Tlexel was determined by consideration of
several factors. Firstly, work carried out previgus a local healthy population identified the
95" percentile at 67.6pg/ml for those aged 70 yeads @rer (133). Abbott Laboratories
evaluated their assay in non-hospitalised patieritsrenal disease, diabetes mellitus, chronic
obstructive pulmonary disease and hypertensionomHF patients over 75 years old, mean
and median values were 31pg/ml and 67pg/ml, resedet Furthermore, 83.3% of these
patients had results <100pg/ml. A previous studthefutility of BNP in diagnosing HF in the
emergency setting also used 100pg/ml as the cuewd#l (55). This yielded a diagnostic
accuracy of 83%, with 90% sensitivity and 76% shaty, for differentiating HF from other
causes of breathlessness. Finally, according to gis@xlines, a diagnosis of HF is unlikely

for patients presenting to hospital with breathtess and a BNP level <100pg/ml (1).

Cardiac troponin is commonly measured in patiedtsitied to hospital with decompensated
HF. This was of particular interest in our studyet@luate the prognostic significance of this

novel biomarker in HF. In the Royal and Westernrinéries troponin | is measured using the
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Architect assay (Abbott Laboratories, Abbott Pdtk, USA). This assay reports negative
results as <0.04ng/ml, the level that achieves t6eéfficient of variance. Elevated troponin |
results are reported &s0.04ng/ml. In the Royal Alexandra Hospital tropoiii is measured

using the Roche assay (Roche Diagnostics, Basetz&land). This assay reports negative
results as <0.05ng/ml the level that achieves 16@f#ficient of variance. Elevated troponin T

results are reported as0.05ng/ml.

All patients had U&E measured on admission. Sertgatmine concentration alone is a poor
indicator of renal function (134). Thus, renal ftian was assessed by estimation of the
glomerular filtration rate (eGFR) using the Mod#imn of Diet in Renal Disease (MDRD)
equations (135). The MDRD equations have been at@dlin patients with severe chronic HF
(136). The four-variable MDRD equation was calcedhtfor all patients. This formula
calculates eGFR as follows:

eGFR (ml/min/1.731f) = 32788 x (Serum Creatinine jmmol/l)****x (Age)®?*x [1.210 if
Black] x [0.742 if Female]

Renal function, represented by eGFR concentratMas then classified using the National
Kidney Foundation classification (137). This guidel classifies renal function as normal if
the eGFR i$> 90 ml/min/1.73r. Mild renal impairment is eGFR 60 - < 90 ml/mir3nt.
Moderate and severe renal impairment are defin&&R of> 30 — 59 ml/min/1.73fmand <
30 ml/min/1.73m, respectively.

All patients had a FBC measured on admission. Flasmatological test includes several
parameters that are useful in HF. These are haeinaglwhite blood cell (WBC) count,

lymphocytes and red cell distribution width (RDWAnaemia may be a cause or a
consequence of HF and has prognostic importan@dkesgs of systolic function (138). In this
study, anaemia was defined according to the WoddltH Organization (WHO) criteria (139).
These criteria define anaemia as a haemoglobingtdLih women and < 13g/dl in men. A
raised total WBC count may indicate infection ascause of decompensated HF.
Lymphopenia is common in HF (138). Red cell disttibn width is a novel prognostic

marker in patients with chronic HF (140).
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2.3 The post-discharge heart failure cohort

2.3.1 Study visit

All enrolled patients were invited to attend thetiBh Heart Foundation (BHF) Glasgow
Cardiovascular Research Centre to complete theviellp study visit. This visit was arranged
approximately 4-6 weeks after the patients werehdigged from hospital. All surviving
patients were telephoned one week prior to thédcated appointment to confirm attendance
for study visit and organise taxi transport to BEF Glasgow Cardiovascular Research
Centre. The local online patient record database ah@cked prior to telephoning patients to
ensure they were still alive. The study visits tqu&ice between 17January 2007 and 12
March 2009.

2.3.2 Data collection

Every patient had a second case record form coetplier their study visit using the same
unique, anonymous study identification number @ted during their hospital admission
(appendix IX, pages 356-368). Data collected inphiak were updated and recorded. This
included current HF symptom status and current oadidins. New medical conditions were
noted. Further admissions to hospital with HF, sianrolment in this study, were documented.
Routine physiological measurements, body compasitieeasurements and a cardiovascular
system examination were performed for all patieAisl2-lead ECG was recorded and the
same parameters described in section 2.2.2 weegl.ndthe aetiology of HF was detailed for
every patient. Biochemical and haematological bltesds results, LVEF by echocardiography
and MTWA results, were also recorded in the caserdeform (appendix 1X). The reasons
patients failed to attend the study visit were dofEhese were recorded as; refusal to attend,
unable to attend due to deteriorating health, cedsed. If the patient was deceased, the date

of the death was obtained from the local onlinégpdtrecord database.
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2.3.3 Aetiology of heart failure

The primary aetiology of HF was recorded for alfadied patients. Contributing aetiologies
were also noted. The primary aetiology was defiagdischaemic” if there was evidence of
prior myocardial infarction, coronary revasculatiga or angiographically significant
coronary artery disease. Significant coronary grtisease was defined as >50% stenosis in at
least one major epicardial coronary artery brarfiblon-ischaemic” aetiology was assumed
only when significant coronary artery disease hadnbexcluded by angiography. Patients
who did not fit into either group were deemed toéhdunknown” aetiology. Patients with
non-ischaemic aetiology of HF were categorised iote of the following categories;
idiopathic dilated cardiomyopathy, hypertensiorgolbl or valvular heart disease. Valvular
heart disease was only considered causative éadt Imoderate in severity. Patients with a
non-ischaemic cause who did not fit into one ofdf@ementioned categories were classified
as ‘other’ and the specific cause recorded. Assgthe aetiology of HF was performed at the
time of the study visit, rather than during the it visit. This allowed use of information
from investigations performed after recruitment] amproved the chances of determining the
primary aetiology. For example, investigations ligeronary angiography may have been
performed late in the hospital admission or follogvidischarge from hospital. Results of
angiograms were obtained by interrogation of tleallangiography database.

Other aetiologies potentially contributing to HF revealso recorded for all patients. These
largely fell into the following categories; valvuldeart disease, diabetes mellitus, atrial
fibrillation, hypertension and alcohol. Valvulardredisease was only considered a potential
contributor if the severity was at least moderdtee valve(s) involved were also recorded.
Atrial fibrillation was only considered a contriling aetiology if persistent or permanent. The

aetiology of HF was also recorded for patients witbnot complete the study visit.

2.3.4 Biochemical and haematological tests

Several biochemical and haematological tests weréogmed at the study visit. The blood
tests were selected either because they are alresidyplished biomarkers in HF or to
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potentially allow identification of new variablekat may be prognostically important in HF.
The blood tests carried out at the study visituded all the laboratory parameters that were
part of the final multivariable model for cardiocatar death or chronic heart failure
hospitalisation for the CHARM cohort (126). These eed cell distribution width, bilirubin,
lymphocytes, urate, glycosylated haemoglobin, hagaiin, creatinine and phosphate. This
would allow testing of the CHARM model in this cohadn addition to the aforementioned
tests the following biochemical and haematologiesks were performed at the study visit;
BNP, troponin I, U&E, LFT, TFT, cholesterol profiend FBC. The same assays (section
2.2.3) were used to measure BNP and troponin laRenction was assessed by eGFR in the

same way as described earlier (section 2.2.3).

2.3.5 Echocardiography

All patients attending the study visit underwent@ardiographic assessment of LVEF using
the biplane method of discs (modified Simpson’&)uThis method relies on accurate tracing
of the endocardial borders to calculate left veatar volume. Apical four-chamber and two-
chamber views were used. LVEF was then calculateth fthe left ventricular volumes
recorded in systole and diastole. This would altbehotomising of patients into HF-REF and
HF-PEF groups. Images were recorded on an Acusgodte C512 machine, the machine
used for all studies in the BHF Glasgow CardiovéscResearch Centre. All images were
recorded by myself. Patients were positioned in lgfe lateral decubitus position. The
calculations of LVEF were carried out offline bysangle operator, who is an accredited
cardiac technician of the British Society of Echrdloagraphy. The images were stored using
the anonymous study identification number and tperator calculating the LVEFs was
blinded to all patient details. HF-PEF was defimsdLVEF > 50% (18). Simpson’s Biplane
method cannot be used if the quality of echocardioigic images is sub-optimal, as this leads
to poor identification of endocardial borders. Thasusually due to patient body habitus or
poor echocardiographic windows. In these casesualitgtive assessment of overall left

ventricular systolic function was made (reducegraserved function).
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2.3.6 Microvolt T-Wave Alternans

2.3.6.1 Application of the Microvolt T-Wave Alternans test

MTWA testing was performed on eligible patients ngsithe commercially available
HearTWavé" system (Cambridge Heart) (Figure 2.2). This ubesspectral analysis method
to measure the magnitude of MTWA at a thresholdrtheste. Seven proprietary noise-
reducing electrodes (Figure 2.3) and seven standdedtrodes were placed on the
praecordium and limbs. The proprietary electrodesdasigned to detect alternans, even in the
presence of the noise that is usually present guekercise stress testing. Noise was further
minimised by careful preparation of the skin usatgyasive gel prior to electrode placement.
Detailed ECG recordings were taken at rest, duexgycise on the treadmill and in recovery
(Figure 2.4). The treadmill exercise was tailoregtoduce a gradual elevation in heart rate.
The test requires elevation of the heart rate teast 110bpm for approximately 2-3 minutes.
The HearTwavB" system then analyses the data by measuring theitadeplof the
corresponding points of 128 consecutive T waveguii@ 2.5) (141). Each T-wave is
measured at the same time point relative to thd stathe QRS complex. Beat-to-beat
fluctuations in amplitude are plotted and fast kautransformation performed to quantify the
variation in frequency (Figure 2.5) (141). The Haafave™ system provides an automatic
interpretation of the test results, as positivegatiee or indeterminate. Indeterminate results
are most commonly due to an inability to raiselibart rate sufficiently (due to chronotropic
incompetence or if the patient is physically indalpaof exercising long enough to raise their
heart rate), the presence of ventricular ectopyaressive signal noise due to motion or
respiration (141). Indeterminate tests due to naisgy become determinate when re-tested
immediately. There is evidence that indeterminasults due to noise are not prognostically
significant (123) and for this reason, those pasienith an indeterminate result due to
excessive noise were re-tested once. Whether ol rdtient was prescribed optimal HF
therapy at the time of MTWA testing was also docoted. Patients were not asked to
discontinue beta-blockers prior to MTWA testingeyious studies have done this in order to
improve the likelihood of a determinate test. Adamental objective of this study was to
determine the predictive role of MTWA testing whikking optimal individualised therapy.
Overall the MTWA test takes less than 30 minutgseiddorm, including preparation time.
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Figure 2.2: HearTWave™ system (Cambridge Heart)

Figure 2.3: Proprietary ECG electrodes
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Figure 2.4: MTWA testing in the BHF Glasgow Cardiovascular Research Centre
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2.3.6.2 Microvolt T-Wave Alternans Prevalence Study

Eligibility for MTWA testing was recorded for allgtients attending the study visit. Reasons
for ineligibility were documented (AF, demand veriiar pacing or inability to exercise).
Differences in clinical characteristics accordingetigibility for MTWA testing were analysed.
Potential eligibility for MTWA treadmill testing wearecorded for patients who did not attend
and was derived from clinical data collected dutimg hospital admission. This was to enable
an assessment of whether or not the patients atgpttie study visit were representative of an

unselected cohort of patients with HF.

The results of MTWA testing and the prevalence os$ifive, negative and indeterminate
results in our study population were recorded. Téesons for an indeterminate test were
outlined. The functional capacity of the patien@swecorded. This included a description of
the reason for terminating exercise, duration ofreise and metabolic equivalent values
(METs) expended. This would allow an evaluationtied practicality of MTWA testing in
patients with HF. For patients unable to exerdd€WA testing at rest was described.

All automated computer-generated MTWA test resuitsre reviewed by myself and

subsequently interpreted by a single clinician fachel Myles) experienced in reviewing
MTWA reports. The clinician was blinded to both tpatient details and the automated
computer-generated result. This would enable aasassent of the correlation between the

automatic result and a clinician’s interpretation.

Differences in the clinical characteristics betwéle® three MTWA groups were analysed to
determine the clinical associates of a particul@V¥A result. Particular attention was paid to
LVEF, aetiology of HF (ischaemic or non-ischaemiQRS duration, BNP levels, as well as

many clinical and demographic variables.
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2.3.6.3 Microvolt T-Wave Alternans Prognostic Study

The prognostic value of MTWA testing was examinédraa period of follow-up (section 2.5).

The statistical analysis of the prognostic studgdscribed later (section 2.6). The incremental
prognostic value of MTWA over established predistof outcome in HF was determined.

These included LVEF, BNP, clinical variables anddbiemical and haematological indices.

These analyses were carried out in all patientgptetng MTWA testing.

2.4 Database Construction

All paper copies of the hospital and study visgeaecord forms were kept in a locked filing
system at the BHF Glasgow Cardiovascular Reseamfitr€ An electronic database was
created in the Robertson Centre for Biostatistici@ University of Glasgow to store these
data. Data were manually entered into the eleatrdatabase and verified by two independent
database managers working in the Robertson CeNtepatient identifying material was
entered into the electronic database; patients aeoaymised and identified by their unique
study identification number. All data were subjerimanual and prespecified electronic data
validation checks which resulted in the producttdra large number of queries. All queries
were rectified and data appropriately amended e déntral database. This robust system

ensured quality control of the data processed.

2.5 Long-Term Follow Up

All enrolled patients consented to be “flagged”wihe Information Services Division (ISD)

of the Scottish Health Service. This allowed madabllow-up data to be obtained. Patient
identifying information was sent to ISD for all paits once recruitment was complete. ISD
linked the study database to information on in-litasjand out-of hospital deaths, held by the
General Register Office for Scotland. The datalves® also linked to the Scottish Morbidity

Register which provides details of dates and caoédwspital readmission. Data on cause,
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location and date of death were obtained. ISD iflasscauses of death using the WHO

International Classification of Diseases (ICD-10)ling system.

The final follow-up visit was 12 March 2009. Linkage data were requested in Jar2@t9.
Data provided by ISD has a lag time of approximyagsk months. Thus, survival time was
calculated from the date of attendance at the suiglyuntil death or censoring at 33uly
20009.

2.6 Statistical methodology

2.6.1 Statistical Analyses

Statistical Package for the Social Sciences (SR&S3ion 18) software was used for basic
statistical analyses. S-Plus (version 8.1) was usedanalysis of variance (ANOVA),

Student's t-testy® test logistic regression and mortality analyses.

Inter-group comparisons were made for continuousabbes using ANOVA F-test (for
comparisons involving more than 2 groups) and Sitislé-test (for 2 group comparisons),
and for categorical variables usiggtest. Logistic regression analysis was used tatifye
predictors of each MTWA result. A probability valagp<0.1 was used for selecting variables
for the logistic regression analyses. A probabiijue of p<0.05 was considered significant
for all other analyses. All continuous variableseveransformed as appropriate to normalize

their distributions.

Survival time was calculated from the date of atterce at the study visit until death or
censoring at 31 July 2009. Kaplan-Meier survival curves were camgtd to illustrate
survival of the patients according to MTWA res@urves were compared using the log rank
test. The incremental prognostic value of MTWA itegt was evaluated using Cox

proportional hazard models. A three stage progoaasiodel (Table 2-3) was used with
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variable selection based on the clinical modelwéeriby the CHARM investigators (126).
Stage one, the basic model, incorporated the ssingredictors of outcome from the
CHARM model in a multivariable Cox proportional laad model. Stage two included the
variables from stage one plus routine haematolbgied biochemical variables predictive of
outcome in the subsequent CHARM analyses (140;13@)ge three included the variables
from stages one and two plus the novel biomark&B Bnd troponin I. For the multivariable
models variables were removed using backwards mditioin, removing the largest p values
first until all p values were significant (< 0.0%jinally, the MTWA result was added to each
of the three stages to assess for incremental pstignvalue.
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Table 2-3: Three stage model for evaluating the imemental prognostic value of MTWA

Stage

Variables

1

Age

Ejection fraction

Diabetes — insulin treated
BMI (kg/m?)

Sex (Female)

NYHA class Il and IV
Bundle branch block
Cardiomegaly

SBP

Diagnosis of chronic HF over 2 years ago
Previous myocardial infarction
Dependent oedema

Heart rate

AF

eGFR

RDW

Bilirubin

Haemoglobin
Lymphocytes

Urate

Phosphate

Glycosylated haemoglobin
BNP

Troponin |

BMI = body mass index; RDW = red cell distributiandth
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2.6.2 Power Calculation

It was assumed that if 600 subjects were recablediTWA testing then 400 would actually
undergo evaluation, after excluding those inelgilbbr testing. Based on recent studies
(107;109), it was assumed that these would spkt thwird MTWA negative and two thirds
MTWA non-negative (positive or indeterminate). Powalculations were based on the all-
cause mortality data estimating the hazard ratidvidWA (non-negative / negative) with
adjustment for other prognostic factors. Assumingle 1 year mortality rates of 21% in the
preserved ejection fraction group and 32% in tlieiced ejection fraction group, as observed
in a recent study in Glasgow (25), the study woliéve 84% power at the 5% level of
significance to detect a MTWA non-negative/ MTWAgaéve hazard ratio of 1.78.

2.6.3 Defining events and outcomes

The primary outcome measure of this study was alse mortality. Secondary outcome
measures of interest were (i) SCD or resuscitatediac arrest, and (ii) cardiovascular death
(excluding sudden). All outcome data were obtaifredn linkage data provided by ISD.
Causes of death were classified according to ti21Q classification as documented on the
death certificates. Causes of death were not adjteti. Although the secondary outcome
measures were of interest in this study, it wasgaised at study conception that, due to the
limitations of the ISD data, only all-cause mottaivould be a robust and definitive outcome.

All-cause mortality was defined as death from aayse. Cardiac transplantation was also
censored as death. Much has been written on thHdegons of defining and identifying SCD,

particularly in patients with HF (143;144). Not alldden deaths are arrhythmic, and not all
arrhythmic deaths are sudden. The majority of SC&urs outside hospital, and is commonly
certified as acute myocardial infarction. A smatgortion of patients undergo a resuscitation
attempt by the ambulance service, while others su#fer sudden and unexpected death
during their hospital admission. Some classificaggstems, such as that proposed by Hinkle
and Thaler (145), require detailed information te d@btained from relatives or medical

attendants on the exact sequence of events immagdior to death. Such an approach was
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beyond the scope of this study. A recent clinigal tn patients with acute HF defined SCD as
death occurring unexpectedly in a previously stgiligent and including any of the following
deaths: (i) witnessed and instantaneous without meworsening symptoms and also in the
absence of progressive circulatory failure lasfiolgl hour or more, (ii) witnessed within 1
hour of the onset of new or worsening symptomssaséecause other than cardiac is obvious,
(i) death witnessed and attributed to an ideatifarrhythmia, (iv) death during an attempted
resuscitation for cardiac arrest or death withinhddirs of resuscitation, or without gaining
consciousness, from cardiac arrest in the absehpeeeexisting circulatory failure or other
causes of death, and (v) unwitnessed death in Hsenae of pre-existing progressive
circulatory failure or other causes of death, omhere the stability of the patient in the week
prior to death was known (146). Clinical trials asapported by endpoint adjudication
committees who are provided with detailed informatregarding deaths, allowing the clinical
expertise of the committee to appropriately adjatdicthe cause of deaths. Some MTWA
studies have included SCD as a clinical endpoi@8;1l04;111-115;119). These studies have
defined SCD as death within an hour of symptom bseduring sleep without another

identifiable cause.

The detailed information and infrastructure requiifer adjudicating sudden cardiac death, as
outlined above, was not available for this studyugd, a pragmatic definition of SCD for this
study was adopted as being: (i) death occurringidethospital and certified as due to acute
M, (ii) death certified as cardiac arrest (ICD-d@de 146) or (iii) death certified as VF (ICD-
10 code 1490) or VT (ICD-10 code 1472).

The secondary outcome ‘SCD or resuscitated caatiast’ therefore included successful in-
and out-of-hospital resuscitations of cardiac arf3D-10 code 1460), in addition to SCD as
defined above. Information regarding appropriat® ldfischarges for documented ventricular
arrhythmia is not provided by ICD-10 codes and th@sefore unavailable and not included in
outcome measures for this study. Cardiovasculathd@ecluding sudden) was defined as
death from any cardiovascular disease (ICD-10 ct@®499) and not meeting the criteria for
sudden cardiac death, as outlined above. The lattsrincluded to evaluate if MTWA was

predictive of general cardiovascular mortalityheatthan arrhythmic mortality.
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CHAPTER THREE

CLINICAL CHARACTERISTICS
OF
HOSPITALISED COHORT
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3.1 Introduction

This chapter will outline the recruitment of pateimnto the study and detail the reasons for
exclusion from participation. The main focus ofstikhapter is to describe in detail the clinical
characteristics of the hospitalised patients réeduinto the study. This will include basic

demographic details, signs and symptoms prior tmisslon, medical history, medications

prescribed pre-admission, medical therapies adtemed during the first 24 hours after

admission and examination findings. Electrocardipbic, radiological, blood test and

echocardiographic results will also be described.

3.2 Results

3.2.1 Selection of study cohort

An overview of the patients screened for particgoatin the study and the subsequent
involvement of recruited patients in the follow-wgbudy visit is shown in Figure 3.1.
Recruitment into the study took place between DA 2nd 10.01.09 at the Royal and Western
Infirmaries in Glasgow and between 22.04.08 an81.09 at the Royal Alexandra Hospital in
Paisley. During these periods, 2361 patients adahittith suspected decompensated HF were
screened for participation in the study. A totallo0D3 patients were recruited; the breakdown
per hospital and rate of recruitment is displayedrigure 3.2. Recruitment stopped once the
600" patient had completed the study visit. This was dhiginal target number of patients

(section 2.6.2, page 89).

More than half (n=1358) of all patients with sugpeadecompensated HF were excluded from

recruitment. Figure 3.3 illustrates the reasonsefarlusion. The most common reason was

readmission of patients already enrolled in th&stiwonfirming the high readmission rates

that occur for patients with HF. The next most cammeasons for exclusion were cognitive

impairment and a normal BNP level (<100pg/ml). A& per hospital revealed consistency

for most reasons of exclusion (Figure 3.3). Notadteeptions to this were the following
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categories; BNP level <100pg/ml, pulmonary oedemeosdary to ACS (acute coronary
syndrome) and refusal to take part in the studgrdater proportion of patients screened in
Glasgow Royal Infirmary had a normal BNP level tiiha other two hospitals. This may be
due to variation in operator screening techniquethe three hospitals. Alternatively, more
patients with suspected HF may have been admitteGlasgow Royal Infirmary. The
proportions of patients excluded due to pulmonagema secondary to ACS were similar at
the two Glasgow hospitals but lower at the Royax&hdra Hospital. The reasons for this are
unclear but may reflect less frequent screeninfpetRoyal Alexandra Hospital or variations
in investigator screening technique at that sitealfy, considerable variation in the number of
patients who refused to take part in the study elaserved across all three sites. The reasons
for this are likely multifactorial and may includee communication skills of the investigators
at each hospital, the patients response to whatllector or research nurse approached them
and the distance the patient would have to tragelttie follow-up visit. The majority of
patients in the category ‘Other’ would have reqdieenbulance transportation to the study
visit. This included nursing home residents, pdsiehependent on domiciliary oxygen and
those who were housebound. Patients who subséguesd alternative diagnoses and
explanations for an elevated BNP, such as pulmoeargolism, were also included in the

category ‘Other’.
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Figure 3.1. Overview of all the patients screenedrédm the three hospitals and final
composition of the recruited study cohort
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study, per hospital.
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3.2.2 Demographics

The demographics of the hospitalised cohort arplaled in Table 3-1. The majority of
patients were male (53%). The mean (SD) age wagdis (10.5), with a wide overall range
from 19 to 99 years. Almost half of the cohort vsagre than 75 years old. The vast majority
of patients were Caucasian (98.7%). The mean ¢Bi3tion of admission was 12 days (14),
with a wide overall range from 1-141 days. Manyigras died during the index admission
(6.8%).

Table 3-1: Demographics of the hospitalised cohort

Variable n (%), mean (SD) or median [IQR]
Male 532 (53.0)
Female 471 (47.0)
Mean age (years) 73 (10.5)
Median age (years) 74 [67-81]
Age range 18 -99
> 75 years old 458 (45.7)
Race
Caucasian 990 (98.7)
Black 2(0.2)
South Asian 10 (1.0)
Oriental 1(0.1)
Mean duration of admission (days) 12 (14)
Median duration of admission (days) 8 [5-14]
Death during index admission 68 (6.8)
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3.2.3 History of heart failure

Many patients hospitalised with decompensated H/e laahistory of chronic HF and previous
hospital admissions. In this study, almost halfhaf patients had a history of chronic HF. The
majority of these patients had previous hospithbisa with decompensated HF (76.5%).
Most patients with a history of HF had this diageasstablished more than two years before

enrolment into this study (71.4%).

Various healthcare professionals were involvechi d¢are of those patients with a history of
HF (Figure 3.4). The majority of these patients hegular cardiology follow-up, attending
either general cardiology clinics (50.5%) or HF @phst clinics (22.1%). A small proportion
of patients were looked after by a general physi¢iat.4%), whilst a similar proportion was
cared for by their general practitioner alone (¥3.0Many patients were also under the care

of HF liaison nurse services (22.3%).

100~

80-
" I GP only
Z 6o B General Physician
= I Cardiologist
= [ HF Specialist
: . CJHF Liaison Nurse

20+

0-

Figure 3.4: Healthcare professionals involved in th management of patients with a
diagnosis of HF prior to recruitment into the study
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3.2.4 Symptoms prior to admission

Symptoms of decompensated HF in the days priordtaission were recorded for every

patient. Each patient was asked if they had expeeg any of the following symptoms:

paroxysmal nocturnal dyspnoea, orthopnoea, ankidliag, palpitations, wheeze and chest

pain. Table 3-2 displays the frequencies of thgsepsoms. Orthopnoea and ankle swelling

were the commonest symptoms, affecting more thamthivds of the cohort. Most patients

had NYHA functional class Illl symptoms at the tinoé admission (59.2%). Similar

proportions of patients had NYHA functional clas$lesr IV symptoms (22.4% and 18.4%,

respectively). More than half of all patients reted had a history of angina.

Table 3-2: Symptoms of heart failure prior to admision

Symptoms

Number of patients

% of cohort (n=1003)

NYHA Class

Paroxysmal nocturnal dyspnoea
Orthopnoea

Ankle swelling

Palpitations

Wheeze

History of angina

Current angina

225

594

184

484

761

698

204

291

548

296

22.4

59.2

18.4

48.3

75.9

69.6

20.3

29.0

54.6

29.5
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3.2.5 Medical history

Table 3-3 shows the common cardiovascular conditiand their prevalences in the

hospitalised cohort. The risk factors for cardiamdar disease are displayed in Table 3-4.

Coronary heart disease is the commonest cause .0OHEO03 patients enrolled in the study,
443 patients (44.2%) had a history of a previousported MI. Many patients had evidence of
significant coronary artery disease on angiograplefined as at least 50% stenosis in at least
1 major epicardial artery). The results of cororamngiograms performed prior to enrolment in
the study are displayed in Figure 3.5. Percutaneousnary intervention (PCI) had been
performed in 122 patients (12.2%) and 170 pati€h#&0%) had previous coronary artery
bypass grafting (CABG), at the time of enrolment.

Hypertension is a frequent cause of HF, particylarlelderly patients, and was particularly
common in this study with almost two-thirds of tbehort treated for hypertension prior to
recruitment. A significant proportion had hyperdasikrolemia (36.0%). Cerebrovascular
disease, defined as a cerebrovascular accident YOW#&kansient ischaemic attack (TIA), was

also common (23.0%).

Atrial fibrillation (AF) is a common comorbidity iHF, especially in this study. Over half of
all patients had a history of AF (53.5%), with timajority of these patients experiencing
permanent AF (28.5%). Few patients had a pastrigisfoAF but were in sinus rhythm at the
time of recruitment (3.2%). A similar proportion péatients had paroxysmal AF (11.2%) or
persistent AF (10.7%).

Arrhythmias are a common cause of morbidity andtatity in HF. Of 1003 enrolled patients,
108 patients (10.8%) had documented evidence oba grrhythmia. A similar proportion of
patients had a history of syncope (12.2%). The dmouied arrhythmias included
supraventricular tachycardia (SVT) (1.7%) ventracutachycardia (VT) (2.6%), ventricular
fibrillation (VF) (1.6%), sick sinus syndrome (SS@)7%) and atrioventricular (AV) block
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(3.2%). Of the small number of patients with a doeuated history of VT, the majority was
nonsustained VT (73.1%). Of the patients with admsof AV block; the majority had either
second or third degree (40.6% and 43.8%, respé&gtivEhe low prevalence of first-degree

AV block may simply reflect this arrhythmia not bgirecorded in the medical case-notes.

Only 5 patients (0.5%) had a primary prevention 1@od 8 patients (0.8%) a secondary
prevention ICD. Conventional pacemakers were moranson (6.1%), but few patients had
cardiac resynchronisation therapy with a defibialftadevice (CRT-D) (0.5%). No patients had
cardiac resynchronisation therapy without a ddfdiar device (CRT-P) at the time of

enrolment into the study.

Many patients had a history of valvular heart cdsge@4.3%). A subset of these patients had a
history of rheumatic valvular heart disease (7.2%a valve replacement prior to enrolment
into the study (8.0%).

Diabetes mellitus is an established risk factor doronary heart disease and has recently
emerged as a risk factor for HF. Almost one thifdlee cohort had a history of diabetes
mellitus (31.2%). This was managed in the followsmays; dietary modification alone (5.8%),
oral hypoglycaemic therapy (14.4%), insulin (8.0%hd oral hypoglycaemic and insulin
combination therapy (3.1%).

Alcohol is another important risk factor for HF atite majority of patients in this study
acknowledged alcohol consumption prior to admiss{68.0%). Of these patients, few
admitted to alcohol intake in excess of the recomued safe limits (7.0%). A similar
proportion of patients admitted to a previous higtaf alcohol excess (9.6%) and almost half
of the cohort consumed alcohol within the recomneendimits (45.5%). Few patients
admitted to a past history of alcohol excess bahkliwithin recommended limits at the time

of admission (1.1%).
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Over two-thirds of the cohort reported a historycafarette smoking, the majority being ex-
smokers. Of the ex-smokers, most had stopped siokinre than 12 months before
recruitment into the study. Approximately one fifihthe cohort were cigarette smokers prior

to admission.

A family history of cardiac disease was recordedeieery patient enrolled in the study. The
majority had no family history (61.0%). Around otierd of the cohort described details of a
family history of coronary heart disease, with fpatients aware of family members with a
diagnosis of a cardiomyopathy (0.7%). A small prtpa could give an account of family

members having a history of cardiac disease bundidnow the specific diagnoses (5.1%).
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Table 3-3: Common cardiovascular conditions presernit the hospitalised cohort

Medical condition Number of patients % of cohort (n=1003)
MI 443 44.2
Angiographic CAD 323 /436 74.1
PCI 122 12.2
CABG 170 17.0
Cerebrovascular disease (TIA/CVA) 231 23.0
Atrial fibrillation

Past 32 3.2

Paroxysmal 112 11.2

Persistent 107 10.7

Permanent 286 28.5
Prior arrhythmia

SVT 17 1.7

SSS 17 1.7

f'degree AV block 5 0.5

29 degree AV block 13 1.3

& degree AV block 14 1.4

Sustained VT 7 0.7

Nonsustained VT 19 1.9

VF 16 1.6
Conventional pacemaker 61 6.1
CRT-D 5 0.5
Primary prevention ICD 5 0.5
Secondary prevention ICD 8 0.8
Valvular heart disease 444 44.3
Rheumatic heart disease 72 7.2
Valve replacement 80 8.0
Peripheral arterial disease 180 18.0

CAD = coronary artery disease (defined as > 50%asie in> 1 major epicardial vessel,

denominator is number of patients who had an amgmy
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Table 3-4: Prevalence of major risk factors for cadiovascular disease in the hospitalised

cohort

Cardiovascular risk factor

Number of patients

% of cohort (n=1003)

Treated hypertension
Hypercholesterolemia
Diabetes mellitus
Diet controlled
Oral therapy
Insulin
Oral therapy & insulin
Smoking history
Ex-smoker >1 year
Ex-smoker <1 year
Current smoker

Alcohol history

Within recommended limits
Previous or current excess

Family history of cardiac disease

No history

Unknown cardiac conditions

Coronary heart disease

Cardiomyopathy

660

361

313

58

144

80

31

427

46

208

456

166

612

51

333

65.8

36.0

31.2

5.8

14.4

8.0

3.1

42.6

4.6

20.7

45.5

16.6

61.0

5.1

33.2

0.7
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Figure 3.5: Coronary angiography results for the heapitalised cohort. This figure
displays the results of angiograms performed prioto recruitment into the study.

Table 3-5 shows the common non-cardiovascular médamorbidities and their prevalences
in the hospitalised cohort. Chronic obstructive npohary disease (COPD), anaemia and
depression are common comorbidities with HF. Inipalar, HF and COPD often coexist and
almost one-third of the cohort had a diagnosis©PO at the time of enrolment into the study.
Anaemia has also been demonstrated to be frequerabent in HF. Anaemia, as defined by
the WHO criteria (139), affected almost half of thespitalised cohort. A significant
proportion of patients with HF have depressionsMias observed in this study with one fifth
of all patients having a history of depression a@hd majority of these patients were
experiencing ongoing symptoms prior to their admis$o hospital. Weight loss is associated
with a poor prognosis in HF. Involuntary weightdpsdefined as a loss of at least 5% of body
weight, was experienced prior to admission in anifigant proportion of the hospitalised
cohort. Other common comorbidities recorded in fospitalised cohort are displayed in
Table 3-5. Finally, only 12 patients (1%) had ngn#icant medical history at the time of
recruitment into the study. This was defined asaliovascular disease, cardiovascular risk

factor or other medical comorbidity.
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Table 3-5: Frequencies of common non-cardiovasculamedical comorbidities in the

hospitalised cohort

Medical condition

Number of patients

% of cohort (n=1003)

Depression 208 20.7

Current 139 13.9
Cancer

Previous 121 12.1

Current 24 2.4
COPD 297 29.6
Asthma 48 4.8
Anaemia 454 45.3
Hypothyroidism 102 10.2
Hyperthyroidism 22 2.2
Osteoarthritis 255 25.4
Rheumatoid arthritis 35 3.5
Connective tissue disease 20 2.0
Neuropathy 58 5.8
Urinary incontinence 112 11.2
Involuntary weight loss 164 16.4

(> 5% body weight)

3.2.6 Medications pre-admission

Table 3-6 displays the frequencies of prescribihBile medications prior to admission. More
than two-thirds of the cohort was prescribed diaseprior to admission. This was more than

the number of patients with an established prevaiagnosis of HF. This may be explained
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by General Practitioners suspecting a diagnoslisFoin the weeks preceding admission, and
initiating diuretic therapy. Half of the cohort wasescribed an ACE inhibitor prior to
admission, with almost the same proportion of pésieprescribed a beta blocker. Fewer

patients were prescribed an ARB or an aldosteréyekeér prior to admission.

Table 3-6: Frequency of heart failure medication pescribing prior to admission to
hospital

Heart failure medication Number of patients % of mhort (n=1003)
Diuretics 696 69.4
Furosemide & other loop diuretics 641 63.9
ACE inhibitor 507 50.6

ARB 140 14.0

ACE or ARB 613 61.1

ACE and ARB 34 3.4
Beta-blocker 478 47.7
Aldosterone blocker 66 6.6
Digoxin 167 16.7

Table 3-7 outlines the frequencies of prescribihgtber common cardiovascular medications.
A large proportion of patients were taking sta@msl aspirin prior to admission, reflective of
the high prevalence of coronary heart diseaseigncihort. A significant number of patients
were prescribed calcium channel blockers, warfamal hypoglycaemic agents or long-acting
nitrates. Smaller proportions of patients werergkiligoxin, nicorandil, clopidogrel, insulin

or anti-arrhythmic medications.

107



Table 3-7: Frequency of cardiovascular medication se prior to admission to hospital

Cardiovascular medication

Number of patients

% ofcohort (n=1003)

Statins

Aspirin

Clopidogrel

Aspirin or clopidogrel
Calcium channel blockers
Warfarin

Oral hypoglycaemic agents
Long-acting nitrates
Nicorandil

Insulin

Anti-arrhythmic

657

543

118

602

272

264

244

196

147

109

38

65.5

54.1

11.8

60.0

27.1

26.3

24.3

19.5

14.7

10.9

3.8

Many patients were taking non-cardiovascular meutioa prior to their admission to hospital,

reflective of the many comorbidities associatedhwiF (Table 3-8). Almost 40% of the

cohort was prescribed proton pump inhibitors. Angigant number of patients were

prescribed bronchial inhalers, consistent with tigh prevalence of chronic obstructive

airways disease in this cohort. Few patients weesqguibed non-steroidal anti-inflammatory

drugs (NSAIDSs).
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Table 3-8: Frequency of non-cardiovascular medicatin use prior to admission to

hospital

Non-cardiovascular medication

Number of patients

%of cohort (n=1003)

Proton pump inhibitors
Inhalers

Antidepressants

Ferrous sulphate
Allopurinol

Alendronate

Vitamins (B1 & B-complex)
NSAIDs

Antihistamines

H,-receptor antagonists

Incontinence meds

396

283

146

105

76

58

54

37

30

26

20

39.5

28.2

14.6

10.5

7.6

5.8

5.4

3.7

3.0

2.6

2.0

3.2.7 Heart failure medical therapy during first 24hours of admission

The medical therapy administered during the fikth®durs of admission was recorded for
every patient in the study (Table 3-9). Medicalr#imées prescribed beyond the first 24 hours
of hospitalisation and on discharge from hospitatevnot recorded. Medications prescribed

on discharge from hospital were likely similar he tmedical therapy recorded at the follow-up

study visit, albeit smaller doses of HF therapieg/inave been prescribed on discharge.

Nearly all patients in the study were treated wdibretics immediately on admission to

hospital. The most commonly used diuretic was famasle (95.7%). Of the patients treated
with furosemide on admission, the majority wereegithis medication intravenously (71.2%).

More than half of the patients treated with intrames furosemide received this more than
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once during their admission. Almost one quartehefcohort received oral diuretic therapy on

admission to hospital.

A small number of patients were treated with inér@aous nitrates (8.9%) or inotropes (1.7%)
on admission to hospital. Most patients receivihgse therapies are critically unwell.

Approaching such patients for consent to partieipata research study could be ethically
inappropriate. This may explain why few patientated with these therapies were enrolled in

this study.

Table 3-9: Heart failure medications administered dring the first 24 hours of
hospitalisation

Heart failure therapy Number of % of cohort (n=1003)
patients
Diuretics 975 97.2
Furosemide 960 95.7
i) Intravenous furosemide 714 71.2
Single dose 333 33.2
Regular 381 38.0
i) Oral furosemide 247 24.6
Intravenous nitrate 89 8.9
Inotropes (dopamine or dobutamine) 17 1.7
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3.2.8 Clinical examination findings on admission

3.2.8.1 Routine physiological measurements

Routine physiological measurements were recordedaliopatients enrolled in the study
(Table 3-10). The first recording on arrival to pibal was used. The mean pulse rate was 90
bpm, with approximately one-third of patients hayven tachycardia on admission (defined as
pulse >100 bpm). Of those patients with a tachyaand admission, almost half were in AF
on their admission ECG. The majority of patientd hgpulse between 60-100 bpm on arrival
to hospital, with few patients having a bradycar@afined as pulse <60 bpm). The mean
(standard deviation [SD]) blood pressure was 136hif6Hg (27.3/18.0), with an elevated
pulse pressure of 60mmHg. Many patients had a lgyditmod pressure (SBP) greater than
140 mmHg (41.8%), with a significant proportion dfiese patients having stage 2
hypertension (defined as SBPL60 mmHg) on admission (16.4%). Few patientsdyatbolic
hypotension (defined as SBP <90 mmHg) on admis€imer one fifth of patients presented
with diastolic hypertension (defined as diastoliedal pressure [DBP} 90 mmHg). A similar
proportion of patients presented with diastolic ¢ttgmsion (defined as DBP <60 mmHg). The
mean temperature was 36.5°C with the majority diepés having a temperature within the
normal range (defined as 36.1-37.8°C). The meapiredery rate was slightly elevated and
most patients were tachypnoeic (defined as respyratate > 20 breaths per minute) on
admission to hospital (66.2%). The median oxygeuaraton (SpQ@) on admission to hospital
was 96%. Almost one third of all patients had $p&zordings less than 95% on admission to

hospital.
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Table 3-10: Physiological measurements on admissi¢m hospital.

Variable n (%), mean (SD) or median [IQR] Units
Mean pulse rate 90 (24.2) bpm
Median pulse rate 86 [71-105] bpm
Pulse rate > 100 324 (32.3) bpm
Pulse rate > 100 & AF on ECG 149/324 (46) bpm
Pulse rate < 60 67 (6.7) bpm
Mean SBP 135.6 (27.3) mmHg
Median SBP 134 [115-152] mmHg
SBP > 140 419 (41.8) mmHg
SBP> 160 164 (16.4) mmHg
SBP <90 27 (2.7) mmHg
Mean DBP 76.1 (18.0) mmHg
Median DBP 75 [63-88] mmHg
DBP> 90 228 (22.7) mmHg
DBP < 60 215 (21.4) mmHg
Mean pulse pressure 59.5 (21.3) mmHg
Median pulse pressure 56 (45-71) mmHg
Mean temperature 36.5 (0.7) ° Celsius
Median temperature 36.6 [36.1-36.9] ° Celsius
Temperature < 36.1 254 (25.3) ° Celsius
Temperature > 37.8 35 (3.5) ° Celsius
Mean respiratory rate 22 (5.1) breaths / min
Median respiratory rate 20 [18-24] breaths / min
Respiratory rate 12 3(0.3) breaths / min
Respiratory rate 20 664 (66.2) breaths / min
Mean SpQ 95 (4.2) %
Median SpQ 96 [94-97] %
SpO: < 95% 314 (31.3) %
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3.2.8.2 Body mass index and waist circumference ngaements

Table 3-11 displays the body composition measurémetorded on admission to hospital.
Height, waist and weight measurements were recdiateall patients enrolled into the study.
Body mass index (BMI) was calculated from these susaments. Over two-thirds of all
patients were either overweight or obese on adorisgiefined as BMI 25-30 kgfor >30

kg/n?, respectively). Few patients were underweight dmiasion (defined as BMI <18.5
kg/n?). In terms of waist circumference, over half df gatients had a waist circumference
exceeding the sex-specific recommendations (defasse 102 cm in men ang 88 cm in

women). Approximately one quarter of patients hadaast circumference below the sex-

specific recommendations (defined as <94 cm in ameh<80 in women).
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Table 3-11: BMI and waist circumference measuremeston admission to hospital

Measurement n (%), mean (SD) or median [IQR] Units
Mean height 163.5 (10.4) cm
Median height 163.0 [156-171] cm
Mean height (men) 170.2 (8.1) cm
Mean height (women) 155.9 (7.2) cm
Mean weight 77.7 (20.4) kg
Median weight 75.0 [63-89] kg
Mean weight (men) 84.4 (20) kg
Mean weight (women) 70.2 (18.3) kg
Mean BMI 29.0 (6.9) kg/rh
Median BMI 27.8[24.1-32.8] kg/M
Mean BMI (men) 29.1 (6.5) kg/m
Mean BMI (women) 28.9 (7.3) kgfm
BMI calculation missing 10 (1.0) -
BMI < 18.5 (underweight) 23 (2.3) kgfm
BMI 18.5-24.9 (normal weight) 285 (28.7) kdg/m
BMI 25-30 (overweight) 307 (30.9) kgfm
BMI >30 (obese) 378 (38.1) kgfm
Mean waist 98.7 (17.1) cm
Median waist 97.0 [87-109] cm
Waist measurement missing 31(3.1) -
Waist < 94 males; < 80 females 240 (24.7) cm
Waist 94-102 males; 80-88 females 195 (20.1) cm
Waist> 102 males> 88 females 537 (55.2) cm
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3.2.8.3 Cardiovascular examination signs

A full cardiovascular examination was performeddbpatients enrolled into the study (Table
3-12). The cardiovascular signs on examination veemesistent with expected findings for
patients with decompensated HF. The majority ofepéd had a raised jugular venous pressure
(JVP), pulmonary crackles and peripheral oedemanoat one quarter of patients had a
palpable displaced apex beat. Nearly all patiergsewn Killip class Il or Ill. The small
number of patients in Killip class IV likely reflexthe high mortality associated with this
clinical state, and the unsuitability of approachsuch unstable patients for inclusion in a
research study. The small number of patients withia heart sound is unexpected for a
cohort of patients with decompensated HF. One agpl@n may be the variation in an
individual's ability to detect and record this étial sign. Furthermore, this sign may have
been no longer present by the time of enrolmerthdéf patient had already received HF
treatment. More than one-third of all patients vged had a detectable murmur recorded,

consistent with the notable prevalence of valvhksart disease.
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Table 3-12: Cardiovascular examination findings oradmission to hospital

Clinical Sign

Number of patients

% of cohort (N=103)

Elevated JVP (>4cm)
JVP not elevated

JVP not seen

Palpable apex

Displaced apex

Third heart sound
Murmur

Pulmonary crackles (any)

Pulmonary crackles — basal only

Pulmonary crackles — mid-zones

Pulmonary crackles - apices
Pleural effusion(s)

Peripheral oedema (any)
Peripheral oedema — ankle
Peripheral oedema — knee
Peripheral oedema — thigh
Peripheral oedema — sacrum
Peripheral oedema — abdomen
Ascites

Carotid bruit

Killip class |

Killip class I

Killip class lli

Killip class IV

680
210
113
661
241

66

367

942
706
223
13
150
725
715
295
97
45
19
40
38
46
706
247

67.8
20.9
11.3
65.9
24.0
6.6
36.6
93.9
70.4
22.2
1.3
15.0
72.3
71.3
29.4
9.7
4.5
1.9
4.0
3.8
4.6
70.4
24.6

0.4
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3.2.9 Electrocardiography

A 12-lead ECG was performed routinely on admissmhospital for the majority of patients
in this study. This was usually performed as p#&rthe work-up to determine the cause of
decompensated HF, for example ischaemia or arrhgymor to investigate possible
consequences of the decompensation, for examphgtlamias. The first ECG performed
during the admission was analysed, the parametershair frequencies are shown in Table 3-
13. More than half of all patients were in sinugthim. A significant number of patients were
in AF (41.3%). A small proportion was in a pacegthm (4.3%). More than one fifth of
patients had ECG evidence of LVH. A quarter of grats had a bundle branch block, the
majority being LBBB. The mean (SD) QRS duration tfee hospitalised cohort was 109ms
(27.8), within normal limits. A prolonged QRS ducat (defined as greater than 120ms) was
evident in almost one third of patients, many &S having a major prolongation (defined as
>150ms). The mean (SD) corrected QT (QTc) intefwathe whole cohort was 448ms (39.8),
slightly higher than the upper limit of normal (ohefd as 440ms).
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Table 3-13: Admission ECG findings and their frequacies within the cohort

Variable n (%), mean (SD) or median [IQR] Units
Sinus rhythm 549 (54.7) -
AF 414 (41.3) -
Paced rhythm 43 (4.3) -
LBBB 190 (18.9) -
RBBB 69 (6.9) -
Pathological Q waves 62 (6.2) -
LVH 214 (21.3) -
Ischaemic ST depression 42 (4.2) -
Mean QRS duration 109 (27.8) ms
Median QRS duration 102 [88-126] ms
QRS duration >120 296 (29.5) -
QRS duration 120 — 150 184 (18.3) -
QRS duration >150 112 (11.2) -
Mean QTc interval 448 (39.9) ms
Median QTc interval (IQR) 447 [422-471] ms

QTc interval <440

QTc interval> 440

417 (41.6)

585 (58.3)
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3.2.10 Chest X-Ray

Of 1003 patients in the study, 1000 patients h&KX& performed on admission to hospital.
The findings are displayed in Figure 3.6. The mgjasf patients had radiological evidence of
cardiomegaly (70.5%). Similar proportions of patserhad signs of pulmonary oedema
reported on CXR, namely upper lobe venous diver&8m5%) and alveolar oedema (73.8%).
Over half of patients (54.2%) had evidence of pularg congestion in the form of interstitial

oedema. Pleural effusions were also a common ie@gleal finding, reported in a third of the

cohort.
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Figure 3.6: Radiological findings on the admissiol€XR for the hospitalised cohort
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3.2.11 Echocardiography

3.2.11.1 Previous echocardiographic findings

An echocardiogram was performed prior to hospiéilig; in 761 patients (Table 3-14). The
majority of these scans were performed more thgeaa before the admission, thus a repeat
study was performed in many of these cases. Theigu® echocardiographic findings
revealed many abnormalities. Many patients hadlatedi LV or LVH (29.5% and 43.3%,
respectively). LVEF is not calculated on a routa@hocardiogram. More than half had LVSD
(55.3%), the majority of which was at least modeiatseverity. Almost half of patients with

a previous echocardiogram had preserved LV syshafiction (44.7%). Many patients had at
least moderate valvular heart disease. This indwa®tic stenosis (AS), aortic regurgitation

(AR), mitral stenosis (MS), mitral regurgitation BYl or tricuspid regurgitation (TR).

Table 3-14: Echocardiographic findings for the 761patients with an echocardiogram
performed prior to enrolment in the study

Echocardiographic parameter Number of patients % ofcohort (n=761)
Dilated LV 223 29.3
LVH 327 43.0
Preserved LV systolic function 340 44.7
Mild LVSD 128 16.8
Moderate LVSD 161 21.2
Severe LVSD 131 17.2
At least moderate AS 53 7.0
At least moderate AR 25 3.3
At least moderate MS 13 1.7
At least moderate MR 147 19.3
At least moderate TR 66 8.7
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3.2.11.2 Current echocardiographic findings

An echocardiogram was performed after enrolmemtt the study for 727 patients (Table 3-
15). The majority of these were carried out durihg index admission (81.2%), with the
remainder being performed in the weeks followingctarge from hospital. The predominant
reason an echocardiogram was not performed follgwimrolment in the study was that the
scan had been performed recently. The proportibpatents with a dilated LV or LVH were
similar to the previous echocardiographic studg&s5% and 43.1%, respectively). LVEF was
not calculated routinely on the current echocandiotg, thus preventing dichotomisation of
patients into HF-REF or HF-PEF groups. A qualitatassessment of LVSD was recorded as
documented on the echocardiogram report; mild, roldnoderate, moderate, moderate to
severe or severe. Figure 3.7 displays the distdbubf severity of LVSD. The majority of
patients had LVSD (65.9%), proportionately morentkize previous echocardiogram findings.
The high prevalence of LVSD is an expected findimg a cohort of patients with
decompensated HF. Many of those with preserved kstofic function may have had
diastolic dysfunction. Unfortunately, parametersdastolic dysfunction were not routinely
recorded. The proportions of patients with sigmifitvalvular heart disease (defined as at least
moderate in severity) were similar to those in ghrevious echocardiogram studies. The
exception to this was higher proportions of MR diir] possibly due to more patients having

functional MR and TR in the decompensated state.
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Table 3-15: Current echocardiographic findings for the 727 patients with an
echocardiogram performed after enrolment in the stady

Echocardiographic parameter Number of Patients Perentage of cohort
(n=727)
Dilated LV 258 35.5
LVH 313 43.1
Preserved LV systolic function 249 34.3
LVSD 479 65.9
At least moderate AS 57 7.8
At least moderate AR 29 4.0
At least moderate MS 14 1.9
At least moderate MR 211 29.0
At least moderate TR 116 16.0
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Figure 3.7: Distribution of LV systolic function for the 727 patients with an
echocardiogram performed after enrolment in the stdy
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3.2.12 Haematology

All patients enrolled in the study had a full blooount performed routinely on admission to
hospital; the results are displayed in Table 3Ttte mean haemoglobin for the hospitalised
patients was 12.1g/dl. More than half of all pasemnere anaemic by WHO standards (defined
as haemoglobin <12g/dl for females and <13g/dhfates) and many of these met criteria for
severe anaemia (defined as haemoglobin <11.5¢g/didin sexes). The mean WBC count for
the whole cohort was within normal limits, with alst a quarter of patients having a raised
count. The mean lymphocyte count for the cohort wilsin normal limits but over one-fifth
of patients had a low lymphocyte count (<1 ¥)0The mean RDW concentration was 15.4%,
higher than the upper limit of normal (defined 4%%).

Table 3-16: Full blood count profile on admissiondr all patients (n=1003)

FBC parameter n (%), mean (SD) or Units
median [IQR]
Mean WBC count 9.4 (3.7) x10
Median WBC count 8.7 [6.9-10.9] x¥D
WBC count >11 250 (24.9) -
Mean haemoglobin 12.1 (2.2) g/dl
Median haemoglobin 12.1[10.6-13.6] g/dl
Haemoglobin <13 males; <12 females 568 (56.6) -
Haemoglobin <11.5 398 (39.7) -
Mean RDW 15.4 (2.3) %
Median RDW 15 [13.9-16.3] %
RDW >15 503 (50.2) -
Mean lymphocytes 1.64 (1.37) X100
Median lymphocytes 1.4 [1.0-1.88] X110
Lymphocytes <1 236 (23.5) -
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3.2.13 Biochemistry

There was considerable variation in the number iotHemical tests performed for each
patient during their admission, as displayed inl@&@17. The results of the biochemical tests
are shown in Tables 3-18-20. All patients had BNgasured within 24 hours of admission to
hospital, an elevated result being mandatory folugion in the study. All patients had U&E
measured on admission to hospital. The majoritypatients had troponin I, LFT, CRP,
phosphate and glucose measured routinely during hlospital stay. Approximately half of
the cohort had their cholesterol level checked#als proportion of patients had TFT, urate

and HbAlc measured.

Table 3-17: Frequencies of biochemical tests perfored in the hospitalised cohort

Biochemical test Number of patients % of cohort
(n=1003)

BNP 1003 100
U&E 1003 100
LFT 998 99.5
CRP 983 98.0
Glucose 945 94.2
Phosphate 892 88.9
Troponin* 875 87.2
TFT 706 70.4
Lipid profile 527 52.5
HbAlc 85 8.5
Urate 48 4.8

* Troponin | measured at Royal and Western Infiresr troponin T measured at Royal
Alexandra Hospital
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The BNP and U&E results are displayed in Table 3718 median BNP for the hospitalised
cohort was significantly raised at 880pg/ml [IQRAZEB11]. A small proportion of the cohort
had a major elevation of BNP, exceeding the uppeit lof the assay (>5000pg/ml). The
distribution of BNP results for the entire cohatdisplayed in Figure 3.8. The mean sodium
and potassium levels for the whole cohort were iwithhe normal ranges (138mmol/l and
4.2mmol/l, respectively). Many patients were hypomemic (defined as sodium <135mmol/l)
on admission (17.9%). The majority of patients hacelevated urea concentration (defined as
> 7.5mmol/l) on admission (62.3%). The mean crea¢irievel was elevated at 122pumol/l.
eGFR was calculated using the 4-variable MDRD fdanas outlined in Chapter 2. The mean
eGFR for the entire cohort was reduced at 55.6 miinv3nf. Only 5.5% of patients had a
normal eGFR (defined as >90 ml/min/1.73nThe distribution of GFR per 30 ml/min/1.73m
is shown in Figure 3.9.

Table 3-18: BNP and renal function results on admson for all patients (n=1003)

Biochemical Test n (%), mean (SD) or median [IQR] dits

Mean BNP 1308 (1234) pg/mi
Median BNP 880 [394-1812] pg/ml
BNP >5000 32 (3.2 pg/mi
Mean sodium 137.8 (4.5) mmol/|
Median sodium 138 [136-141] mmol/I
Sodium <135 179 (17.8) mmol/I
Mean potassium 4.2 (0.6) mmol/|
Median potassium 4.1 [3.8-4.5] mmol/|
Mean urea 10.1 (5.8) mmol/l
Median urea 8.6 [6.3-11.8] mmol/|
Urea>7.5 625 (62.3) mmol/l
Mean creatinine 121.7 (54.0) pmol/l
Median creatinine 109 [87-138] pmol/l
Mean eGFR 55.6 (21.1) ml/min/1.78m
Median eGFR 54.5 [40.8-68.5] ml/min/1.73m
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Most patients enrolled in the study had LFT mea$uhering their admission (Table 3-19).
The mean bilirubin level was within normal limit&lmost one fifth of patients had an
elevated bilirubin (defined as >22 pumol/l). The meancentration of liver enzymes aspartate
transaminase (AST), alanine transaminase (ALT) akdline phosphatase were within the
local reference ranges. The mean gamma glutamygbpgeptidase (GGT) was elevated at
86.6U/l, the upper limit of normal being 55U/I. Theean albumin level was at the lower end
of the normal range at 35.5g/l and over one-thirgatients had hypoalbuminaemia (defined
as <35g/l).

Table 3-19: Liver function tests during hospital adnission for 998 patients

Biochemical Test n (%), mean (SD) or median [IQR] dits
Mean Bilirubin 15.8 (11.9) pmol/l
Median bilirubin 13.0 [8-19] pmol/l
Bilirubin > 22 182 (18.2) U/l
Mean AST 35.8 (49.5) ull
Median AST 25.0 [19-36] ull
Mean ALT 33.7 (57.3) ul/l
Median ALT 20.0 [14-32] ul/l
Mean GGT 86.6 (94.7) ull
Median GGT 57.0 [32-103] U/l
Mean Alkaline Phosphatase 109.0 (58.5) ul/l
Median Alkaline Phosphatase 95.0 [75-123] ul/l
Mean albumin 35.5 (4.5) g/l
Median albumin 36.0 [33-39] g/l
Albumin <35 369 (37.0) g/l
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The remaining biochemical tests recorded duringaith@ission for subsets of the cohort are
shown in Table 3-20. The mean CRP was significanatlyed at 28.4mg/l and three-quarters of
patients had an elevated CRP level (defined &sng/l). Of 901 patients recruited from the
Royal and Western Infirmaries, 844 patients hagdnin | measured. More than half of these
patients had an elevated result (defined by thal Ibmchemistry laboratory as 0.04 pg/l).

Of 102 patients recruited from the Royal Alexandspital, 31 had troponin T measured and
approximately one quarter of these patients hactlemated result (defined by the local
biochemistry laboratory as 0.05 ug/l). The mean phosphate, thyroid stimugatiermone
(TSH), thyroxine (T4), urate, cholesterol and HbA#&egels were within normal reference

ranges.
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Table 3-20: Other biochemical tests measured durinthe hospital admission

Biochemical Test n (%), mean (SD) or median [IQR] dits
Mean CRP 28.4 (42.5) mg/l
Median CRP 14.0 [6-31] mg/I
CRP>6 743 (75.6) mgl/l
Mean glucose 8.0 (4.6) mmol/|
Median glucose 6.6 [5.6-8.5] mmol/|
Troponin 1> 0.04 465 (55.1) pall
Troponin T> 0.05 8 (25.8) pno/l
Mean phosphate 1.21 (0.32) mmol/l
Median phosphate 1.16 [1.03-1.33] mmol/|
Mean TSH 2.54 (3.2) mu/I
Median TSH 1.7 [1-2.8] mu/I
Mean T4 15.3 (4.0) pmol/|
Median T4 15 [13-17] mmol/|
Mean cholesterol 4.1 (1.1) mmol/l
Median cholesterol 3.9 [3.2-4.7] mmol/l
Mean HbAlc 7.7 (1.9) %
Median HbAlc 7.4 [6-8.9] %
Mean urate 0.47 (0.16) mmol/|
Median urate 0.49 [0.36-0.57] mmol/I
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3.2.14 Aetiology of heart failure

The primary aetiologies of heart failure for thetienhospitalised cohort are displayed in
Table 3-21. Coronary heart disease was the primatplogy for the majority of patients.
Over 40% of the entire cohort had documented ewelerf a prior MI. Approximately one-
third of patients had angiographic evidence of narg heart disease (defined as >50%
stenosis in at least one major epicardial vess§aler a third of patients had an ‘unknown’
primary aetiology of HF. These were patients withpnevious MI or angiogram performed by
the time of aetiology assessment. The non-ischapnmtary causes of HF are also displayed
in Table 3-21. A non-ischaemic primary aetiologyswanly assigned when ischaemia had
been excluded (no previous MI and coronary anguyademonstrating no significant
stenoses) and no other clear causes of HF wererireShe majority of non-ischaemic causes
were valvular heart disease. As outlined in thehwods, valvular heart disease was only
considered causative if it was at least moderatgeiwrerity. The cardiomyopathies were the
primary cause of HF for a small number of patiefs#se Table 3-21). Few patients had
hypertension and alcohol as the primary reasothfar HF. It is likely that more patients had
hypertension, alcohol or valvular heart diseasthagrimary cause of HF. However if these
patients had not had coronary angiography, to eeclischaemia as the cause, then the
primary aetiology was classified ‘unknown’. In tkesstances all potential causes were

recorded as ‘contributing aetiologies’, as detaifethe following paragraph.
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Table 3-21: Primary aetiology of heart failure forthe hospitalised cohort

Primary Aetiology Number of % of cohort
patients (n=1003)
Ischaemic 544 54.2
a) Definite previous Ml 447 44.6
b) Angiographic evidence 324 32.3

(>50% stenosis in1 vessel)

Non-ischaemic 114 11.4
Valvular 60 6.0
Cardiomyopathies 26 2.6

a) Idiopathic dilated cardiomyopathy 17 1.7

b) Hypertrophic cardiomyopathy 4 0.4

c) Peripartum cardiomyopathy 3 0.3

d) Restrictive cardiomyopathy 2 0.2
Hypertension 16 1.6

Alcohol 12 1.2
Unknown (no previous MI or angiography) 345 34.4

Regardless of whether or not the patient had agsiraetiology assigned, the presence of any
potential contributing aetiologies were also docnoted, the results are shown in Table 3-22.
Two-thirds of all patients had hypertension as @triouting cause of HF. Almost 40% of the
entire cohort had valvular heart disease as aibaoititng cause of HF. The majority of these
were mitral regurgitation, many cases being fumaloregurgitation secondary to LVSD
rather than primary valve disease. Aortic stenasis also a significant contributing cause for
many patients. AF was a potential contributing eaoSHF when persistent or permanent in
duration, this applied to almost half of the entadort. Epidemiological studies have recently

demonstrated an increased risk of HF amongst patieith diabetes. In this study the
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prevalence of diabetes was high, affecting almoshial of all patients. Excess alcohol
consumption was also a significant contributor,ainleast 16% of all patients. A small
proportion of the cohort had other contributing ses1of HF identified, including; previous

chemotherapy, thyrotoxicosis and long-term righttkieular pacing.

Table 3-22: Potential contributing aetiologies of bart failure in the hospitalised cohort

Contributing aetiology Number of patients % of cohat (n=1003)
Hypertension 663 66.1
Valvular heart disease 396 39.5
Atrial fibrillation 445 44.4
Diabetes mellitus 314 31.3
Alcohol 166 16.6

Other 68 6.8

3.3 Summary

This chapter outlined the process of recruitment aescribed in detail the clinical
characteristics from the hospital admission for ttwhort of patients hospitalised with
decompensated HF. Of 2361 patients with suspectmbnadpensated HF screened for
inclusion in the study, 1003 patients were recduifBhe mean age was 73 years, consistent
with established epidemiological studies of HF. Tin@jority of patients were male. A
significant proportion of the cohort was elderlythwimultiple medical co-morbidity and
polypharmacy. Only 1% of the entire cohort had mmwn medical conditions prior to
enrolment into the study, reflecting the high levelf co-morbidity associated with HF.
Survivors were discharged from hospital after aginately 12 days.

Almost half of the cohort had a prior diagnosisH¥. Three-quarters of these patients had

experienced a previous hospitalisation with decammated HF, highlighting the high rates of
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hospitalisation associated with this condition. Pienary aetiology of HF was ischaemia for
the majority of patients, but over one-third haduaknown primary aetiology. The majority

of patients were already taking oral diuretics ptmadmission. Many were already prescribed
HF disease-modifying therapies. Nearly all of tlegignts recruited into the study received
diuretic therapy on admission to hospital, appratety three-quarters of the cohort received
this therapy intravenously. Less than 3% of alligrdas in the study were not treated with
diuretic therapy on admission to hospital, moseljikreflecting younger patients presenting
with progressive pump failure rather than fluid dead. Most physiological measurements
were stable on admission, indicative of the in&pilof more unstable patients to be
approached to consent to participate in the stlilg. majority of patients had a raised JVP,

lung crepitations, peripheral oedema and were liipKilass |I.

There were a significant number of patients in AFadmission to hospital and many had left
bundle branch block on their ECG. The presenceadiotogical signs of pulmonary oedema
was common on the admission CXR. Most patients a&adechocardiogram performed
following enrolment into the study. This revealed3D for the majority of cases. Routine
blood sampling on admission to hospital revealechynbiochemical and haematological
abnormalities in this cohort. All patients had devated BNP, an essential component of the
study inclusion criteria, and the median was sigaiitly elevated. More than half of all
patients were anaemic by WHO criteria, almost thiods had an elevated serum urea
concentration and >90% had a reduction in their GMRre than half of all patients with

troponin | measured on admission to hospital hadlewvated result.

In summary the hospitalised cohort was made u@08 Jpatients, the majority of whom were
elderly with multiple medical co-morbidity and LVSD
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CHAPTER FOUR

CLINICAL CHARACTERISTICS OF
HOSPITALISED COHORT STRATIFIED BY
STUDY VISIT ATTENDANCE
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4.1 Introduction

This chapter will compare the clinical charactéestof the hospital cohort of patients
according to whether or not they attended the dizstharge study visit. The data described
will be similar to the previous chapter but stiatif by subsequent attendance at the study visit
or not. Non-attendance will be subdivided into teasons for failure to complete the study
visit. The data described will comprise basic derapbic details, symptoms prior to
admission, medical history, medications pre-admissand during the first 24 hours of
admission, and examination findings on admissidactéocardiographic, radiological, blood
test and echocardiographic results will also batifed by attendance at the study visit. The
main aim of this chapter will be to ascertain wieetbr not there were any major clinical
differences in the cohort of patients who returteccomplete the study visit compared to
those who did not attend. Ultimately, these congmas will allow an objective assessment of
whether or not the patients returning for the stuidyt were truly representative of the entire

cohort.

4.2 Comparison of hospital data for study visit atétndees and non-attendees

4.2.1 Outcome of hospitalised cohort

Of 1003 patients enrolled in the study, 648 pasig6y.6%) completed the study visit. The
reasons why the remaining patients failed to atterel outlined in Figure 4.1. The most
common reason for failure to attend the study wsts refusal to participate, 167 patients
(16.7%) withdrew from the study for this reasonldaling discharge from hospital. 115

patients (11.5%) died prior to the study visit appoent. More than half of these deaths, 68
deaths (59.1%), occurred during the index admissidie remaining 47 deaths (40.9% of
deaths) occurred after discharge from hospital lzefdre the study visit. Finally, 73 patients
(7.3%) were unable to attend the study visit appeémt because of deterioration in their
health.
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For the remainder of this chapter patients who detad the post-discharge study visit will be
referred to as ‘attendees’ and those who withdmem fparticipating in the study visit will be
referred to as ‘withdrawn’. Patients who failed ¢complete the study visit because of
deterioration in their health will be referred te ‘@deteriorating health’ and those who died
before their study visit appointment will be retdrto as ‘deceased’ or ‘died before the study

visit'.

1000+
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Figure 4.1: Overview of the 1003 patients recruitednto the study and the breakdowr
of reasons for failure to attend the study visit
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4.2.2 Demographics

Table 4-1 shows the demographics of the hospithlisdort, stratified by whether or not they
subsequently attended the study visit. Attendeeésphaportionately more male patients than
the other three groups, whilst patients who diddreethe study visit had more female patients
than the other three groups (p=0.00015).

Patients attending the study visit were youngen ttee other three groups (p<0.0001), with
fewest patients over 75 years of age (p<0.0001fjeia with deteriorating health had the
highest mean age, with almost three-quarters sfgroup over 75 years of age.

The average length of hospitalisation was signifigalonger for patients with deteriorating

health and those who died before their study asgointment (p<0.0001).
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Table 4-1: Basic demographics of the hospitalisedbbort, stratified by whether or not they subsequeny attended the study visit. Data are
expressed as number (%), mean (SD) or median [IQR].

Variable Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)
Male 377 73 35 47 532 0.00015
(58.2) (43.7) (48.0) (40.9) (53.0)
Age (years) 70.8 77.1 80.0 75.1 73.0 <0.0001
(10.6) (8.2) (8.0) (10.3) (10.5)
> 75 years of age 232 107 54 65 458 <0.0001
(35.8) (64.1) (74.0) (56.5) (45.7)
Mean duration of admission (days) 9.7 10.3 21.9 20.9 11.9 <0.0001
(8.1) (10.3) (23.4) (23.8) (13.6)
Median duration of admission (days) 7 7 13 13 8 <0.0001
[4-12] [5-12] [8-31] [6-24.5] [5-14]

* |nter-group comparisons using ANOVA F-test (conibus variables) and test (categorical variables), p value < 0.05 iatéis a significant difference
between the four groups.
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4.2.3 History of heart failure

A history of HF was defined as a previous admissigth decompensated HF or a
diagnosis of HF established in an outpatient clidienost half of the overall cohort had a
history of HF prior to enrolment in this study. Astory of HF was more common amongst
patients with deteriorating health and those whoewdeceased (p=0.00047) [Table 4-2].
Consequently, more patients who subsequently atetite study visit or withdrew from
participation werale novopresentations of HF at the time of enrolment is #tudy. The
proportion of patients with a diagnosis of chroHi€ for more than 2 years was similar in
all four groups. The proportion of patients withpaevious hospital admission with
decompensated HF did not significantly differ bezawéhe groups, although the proportion

was greatest for those who died before the stusiy. vi

Table 4-2: History of heart failure, stratified by study visit attendance Data are
expressed as number (%).

Attendee Withdrawn Deteriorating Deceased Overall p value*

(n=648) (n=167)  health (n=73) (n=115) (n=1003)

1 283 69 44 69 465  0.00047
(43.7) (41.3) (60.3) (60.0) (46.4)

2 203 45 33 51 332/465  0.62
(71.7) (65.2) (75.0) (73.9) (71.4)

3 216 48 33 58 355/465  0.31
(76.3) (69.6) (75.0) (84.1) (76.3)

* Inter-group comparisons using test, p value < 0.05 indicates a significant défee

between the four groups.

1 = Previous diagnosis of heart failure
2 = Diagnosis of heart failure > 2 years ago

3 = Previous admission with decompensated hedutéai
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4.2.4 Heart failure symptoms prior to admission

The presence of HF symptoms prior to hospitalisatiaried between the four groups, as
displayed in Table 4-3.

Severity of HF symptoms, as defined by the NYHAssks, differed between the groups
(p=0.00067). Those who attended the study viswitimdrew from participation had more
patients with milder HF symptoms (NYHA class Il)ath the other two groups. The
prevalence of moderate HF symptoms (NYHA class W8s similar amongst all four
groups. Those who died prior to the study visit el greatest proportion of patients with
severe HF symptoms (NYHA class V).

Patients who died before the study visit were midtely to experience paroxysmal
nocturnal dyspnoea (PND) (p=0.022).

Ankle swelling affected the majority of all patispglthough was more common amongst
patients with deteriorating health and those wleal diefore the study visit (p<0.0001).

There was no significant difference between the fgoups in the prevalence of the

following symptoms; orthopnoea, palpitations, whreeamd angina.
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Table 4-3: Heart failure symptom status prior to adnission, stratified by study visit participation. Data are expressed as number (%).

Symptom Attendee Withdrawn Deteriorating health Deceased Overall p value*
(n=648) (n=167) (n=73) (n=115) (n=1003)
NYHA I 160 (24.7) 42 (25.1) 13 (17.8) 11 (9.6) 225 (22.4)
1 374 (57.7) 104 (62.3) 47 (64.4) 69 (60.0) 594 (59.2) 0.00067
v 114 (17.6) 21 (12.6) 13 (17.8) 35 (30.4) 184 (18.3)
PND 311 (48.0) 69 (41.3) 35 (47.9) 69 (60.0) 484 (48.3) 0.022
Orthopnoea 488 (75.3) 121 (72.5) 54 (74.0) 98 (85.2 761 (75.9) 0.078
Ankle swelling 412 (63.6) 126 (75.4) 61 (83.6) 88.11) 698 (69.6) <0.0001
Palpitations 146 (22.5) 25 (15.0) 14 (19.2) 195%)6. 204 (20.3) 0.11
Wheeze 189 (29.2) 43 (25.7) 24 (32.9) 35 (30.4) 291 (29.0) 0.68
Angina 356 (54.9) 86 (51.5) 40 (54.8) 66 (57.4) 548 (54.6) 0.79

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the four groups.
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4.2.5 Medical history

The prevalences of common medical comorbiditiegeddnetween the groups (Table 4-4).
A history of a previously reported Ml was similar all four groups, affecting a large
proportion of all patients. On the other hand, titrevalence of major angiographic
coronary heart disease differed between the grdpp$.012). This was defined as
previous angiographic evidence of at least 50%aosienin at least 1 major epicardial
vessel. Angiographic coronary heart disease was mogvalent amongst patients who
withdrew and those with deteriorating health. A Hag proportion of attendees had
undergone PCI compared to the non-attendees, arefife of borderline statistical
significance (p=0.057).

AF was proportionately more common amongst patiehis withdrew from the study visit
or had deteriorating health (p=0.045). Surprisinglye lowest prevalence of AF was

amongst the patients who died before the study. visi

Patients with deteriorating health or death betbeestudy visit were more likely to have

experienced major weight loss in the 6 months gaanrolment in the study (p=0.019).

A history of cancer was more common in those wighedorating health than the other
three groups (p=0.0034). Surprisingly, there wenglar proportions of this comorbidity

amongst attendees and patients who died beforstuly visit.

Peripheral arterial disease was most common am@ag&nts who died before the study
visit and least common amongst attendees (p=0.0@d¢. possible explanation for the
higher prevalence of this condition amongst pasienio withdrew or cited deteriorating
health as the reason for non-attendance may beMih@/A treadmill test. Patients
experiencing pain from walking due to peripherak@al disease may have been more

inclined to withdraw from participation in the studisit.

Hypothyroidism was most common amongst patient$ w#teriorating health and least

common amongst attendees, although this was ofebdord statistical significance
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(p=0.051). Those who subsequently died or withdfesm the study visit had similar

proportions of patients affected by this condition.

Osteoarthritis was more common in patients witredetating health, affecting over 40%
of this group (p=0.0062). Although fewer patienisthe other three groups suffered from
osteoarthritis, it was still common and affectedusrd a quarter of these patients. Physical
disabilities may have been a reason why many gatienthdrew from participation

because of difficulties travelling to the studyiver anxiety regarding the treadmill test.

Patients who did not complete the study visit dueléteriorating health or death were
more likely to be anaemic (p<0.0001). However thignorbidity was common in the
overall cohort and many patients in all four groupst the WHO criteria for the diagnosis

of anaemia.

Urinary incontinence was more prevalent amongsiept who failed to complete the
study visit, irrespective of cause (p=0.0016). Ehosable to attend due to declining health

were most likely to suffer from this comorbidity.

There was no difference between the groups in teeatence of the following medical
conditions; hypertension, cerebrovascular diseaseléfined by prior TIA or CVA), prior
arrhythmia, diabetes mellitus, depression, COPnaa, hyperthyroidism and rheumatoid

arthritis.
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Table 4-4: Prevalence of common medical conditionstratified by study visit attendance. Data are exgessed as number (%).

Condition Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)
M 278 (42.9) 70 (41.9) 39 (53.4) 56 (48.7) 443 (44.2) 0.23
Angiographic CAD 224/ 307 (73.0) 48 /59 (81.4) /18 (78.9) 36 /51 (70.6) 323 /436 (74.1) 0.012
PCI 92 (14.2) 16 (9.6) 6 (8.2) 8 (7.0) 122 (12.2) 0.057
CABG 112 (17.3) 27 (16.2) 9 (12.3) 22 (19.1) 170 (16.9) 0.65
Hypertension 420 (64.8) 116 (69.5) 49 (67.1) 754H5 660 (65.8) 0.72
TIA/ICVA 146 (22.5) 36 (21.6) 25 (34.2) 24 (20.9) 231 (23.0) 0.12
History of AF 344 (53.1) 95 (56.9) 43 (58.9) 55 .@y7 537 (53.5) 0.045
Prior arrhythmia 53 (8.2) 15 (9.0) 6 (8.2) 9 (7.8) 83 (8.3) 0.99
Diabetes 203 (31.3) 48 (28.7) 25 (34.2) 37 (32.2) 313 (31.2) 0.84
Weight losst 94 (14.5) 26 (15.6) 19 (26.0) 26 (22.6 165 (16.5) 0.019
Depression 137 (21.1) 31 (18.6) 17 (23.3) 23 (20.0) 208 (20.7) 0.83
History of cancer 87 (13.4) 28 (16.8) 15 (20.5) (15.0) 145 (14.5) 0.0034
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Condition Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)
COPD 181 (27.9) 50 (29.9) 23 (31.5) 43 (37.4) 297 (29.6) 0.23
PAD 104 (16.0) 30 (18.0) 15 (20.5) 31 (27.0) 180 (17.9) 0.041
Asthma 34 (5.2) 7 (4.2) 2(2.7) 5 (4.3) 48 (4.8) 0.76
Hypothyroidism 55 (8.5) 20 (12.0) 13 (17.8) 14 Q)2. 102 (10.2) 0.051
Hyperthyroidism 12 (1.9) 6 (3.6) 1(1.4) 3 (2.6) 22 (2.2) 0.53
RA 18 (2.8) 5 (3.0) 5 (6.8) 7 (6.1) 35 (3.5) 0.12
OA 154 (23.8) 43 (25.7) 31 (42.5) 27 (23.5) 255 (25.4) 0.0062
Anaemia 276 (42.6) 64 (38.3) 46 (63.0) 68 (59.1) 454 (45.3) <0.0001
Urinary incontinence 58 (9.0) 21 (12.6) 17 (23.3) 6 (13.9) 112 (11.2) 0.0016

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the four groups.

CAD = coronary artery disease (defined as > 50%osie in> 1 major epicardial vessel, denominator is numlbgatients who had an angiogram); OA

= osteoarthritis; PAD = peripheral arterial dised®& = rheumatoid arthritis

T >5% body weight in previous 6 months
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4.2.6 Cardiovascular medications pre-admission

The pre-admission use of certain cardiovascularicagdns varied between the four
groups (Table 4-5). The majority of these diffeehovere in HF medications. The
majority of patients in all groups were prescribeddiuretic. However, patients with
deteriorating health and those who died beforesthdy visit were most likely to be taking

diuretics prior to the index admission (p=0.027).

Patients attending the study visit were more likielybe prescribed beta-blockers before
hospitalisation (p=0.0018). Patients who died keftme study visit and those with
deteriorating health had fewest patients on thisgdiThe use of ACE inhibitors was

similar in all 4 groups.

In comparison to ACE inhibitors and beta-blockettse overall number of patients

prescribed ARBs pre-admission was small. Only 14%he entire cohort was prescribed
ARBs before the index admission. Patients who weéthdfrom the study visit were most

likely to be prescribed ARBs whilst those with daieating health or death had fewest
patients prescribed this drug (p=0.025). The oV@rascribing of aldosterone antagonists
prior to admission was also small. However, the afsthis medication was most common
amongst those who died before the study visit (p29).

Although there was no statistically significant fdience between the groups in the
proportion of patients prescribed aspirin, theresveatrend towards more prescribing
amongst the group who died before the study vi0(057). Two-thirds of deceased
patients were prescribed aspirin compared to apmpetely half of patients in the other
three groups. Statin prescribing was more commoongst attendees and least common

amongst patients who did not attend the study dis# to deteriorating health (p=0.043).

The use of the following medications was similamalhfour groups; digoxin, clopidogrel,
warfarin, nicorandil, calcium channel blockers, i@mthythmic therapies, long-acting

nitrates and non-statin lipid lowering agents.
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Table 4-5: Prevalence of cardiovascular medicatiomprescribing pre-admission, stratified by study visit attendance. Dia are expressed ¢

number (%b).

Medication Attendee Withdrawn Deteriorating health Deceased Overall p value*
(n=648) (n=167) (n=73) (n=115) (n=1003)

Diuretics 432 (66.7) 117 (70.1) 57 (78.1) 90 (78.3) 696 (69.4) 0.027
Beta-blockers 337 (52.0) 71 (42.5) 26 (35.6) 44388 478 (47.7) 0.0018
ACE inhibitors 340 (52.5) 74 (44.3) 33 (45.2) 6Q.8 507 (50.5) 0.21
ARBs 92 (14.2) 32 (19.2) 4 (5.5) 12 (10.4) 140 (14.0) 0.025
Aldosterone antagonists 36 (5.6) 10 (6.0) 5 (6.8) 5 (1B.0) 66 (6.6) 0.029
Aspirin 341 (52.6) 87 (52.1) 39 (53.4) 76 (66.1) 543 (54.1) 0.057
Clopidogrel 82 (12.7) 16 (9.6) 9 (12.3) 11 (9.6) 118 (11.8) 0.61
Aspirin or clopidogrel 382 (59.0) 99 (59.3) 42 By7. 79 (68.7) 602 (60.0) 0.13
Digoxin 104 (16.0) 27 (16.2) 15 (20.5) 22 (19.1) 168 (16.7) 0.68
Warfarin 186 (28.7) 39 (23.4) 16 (21.9) 23 (20.0) 264 (26.3) 0.12
Nicorandil 90 (13.9) 26 (15.6) 15 (20.5) 16 (13.9) 147 (14.7) 0.48
Calcium channel blockers 166 (25.6) 58 (34.7) r3p 31 (27.0) 272 (27.1) 0.1
Anti-arrhythmic 22 (3.4) 8 (4.8) 3(4.1) 5 (4.3) 38 (3.8) 0.84
Long-acting nitrates 120 (18.5) 29 (17.4) 19 (26.0) 28 (24.3) 196 (19.5) 0.21
Statin 443 (68.4) 101 (60.5) 40 (54.8) 73 (63.5) 657 (65.5) 0.043
Other lipid lowering agents 16 (2.5) 9 (5.4) 2 §2.7 7 (6.1) 34 (3.4) 0.095

* Inter-group comparisons using test, p value < 0.05 indicates a significant défee between the four groups.
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4.2.7 Heart failure medical therapy during first 24hours of admission

The pharmacological treatment of HF during thet f@#4 hours of admission is shown in
Table 4-6. More than 95% of the overall cohort wesscribed furosemide on admission.

The use of furosemide and loop diuretics was smnilall four groups.

The use of intravenous nitrate therapy during tigt 24 hours of admission differed
between the groups of patients. Those who diedrédfe study visit were most likely to
be treated with intravenous nitrate therapy, mbentdouble the prescribing rate of the
other three groups (p=0.0055).

Few patients were prescribed inotrope therapy (@wbime or dopamine). However the
use of this therapy was more common amongst thdse died before the study visit
(p<0.0001).
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Table 4-6: Heart failure
number (%b).

medical therapy during the first 24 hours of admission, stratified by study isit attendance. Data

ae expressed ¢

Medication Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)

Furosemide 615 (94.9) 161 (96.4) 71 (97.3) 1133(98. 960 (95.7) 0.33

Other loop diuretic 28 (4.3) 5 (3.0) 3(4.1) 9 (7.8 45 (4.5) 0.27

Intravenous nitrate 54 (8.3) 10 (6.0) 5(6.8) 20.4) 89 (8.9) 0.0055

Inotrope 5(0.8) 0 (0) 3(4.1) 9 (7.8) 17 (1.7) <0.0001

(dobutamine or dopamine)

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the four groups.
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4.2.8 Clinical examination findings on admission

4.2.8.1 Routine physiological measurements

There were several differences between the fouupgroof patients in the routine
physiological measurements recorded on admissidro$pital (Table 4-7). Patients who
died before the study visit had lower SBP thandtteer three groups (p<0.0001). When
the range of SBP was divided into 5 cut-off poihisre were other differences between the
groups (p<0.0001). Patients who did not attend shely visit because of death or
deteriorating health had proportionately more pasien the lower two categories of SBP
(<80mmHg and 80-100mmHg). Attendees and those wtiwrew from participating had
more patients in the middle categories of SBP (140mmHg and 140-180mmHg).

Patients who did not attend the study visit becaafsdeath or deteriorating health had
lower DBP than the other two groups (p<0.0001)eAdees had a similar DBP to those
who withdrew from the study visit. When the rand®8P was divided into three cut-off
points, other differences existed between the @op=0.00013). Patients who
subsequently did not participate in the study \bgitause of deteriorating health or death
had proportionately more patients with DBP <65mmHigcontrast, attendees and those
who withdrew from the study visit had proportiongtenore patients with diastolic
hypertension (defined &90mmHg).

The first peripheral Spfreading, on either air or oxygen, was recordedefa@ry patient
enrolled in the study. Patients who subsequenttly rdit participate in the study visit
because of deteriorating health or death had arl®w€& reading on air than the other two
groups of patients (p<0.0001). Unsurprisingly, éhemas no difference between the groups
for patients with an initial Speading on oxygen.

There were no differences between the groups aémgatin the following physiological

parameters; mean heart rate, temperature andatspirate.
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Table 4-7: Routine physiological measurements on audssion to hospital, stratified by study visit attedance. Data are expressed as number (%)
or mean (SD).

Physiological Attendee (n=648) Withdrawn Deteriorating Deceased (n=115) Overall (n=1003) p value*
measurement (units) (n=167) health (n=73)
Heart rate (bpm) 89 (25) 90 (25) 89 (21) 92 (22) 90 (24) 0.68
SBP (mmHg) 137 (27) 139 (29) 134 (27) 122 (26) 136 (27) <0.0001
SBP levels (mmHgQ)
<80 0 (0) 0 (0) 0 (0) 3(2.6) 3(0.3)
80-100 41 (6.3) 9 (5.4) 6 (8.2) 17 (14.8) 73 (7.3)
<0.0001
100-140 312 (48.2) 83 (49.7) 41 (56.2) 72 (62.6) 508 (50.6)
140-180 250 (38.6) 56 (33.5) 19 (26.0) 18 (15.7) 343 (34.2)
>180 45 (6.9) 19 (11.4) 7 (9.6) 5(4.3) 76 (7.6)
DBP (mmHg) 78 (18) 76 (19) 73 (17) 69 (16) 76 (18) <0.0001
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Physiological Attendee (n=648) Withdrawn Deteriorating Deceased (n=115) Overall (n=1003) p value*

measurement (units) (n=167) health (n=73)

DBP levels (mmHgQ)

<65 157 (24.2) 43 (25.7) 30 (41.1) 42 (36.5) 272 (27.1)
0.00013
65-90 329 (50.8) 82 (49.1) 28 (38.4) 64 (55.7) 503 (50.2)
>90 162 (25.0) 42 (25.2) 15 (20.5) 9(7.8) 228 (22.7)
Pulse pressure (mmHgQ) 59.6 (20.6) 62.4 (22.7) e1L67) 52.6 (21.8) 59.4 (21.3) 0.0012
Temperature (°C) 36.5 (0.6) 36.5(0.7) 36.6 (0.6) 6.530.8) 36.5(0.7) 0.4
Respiratory rate (breaths 22 (5.1) 21 (5.4) 22 (4.9) 23 (4.9) 22 (5.1) 0.16
per min)
SpO2 on air (%) T 95 (3.8) 95 (2.9) 93 (5.6) 93)6. 95 (4.2) <0.0001
SpO2 on oxygen (%)t 96 (4.1) 95 (4.5) 96 (4.1) 6)( 96 (4.2) 0.37

* Inter-group comparisons using ANOVA F test (contius variables) and test (categorical variables), p value < 0.05 iatéis a significant difference

between the four groups.

t SpO2 measurement as per first recording on oagernvchart on air or oxygen
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4.2.8.2 Body mass index and waist circumference mgaements

BMI and waist circumference measurements recorde@dmission to hospital differed
between the four groups (Tables 4-8 to 4-10). Rerrhale patients, attendees and those
who withdrew from the study visit were taller thdre patients in the other two groups
(p=0.0036). Attendees and patients who withdremnfthe study visit were also heavier
than the other two groups (p=0.0017). A similamttevas seen amongst the female

patients, although the difference was not staéilficignificant for weight.

Consequently the BMI differed between the four gyuwith male attendees having a
larger BMI than men in the other three groups (p6R9). There was no significant
difference between the four groups in the mean BMLthe female patients. Interestingly
the mean BMI for all four groups, regardless of,sems in the pre-obese range. BMI
levels were analysed in the categories that ard ak&ically; underweight (<18.5), ideal
weight (18.5-25), pre-obese / overweight (>25-3@) abeseX 30). The proportions of
patients in each of the BMI categories differedo3dénwho died before the study visit had
more underweight patients than the other three ggoparticularly amongst the female
patients. Attendees had most obese patients whitsse who died before the study visit
had the fewest.

Attendees had the largest waist circumferenceldbaf groups, over 7cm greater than the
mean circumference of patients who died before shely visit (p<0.0001). Waist
circumference was analysed in the sex-specificgoates that are used clinically; low
waist circumference (<94cm for men and <80cm fom&n), normal waist circumference
(94-102cm for men and 80-88cm for women) and higlistvxcircumference (>102cm for
men and >88cm for women). The proportions in edcth® categories differed between
the four groups (p=0.0056). Attendees had mosemmst with high waist circumference
and fewest patients with low waist circumferencatidhts who withdrew from the study
visit or died before the study visit had the greafroportion of patients with low waist

circumference.
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Table 4-8: BMI and waist circumference measurements for meron admission to hospital, stratified by study vigi attendance. Data ar

expressed as number (%) or mean (SD).

Measurement (units) Attendee Withdrawn Deteriorating Deceased Overall p value*

(n=377) (n=73) health (n=35) (n=47) (n=532)
Missing value 0 1 4 1 6 -
Height (cm) 170.0 (8) 172.8 (7.6) 167.0 (9.3) 169.B) 170.2 (8.1) 0.0036
Weight (kg) 86.2 (20.3) 83.3(19.7) 77.7 (20.7) 07@.3.3) 84.4 (20.0) 0.0017
BMI (kg/m?) 29.8 (6.7) 27.9 (6.6) 27.7 (5.8) 26.7(4.9)  29.1(6.5) 0.0029
BMI levels <18.5 1 (0.3) 3(4.2) 1(3.3) 2 (4.4) 7 (1.3)

88 (23.3) 22 (30.5) 9 (29.0) 14 (30.4) 133 (25.3)

133 (35.3) 26 (36.1) 9 (29.0) 19 (41.3) 187 (35.6) 0023

155 (41.1) 21 (29.2) 12 (38.7) 11 (23.9) 199 (37.8)

* |nter-group comparisons using ANOVA F test (comtus variables) angd test (categorical variables), p value < 0.05 iatdis a significant difference

between the four groups.
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Table 4-9: BMI and waist circumference measurements for womeron admission to hospital, stratified by study visitattendance. Data ar
expressed as number (%) or mean (SD).

Measurement (units) Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=271) (n=94) health (n=38) (n=68) (n=471)

Missing value 0 4 0 0 4 -
Height (cm) 155.8 (6.4) 157.9 (6.5) 154.7 (7.0) .8540.0) 155.9 (7.2) 0.023
Weight (kg) 71.6 (18.4) 69.6 (17.2) 67.1 (18.7) F(11.8.6) 70.2 (18.3) 0.21
BMI (kg/m?) 29.5 (7.3) 27.7 (6.7) 28.2 (8.2) 28.2(7.7)  28.9(7.3) 0.17
BMI levels <18.5 6 (2.2) 3(3.3) 0 (0) 7 (10.3) 16 (3.4)

18.5-25 79 (29.2) 37 (41.1) 19 (50.0) 17 (25.0) 152 (32.6)

25-30 74 (27.3) 21 (23.3) 5 (13.2) 20 (29.4) 120 (25.7) 00037

>30 112 (41.3) 29 (32.3) 14 (36.8) 24 (35.3) 179 (38.3)

* |nter-group comparisons using ANOVA F test (comtus variables) angd test (categorical variables), p value < 0.05 iatdis a significant difference

between the four groups.
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Table 4-10: Waist circumference measurements on adssion to hospital, stratified by study visit attemlance.

or number (%).

Data are expressed as mean (SD)

Measurement (units)

Withdrawn

Deteriorating Deceased

health (n=73)

Overall p value*
(n=1003)

Missing value

Waist (cm)

Waist levels <94 M /<80 F
94-102 M / 80-88 F

>102 M/ >88 F

100.7 (17.0) 95.1 (17.5) 96.5 (16.5)
137 (21.1)
134 (20.7)

377 (58.2)

31 -
98.7 (17.1) <0.0001
240 (24.7)

195 (20.1) 0.0056

537 (55.2)

* Inter-group comparisons using ANOVA F test (contius variables) and test (categorical variables), p value < 0.05 iatéis a significant difference

between the four groups.
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4.2.8.3 Clinical signs of heart failure

There were several differences between the founpgf patients in the signs of HF

recorded on admission to hospital. The resultsle@ayed in Table 4-11.

Few patients had an audible third heart sound. Wewehe prevalence of this clinical sign
was more common amongst patients who died bef@estiidy visit than the other three
groups (p=0.037). The level of pulmonary oedemfeifi between the groups (p=0.0019).
Few patients in all four groups had no cracklescaltasted. The absence of pulmonary
crackles was more common amongst attendees arahizatvho withdrew from the study
visit. These groups also had more patients witly bakal crackles whilst those unable to
participate in the study visit due to deterioratimeplth or death had more patients with
crackles extending to the mid-zones and apices. fflesence of a pleural effusion
(unilateral or bilateral) showed a similar pattém pulmonary crackles, although the

prevalence was much less in all four groups andiiffierence less striking (p=0.042).

Peripheral oedema was a common clinical sign, @figdhe majority of patients in all
groups. However, there were differences betweenfdhe groups in the proportions of
patients with peripheral oedema (p=<0.0001). Pttiaho died before the study visit or
had deteriorating health had more patients withipperal oedema, than the other two
groups. The level of peripheral oedema also diffdretween the groups. Those unable to
complete the study visit due to death or deteriogahealth had proportionately more
patients with oedema at all levels (ankle, kneighthsacrum and abdomen), than the other

two groups.

Few patients in the overall cohort had ascitesrdeas no significant difference between
the groups in the presence of this clinical sigithcaigh it was proportionately more

common amongst those who died before the studiy visi

The majority of patients in all four groups wereKiillip class Il. The proportions in each
of the four Killip classes differed between thewgs (p<0.0001). Patients who died before

the study visit were more likely to be in classdfid 1V, than the other three groups.

157



Table 4-11: Clinical signs of heart failure on adngsion to hospital, stratified by study visit attendnce. Data are expresskeas number (%) or

mean (SD).
Clinical sign Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)
Third heart sound 42 (6.5) 8 (4.8) 2(2.7) 142)2. 66 (6.6) 0.037
Pulmonary crackles
None 42 (6.5) 12 (7.2) 3(4.1) 4 (3.5) 61 (6.1)
Basal 468 (72.2) 124 (74.3) 50 (68.5) 64 (55.7) 706 (70.4) 0.0019
Middle 130 (20.1) 30 (17.9) 18 (24.7) 45 (39.1) 223 (22.2)
Apex 8(1.2) 1 (0.6) 2(2.7) 2 (1.7) 13 (1.3)
Pleural effusion
None 568 (87.6) 139 (83.2) 60 (82.2) 86 (74.8) 853 (85.0)
Right 24 (3.7) 8 (4.8) 6 (8.2) 9 (7.8) 47 (4.7) 0.042
Left 14 (2.2) 4 (2.4) 3(4.1) 4 (3.5) 25 (2.5)
Bilateral 42 (6.5) 16 (9.6) 4 (5.5) 16 (13.9) 78 (7.8)
Peripheral oedema (any) 436 (67.3) 129 (77.2) 82§88 98 (85.2) 725 (72.3) <0.0001
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Clinical sign Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)

Peripheral oedema — ankle 432 (66.7) 127 (76.1) (881b) 95 (82.6) 715 (71.3) <0.0001
Peripheral oedema — knee 155 (23.9) 48 (28.7) 8D)4 57 (49.6) 295 (29.4) <0.0001
Peripheral oedema — thigh 49 (7.6) 12 (7.2) 156(20. 21 (18.3) 97 (9.7) <0.0001
Peripheral oedema — sacrum 25 (3.9) 4 (2.4) 8)11.0 8 (7.0) 45 (4.5) 0.011
Peripheral oedema — abdomen 10 (1.5) 1(0.6) 227 6 (5.2) 19 (1.9) 0.029
Ascites 26 (4.0) 4 (2.4) 1(1.4) 9 (7.8) 40 (4.0) 0.077
Killip class

I 39 (6.0) 6 (3.6) 1(1.4) 0 (0) 46 (4.6)

[ 464 (71.6) 132 (79.0) 52 (71.2) 61 (53.0) 709 (70.7) <0.0001

I 144 (22.2) 29 (17.4) 19 (26.0) 51 (44.4) 243 (24.2)

\Y 1 (0.2) 0 (0) 1 (1.4) 3 (2.6) 5 (0.5)

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the four groups.
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4.2.9 Electrocardiography

There were few differences between the four grafgmatients in the electrocardiographic
(ECG) parameters recorded on admission to hosm@taldisplayed in Table 4-12. The
parameters that differed between the groups wemnes shythm, LBBB and prolonged

QRS. There were no differences between the fourggrdor the following parameters; AF,
paced rhythm, LVH, ischaemic ST depression, mea8 Q&ation, mean QTc interval and

proportion with prolonged QTc.

Patients who died before the study visit and agesdwere more likely to be in sinus
rhythm than the other two groups (p=0.009). Lesmnthalf of patients who did not
complete the study visit because of deterioratiaglth or withdrawal from participation

were in sinus rhythm on admission.

LBBB was present on almost a fifth of the admisdt®®Gs of all patients enrolled in the
study. This ECG abnormality was more common amopgsients who died before the
study visit (p=0.012). Patients who attended thstvisit or were unable to because of
deteriorating health had similar percentages of BBBrhose who withdrew from

participating in the study visit had fewest patsewith this ECG abnormality.

The prevalence of a prolonged QRS differed betwdenfour groups (p=0.024). The
prevalence of a QRS duration 120-150ms amongsftaine groups exhibited a similar
pattern to that of LBBB. However a more prolongeBS)duration (>150ms) was more
common amongst those with deteriorating health tih@nother three groups. Attendees
and patients who died before the study visit hadlar proportions with a QRS duration
>150ms whilst those that withdrew from participatioad fewest patients with this ECG

abnormality.

160



Table 4-12: Electrocardiographic parameters on adnsision to hospital, stratified by study visit attendnce. Data are number (%) or mean (SD).

ECG parameter (units) Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)
Sinus rhythm 368 (56.8) 74 (44.3) 36 (49.3) 717p1. 549 (54.7) 0.009
AF 258 (39.8) 81 (48.5) 34 (46.6) 41 (35.7) 414 (41.3) 0.089
LBBB 124 (19.1) 19 (11.4) 15 (20.5) 32 (27.8) 190 (18.9) 0.012
Paced 28 (4.3) 9 (5.4) 4 (5.5) 2 (1.7) 43 (4.3) 0.46
LVH 127 (19.6) 37 (22.2) 16 (21.9) 34 (29.6) 214 (21.3) 0.11
Ischaemic ST depression 29 (4.5) 3(1.8) 4 (5.5) (5.5 42 (4.2) 0.37
Mean QRS (ms) 109.9 (27.9) 104.2 (26.2) 112.9 {31.9  111.2 (26.4) 109.3 (27.8) 0.055
QRS duration >120 193 (29.8) 34 (20.4) 27 (37.0) 42 (36.5) 296 (29.5)
QRS duration 120-150 121 (18.7) 22 (13.2) 13 (17.8) 28 (24.3) 184 (18.3) 0.024
QRS duration >150 72 (11.1) 12 (7.2) 14 (19.2) 14 (12.2) 112 (11.2)
Mean QTc (ms) 449.4 (39.7) 448.2 (36.4) 4443 (10.9  439.7 (43.9) 447.7 (39.8) 0.097
QTc>440 388 (59.9) 96 (57.5) 39 (53.4) 62 (53.9) 585 (58.3) 0.51

* Inter-group comparisons using ANOVA F test (comtus variables) and test (categorical variables), p value < 0.05 iatiis a significant difference

between the four groups.
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4.2.10 Chest X-Ray

Radiological features of pulmonary oedema diffebetiveen the four groups of patients,
as shown in Table 4-13.

Many patients enrolled in the study had cardiomegaksent on their admission CXR,
defined as a cardiothoracic ratio >50%. Patientth wleteriorating health or who died
before the study visit were more likely to havedoamegaly on their CXR than the other
two groups, albeit with only a trend towards stat#é significance (p=0.056). Patients

who withdrew from the study visit had fewest patisewith this radiological sign.

The presence of alveolar oedema was more commpatients who died before the study
visit (p<0.0001). Patients attending the studyt\asid those with deteriorating health had
similar proportions with this radiological sign. @$e who withdrew from the study visit

had fewest patients with alveolar oedema.

Patients with deteriorating health or who died befthe study visit were most likely to
have a unilateral pleural effusion (p=0.0054). tital pleural effusions were more
common amongst those who died before the study, vign the other three groups of
patients.

Although there was no statistically significant fdience between the groups in the
proportions of patients with upper lobe venous ik or interstitial oedema, there was a
trend towards a greater prevalence of both of tpesameters amongst patients who died
before the study visit.
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Table 4-13: CXR parameters on admission to hospitabtratified by study visit attendance. Data are gxessed as number (%).

Parameter Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)

CXR performed 646 (99.7) 166 (99.4) 73 (100) 1160] 1000 (99.7) -
Cardiomegaly 463 (71.7) 103 (62.0) 54 (74.0) 854y3 705 (70.5) 0.056
Upper lobe venous diversion 433 (67.0) 112 (67.5) 8 (66.8) 91 (79.1) 684 (68.4) 0.068
Interstitial oedema 350 (54.2) 81 (48.8) 37 (50.7) 73 (63.5) 541 (54.1) 0.089
Alveolar oedema 165 (25.5) 31 (18.7) 20 (27.4) 488]) 265 (26.5) <0.0001
Pleural effusion

None 455 (70.5) 112 (67.5) 42 (57.5) 58 (50.4) 667 (66.7)

Left 55 (8.5) 15 (9.0) 10 (13.7) 15 (13.0) 95 (9.5) 0.0054

Right 35 (5.4) 7 (4.2) 6 (8.2) 8 (7.0) 56 (5.6)

Bilateral 101 (15.6) 32 (19.3) 15 (20.6) 34 (29.6) 182 (18.2)

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the four groups.
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4.2.11 Echocardiography

The majority of all patients had an echocardiogqenformed after enrolment into the
study (Table 4-14). Most of these echocardiogranesewcarried out during the index
admission (81.2%), with the remainder being pertmnin the early weeks following
discharge from hospital. The main reason for notopeing echocardiography for the
remaining 276 patients was that it had already loeere.

Patients who died before the study visit were Iissly to have an echocardiogram
performed after enrolment, than the other threeumso(p=0.0012). Most recorded
echocardiographic parameters did not differ betwienfour groups. However a dilated
LV was more common amongst patients who attendedsthdy visit (p=0.0014). The

prevalence of this abnormality was similar in thieeo three groups.

The presence of LVH and LVSD was similar in all f@roups. As reported in chapter 3
(section 3.2.11.2), LVEF was not calculated rodyirma the current echocardiograms, thus
preventing dichotomisation of patients into HF-R&FHF-PEF groups. The majority of
valvular abnormalities did not differ between tloeif groups. There was a trend towards
AS being more common in patients who died befoeestindy visit (p=0.064). MR and TR
were the commonest recorded valvular abnormalities! four groups of patients, likely
reflecting functional rather than structural vablisease. The presence of TR was greatest

amongst those who died before the study visit @.04
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Table 4-14: Echocardiographic parameters followingenrolment, stratified by study visit attendance. D& are expressed as number (%).

Parameter Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)
Echo after enrolment 487 (75.2) 116 (69.5) 57 (8.1 67 (58.3) 727 (72.5) 0.0012
Dilated LV 197 (40.5) 29 (25.0) 16 (28.1) 16 (23.9) 258 (35.5) 0.0014
LVH 197 (40.5) 58 (50.0) 29 (50.9) 28 (41.8) 312 (42.9) 0.12
LVSD 340 (69.8) 62 (53.4) 34 (59.6) 42 (62.7) 478 (65.7) 0.14
At least moderate AS 31 (6.4) 15 (12.9) 4 (7.0) 10.4) 57 (7.8) 0.064
At least moderate AR 20 (4.1) 3 (2.6) 2 (3.5) 0)6. 29 (4.0) 0.23
At least moderate MS 8 (1.6) 4 (3.4) 1(1.8) 1)Y1.5 14 (1.9) 0.95
At least moderate MR 147 (30.2) 29 (25.0) 16 (28.1) 19 (28.4) 211 (29.0) 0.75
At least moderate TR 66 (13.6) 20 (17.2) 11 (19.3) 19 (28.4) 116 (16.0) 0.044

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the four groups.
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4.2.12 Haematology

All patients enrolled in the study had a full blooaunt performed routinely on admission
to hospital. The results of the individual parametef the FBC, stratified by study visit

attendance, are displayed in Table 4.15.

Patients unable to complete the study visit dudeteriorating health or death had a lower
haemoglobin level than those who completed theystigit or withdrew from participation
(p=0.0028). Moreover, patients with deterioratirgalth or who died before the study visit
were more likely to be anaemic by WHO criteria (defl as haemoglobin <12g/dl for

females and <13g/dl for males).

Half of all patients had an elevated RDW conceimnatvith the mean value for all four
groups above the normal range (>15%). However, RBWgI was highest in patients who
died before the study visit (p=0.00024).

Lymphocyte concentration displayed a similar patteetween the four groups to that of
haemoglobin. Patients unable to complete the stisly due to deteriorating health or
death had a lower lymphocyte concentration thase¢hsho completed the study visit or
withdrew from participation (p=0.0032). Many patienin all four groups were
lymphopenic on admission to hospital, but this wese common amongst those unable to

complete the study visit due to deteriorating hreaftdeath (p<0.0001).

Total WBC count and platelet concentration was Isimin all four groups.
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Table 4-15: Full blood count parameters on admissig stratified by study visit attendance. Data are xpressed as mean (SD) or number (%).

Parameter Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)
WBC count (x18/1) 9.3 (3.7) 9.2 (3.4) 9.2 (4.0) 9.8 (4.1) 9.4 (3.7) 0.62
Haemoglobin (g/dl) 12.3(2.2) 12.0 (2.1) 11.5(2.0) 11.7 (2.2) 12.1 (2.2) 0.0028
Haemoglobin <13 males, <12 females 337 (52.0) 6015] 53 (72.6) 77 (67.0) 568 (56.6) 0.00025
RDW % 15.2 (2.1) 15.6 (2.5) 15.9 (3.2) 16.1 (2.6) 15.4(2.3) 0.00024
RDW > 15 % 305 (47.1) 91 (54.5) 35 (47.9) 72 (62.6) 503 (50.1) 0.045
Platelets (x191) 244.7 (90.0) 249.0 (89.7) 257.1 (109.0) 23D17.6) 245.5 (91.7) 0.52
Lymphocytes (x191) 1.8 (1.6) 1.5 (0.9) 1.3 (0.8) 1.4 (1.0) 1.6 (1.4) 0.0032
Lymphocytes <1 x1%l 122 (18.8) 44 (26.3) 22 (30.1) 48 (41.7) 236 (23.5) <0.0001

* |nter-group comparisons using ANOVA F test (comtus variables) angd test (categorical variables), p value < 0.05 iatdis a significant difference

between the four groups.
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4.2.13 Biochemistry

Many biochemical laboratory tests were performedadmission to hospital. All patients
had BNP and U&E measured. The majority of patietge had LFT and CRP measured.
Most patients recruited from Glasgow Royal Infirmand Western Infirmary Glasgow
had troponin | measured. The results of thess,taststratified by study visit attendance,

are presented in Tables 4-16 to 4-20.

BNP testing was part of the study protocol, a chBBIP (>100pg/ml) being mandatory for
enrolment in the study. BNP concentration was rsglaenongst patients who died before
the study visit (p<0.0001). Those who completed $itedy visit or withdrew from

participation had the lowest levels.

Troponin | was raised (defined as0.04ug/l) on admission to hospital for more than half
of all patients recruited from Western and Roydirtmaries. Those who died before the
study visit were more likely to have an elevatidntlus biomarker than the other three
groups (p<0.0001). Patients who attended the stigityhad fewest patients with a raised
troponin |. Of 102 patients recruited from the Rloglexandra Hospital, 31 had troponin
T measured and only 8 patients had an elevatidhi®biomarker (defined as0.05ug/l).

There was no difference between the 4 groups irptbportions of patients with a raised

troponin T.
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Table 4-16: BNP levels on admission, stratified bstudy visit attendance. Data are mean (SD) or medidIQR].

Parameter Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)
Mean BNP (pg/ml) 1197 (1154) 1173 (1136) 1296 (3095 2142 (1550) 1308 (1234) <0.0001
Median BNP (pg/ml) 788 774 967 1762 880 <0.0001
[366-1582] [351-1438] [577-1609] [856-3176] [394-1812]

* Inter-group comparisons using ANOVA F test (camtus variables) and test (categorical variables), p value < 0.05 iatiis a significant difference

between the four groups.

Table 4-17: Troponin | levels on admission for Glagow Royal Infirmary and Western Infirmary patients who had troponin | measurec
stratified by study visit attendance. Data are expessed as number (%).

Parameter Attendee Withdrawn Deteriorating health Deceased Overall p value*
(n=561) (n=125) (n=57) (n=101) (n=844)

Troponin 1> 0.04 pg/l 280 69 35 81 465 <0.0001
(49.9) (55.2) (61.4) (80.2) (55.1)

* Inter-group comparisons usingtest, p value < 0.05 indicates a significant défece between the four groups.
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U&E were measured on admission for all patientoiad in the study. Nearly all the
parameters differed between the four groups ofeptti(Table 4-18). Patients who died
before the study visit or had deteriorating hehbl lower sodium concentrations than the
other two groups (p<0.0001). Hyponatraemia (defiasdodium <135mmol/l) was more
common amongst those who died before the study, \tisan the other three groups
(p=0.0019). Patients attending the study visit Fewlest patients with this biochemical

abnormality, almost half the prevalence of those wied before the study visit.

The majority of patients in each of the four grolqagl an elevated urea concentration.
Patients who died before the study visit had higtmrcentrations than the other three
groups (p<0.0001). Patients with deteriorating theahd those who died before the study
visit had proportionately more patients with anvateon above the normal range (defined
as >7.5mmol/l) [p<0.0001].

Creatinine concentration also differed between filner groups. Consistent with the
findings regarding serum urea, the highest conagatrs of creatinine were amongst those

who failed to complete the study visit due to detating health or death (p=0.00035).

eGFR was calculated for all patients using the-farrable MDRD formula, as outlined in
Chapter 2. This formula uses age, sex, race aratimree to calculate the eGFR and
provides a more accurate assessment of renal dmnttian urea or creatinine alone.
Consistent with the results of urea and creaticmecentrations, eGFR was lower in those
who died before the study visit or had deteriogthealth than the other two groups
(p<0.0001). Although the majority of patients i fur groups had renal dysfunction
(defined as eGFR <60ml/min/1.73nthis was more common in patients who died before
the study visit or had deteriorating health. Seveneal dysfunction (defined as eGFR
<30ml/min/1.73mM) was more common amongst those who died beforestindy visit
(p<0.0001).

170



Table 4-18: Renal function on admission for all paénts, stratified by study visit attendance. Data g mean (SD), number (%) or median [IQR]

Parameter Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=648) (n=167) health (n=73) (n=115) (n=1003)
Sodium (mmol/l) 138.3 (4.3) 137.3 (4.1) 136.8 (5.2) 136.4 (5.5) 137.8 (4.5) <0.0001
Sodium < 135mmol/I 98 (15.1) 31 (18.6) 16 (21.9) 34 (29.6) 179 (17.8) 0.0019
Potassium (mmol/l) 4.2 (0.6) 4.2 (0.5) 4.2 (0.6) 4.2 (0.7) 4.2 (0.6) 0.35
Urea (mmol/l) 9.4 (5.4) 10.2 (5.7) 11.6 (5.6) 13.2 (6.9) 10.1 (5.8) <0.0001
Urea> 7.5 mmol/l 368 (56.8) 108 (64.7) 58 (79.5) 91 (79.1) 625 (62.3) <0.0001
Creatinine (umol/l) 105.5 107 115 120 109 0.00035
[86.0-135.0] [85.5-136.5] [94.0-155.0] [91.5-162.0] [87.0-138.0]
eGFR (ml/min/1.73r) 58.0 (20.4) 54.0 (21.8) 50.2 (19.5) 47.9 (22.5) 55.6 (21.1) <0.0001
eGFR levels (ml/min/1.73M
<30 55 (8.5) 22 (13.2) 8 (11) 27 (23.5) 112 (11.2)
30-60 310 (47.8) 85 (50.9) 45 (61.6) 59 (51.3) 499 (49.7) <0.0001
60-90 244 (37.7) 51 (30.5) 18 (24.7) 24 (20.8) 337 (33.6)
>90 39 (6.0) 9 (5.4) 2(2.7) 5 (4.4) 55 (5.5)

* Inter-group comparisons using ANOVA F test (contius variables) and test (categorical variables), p value < 0.05 iatéis a significant difference
between the four groups.
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LFT were measured on admission for the majoritpatients enrolled in the study. The

results, stratified by study visit attendance,displayed in Table 4-19.

The proportion of patients with an elevated bilirulzoncentration result (defined as
>22umol/l) differed between the four groups (p=6)03hose who died before the study
visit had more patients with a raised bilirubin centration. Those with deteriorating
health had, perhaps surprisingly, fewest patierith an elevated bilirubin with similar

proportions for those who completed the study wsivithdrew from participation.

Patients with deteriorating health had higher Isal alkaline phosphatase than the other
three groups (p=0.00024). Patients attending theystisit had the lowest levels of this

liver test.

Albumin concentration was lowest amongst patierite wied before the study visit than
the other three groups (p<0.0001). Patients whbdséw from participating in the study
visit had the highest levels of this biomarker. 3&avho died before the study visit had
more patients with hypoalbuminaemia (defined asirmibh <35g/l), whilst attendees and
patients who withdrew from participating in the dwisit had fewest patients with this
abnormality (P<0.0001).

AST, ALT and GGT concentrations were similar infallir groups.
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Table 4-19: Liver function parameters stratified by study visit attendance. Data are expressed as madi[IQR], number (%) or mean (SD).

Parameter Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=646) (n=165) health (n=72) (n=115) (n=998)
Bilirubin (umol/l) 12.0[8.0-19.0] 13.0[9.0-19.0] 11.0[8.0-16.0] 14.0[9.5-23.0]  13.0[8.0-19.0] 0.14
Bilirubin > 22 pmol/l 111 (17.2) 29 (17.6) 10 (13.9) 32 (27.8) 182 (18.2) 0.036
AST (Ul 25.0 [19.0-35.0] 25.5[19.0-35.0] 24.0[0-35.0] 28.5[20.0-44.0] 25.0[19.0-36.0] 0.17
ALT (U/l) 21.0 [15.0-33.3] 19.5 [13.0-30.0] 18.03D-28.0] 21.0[14.0-32.0] 20.0[14.0-32.0] 0.33
GGT (U 59.0 [33.0-109.5] 51.0 [29.0-88.0] 5925[8-97.0] 55.0 [34.0-98.0] 57.0[32.0-103.0] 0.39
Alk Phos (U/l) 93.0[73.0-121.0] 96.0[78.0-122.0]109.0 [87.3-141.3] 97.0[77.0-136.5] 95.0 [75.0-123.0] 0.00024
Albumin (g/l) 35.9 (4.2) 36.0 (4.5) 35.2(5.2) 33510) 35.5 (4.5) <0.0001
Albumin <35g/I 212 (32.8) 54 (32.7) 32 (44.4) 71.(0 369 (37.0) <0.0001

* |nter-group comparisons using ANOVA F test (comtius variables) and test (categorical variables), p value < 0.05 iatdis a significant difference

between the four groups.
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The majority of all enrolled patients had CRP meaduon admission to hospital, the
results of which are shown in Table 4-20. Patievite died before the study visit or had
deteriorating health had higher CRP levels thanatier two groups (p=0.00027). The
majority of patients in all four groups had a CRRel elevated above the normal reference
range (defined as >6mg/l). There was a trend tosvardreater proportion of patients with
an elevated CRP in the group who died before tinystisit, although the difference was
not statistically significant (p=0.057).
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Table 4-20: CRP results, stratified by study visiattendance. Data are expressed as median [IQR] oumber (%).

Parameter Attendee Withdrawn Deteriorating Deceased Overall p value*
(n=638) (n=160) health (n=71) (n=114) (n=983)
CRP (mgl/l) 12.0 15.0 18.0 19.5 14.0 0.00027
[5.5-27.8] [6.2-30.8] [5.5-44.0] [9.2-41.8] [6.0-31.0]
CRP=6mg/I 471 124 51 97 743 0.057
(73.8) (77.5) (71.8) (85.1) (75.6)

* Inter-group comparisons using ANOVA F test (contius variables) and test (categorical variables), p value < 0.05 iatéis a significant difference
between the four groups.
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4.3 Summary

Chapter 4 has compared the clinical characteristickhe patients in hospital according to
whether or not they subsequently completed theystigit. Many differences in the clinical
characteristics between these four groups of patiesve been described. The attendees were
more likely to be younger and male. Both attendees those who withdrew from the study
visit contained patients with milder symptoms, amnts of NYHA class, and significantly
shorter durations of hospitalisation. The groupspafients who died or had deteriorating
health preventing subsequent attendance at thg stsil had more patients with a previous

diagnosis of HF.

There was a high prevalence of medical comorbaityngst patients in all groups, regardless
of subsequent attendance at the study visit. Therityaof common medical conditions did
not differ in prevalence between the four grouperipheral arterial disease and weight loss
were more common amongst those who died beforsttity visit or had deteriorating health.
There was a high prevalence of anaemia in all fpoups but this was significantly higher
amongst those who died before the study visit ordeteriorating health. This is reflective of
anaemia being a predictor of poor prognosis in AHistory of cancer was more prevalent
amongst patients with deteriorating health, pertepsason for subsequent non-attendance at
the study visit. Certain physically disabling camahs, such as peripheral arterial disease,
osteoarthritis and urinary incontinence, were agwe prevalent in non-attendees. This may
be reflective of the burden of attending an addaicclinic and the apprehension of attempting
the MTWA treadmill test. The prescribing of certaitir medications prior to hospitalisation
differed between the groups. More patients who ad attend the study visit due to
deteriorating health or death were prescribed tagemost likely explained by the higher
prevalence of a previous diagnosis of HF amongssehgroups. More patients who
subsequently attended the study visit were presdriieta-blockers prior to their admission;
this may reflect the prognostic benefit of theserapies. The use of intravenous nitrates or
inotrope therapy on admission was greatest am@aignts who died before the study visit,
an expected finding given that patients necessgaiese medications are usually critically

unwell.
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Patients who did not attend the study visit becafsdgeteriorating health or death had more
adverse clinical signs on admission to hospitalkesehsigns included systolic and diastolic
hypotension, and lower peripheral oxygen saturatidden who did not attend the study visit
because of deteriorating health or death had arlewerage weight than those who attended
or withdrew from the study visit. Men and women widlied before the study visit had the
largest proportion of patients in the underweigitegory whilst those who attended the study
visit had the highest proportion of patients in thigese category, evidence of the reverse
epidemiology paradox in HF. Clinical signs of flun¢erload on admission were also greater
amongst those with subsequent deteriorating healtleath preventing study visit attendance.

There were differences between the four groupshi@ toutine clinical investigations
performed on admission to hospital. Patients whbsequently died had the highest
proportion of LBBB present on the admission ECGysistent with this parameter being a
marker of poor prognosis. Those with deterioratieglth or death had the highest prevalence
of some radiological features of HF, including ¢andegaly and pleural effusions. Perhaps
surprisingly, the proportion of patients with aatidd LV on current echocardiogram was
greatest amongst the group of attendees. Theremnenther differences in echocardiographic
parameters between the four groups, including LVBiere were several differences between
the four groups in haematological and biochemicaameters recorded on admission to
hospital. Many of these parameters are establishatkers of adverse outcome in HF,
abnormalities of which were proportionately morenoaon in the groups who failed to attend
the study visit due to deteriorating health or Hedthese parameters included haemoglobin,
RDW, lymphocytes, BNP, troponin, sodium, urea, tné@e, eGFR, albumin and CRP. The
majority of these parameters were also abnormahgstgatients in the groups who attended
or withdrew from participating, but to a lesseresxtthan the other two groups.

In summary, patients attending the study visit wenailar, in terms of clinical characteristics
during hospitalisation, to the group of patientsowtithdrew from participating in the study
visit. Both of these groups contained patients vptioportionately fewer markers of an
adverse prognosis in heart failure, than the ptienthe groups who failed to complete the

study visit due to deteriorating health or death.
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CHAPTER FIVE

CLINICAL CHARACTERISTICS

OF
POST-DISCHARGE COHORT
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5.1 Introduction

This chapter will describe the cohort of patientsoncompleted the study visit at the BHF
Glasgow Cardiovascular Research Centre; the peshdige cohort. The main focus of this
chapter will be a detailed description of the dali characteristics of the patients who
completed the study visit. This will be an updafetlte data recorded from the hospital
admission. This data will comprise current HF syonpatology and status, current prescribed
medications, physiological and body composition soeements, and cardiovascular
examination findings. ECG findings, LVEF by echatiagraphy and blood test results will

also be presented.

5.2 Results

5.2.1 Composition of post-discharge cohort

Of 1003 patients enrolled in the study, 648 pasiettended the BHF Glasgow Cardiovascular
Research Centre approximately 4-6 weeks followisgldirge from hospital. This represented
64.6% of the original hospitalised cohort. The ogssthe remaining 35.4% failed to attend
were outlined in Figure 4.1 (page 136).

5.2.2 Demographics

The demographics of the patients who completedsthdy visit are displayed in Table 5-1.

Compared to the results for the overall hospitdlismhort, the post-discharge cohort
contained more men (58.2% versus 53.0%), the mgamnwas slightly younger (70.8 versus
73.0) and a smaller proportion of patients werer i years of age (35.8% versus 45.7%).
For those attending the study visit the averagatdur of hospitalisation was 2 days shorter.
Over 40% of patients completing the study visit lagrevious diagnosis of HF, prior to

enrolment in this study. Only 6.8% of the post-tege cohort been readmitted to hospital

with decompensated HF since the index admission.
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Table 5-1: Demographics of the post-discharge cohtor

Variable n (%), mean (SD) or
median [IQR]
Male 377 (58.2)
Female 271 (41.8)
Mean age (years) 70.8 (10.6)
Median age (years) 71.6 [64.7 -78.0]
Age range 18 — 96
> 75 years of age 232 (35.8)
Mean duration of admission (days) 9.7 (8.1)
Median duration of admission (days) 7 [4-12]
Diagnosis of HF prior to enrolment 283 (43.7)
Readmission with HF since enrolment 44 (6.8)

5.2.3 Symptoms of heart failure

Current HF symptoms were recorded for each paa&ending the study visit (Table 5-2).
The majority of patients experienced an overallrovpment in their HF symptom status since
discharge from hospital, with only 10% of patieetgeriencing deterioration. Almost two-
thirds of all patients were NYHA class Il, with fethan one-third of patients NYHA class lII.
Few patients were NYHA class | or IV. This contsagiith the hospital admission where the
majority of the study visit attendees were NYHAsdalll (Table 4-3, page 141). Fewer
patients experienced nocturnal symptoms by the @ihtbeir study visit (Table 4-3, page 141).
Approximately one quarter of patients had symptarierthopnoea, whilst three-quarters of
the study visit attendees had this symptom durimgphalisation. Only 12% of attendees had
symptoms of PND, whilst almost half of the sameigumas had this symptom during
hospitalisation. Over a quarter of patients hadpms of ankle swelling at the time of the

180



study visit, compared with almost two-thirds duringspital admission. Almost a quarter of

patients had symptoms of palpitations and wheeaglas proportions to hospitalisation.

Table 5-2: Current heart failure symptoms

Symptom Number of patients % of cohort (n=648)
Overall deterioration since discharge 70 10.8
NYHA Class

I 25 3.9

Il 409 63.1

1l 207 31.9

v 7 1.1
PND 79 12.2
Orthopnoea 163 25.2
Ankle swelling 185 28.5
Palpitations 157 24.2
Wheeze 153 23.6

5.2.4 Common medical comorbidity

Table 5-3 displays the prevalences of common medmaorbidities in the post-discharge
cohort. There was a high prevalence of coronarytttisease. Over 40% of the cohort had
documented evidence of a previous Ml and many hadiqusly undergone PCIl or CABG.

Hypertension was the commonest medical comorbidifecting almost two-thirds of patients.
AF was also extremely prevalent, affecting oveff lodlthe patients. Anaemia was another
common condition amongst the post-discharge colasriyere diabetes mellitus and COPD.

Other common conditions and their prevalencestaoe/s in Table 5-3.
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Table 5-3: Prevalences of common medical conditions

Condition Number of patients % of cohort (N=648)
MI 278 42.9
History of angina 356 54.9
Angiographic CAD 224 | 307 73.0
PCI 92 14.2
CABG 112 17.3
Hypertension 420 64.8
TIA/ICVA 146 225
History of AF 344 53.1
Prosthetic heart valve 50 7.7
Pacemaker 41 6.3
Prior arrhythmia 53 8.2
Diabetes mellitus 203 31.3
Anaemia 276 42.6
Depression 137 21.1
History of cancer 87 13.4
COPD 181 27.9
Peripheral arterial disease 104 16.0
Osteoarthritis 154 23.8

CAD = coronary artery disease (defined as > 50%asie in> 1 major epicardial vessel,

denominator is number of patients who had an amgmy
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5.2.5 Medications

Table 5-4 displays the frequencies of HF medicapoescribing for patients attending the
study visit. The data are presented for the ovemadi-discharge cohort and dichotomised by
LVEF. This is because the evidence base for HRnrest is largely confined to HF-REF. The
significant differences in clinical characteristigscluding medications, between the patients
with HF-REF and HF-PEF are described later in ¢thispter (section 5.2.12).

Almost all patients were prescribed diuretic thgragt the time of study visit, the

overwhelming majority being furosemide or an aléive loop diuretic. More than 70% of
patients with HF-REF were prescribed an ACE inbihitvith almost 20% having this therapy
initiated since recruitment into the study. Ovepdilirds of the post-discharge cohort with
HF-REF was prescribed a beta-blocker, with 17.5%inua this therapy initiated since

recruitment into the study. ARB prescribing wassleemmon, with few patients in the post-
discharge cohort having these drugs prescribece siecruitment. Similar proportions were
prescribed an aldosterone receptor blocker, theonitajof which was initiated since

recruitment into the study. Of those with HF-REBY®were prescribed the combination of
either an ACE inhibitor or an ARB and a beta-blockéarious combinations of the other HF
disease-modifying therapies (ACE inhibitor, betaeiler, ARB and aldosterone blocker) were
prescribed in small proportions of the post-disgeatohort (Table 5-4). Proportionately more

patients with HF-PEF were prescribed digoxin, thatients with HF-REF.
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Table 5-4: Frequency of heart failure medication pescribing in the post-discharge
cohort at the study visit, overall and stratified acording to LVEF. Data are expressed as
number (%)

Heart failure medication HF-PEF HF-REF Overall

(n=127) (n=521) (n=648)

Diuretics 116 (91.3) 505 (96.9) 621 (95.8)
Furosemide / loop diuretics 114 (89.8) 498 (95.6) 12 @4.4)
ACE inhibitor* 72 (56.7) 384 (73.7) 456 (70.4)
ACE inhibitor since recruitment 18 (14.2) 98 (18.8 116 (17.9)
Beta-blocker* 70 (55.1) 360 (69.1) 430 (66.4)
Beta-blocker since recruitment 2 (1.6) 91 (17.5) (B84)
ARB* 12 (9.4) 70 (13.4) 82 (12.7)
ARB since recruitment 3(2.4) 7 (1.3) 10 (1.5)
Aldosterone blocker* 12 (9.4) 73 (14.0) 85 (13.1)
Aldosterone blocker since recruitment 4(3.1) 45)8 49 (7.6)
ACE inhibitor or ARB 79 (62.2) 435 (83.5) 514 (7.3
ACE inhibitor or ARB & Beta-blocker 43 (33.9) 318Q.3) 357 (55.1)
ACE inhibitor and ARB & Beta-blocker 4(3.1) 1472. 18 (2.8)
ACE inhibitor & Beta-blocker & 4 (3.1) 46 (8.8) 50 (7.7)

Aldosterone blocker
ARB & Beta-blocker & Aldosterone blocker 0 (0) 24D 2 (0.3)

ACE inhibitor or ARB & Beta-blocker & 4 (3.1) 48 (9.2) 52 (8)
Aldosterone blocker

Digoxin 37(29.1) 126 (24.2) 163 (25.2)

* = total number of patients prescribed this metiieg including those since recruitment
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The frequencies of prescribing of other cardiovéscumedications in the post-discharge
cohort are outlined in Table 5-5. The prescribiates of these medications were similar to
pre-admission (Table 4-5, page 147). Statin theragy prescribed for almost three-quarters
of the post-discharge cohort. Over half of the colm@s prescribed aspirin, with almost one
fifth prescribed clopidogrel and 10% prescribed |damatiplatelet therapy. Almost 40% of
patients were warfarinised, reflecting the highvatence of AF in the post-discharge cohort.
Many patients were prescribed anti-anginal thesaféalcium channel blockers, long-acting
nitrates and nicorandil) and diabetic medicaticass,outlined in Table 5-5. Anti-arrhythmic
therapy was prescribed in a minority of patients.

Table 5-5: Frequency of cardiovascular medication gescribing in the post-discharge
cohort at the study visit

Cardiovascular medication Number of patients % of ohort (n=648)
Statin 477 73.6
Aspirin 362 55.9
Clopidogrel 115 17.7
Aspirin or clopidogrel 409 63.1
Warfarin 253 39.0
Calcium channel blocker 117 18.1
Anti-arrhythmic 35 5.4
Long-acting nitrates 112 17.3
Nicorandil 97 15.0
Oral hypoglycaemic agents 157 24.2
Insulin 66 10.2
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The frequencies of prescribing of other common ocartiovascular medications in the post-
discharge cohort are outlined in Table 5-6. Oveguarter of all patients were prescribed
bronchial inhaler therapies. A considerable praportof patients were prescribed

antidepressant medications.

Table 5-6: Frequency of prescribing of common nonardiovascular medications in the
post-discharge cohort

Non-cardiovascular medication Number of patients %of cohort (n=648)
Bronchial inhalers 172 26.5
Antidepressants 94 14.5
Vitamins (B1 & B complex) 39 6.0
NSAIDs 30 4.6
Antihistamines 21 3.2
Incontinence meds 16 2.5

5.2.6 Clinical examination

5.2.6.1 Routine physiological measurements

Routine physiological measurements were recordealfgpatients attending the study visit

(Table 5-7). In contrast to the recordings from tlospital admission (Table 4-7, page 151),
fewer patients had abnormal physiological measunésndhe mean pulse was lower at 77.1
beats per minute (bpm), with only 50 patients (7.h#ving a tachycardia (defined as a pulse
greater than 100 bpm). Of those patients with hyteardia at the study visit, over half were in

AF on their study visit ECG. Of 648 patients, 84iguats (13%) were bradycardic (defined as
a pulse less than 60 bpm), likely reflective ofatnreent with beta-blockers. The mean blood
pressure was normal at 131 / 68 mmHg. Over ond tfipatients had a SBP greater than 140
mmHg, with only 22 patients (3.4%) having severpdriension (defined as SBP greater than
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180 mmHg). During hospitalisation, 45 study vidteadees (6.9%) had severe hypertension
(Table 4-7, page 151). Only 43 patients (6.6%) $yx&lolic hypotension (defined as SBP less
than 90 mmHg) at the study visit. Only 34 paties2%) met criteria for diastolic
hypertension (defined as DBP greater than 90 mmidggontrast to a quarter of the same
patients during hospitalisation (Table 4-7, pagd)13 significant proportion of the cohort
(42.6%) had diastolic hypotension (defined as DEBsl|than 60 mmHg). The mean

temperature, respiratory rate and Sp@re normal.

5.2.6.2 Body mass index and waist circumference mngaements

Height, waist and weight measurements were recdiateall patients attending the study visit.
BMI was calculated from these measurements. Thdtseare displayed in Table 5-8. Over
three-quarters of the post-discharge cohort logghtdrom the hospital admission (Table 4-8,
page 154) to the study visit. These declines iglteare most likely due to successful diuresis
and establishing euvolaemic status after the deeasgied episode in hospital. Despite this,
most of the post-discharge patients were still wedght with an average BMI of 28.7 kg/m
Over two-thirds of all patients were either ovemgtgior obese (defined as BMI 25-30 k§/m
or >30 kg/m, respectively). Less than one-third of the postharge cohort was normal
weight (defined as BMI 18.5-24.9 kg?mOnly 16 patients (2.5%) were underweight (define
as BMI < 18.5 kg/rf). Over half of patients had a waist circumfereegeeeding the sex-
specific recommendations (defined as 94-102 cmean and 80—88 cm in women). More than
one-quarter of patients had a waist circumferergevb the sex-specific recommendations

(defined as < 94 cm in men and < 80 in women).
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Table 5-7: Physiological findings in the post-discirge cohort, recorded at the study visit.

Variable Mean (SD), median [IQR] Units

or n (%)
Mean HR 77.1 (15.5) bpm
Median HR 76 [67-88] bpm
HR > 100 50 (7.7) bpm
HR > 100 & AF on study visit ECG 27/50 (54) bpm
HR < 60 84 (13.0) bpm
HR < 50 12 (1.9) bpm
Mean SBP 131 (23.5) mmHg
Median SBP 129 [114-145] mmHg
SBP > 140 225 (34.7) mmHg
SBP> 180 22 (3.4) mmHg
SBP <90 43 (6.6) mmHg
Mean DBP 67.8 (13.2) mmHg
Median DBP 67 [58-77] mmHg
DBP> 90 34 (5.2) mmHg
DBP < 60 276 (42.6) mmHg
Mean pulse pressure 63.2 (23.6) mmHg
Median pulse pressure 56 [45-71] mmHg
Mean temperature 36.2 (0.6) ° Celsius
Median temperature 36.2 [35.9-36.5] ° Celsius

Mean respiratory rate
Median respiratory rate
Mean SpQ

Median SpQ

19.1 (3.5)

18 [17-20]
97.5 (2.8)
98 [96-99]

breaths / min
breaths / min
%

%
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Table 5-8: BMI and waist circumference measurementat the study visit.

Measurement Mean (SD), median [IQR] or n Units
(%)
Mean height 163.9 (10.2) cm
Median height 164 [156.8-171] cm
Mean height (men) 169.9 (8.0) cm
Mean height (women) 155.6 (6.5) cm
Mean weight 77.5 (20.3) kg
Median weight 75 [63-88.5] kg
Mean weight (men) 83.3 (19.6) kg
Mean weight (women) 69.4 (18.4) kg
Study visit weight < hospital weight 503 (77.6) -
Mean BMI 28.7 (6.7) kg/rh
Median BMI 27.6 [24.1-32.5] kg/fn
Mean BMI (men) 28.8 (6.3) kg/m
Mean BMI (women) 28.6 (7.3) kg/fm
BMI < 18.5 (underweight) 16 (2.5) kgfm
BMI 18.5 — 24.9 (normal weight) 189 (29.2) kg/m
BMI 25 — 30 (overweight) 218 (33.6) kgfm
BMI > 30 (obese) 225 (34.7) kgfm
Mean waist 97.5(17.0) cm
Median waist 97 [87-107] cm
Waist<94 M; <80 F 186 (28.7) cm
Waist 94 — 102 M; 80 — 88 F 125 (19.3) cm
Waist> 102 M;> 88 F 337 (52.0) cm
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5.2.6.3 Cardiovascular examination signs

A full cardiovascular examination was performed & patients attending the study visit
(Table 5-9). Few patients had a raised JVP, anaggdinding in a cohort of patients with
stable HF. Three quarters of patients had palpaplees and over a third of these were
displaced. Detection of a third heart sound was ¢esnmon at the study visit than during the
hospital admission for the post-discharge cohogeb(@ 4-11, page 158), also an expected
finding in a cohort of patients with stable HF. @al quarter of the post-discharge cohort had
pulmonary crackles on examination, the vast majasit which were confined to the lung
bases. More than 90% of the post-discharge colaattah least basal pulmonary crackles on
admission to hospital (Table 4-11, page 158). Faivepts had clinical signs of a pleural
effusion (uni- or bilateral) at the study visit. @va third of the post-discharge cohort had
ankle oedema, with few patients having oedema dkignbeyond the ankles. A significant
proportion of the post-discharge cohort had coneptesolution of peripheral oedema, by the

time of their study visit. Few patients had clinieaidence of ascites at the study visit.
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Table 5-9: Cardiovascular examination findings athe study visit

Clinical sign

Number of patients

% of cohort (N=649

Elevated JVP (>4cm)

JVP not elevated

JVP not seen

Palpable apex

Displaced apex

Third heart sound

Murmur

Pulmonary crackles (any)
Pulmonary crackles — basal only
Pulmonary crackles — mid-zones
Pulmonary crackles — apices

Complete resolution of pulmonary

crackles from hospitalisation
Pleural effusion(s)

Peripheral oedema — ankle
Peripheral oedema — knee
Peripheral oedema — thigh
Peripheral oedema — sacrum
Peripheral oedema — abdomen

Complete resolution of peripheral

oedema from hospitalisation

Ascites

67
505
77
494

178

288
168

162

440

17
238

43

234

10.3
77.9
11.9
76.2
27.5
0.9
44.4
25.9
25.0

0.9

67.9

2.6
36.7
6.6
0.9

0.2

36.1

0.9
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5.2.7 Electrocardiography

All patients had a 12-lead ECG performed at thdystusit; the results are displayed in Table
5-10. Of 648 patients attending the study visit9 patients were in sinus rhythm. Over one
third of the patients were in AF. Only 34 patierfs2%) were in a paced rhythm. A
significant number of patients had ECG evidencé\Wf (n=107, 16.5%). Over a quarter of
patients had evidence of a bundle branch block G& Ewith 142 patients having LBBB
(21.9%). The mean QRS duration for the post-digggh@ohort was within normal limits at
112ms. A prolonged QRS duration (defined as >120ma&s common and evident in almost
one-third of patients, with 81 patients (12.5%) ihgva major prolongation (defined as
>150ms). The mean QTc interval for the post-disgharohort was at the upper limit of the

normal range and approximately half of the cohar a prolonged QTc (defined as >440ms).
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Table 5-10: ECG parameters at the study visit.

ECG parameter n (%), mean (SD) or median [IQR] Unis
Sinus Rhythm 379 (58.5) -
AF 240 (37.0) -
Paced rhythm 34 (5.2) -
LBBB 142 (21.9) -
RBBB 34 (5.2) -
Pathological Q waves 61 (9.4) -
LVH 107 (16.5) -
Ischaemic ST depression 13 (2.0) -
Mean QRS duration 111.7 (27.5) ms
Median QRS duration 104 [90-126] ms
QRS duratiore 120 206 (31.8) -
QRS duration 120 -150 125 (19.3) -
QRS duration > 150 81 (12.5) -
Mean QTc interval 439.4 (33.0) ms
Median QTc interval 439 [414.8-462] ms

QTc interval <440

QTc interval>440

326 (50.3)

322 (49.7)
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5.2.8 Ejection fraction by echocardiography

All patients had a focused echocardiogram perforatdtie study visit to calculate LVEF. Of
648 patients attending the study visit, 622 pati€86.0%) had echocardiographic images of
satisfactory quality to enable LVEF to be calcufatesing Simpson’s biplane method. The
mean (SD) LVEF was 40.2% (12.2). The median [IQREE was also 40% [32-48]. The
minimum LVEF was 11% and the maximum 70%. The dhistion of LVEF is shown in
Figure 5-1. One fifth of the post-discharge coliad severe LVSD (defined as LVEF <30%).
Approximately one fifth had preserved left ventiarusystolic function (defined as LVEF
50%). For the 26 patients whose echocardiographages were inadequate to calculate an
ejection fraction by Simpson’s method, an estimatewhether left ventricular systolic
function was reduced or preserved was made. Oéthasents with an incalculable LVEF by

Simpson’s method, 18 patients were estimated tce haduced left ventricular systolic
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Figure 5-1: Distribution of LVEF at the study visit for 622 patients with calculable EF by
Simpson’s biplane method
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5.2.9 Haematology

Table 5-11 displays the full blood count resultstfee post-discharge cohort. The mean WBC
count was within normal limits, with only 54 patier(8.3%) having a raised count. The mean

(SD) haemoglobin was 12.5¢g/dl (2.0). Almost haltld post-discharge cohort were anaemic,

by WHO standards (defined as haemoglobin <12gftdfeimales and <13g/dl for males). The
mean lymphocyte count for the cohort was withinnmalrlimits and 79 patients (12.2%) had a
low lymphocyte count (<1 x£0). Over half of the cohort had an elevated RDWfifted as

RDW > 15%).

Table 5-11: Full blood count profile for the post-dscharge cohort at the study visit

Parameter Mean (SD), median [IQR] or n (%) Units
Mean WBC count 7.9 (2.4) x10
Median WBC count 7.6 [6.3-9.3] x10
WBC count >11 54 (8.3) -
Mean haemoglobin 12.5(2.0) g/dl
Median haemoglobin 12.4 [11.3-13.7] g/dl
Haemoglobin <13 M; <12 F 318 (49.1) -
Mean RDW 15.6 (2.5) %
Median RDW (IQR) 15.0 [14-16.3] %
RDW > 15 333 (51.4) -
Mean lymphocytes 1.9 (1.3) xID
Median lymphocytes 1.8 [1.3-2.3] 10
Lymphocytes <1 79 (12.2) -
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5.2.10 Biochemistry

All post-discharge patients attending the studyt \iad the following biochemical blood tests
performed; BNP, troponin I, U&E, LFT, TFT, HBAlchpsphate and urate.

The BNP and troponin | results are displayed inl@&»s12. The distribution of BNP results
for the post-discharge cohort is displayed in Fegbir2. The distribution of BNP was skewed
and logarithmic (log) transformation of BNP wasfpened. The median BNP concentration
was 395.5pg/ml [201.8-806.3]. This was considgrdbiver than the median BNP for the
hospitalised cohort (880pg/ml, [394-1811]). As eotpd, there was a decline in BNP level for
most patients from hospitalisation to the studytviehe median fall in BNP was 240.5pg/ml.
Only 1 patient attending the study visit had a BiNRexcess of the upper limit of the assay
(>5000pg/ml), compared to 32 patients in the hafipgd cohort. Less than a quarter of the
post-discharge cohort had an elevated troponirefifdd as> 0.04 pg/l). Half of the post-
discharge cohort had an elevated troponin | dutieghospital admission (Table 4-17, page
169).

Table 5-12: BNP and troponin | results for the posidischarge cohort at the study visit

Parameter Mean (SD), median [IQR] or n Units
(%)
Mean BNP 671.8 (775.9) pg/mi
Median BNP 395.5 [201.8-806.3] pg/ml
BNP >5000 1(0.2) pg/ml
Log (BNP) 5.9 (1.1) -
MeanA BNP — hospital to study visit 525.2 (970.1) pg/mi
MedianA BNP — hospital to study visit 240.5[17.8-771.3] g/ml
Troponin 1> 0.04 116 (17.9) pa/l
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Figure 5.2: Distribution of BNP levels at the studyvisit

All patients had renal function measured at thdystusit (Table 5-13). The mean sodium and
potassium levels were within the normal rangesy®#l patients (8.6%) were hyponatraemic
(defined as sodium <135mmol/l), approximately hHal number of patients hyponatraemic
during hospitalisation (Table 4-18, page 171). Thean urea concentration was raised at
9.8mmol/l and 390 patients (60.2%) had an elevateé concentration (defined as urea
7.5mmol/l), similar to the proportion of this cohavith an elevated urea concentration during
hospitalisation. The median creatinine concentratias 108umol/l. The mean eGFR for the
entire cohort was reduced at 56.7 ml/min/1.730nly 25 patients (3.9%) had a normal eGFR
(defined as eGFR 90 ml/min/1.73rf), fewer patients than during hospitalisation (Eai18,
page 171). The distribution of GFR per 30 ml/mifghtis shown in Figure 5.3.
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Table 5-13: Renal function results for the post-disharge cohort at the study visit.

Parameter Mean (SD), median [IQR] or n (%) Units
Mean sodium 139.2 (3.4) mmol/|
Median sodium 140 [137.8-141.3] mmol/|
Sodium <135 56 (8.6) mmol/|
Mean potassium 4.0 (0.5) mmol/|
Median potassium 4.0 [3.7-4.3] mmol/|
Mean urea 9.8 (5.1) mmol/|
Median urea 8.3 [6.3-11.7] mmol/|
Urea> 7.5 390 (60.2) mmol/I
Mean creatinine 117.8 (44.0) pmol/l
Median creatinine 108 [89-132] pmol/l
Mean eGFR 56.7 (19.3) ml/min/1.73m
Median eGFR 55.4 [42.9-69.5] ml/min/1.73m
100 B > 90mi/min/1.73m2

v B 60-90ml/min/1.73m2
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Figure 5.3: Distribution of eGFR for the post-disclarge cohort
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All patients had LFT measured at the study visdl[€ 5-14). The mean bilirubin level was
within the normal range. Only 55 patients (8.5%0l laa elevated bilirubin (defined as >22
umol/l). This was half the number of patients, lre tpost-discharge cohort, with a raised
bilirubin in the decompensated state (Table 4-1&3epl173). The mean AST, ALT and
alkaline phosphatase levels were within the nomaabges. The mean GGT was elevated at
77.9U/1, the upper limit of normal is 55U/I. The amealbumin level was within the normal
range at 38.7g/l, higher than the mean for the gaatients during hospitalisation (Table 4-19,
page 173). Only 86 patients (13.3%) were hypoalbaemic (defined as <35g/l), almost a
third of the number of patients with this biocheatiabnormality during hospital admission
(Table 4-19, page 173).

The mean thyroid function, HbAlc, phosphate andeutavels were within the normal
reference ranges. These results are displayeduie bals.
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Table 5-14: LFT results for the post-discharge colm at the study visit.

Parameter Mean (SD), median [IQR] or n (%) Units
Mean bilirubin 11.6 (7.9) pmol/l
Median bilirubin 9 [7-13] pmol/l
Bilirubin > 22 55 (8.5) u/l
Mean AST 25.8 (41.3) ull
Median AST 21 [17-27] ull
Mean ALT 23.5 (49.0) U/l
Median ALT 18 [13-25] ul/l
Mean GGT 77.9 (94.3) ull
Median GGT 45 [28-88.3] u/l
Mean Alk Phos 104.6 (56.6) U/l
Median Alk Phos 92 [74-118] ul/l
Mean albumin 38.7 (4.0) g/l
Median albumin 39 [36-41] g/l
Albumin <35 86 (13.3) all
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Table 5-15: Other biochemical tests recorded at stly visit for the post-discharge cohort.

Parameter Mean (SD), median [IQR] or number (%) Unis
Mean TSH 2.3 (3.5) mu/l
Median TSH 1.6 [0.9-2.4] mu/l
Mean T4 14.3 (3.0) pmol/l
Median T4 14.0 [13.0-16.0] pmol/|
Mean HbAlc 6.3 (1.3) %
Median HbAlc 5.9 [5.6-6.7] %
Mean phosphate 1.16 (0.22) mmol/|
Median phosphate 1.16 [1.01-1.29] mmol/|
Mean urate 0.47 (0.14) mmol/|
Median urate 0.46 [0.37-0.55] mmol/|
Mean cholesterol (total) 4.3 (1.3) mmol/|
Median cholesterol (total) 4.1 [3.4-4.9] mmol/l
Mean HDL 1.1 (0.4) mmol/|
Median HDL 1.1[0.9-1.4] mmol/l

5.2.11 Aetiology of heart failure

The primary aetiologies of HF for the post-discleacghort are displayed in Table 5-16. The
primary aetiology for the majority of patients wiashaemic heart disease. Over 40% of the
post-discharge cohort had documented evidencepoé\aously reported MI. More than one-
third of patients had angiographic evidence of parg heart disease (defined as >50%
stenosis in at least 1 major epicardial vesselnadst one-third of patients had an ‘unknown’
primary aetiology of HF. These patients had nodnysiof a MI or a coronary angiogram
performed by the time of the study visit. The nedhiaemic primary causes of HF are also

detailed in Table 5-16. A non-ischaemic primarya@egly was only assigned where ischaemia
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had been excluded (no previous MI and coronaryagngphy demonstrating no lesiohrs
50% in> 1 major epicardial artery). The majority of nachaemic causes of HF were
valvular heart disease. As outlined in the methselgtion, valvular heart disease was only
considered causative if it was at least moderatgeirerity. The cardiomyopathies were the
cause of HF for a small number of patients, asirmdl in Table 5-16. Fewer patients had
hypertension and alcohol as the primary reasothfr HF. It is likely that more patients had
hypertension, alcohol or valvular heart diseas¢hasprimary cause of their HF but in the
absence of coronary angiography these patients wategorised as ‘unknown’ primary
aetiology and any potential primary causes wererdsxl as ‘contributing aetiologies’, as

detailed in the following paragraph.

Table 5-16: Primary aetiology of heart failure forthe post-discharge cohort

Primary aetiology Number % of cohort (N=648)
Ischaemic 353 54.5

a) Definite previous Ml 278 42.9

b) Angiographic evidence 224 34.6

(>50% stenosis inl vessel)

Non-ischaemic 91 14.0
Valvular 39 6.0
Cardiomyopathies 25 3.9

a) ldiopathic dilated cardiomyopathy 16 2.5

b) Hypertrophic cardiomyopathy 4 0.6

c) Peripartum cardiomyopathy 3 0.5

d) Restrictive cardiomyopathy 2 0.3
Hypertension 15 2.3

Alcohol 12 1.9
Unknown (no previous MI or angiography) 204 31.5
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The prevalences of contributing aetiologies arpldiged in Table 5-17. Almost two-thirds of
the post-discharge cohort had a history of hypsitenas a contributing cause of HF. AF was
recorded as a potential contributing cause of HEases where the arrhythmia was persistent
or permanent in duration, this was the case in $#4%e entire cohort. More than one-third
had valvular heart disease as a contributing catiieeir HF. Many of these were functional
MR. The prevalence of diabetes mellitus was highthi@ post-discharge cohort, affecting
almost a third of all patients. Excess alcohol comgtion was also a significant contributor, in

at least 18% of all patients.

Table 5-17: Contributing aetiologies of heart failwe in the post-discharge cohort

Contributing aetiology Number of patients Percentag of cohort
(n=648)

Hypertension 420 64.8

Valvular heart disease 286 44.1

AF 319 49.2

(paroxysmal, persistent or permanent)
Diabetes mellitus 203 31.3

Alcohol (previous or current excess) 119 18.4
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5.2.12 Heart failure with reduced versus preservedjection fraction (HF-REF v HF-PEF)

Overall, the majority of the post-discharge cohat HF-REF. Less than 20% had HF-PEF,
defined as LVEF > 50% (Figure 5-4). The mean (SWEE for patients with HF-REF was
36.0% (9.4) and for patients with HF-PEF was 57(6%). All of the clinical characteristics
of the post-discharge cohort, described in thigptdra were analysed according to LVEF to
determine if there were significant differenceshe characteristics of the patients with HF-
REF compared to those with HF-PEF. All charactesswith a significant difference (defined
as a p-value <0.05) are presented in Tables 5-A&dl®.
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Figure 5.4: HF-PEF versus HF-REF for the post-discarge cohort

Patients with HF-REF were younger (p=0.025), byaaerage of more than 2 years, and were
more often men (p<0.0001) than those with HF-PERliaggnosis of HF prior to enrolment
into this study was more common amongst those WRRREF (p=0.00049), although there
was no difference in HF symptoms between the tvoogs. Coronary heart disease was more

common amongst those with HF-REF, with proportiehamore of these patients having a
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history of MI (p=0.00011), angina (p=0.0017), arggaphic coronary heart disease (p=0.006),
PCI (p=0.023) and CABG (p=0.0007). Hypertension wase common amongst those with

HF-PEF (p=0.00054), whilst COPD tended to be mamrmon amongst those with HF-PEF

(p=0.06), compared with patients with HF-REF. Thevalences of the other medical

comorbidities (outlined in Table 5-3) were simitetween the two groups.

The prescribing of diuretics (p=0.0047), ACE inkalos (p=0.00017), beta-blockers (p=0.0028)
and combinations of HF disease-modifying therapw@s more common amongst patients
with HF-REF (compared with patients with HF-PERJalcium channel blockers prescribing
were more common amongst patients with HF-PEF. g@rescribing of other cardiovascular

medications was similar between the two groups.

There were few differences in clinical examinatfordings between the two groups. Patients
with HF-PEF had higher SBP (p=0.006) and greatdseppressure (p=0.0008), than those
with HF-REF. There were no differences in the prtpas of patients in sinus rhythm or AF,
stratified by reduced or preserved LVEF. Amonggrats with HF-REF, LBBB was five times
more common than in those with HF-PEF (p<0.0001gdin QRS duration was greater for
patients with HF-REF (p<0.0001), and proportionatabre HF-REF patients (than HF-PEF
patients) had a prolonged QRS duration (p<0.0008)ean QTc interval was longer for
patients with HF-REF (p=0.00043) and more HF-REfepés had prolonged QTc intervals
(p<0.0001), compared with patients with HF-PEF. Pphevalence of radiological pulmonary

oedema during hospitalisation did not differ betwé#®e two groups.

There were differences in biochemical and haemgicdd findings between the two groups of
patients. Patients with HF-REF had higher BNP cotregions during hospitalisation and at
the study visit (both p<0.0001), with median valaé®ost twice those of patients with HF-
PEF on both occasions. Patients with HF-REF alsbhigher urea concentrations (p=0.049),
more hypoalbuminaemia (0.046) and lower HDL conegimns p=0.0042). Mean
haemoglobin concentration was lower amongst patiemth HF-PEF (p=0.0019), and
consequently anaemia was more prevalent amongst fhattients (p<0.0001).
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Table 5-18: Demographics, medical history and curnet medications, stratified by LVEF
(significant results only). Data are expressed asumber (%) or mean (SD).

Variable HF-PEF HF-REF Overall p
(n=127) (n=521) (n=648) value*
Male 50 (39.4) 327 (62.8) 377 (58.2) <0.0001
Age 72.7(9.2)  70.3(10.9) 70.8 (10.6)  0.025
Previous diagnosis HF 38 (29.9) 245 (47) 283 (43.7p.00049
MI 38 (29.9) 255 (48.9) 293 (45.2)  0.00011
History of angina 54 (42.5) 302 (58) 356 (54.9) 0D
Angiographic CAD 26/44 (59)  199/262 (76)  225/303)(7 0.006
PCI 10 (7.9) 82 (15.7) 92 (14.2) 0.023
CABG 9(7.1) 103 (19.8) 112 (17.3)  0.0007
Hypertension 99 (78) 321 (61.6) 420 (64.8) 0.00054
Diuretics 116 (91.3) 505 (96.9) 621 (95.8) 0.0047
ACE inhibitors 72 (56.7) 384 (73.7) 456 (70.4) @QD
Beta-blockers 70 (55.1) 360 (69.1) 430 (66.4) 08002
ACE inhibitor or ARB 79 (62.2) 435 (83.5) 514 (7p.3 <0.0001
ACE inhibitor or ARB & Beta- 43 (33.9) 314 (60.3) 357 (55.1) <0.0001
blocker
ACE inhibitor or ARB & Beta- 4 (3.1) 48 (9.2) 52 (8) 0.038
blocker & Aldosterone blocker
Calcium channel blockers 37 (29.1) 80 (15.4) 18’11 0.00029

* Inter-group comparisons using Student’s t-tesh{muous variables) and test (categorical

variables), p value <0.05 indicates a significaffetence between the two groups.

CAD = coronary artery disease (defined as > 50%asie in> 1 major epicardial vessel,

denominator is number of patients who had an amgmy
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Table 5-19: Clinical examination, ECG and blood paameters, stratified by LVEF
(significant results only). Data are expressed asumber (%), mean (SD) or median

[IQR].

Variable HF-PEF HF-REF Overall p
(n=127) (n=521) (n=648) value*
SBP 136.1 (22) 129.8 (23.7) 131 (23.5) 0.006
Pulse pressure 69.2 (23.3) 61.7 (22.2) 63.2 (22.6)0.0008
LBBB 7 (5.5) 135 (25.9) 142 (21.9)  <0.0001
QRS (ms) 92 [86-104]  110[94-134] 104 [90-126] <m0

QRS duration

> 120 11 (8.7) 195 (37.4) 206 (31.8)

120-150 8 (6.3) 117 (22.5) 125 (19.3)  <0.0001

> 150 3 (2.4) 78 (15.0) 81 (12.5)
QTc (ms) 430.2 (32.5)  441.6 (32.8) 439.4 (33.0) 0043
QTc> 440 43 (33.9) 279 (53.6) 322 (49.7)  <0.0001

BNP - hospital (pg/ml) 435 [240-952] 918 [407-1866]88 [366-1582] <0.0001

BNP - study visit (pg/ml) 237 [129-426] 453 [225692 396 [202-806] <0.0001

Troponin 1> 0.04 pg/l 8 (6.3) 97 (18.6) 105 (16.2) 0.0011
Urea (mmol/l) 9 (4.5) 9.9 (5.2) 9.8(5.1) 0.049
Albumin <35 (g/I) 10 (7.9) 76 (14.6) 86 (13.3) 0604
HDL (mmol/l) 1.2 (0.4) 1.1 (0.4) 1.1 (0.4) 0.0042
Haemoglobin (g/dl) 12.1 (2) 12.7 (1.9) 12.5 (2) a9
Haemoglobin <13M; <12F 83 (65.4) 235 (45.1) 318 (49.1) <0.0001

* Inter-group comparisons using Student’s t-tesh{muous variables) and test (categorical

variables), p value <0.05 indicates a significaffetence between the two groups.
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5.3 Discussion

Chapter 5 has described the clinical data obtafra@d the study visit for the post-discharge
cohort. The study visit occurred approximately 4v6eks after hospitalisation. The post-
discharge cohort comprised 648 patients of theiraigl003 patients enrolled during

hospitalisation. A significant proportion of theiginal cohort was deceased by 4-6 weeks,

consistent with the high early mortality rate feliog hospitalisation for HF (147).

The post-discharge cohort was, expectedly, a caifquatients with stable HF. The majority
of these patients were NYHA class Il, having beerHd class Il at the time of hospital
admission. The majority of patients experiencededuction in weight from the hospital
admission to study visit attendance, consistenh withieving euvolaemic status following
their admission with decompensated HF. There was ah expected reduction in the numbers
of patients with signs of fluid overload by the énof the study visit. The significance of
worsening signs and symptoms of HF following an @dion for HF and subsequent

rehospitalisation and mortality has recently besognised (148).

The frequency of diuretic prescribing was high agstrthe post-discharge cohort (> 95%),
with modest prescribing of HF disease-modifyingépees (70% prescribed an ACE inhibitor;
66% prescribed a beta-blocker).

A large proportion of the post-discharge cohort waAF at the time of the study visit (37%),
consistent with the prevalence of 10-50% reportgdlimical studies of AF in LVSD (149)
and the recognition of AF as a common finding itigras with heart failure and preserved
systolic function (150). Over a quarter of the pdistharge cohort had evidence of bundle
branch block on the ECG performed at the study.visie prevalence of this finding is similar
to other chronic HF cohorts containing patientshwhiioth reduced and preserved systolic
function (151). Many patients had electrocardiobrapevidence of LVH, this prevalence is
also similar to other chronic HF cohorts containpagients with both reduced and preserved
systolic function (152).
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The mean LVEF for the post-discharge cohort was ,468fisistent with the mean LVEF
reported by other chronic HF cohorts containingegoas with both reduced and preserved
systolic function (121). Approximately one-fifth t¢fie post-discharge cohort had preserved
systolic function, defined as LVEF50% (18).

There was an improvement in most of the haematodbgand biochemical parameters
measured in the post-discharge cohort, comparecheéasurements performed whilst in
hospital. There was a significant reduction in Bl¥Rels for the majority of the post-discharge
cohort and a sizeable reduction in the proportibrthe cohort with an elevated troponin
concentration. The prognostic importance of pegsistroponin elevation in both chronic HF
and during admission for acute decompensated Hbdas recently demonstrated (153;154).
Fewer patients were hyponatraemic, hyperbilirubimaeor hypoalbuminaemic, than during
the hospital admission. The post-discharge cohadltdimilar proportions of patients with an
elevated urea concentration and reduced eGFR, cethpa the hospitalised cohort. Indeed,
fewer patients had normal eGFR at the time of thdysvisit than on admission to hospital.
Almost half of the post-discharge cohort was anaeimilar to the prevalence of anaemia
during the hospital admission.

Ischaemic heart disease was the primary aetiolbgyFdor the majority of the post-discharge
cohort, consistent with this being the commoneaseaf HF in Western countries. However,
almost one-third of patients had an ‘unknown’ priynaetiology of heart failure.

When the clinical data of the post-discharge cokate analysed according to whether the
patients had HF-REF or HF-PEF, the majority ofickh characteristics were similar between
the two groups. This is consistent with previoysorés that patients with HF-PEF cannot be
distinguished from those with HF-REF on the bagisymptoms and signs, CXR or ECG
findings (19). However, there were some notabl&edhces between the two groups. Patients
with HF-PEF were older, more likely to be femaleralikely to have hypertension and less
likely to have had a MI, in comparison to thosehwF-REF. These findings are consistent
with previous studies of HF-PEF (22;24;155). Pnbstcg of recommended pharmacological

treatments for HF was greater amongst patients MRHREF, an unsurprising result given the
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evidence-base for the use of these medicationssexsy for patients with HF-REF and no
treatment is of proven benefit in HF-PEF. Presoghof calcium channel blockers was more
common amongst those with HF-PEF, perhaps refigctile use of these agents as
antihypertensive treatment. Apart from SBP and g@pieessure, there were no differences in
clinical examination findings between the two greuphere were also no differences in the
proportions in sinus rhythm or AF between the twougs. QRS duration and QTc interval
were longer amongst patients with HF-REF. The nitgjof biochemical and haematological
tests performed did not differ according to LVEFowever, the differences in BNP
concentrations between the two groups, on admidsidrospital and at the study visit, were
striking. Patients with HF-REF had median BNP comi@aions almost twice that of those
with HF-PEF. Previous studies in patients withafepensated HF have demonstrated similar
findings (156). Anaemia was more common amongssehwith HF-PEF, consistent with
previous reports (23).

In summary, many of the symptoms, signs and blests tof the post-discharge cohort showed
an expected improvement compared to data recordedngd hospitalisation with
decompensated HF. The post-discharge cohort stiibged many abnormal clinical
characteristics, many of which are consistent vpittor findings published in chronic HF

cohorts, and the majority of patients had HF-REF.
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CHAPTER SIX

MICROVOLT T-WAVE ALTERNANS
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6.1 Introduction

This chapter will describe the results of MTWA tegtin the post-discharge cohort. The
eligibility for MTWA testing will be described antthe reasons for ineligibility outlined. The
potential eligibility in the entire hospitalised et will also be outlined. This will
demonstrate whether or not the post-discharge taves similar, in terms of eligibility for
MTWA testing, to that of an unselected cohort digras with HF. The clinical characteristics
of the post-discharge cohort, described in chaptevill be stratified by eligibility for MTWA
testing. This will determine if there were any sfgant differences in the clinical
characteristics of the patients eligible for MTWeésting compared to those ineligible. The
results of MTWA testing and the prevalence of pesjtnegative and indeterminate results
will be described, including an outline of the r@as for an indeterminate test. The functional
capacity of the patients will also be displayedudig the reasons for terminating exercise,
average duration of exercise and metabolic equivalalues (METs). This will allow an
evaluation of the practicality of this test in HRtients. For patients unable to exercise,
MTWA testing at rest will be described.

6.2 Results

6.2.1 Eligibility

The spectral analysis method of MTWA testing is suitable for all patients. It is mandatory
that patients are in sinus rhythm, and able togoerfsub maximal treadmill exercise in order
to raise their heart rates to 110 beats per mirRdaéents are ineligible for MTWA testing if

they are in AF, continuously ventricular pacing datherefore unable to produce a
chronotropic response), or unable to perform sukimma exercise on a treadmill. The reasons
for the latter may be multifactorial and includeypitcal incapabilities as well as medical
contraindications, for example severe symptomatiti@ stenosis. Figure 6.1 illustrates the
potential eligibility for MTWA testing in the hodailised cohort. This includes the non-

attendees, as well as the post-discharge coharthEdormer, eligibility is based on clinical
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data collected during hospitalisation and therefosg not be truly accurate. For example, a
patient in AF whilst hospitalised with decompendak$F could have cardioverted to sinus
rhythm before the study visit. Furthermore it ispwssible to estimate the rhythm for non-
attendees with paroxysmal AF. Therefore, the rhythumng the index hospitalisation was
used for determining potential eligibility for nattendees. An accurate assessment of a
patient’s ability to exercise is also difficult &stablish during hospitalisation and is likely to
be underrepresented in Figure 1. Thus, Figure 6oYiges an approximate assessment of
eligibility for MTWA testing for the hospitalisedobort. Of 1003 patients enrolled, 549
patients (54.7%) were potentially eligible for MTW@sting. A large proportion was therefore
ineligible. The most common reason for this was afffecting 364 patients (36.3%). Only 35
patients (3.5%) were in a paced ventricular rhytéimd 56 patients (5.6%) were unable to
attempt exercise. An inability to attempt exercigeluded patients who were physically
incapable as well as those with medical contraatthas, for example severe aortic stenosis.
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Figure 6.1: Potential eligibility for MTWA testing in the hospitalised cohort
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Eligibility for MTWA exercise testing at the studysit is displayed in Figure 6.2. Just over
half of the attendees were eligible for MTWA exsecitesting (50.9%). The proportion of
patients eligible for MTWA testing was similar toet potential eligibility in the hospitalised
cohort (50.9% versus 54.7%, respectively). The rmostmon reason for ineligibility was AF,
accounting for 242 patients (37.3%) attending ttuglys visit. The remaining patients were
ineligible for MTWA testing because of continuousniricular pacing (5.1%) and inability to
exercise (6.6%). The latter included patients wbald not satisfactorily exercise on the
treadmill as well as patients with a contra-indmatto performing exercise, such as severe
aortic stenosis. Satisfactory exercise was defagdn ability to walk on the treadmill for at
least two minutes. Of all patients taking the MTW&St, 43 patients (6.6%) were unable to
exercise, the majority of whom attempted exeramse26). Figure 6.3 displays the breakdown
of reasons for being unable to exercise for twout@s. The reasons why exercise was not
attempted in the remaining 17 patients are displaiye Figure 6.4. MTWA testing was
performed at rest in all patients unable to exertisassess if alternans activity was present at
rest. In these cases, only a positive MTWA resulii@d be included in the subsequent analyses
— a negative result would not be possible withaiging the heart rate to 110 beats per minute

and these results could not be classified as int@tate.
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Figure 6.2: Eligibility for MTWA testing in 648 patients attending the study visit

215



Number of Patients

Figure 6.3: Reasons for discontinuing exercise f@6 patients who attempted exercise but
were unable to exercise for 2 minutes
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Figure 6.4: Reasons for not attempting exercise ih7 patients
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6.2.2 Clinical characteristics stratified by MTWA digibility

All of the clinical characteristics of the postchsrge cohort, as described in the results
section of chapter 5, were analysed according itpbéity for MTWA testing. Details of a
previous history of HF, as outlined in section 3.2f chapter 4, and medical history, as
outlined in section 4.2.5 of chapter 4, were alsoluded. Only statistically significant
differences in clinical characteristics, betweensth eligible for the MTWA test and those
ineligible for MTWA testing, are presented in Tabk1 to 6-3. A probability value of p<0.05

was considered significant for statistical analyses

Table 6-1 displays the parameters that differedoricg to MTWA eligibility for the
following characteristics; demographics, historyHfF and current HF symptoms. Patients
ineligible for MTWA testing were older (p<0.000By an average of approximately 4 years,
and therefore a greater proportion were 75 yearagef or older (p=0.046). There was no
difference in gender between the two groups. Ambag of HF prior to the index admission
to hospital was more common amongst patients iiddigor MTWA testing (p=0.00013).
Duration of hospitalisation and readmission to lt@$gince recruitment were similar in both
groups. Patients ineligible for MTWA testing weremm symptomatic, in terms of NYHA
functional class, with more patients in classesfidl IV than those eligible for MTWA testing
(0.015). Of the other symptoms of HF describedent®n 5.2.3 of Chapter 5, ankle swelling
differed between the two groups, a greater propordf ineligible patients having this

symptom at the study visit (p=0.00022).
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Table 6-1: Demographics, history of heart failure ad current heart failure symptoms for the post-distarge cohort, stratified by MTWA
eligibility (significant results only). Data are eyressed as number (%) or mean (SD).

Parameter Ineligible (n=318) Eligible (n=330) Overt (n=648) p value*

Demographics

Male 179 (56.3) 198 (60.0) 377 (58.2) 0.34

Age, years 72.7 (9.5) 68.8 (11.3) 70.8 (10.6) <0100

Age> 75 126 (39.6) 106 (32.1) 232 (35.8) 0.046

History of HF

Diagnosis of HF pre-hospitalisation 163 (51.3) 1260.4) 283 (43.7) 0.00013

Diagnosis HF > 2 yrs 124 /163 (76.1) 79 / 120&%5. 203 /283 (71.7) 0.059

Current HF symptoms

NYHA Il 197 (61.9) 237 (71.8) 434 (67.0) 0.015
n-1v 121 (38.1) 93 (28.2) 214 (33.0)

Current ankle swelling 112 (35.2) 73 (22.1) 185.%28 0.00022

* |nter-group comparisons using Student's t-tesnfmuous variables) and test (categorical variables), p value < 0.05 iatiis a significant difference

between the groups.



Table 6-2 displays the medical comorbidities andlicaions that differed according to
MTWA eligibility. The prevalence of many cardiovasar conditions differed between the
two groups of patients. More patients eligible MdiTWA testing had a history of a

previously reported MI, compared to ineligible pats (p=0.033). Similarly, more eligible

patients had a history of angina (p=0.02). For ¢hego had previously undergone
coronary angiography, a greater proportion of blegpatients had evidence of significant
coronary artery disease (defined as > 50% stemosas least 1 major epicardial vessel)

(p=0.012). PCI was also more common amongst etigiatients (p=0.0031).

Predictably, the proportion of patients with eitlpaist or present AF differed between the
two groups of patients (p<0.0001). Over 90% of ¢hmeligible for MTWA testing had a
history of AF. The high prevalence of this arrhytans expected as it was the commonest
reason for ineligibility in the post-discharge cah@®Imost one fifth of eligible patients
had a history of past or paroxysmal AF — none vieisF at the time of the study visit, as
this would have rendered them ineligible for MTWesting. Previous or current valvular
heart disease was more common amongst ineligililerpg (p<0.0001). Furthermore the
prevalence of a valve replacement was also greamtengst those ineligible for MTWA
testing, although of borderline statistical sigraince (p=0.057).

The number of patients with a pacemaker differeavéen the two groups, 34 (10.7%) of
those ineligible compared with 7 eligible patie(2s1%) [p<0.0001]. This is unsurprising
as the majority of patients with a pacemaker wergiouously ventricular pacing, unable
to produce a chronotropic response and thus iéigor MTWA testing.

The prescribing of HF disease-modifying medicatiovess similar in the two groups.
However there were many differences in the presuagibof other cardiovascular
medications between the two groups of patients I€T&k2). Unsurprisingly, there was
greater prescribing of both digoxin (p<0.0001) avaifarin (p<0.0001) in the ineligible
group, reflective of the higher proportions of AlR@ngst these patients. There was greater
prescribing of both aspirin (p<0.0001) and clopidbg(p=0.0057) amongst eligible
patients, consistent with the higher proportiongvidifand PCI amongst this group. The
prescribing of anti-arrhythmic therapy was highastongst eligible patients, possibly
reflecting the ability of these medications to ntain sinus rhythm and thus eligibility for
MTWA (p=0.0045).
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Table 6-2: Medical comorbidity and medications forthe post-discharge cohort,
stratified by MTWA eligibility (significant results only). Data are number (%).

Parameter Ineligible Eligible Overall p value*
(n=318) (n=330) (n=648)

Medical comorbidity

MI 123 (38.7) 155 (47.0) 278 (42.9) 0.033

History of angina 160 (50.3) 196 (59.4) 356 (54.9) 0.02

Angiographic CAD 90/ 137 134 /169 224/ 306 0.012

(65.7) (79.3) (73.2)

PCI 32 (10.1) 60 (18.2) 92 (14.2) 0.0031

AF (past or present) 288 (90.6) 84 (25.5) 372 (57.4) <0.0001

Valvular heart disease 169 (53.1) 117 (35.5) 286 (44.1) <0.0001

Valve replacement 31 (9.7) 19 (5.8) 50 (7.7) 0.057

Pacemaker 34 (10.7) 7((2.1) 41 (6.3) <0.0001

Medications

Digoxin 140 (44.0) 23 (7.0) 163 (25.2) <0.0001

Warfarin 192 (60.4) 61 (18.5) 253 (39.0) <0.0001

Aspirin 129 (40.6) 233 (70.6) 362 (55.9) <0.0001

Clopidogrel 43 (13.5) 72 (21.8) 115 (17.7) 0.0057

Anti-arrhythmic 9(2.8) 26 (7.9) 35(5.4) 0.0045

* Inter-group comparisons using test, p value < 0.05 indicates a significant défee

between the groups.

CAD = coronary artery disease (defined as >50%osisrin> 1 major epicardial vessel,

denominator is number of patients who have undergmgiography)
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There was no difference in LVEF according to MTWAiility, mean LVEF 39% versus
41% for eligible versus ineligible, respectively=(p11). There was also no difference in
the proportions of patients with HF-REF comparedHtePEF according to eligibility for
MTWA testing (50.4% and 51.1% eligibility for HF-FEand HF-REF, respectively
[p=0.89]).

There were no differences in routine physiologfoadings or BMI measurements between
the two groups. Table 6-3 displays the clinicalrek®tion, ECG and blood parameters
that differed according to MTWA eligibility. Periphal oedema was the only clinical
examination sign that differed between the two geourhe presence of ankle (p<0.0001)
and knee oedema (p=0.029) was more common amoagsh{s ineligible for MTWA

testing.

ECG parameters that differed between the two growg® sinus rhythm, AF, a paced
rhythm and Q waves (p<0.0001 for all four parans®teFhe greater proportion of eligible
patients in sinus rhythm is unsurprising given thé rhythm is mandatory for the spectral
method of MTWA testing. AF and paced rhythms werancommon amongst ineligible
patients, unsurprising as MTWA testing is not polesiin either of these conditions.
Proportionately more eligible patients had Q wapesssent on their ECG, consistent with

the greater prevalence of a previous Ml amongstgioup.

There were biochemical and haematological parasdteat differed between the two
groups of patients (Table 6-3). Log B-type natriiergpeptide (BNP) concentration was
higher amongst patients ineligible for MTWA testifm=0.0045). Eligible patients had a
greater decline in median BNP, from hospitalisatiorstudy visit, than ineligible patients
(p=0.046). Renal function differed between the twoups of patients. Those ineligible for
MTWA testing had proportionately more patients withal impairment and fewer patients
with normal renal function, than eligible patienfg=0.0039). Bilirubin (p<0.0001),
alkaline phosphatase (p=0.0098) and GGT (p<0.060d¢entrations were higher amongst
patients ineligible for MTWA testing. Higher uratevels were also present amongst
ineligible patients (p<0.0001). Haemoglobin concatimn was slightly lower amongst
those eligible for MTWA (p=0.034), although theraswmo difference in the prevalence of
anaemia between the two groups. Lymphocyte coratgonirwas lower amongst ineligible
patients (p=0.02).
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Table 6-3: Clinical examination, ECG and blood paraneters stratified by MTWA
eligibility (significant results). Data are number (%), mean (SD) or median [IQR].

Parameter Ineligible Eligible Overall p value*
(n=318) (n=330) (n=648)

Clinical examination
Peripheral oedema — ankle 146 (45.9) 92 (27.9) 238 (36.7) <0.0001
Peripheral oedema — knee 28 (8.8) 15 (4.5) 43 (6.6) 0.029
ECG
Sinus rhythm 43 (13.5) 328 (99.4) 371 (57.3) <0.0001
AF 242 (76.1) 0 (0.0) 242 (37.3) <0.0001
Paced rhythm 33 (10.4) 2 (0.6) 35 (5.4) <0.0001
Q waves 14 (4.4) 47 (14.2) 61 (9.4) <0.0001
Blood tests
Log (BNP) 6.1 (1.0) 5.9 (1.1) 6.0 (1.1) 0.0045
A BNP (hosp — study visit) 208 301 240.5 0.046
(pg/ml) [12.0-704.0]  [32.5-858.5] [17.8-771.3]
eGFR (ml/min/1.731) 54.6 (18.6) 58.7 (19.8) 56.7 (19.3) 0.007
eGFR <30 27 (8.5) 24 (7.3) 51 (7.9) 0.0039

30-60 183 (57.6) 149 (45.1) 332 (51.2)

60-90 100 (31.4) 140 (42.4) 240 (37.0)

>90 8 (2.5) 17 (5.2) 25 (3.9)
Bilirubin (umol/l) 13.1 (8.7) 10.1 (6.8) 11.6 (7.9) <0.0001
GGT (UN) 57 [32-110] 39 [25-66] 45 [28-88] <0.0001
Alk Phos (U/l) 94 [75-121] 91 [73-112] 92 [74-118] 0.0098
Urate (mmol/l) 0.49 (0.1) 0.44 (0.1) 0.47 (0.1) <0.0001
Haemoglobin (g/dl) 12.7 (2.1) 12.4 (1.9) 12.5 (2.0) 0.034
Lymphocytes (x191) 1.8 (0.8) 2.0 (1.6) 1.9 (1.3) 0.02

* Inter-group comparisons using Student's t-tesbnf{muous variables) ang?® test

(categorical variables), p value < 0.05 indicatsggaificant difference between the groups.
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6.2.3 Automated computer-generated report

A computer generated report is automatically predumllowing the completion of each

MTWA test. An example is shown in Figure 6.5. Eaeport contains the following; a

graph of heart rate trend, artefacts that may kdenpially obscuring true alternans (for
example ectopic activity or noise), measuremendlgrnans activity in individual vector

and praecordial leads, artefacts that may be paligntreating false alternans and the
alternans classification (positive, negative oretedminate). Each report contains two
pages, the first displaying data for the four veétads (VM, X, Y and Z) and the second
displaying data for praecordial leads V1-6.

The heart rate trend contains two lines; an uneirea that corresponds to the
instantaneous heart rate, or ‘real time’ heart, ratel a smooth line that corresponds to the
‘epic’ heart rate present over time. The instandaseheart rate provides information about
sudden variations in heart rate or the occurreficimpic beats. The ‘epic’ heart rate is
the average heart rate in each of the epics amiosuced by using an enhanced ECG
noise reduction algorithm. Each epic consists & d@hsecutive beats selected for analysis.
The beats are aligned and each T wave in the ggindlysed at the same relative point in

time. All alternans parameters are measured agdi@spic, or smoothed, heart rate.

Ectopic beats and noise are the two main artethetiscan obscure the presence of true
physiological alternans. If the number of ectopeats, displayed in the report as ‘bad
beats’, in each epic exceeds the threshold of 1566 the detection of true alternans
cannot be performed and the trend will be shadeg gr the corresponding areas. Figure
6.5 shows almost undetectable levels of ectopitsb&he noise trend represents the noise
level in the VM vector lead, a measure of overailse in the system. Like ectopic beats,
the presence of excessive noise can prevent teetabet of true physiological alternans. If
the noise level exceeds the threshold of 1.8 mats\vhen the detection of true alternans
cannot be performed and the trend will be shadeg ar the corresponding areas. The

noise level in Figure 6.5 is <1 microvolt and witlsicceptable limits.
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Figure 6.5: Example of a MTWA test report (a negatre MTWA test)
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Each alternans trend on the report displays alterwaltage, alternans noise and alternans
ratio. This information is illustrated in Figure56.For each of the ten leads, the timing of
alternans activity is charted along the bottom ke teport. Each square on the Y axis
represents 2 microvolts of alternans. The solid batlining the grey shaded areas signifies
the alternans voltage and the dotted line represthat alternans noise. The shaded grey
area indicates the presence of statistically Scamit alternans, present for brief periods in

leads X, Z and V6 in Figure 6.5. The thicker bldckizontal line below the shaded grey

areas represents artefact-free periods and signiftervals where no artefacts are present

that could potentially cause alternans.

The main artefacts that can potentially createefaléernans are displayed in three rows
along the bottom of the first page of the repoelplv the vector leads. These artefacts are;
respiration, heart rate delta and RR alternansad&®f these artefacts are shaded in grey,
highlighting if acceptable levels have been excde®eemature ventricular beats can also
cause false alternans but these are usually sked-bnd would not meet criteria for

sustained alternans.

Finally, at the bottom of both pages of the MTWA# is the automated interpretation of
whether or not sustained alternans is present arithiaal classification of the alternans
result (positive, negative or indeterminate). Tépgart also suggests how a determinate test
may be achieved on retesting, if the result is texheinate. Previous clinical studies have
suggested that immediately repeating indetermiNBEEVA tests due to noise reduces the

rate of indeterminate tests by at least 50% (123).

6.2.4 MTWA Classification

Significant alternans is present when the followenigeria are met; the voltage of alternans
is equal to or exceeds 1.9 microvolts, alternatisigcis present in any of the vector leads

or a praecordial lead and an adjacent lead, andlthans is sustained. The latter occurs
when alternans is consistently present above argetpecific onset heart rate, the duration
of alternans is at least one minute and therepisriad of artefact-free data. A positive test

occurs when sustained alternans occurs at restasr @anset heart rate110 bpm. Criteria

for a negative test are met when there is no swedaalternans and the maximum negative
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heart rate i 105 bpm. Sustained alternans at an onset hearofa 110 bpm but with a
maximum negative heart rate > 105 bpm is also ifledsas a negative result. An
indeterminate test is one where the test does ulfit €ither positive or negative test
criteria, due to physiological (for example insciéint heart rate, ectopic activity or noise)
or user reasons (for example poor skin prepargir@r to application of the proprietary
electrodes). Nonsustained alternans activity waldh be classified as an indeterminate

result.

An example of a positive MTWA test for a patienttms study is shown in Figure 6.6.
This test fulfils the criteria for a positive resuAlternans activity is present at the start of
exercise with an onset heart rate of 96 bpm andaitage of alternans often exceeds the
required 1.9 microvolts. When the heart rate dioglew 96 bpm, alternans activity is not
always present but does always occur above thet treset rate of 96 bpm. Alternans
activity is always present in at least one vectgpraecordial lead and adjacent praecordial
lead. There are many periods of artefact-free damesented by the solid black horizontal
line below each shaded grey area, and the durafiaiternans is greater than one minute.
Thus, this MTWA test is positive. Of note, there &&w ectopic beats present in this test.

Noise levels are often high but do not exceed &etredt prevent interpretation of this test.
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Figure 6.6: The automated MTWA test report for a study patient with a positive
MTWA result
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An example of a negative MTWA test for a patienthis study is shown in Figure 6.7.
There is brief evidence of alternans activity irctee lead X at the start of the test, prior to
commencing exercise, but this is not sustained.rellie also alternans activity in
praecordial lead V6 but not in an adjacent pragabidad. Furthermore, the alternans
activity in lead V6 is not sustained. There is evide of alternans activity in the vector
leads towards the end of the test but this is igptificant as alternans is not consistently

present above this heart rate. The maximum neghéad rate attained is 112 bpm.
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Figure 6.7: The automated MTWA test report for a stidy patient with a negative
MTWA result
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6.2.5 Prevalence Study

Of 648 patients attending the post-discharge susly; 330 (50.9%) had MTWA exercise
tests performed. The results are displayed in Eigu8. As outlined earlier in this chapter

(section 6.2.1), 43 patients were unable to exeffoisat least two minutes.

A positive MTWA result occurred in 100 patients 3@). Of these patients, 93 had no
evidence of alternans activity at rest and susthaiternans occurred during exercise at an
onset heart rate <110 bpm. The remaining 7 patiesitts positive MTWA tests had
evidence of sustained alternans present at re$y. Opositive result occurred in a patient
unable to perform exercise due to physical fraillge remaining 6 patients with sustained
alternans at rest were able to exercise satisfctnd had sustained alternans present

throughout the period of exercise.

A negative MTWA result occurred in 78 patients G28). Of these patients, 75 had no
evidence of sustained alternans activity and hachamum negative heart rate >105 bpm.
Only 3 patients had sustained alternans with aretohsart rate >110 bpm but with a

maximum negative heart rate >105 bpm.

An indeterminate MTWA result occurred in 152 pat#ei46.1%). The reasons for an
indeterminate result are described later in thitice.

When analysed in the contemporary way as non-negaérsus negative; 252 (76.4%) of

all MTWA exercise tests were non-negative (Figud.6

Of the 43 MTWA tests performed in patients unaldeekercise (either unsatisfactory
exercise or no exercise at all), only 1 patient bastained MTWA alternans at rest. The
remaining 42 patients had no evidence of sustaaitetdnans at rest, the results of which

are not included in the subsequent figures or zealy
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Almost half of all MTWA exercise test results wdreleterminate. The reasons for an
indeterminate MTWA test are displayed in Figure06.The majority of these tests were
indeterminate because of a failure to achieve éheired heart rate of 110bpm (75% of all
indeterminate tests). There were two principal eeaspatients had an insufficient heart
rate. Firstly, some patients had a low resting thesie, due to being on maximal dose of
beta-blocker therapy. These patients were oftersipalyy able to exercise for a sufficient

period of time, exceeding 10 minutes in many calsesunable to elevate their heart rate
and it was clear that prolonging exercise would axdtieve the desired heart rate of 110
bpm (represented as ‘chronotropic incompetenc&igure 6.11). The other reason for an
insufficient heart rate was exercise intoleranceventing attainment of a heart rate of
110bpm (represented as ‘physical limitations’ igufe 6.11). The remaining MTWA tests

were indeterminate due to the presence of oneeofdlfiowing; ectopic activity (16.4%),

noise (5.9%), non-sustained alternans (2%) or ia rige in heart rate (0.7%).
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Figure 6.10: Classification of reasons for an inderminate MTWA test result in the
post-discharge cohort.
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Figure 6.11: Classification of reasons for an inderminate MTWA test result in the
post-discharge cohort; highlighting the two reasongor an insufficient heart rate.

233



6.2.6 Functional capacity of study cohort

Assessing the cohort’s ability to complete the MTWéadmill test was important for the

evaluation of the suitability of this test for ahoot of patients with HF.

Table 6-4 displays details of the exercise perfarrbg those who managed MTWA
exercise testing for at least 2 minutes. The meaatidn of exercise was 6.7 minutes and
patients achieved, on average, almost 70% of giretticted heart rate. The expenditure of
energy for each patient was calculated in metalamjigivalents of task (METS). Exercise
capacity is often reported in METs. MET capacitythie body’s ability to expend energy
compared to what it expends at rest. One MET isvatgnt to the body’s metabolism at
rest. MET capacity is used as a prognostic indicatopatients with coronary artery
disease, an exercise capacity of at least 10 METgkassociated with a good prognosis.
The mean METSs for the patients who performed MTWareise testing in this study was
2.5.

There were several reasons why patients discomtiraxercise (Table 6-4). The most
common reason was achievement of a peak heart Thie.encompassed patients who
reached the target heart rate for completing th&\MTtest (110 bpm) and also those who
attained a maximum heart rate (below 110 bpm) fhited to rise with further exercise.

The latter consisted largely of patients on maxidwde beta-blockers who were unable to
elevate their heart rate to 110 bpm despite pr@dnexercise with increases in both the
speed and gradient of the treadmill machine. Howewke majority of patients

discontinued exercise because of various physio#htions (Table 6-4).

234



Table 6-4: Exercise parameters and reasons for terimating exercise for 330 patients

Exercise parameter Mean (SD) or n (%)
Duration of exercise (mins) 6.7 (3.9)

% predicted heart rate 69.5 (10.8)

Max exercise (METS) 2.5 (1.2)

Reason exercise stopped

Peak HR achieved 138 (41.8)
Fatigue 85 (25.8)
Breathless 55 (16.7)
Joint / muscle pain 34 (10.3)
Claudication 13 (3.9)
Pre-syncope 3(0.9
Chest pain 2 (0.6)
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6.2.7 Optimal heart failure therapy

An assessment of whether or not patients were pbescoptimal HF therapy was made
for all patients undergoing a MTWA test (Figure .10ptimal therapy for patients with
reduced left ventricular systolic function was defi as being prescribed the target dose of
at least two HF disease modifying agents, includitgeta-blocker. The target dose was the
dosage used in the pivotal HF clinical trials. Asphistory of intolerance to specific HF
medications or being prescribed a sub-optimal dosequse of intolerance to higher doses,
was also classed as optimal medical therapy. Inymases it was unclear whether patients
were not prescribed optimal HF therapy becausere¥ipus intolerance or because of
failure to prescribe — these cases were recordetlirdgown’. Overall, 138 patients
(41.8%) completing MTWA exercise testing were priggmd optimal HF therapy. The
prescribing was sub-optimal in 93 patients (28.2%6)d in 99 patients (30.8%) it was
unknown whether or not they were being optimallynaged. Patients with indeterminate
MTWA test results were more likely to be on optimatdical therapy, than the other two
groups (p<0.0001). The corollary of this was alset those with indeterminate MTWA
tests were less likely to be prescribed sub-optidfatherapies than the other two groups.
The difference between the three groups in the gtmms of patients with unknown
optimal HF therapy regimes was less striking.
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Figure 6.12: Rate of prescribing of optimal heart ate therapy for patients undergoing MTWA exercise ¢sts*

* Inter-group comparisons using test, p value < 0.0001 indicates a significarfedince between the groups.
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6.2.8 Adjudication of MTWA test results

All automated computer-generated MTWA test reswise interpreted by a single clinician
(Dr Rachel Myles) experienced in reviewing MTWA ogfs. The clinician was blinded to
both the patient details and the automated comygeteerated result. Of 373 MTWA tests
(330 on exercise and 43 at rest), 358 automatedtsanatched the interpreted results (96%).
For the 15 cases where a discrepancy existed bettheeclinician’s interpretation and the
computer-generated result, the clinician’s analysias used for the results. All 15
discrepancies were from exercise MTWA tests. Of4BeMITWA tests at rest, one test was
reported positive by both the clinician and the pater. The remaining 42 tests at rest were
reported as ‘MTWA not present at rest’ by both mtipg modes.

6.2.9 Comparison with other MTWA clinical studies

The results of MTWA exercise testing for this studgre compared to the major LVSD and
HF MTWA clinical studies that have been performed date. Two comparisons were
performed,; firstly the proportions of positive, m¢ige and indeterminate results, (Figure 6.13),
and then the proportion of non-negative to negataeilts (Figure 6.14). In both figures, my
study is referred to as ‘Glasgow MTWA'.
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6.3 Discussion

Chapter 6 has described the practical applicatidtheMTWA exercise test in an unselected
cohort of patients with HF. Eligibility of the pedtscharge cohort was similar to the potential

eligibility of the hospitalised cohort.

A significant number of patients were ineligibler fMTWA testing. This is the first

observational prospective study to describe theoms for ineligibility in a ‘real-life’ HF

population. The majority of patients were ineligilllue to permanent AF. A small proportion
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were ineligible due to pacemaker dependency, thig Ioe greater in a well treated cohort with
a higher percentage of CRT implantation. A sigaifit number of patients were physically
unable to perform this sub maximal treadmill te§he clinical value of any test is limited if

nearly half of the patients are ineligible for tlest.

Many of the characteristics of the ineligible patgein my study suggested they had a poor
prognosis, including the highest log (BNP) concatimn. BNP is also an independent
predictor of sudden cardiac death (53), suggeshiagthe patients at the highest arrhythmic
risk may in fact not be eligible for MTWA testinfhese findings suggest the utility of the
MTWA test as a means of detecting those at highs&sbf sudden death is likely to be limited
as many such patients are ineligible for the teatients ineligible for MTWA testing were
older than patients eligible for testing and a kigproportion had a history of pre-admission
HF. Ineligible patients also had more evidence @fisting or advanced HF, with a higher
proportion having NYHA functional class Ill or IVysiptoms and a greater frequency of
peripheral oedema. Those ineligible for MTWA tegtadso had a greater prevalence of renal
dysfunction, liver enzyme abnormalities, hyperweitga and lymphopenia. There was,
however, no difference in LVEF according to MTWAg@bility and the use of HF medication

was similar between the groups.

An indeterminate MTWA test was the most common ltesuthis study with a positive
MTWA test was found in only 30% and a negative te24%. The majority of indeterminate
tests were because of failure to elevate the hateto 110 bpm. This was due to chronotropic
incompetence or physical limitations, with similproportions of each. The majority of
chronotropic incompetence was secondary to betekbtotherapy. Many other clinical
MTWA studies have discontinued beta-blockers ptioMTWA testing in order to achieve
determinate results. However a primary aim of #tigly was to evaluate the use of MTWA
on optimal HF therapy, including beta-blockers.slwas to determine both the prevalence of
an abnormal MTWA result on beta-blocker therapy asskss the prognostic value of this test
for patients on optimal HF therapy. Other reasamsain indeterminate MTWA test were
outlined. This is the first prospective study tadcterise the types of indeterminate result,
particularly detailing the two types of insufficteheart rate, and highlight how common a

result this is in an unselected HF population otinag HF therapy.
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The functional capacity of the cohort was poor. rféheas no significant difference in the
duration of exercise or energy expended duringaes@r(measured in METS), between the
three groups. The majority of patients discontinded MTWA test because of physical
limitations, with only 42% achieving the target he@te of 110bpm required for completion
of the MTWA test. This is perhaps unsurprisingnaany of the patients were elderly with
multiple comorbidities. However this does questioa general usefulness of this test in ‘real-

life’ HF patients.

The automated computer-generated results wereyhggitlurate when adjudicated against the
blinded clinician interpretation. The automateduifesatched the clinician’s interpretations in
over 95% of cases. This is the first study to pnesesults of the accuracy of the automated
report.

The prevalences of positive, negative and indetsaitei results in my study were different to

other clinical MTWA studies. One of the major difaces was the number of indeterminate
results (Figure 6.13). The other studies had prtapuately fewer indeterminate results than

my study. The reasons for this are likely multitacl and may be explained by many of the

limitations of the current studies to date, addrdds section 1.3 of chapter 1. One of these is
patient selection. My study was performed in anelewed cohort of patients with recent

decompensated HF. This cohort had a higher mearwdbeextensive medical comorbidity

and a significant proportion of physically frailtpants, compared to the other MTWA studies.

My study shared some similar and contrasting redoltthe other MTWA HF studies. The
ALPHA study (118) had proportionately more negatiaed positive results and fewer
indeterminate results than my study. These difleeenmay be explained by the types of
cohorts studied. The ALPHA study was performed @si@kly in non-ischaemic heart failure
patients with reduced left ventricular systolic ¢tion, defined as ejection fractian40%, and
the mean age was only 59 years. On the other tardSCD-HeFT MTWA study (119)
exhibited a similar pattern of the three test mssub the Glasgow MTWA study, an

indeterminate result being most common followedobygitive then negative. The proportions
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of negative results in the two studies were similaereas the SCD-HeFT MTWA study had
proportionately more positive results and fewerebedminate results than the Glasgow
MTWA study. One possible explanation for the simiias between these two studies may be
inclusion of both ischaemic and non-ischaemic &mgies of heart failure. Moreover, both
studies contained similar proportions of beta-béwckrescribing (74% in the SCD-HeFT
MTWA study and 64% in the Glasgow MTWA study), altigh the SCD-HeFT MTWA study
withheld these medications for at least 24 houi po MTWA testing.

Analysis of the Glasgow MTWA study results in trentemporary way of non-negative and
negative yielded similar proportions to the majoof other clinical studies (Figure 6.14). In
most studies a non-negative MTWA result was prevale at least two-thirds of the cohort.
The exception to this was the study performed leglélet al (102) in which over two-thirds of

the cohort had a negative MTWA result. This studgswperformed in a cohort of post
myocardial infarction patients. The high proportioh negative MTWA results may be
explained by all patients having preserved lefttienlar systolic function, as well as few

patients being prescribed beta-blocker therapy.

In summary, almost half of all patients in the pdistharge cohort were ineligible for MTWA
testing. Of the original 1003 patients enrolledtlms study, only 330 underwent MTWA
exercise testing. Of the 330 patients who weral@égmany were unable to complete the test
due to chronotropic incompetence, secondary to lbetzker therapy, or physical limitations.
These issues show that MTWA treadmill testing i$ walely applicable to an unselected,
real-life HF population. Finally, the most commoesult was an indeterminate one, the

clinical associates of which will be explored i tGhapter 7.
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CHAPTER SEVEN

CLINICAL ASSOCIATES OF
MICROVOLT T-WAVE ALTERNANS
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7.1 Introduction

This chapter will describe the clinical charactiges of the post-discharge cohort stratified by
MTWA result. The clinical characteristics discusse@hapter 5 will be analysed to determine
if any of these characteristics differ between tim@e groups of patients according to their
MTWA results (positive, negative and indeterminat&halyses will also be performed to

determine if any differences exist when the MTWAs are classified as negative and non-
negative. A probability value of p<0.05 will be citlered significant for statistical analyses.
The characteristics that differ between the thresugs of MTWA results will then be

analysed separately, in three pairs, using logistigression analyses. These pairs will
comprise; positive versus negative, positive vergsudeterminate and negative versus
indeterminate. A probability value of p<0.1 in tfeemer analyses will be used for selecting
variables for inclusion in the logistic regressionThese analyses will reveal the main

associates of each MTWA result.

7.2 Results 1: Differences in clinical characterigts according to MTWA

result

7.2.1 Demographics

Table 7-1 displays the demographics of the posthdigge cohort, stratified by MTWA result.
The overall results for all patients completing MEWA test are also displayed. Patients with
a negative MTWA result were younger than those vaitipositive or indeterminate result
(p=0.00013). Patients with an indeterminate reselte older than those with a positive result.
There was no difference between the three groupiseiproportion of patients with a history
of chronic HF prior to enrolment into the MTWA stud-ew patients who underwent MTWA
exercise testing were readmitted to hospital witeamnpensated HF following recruitment.

Readmission rates were similar in all three groups.
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Table 7-1: Demographics stratified by MTWA result.Data are expressed as number (%) or mean (SD).

Parameter Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)
Male sex 65 44 89 198 0.45
(65) (56.4) (58.6) (60)
Mean age, years 68.1 64.9 71.4 68.8 0.00013
(12.5) (12.0) (9.3) (11.3)
Age> 75 years 36 17 53 106 0.081
(36) (21.8) (34.9) (32.1)
Diagnosed HF before enrolment into study 31 25 64 120 0.13
(31) (32.1) (42.1) (36.4)
Re-admission since recruitment 3 4 14 21 0.12
3) (5.1) (9.2) (6.4)

* Inter-group comparisons using ANOVA F-test (comtus variables) and test (categorical variables), p value < 0.05 iatlis a significant difference

between the groups.
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7.2.2 Symptoms of heart failure

Table 7-2 shows the HF symptoms stratified by MT\We&ult. The majority of patients
who underwent MTWA exercise testing experiencedwarall improvement in their HF
symptoms since discharge from hospital. There wadifference between the three groups
in the number of patients who experienced determran their overall symptom status.
This was also reflected in the proportions of patien each of the four NYHA classes.
There were no differences between the three groufiee proportions of patients in each
NYHA category. Of the five principal symptoms reded at the study visit (Table 7-2),
only palpitations differed between the groups (p2Q). Fewer patients with an
indeterminate MTWA result experienced palpitati@esnpared with those with positive

and negative results.
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Table 7-2: Current heart failure symptoms stratified by MTWA result. Data are expressed as number (%).

Symptom Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

Deterioration in HF symptoms 10 (10) 5(6.4) 17 (11.2) 32 (9.7) 0.51
since discharge
NYHA Class | 3(3) 7 (9.0) 6 (3.9) 16 (4.9)

I 66 (66) 56 (71.8) 99 (65.1) 221 (66.9) 0.24

Il 31 (31) 15 (19.2) 46 (30.3) 92 (27.9)

\Y 0 (0) 0 (0) 1(0.7) 1(0.3)
Paroxysmal nocturnal dyspnoea 13 (13) 13 (16.7) (106p) 42 (12.7) 0.41
Orthopnoea 27 (27) 12 (15.4) 38 (25) 77 (23.3) 0.15
Ankle swelling 23 (23) 13 (16.7) 37 (24.3) 73 (2.1 0.4
Palpitations 29 (29) 22 (28.2) 24 (15.8) 75 (22.7) 0.021
Wheeze 18 (18) 21 (26.9) 33 (21.7) 72 (21.8) 0.36

* Inter-group comparisons using test, p value < 0.05 indicates a significant défee between the groups.
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7.2.3 Common medical comorbidity

The common medical comorbidities, stratified by MAWesult, are shown in Table 7-3.
The prevalences of most comorbidities were siniilaall three groups. The exceptions to
this were Ml and AF.

Patients with an indeterminate or positive MTWAulesvere more likely to have had a
previous MI than those with a negative test, thiosthe indeterminate group having the
highest prevalence of this condition (p=0.016). Phevalences of angina, PCl and CABG
were also lowest amongst those with a negativdtredthough these were not statistically

significant.

Sinus rhythm is mandatory for the spectral methiof ®WA exercise testing used in this
study. Thus all patients who underwent MTWA testiveye in sinus rhythm at the time of
the study visit. A history of AF for these patiemtgant either past AF, paroxysmal AF or
permanent AF at the time of enrolment into the wtusll patients with permanent AF
during hospitalisation, and subsequently eligiblr MTWA testing, would have
spontaneously cardioverted to sinus rhythm by tbdysvisit. A history of AF was more

common amongst those with an indeterminate relsait the other two groups (p=0.015).

Anaemia was more common amongst patients with deténminate result than the other
two groups, although this difference only showedrend towards being statistically
significant (p=0.08).

The prevalences of hypertension, cerebrovasculaeade, diabetes mellitus, cancer,
peripheral arterial disease and osteoarthritis vadrgyreatest amongst patients with an
indeterminate MTWA result, although the differenagere not statistically significant.

COPD was more common amongst patients with a negegsult, although the difference

between the three groups was not statisticallyifsogmt.
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Table 7-3: Common medical comorbidities stratifiedoy MTWA result. Data are expressed as number (%6).

Condition Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

M 50 (50) 29 (37.2) 87 (57.2) 166 (50.3) 0.016
History of angina 62 (62) 39 (50) 95 (62.5) 196.4H9 0.15
PCI 18 (18) 11 (14.1) 31 (20.4) 60 (18.2) 0.5
CABG 19 (19) 10 (12.8) 25 (16.4) 54 (16.4) 0.53
Hypertension 62 (62) 44 (56.4) 102 (67.1) 208 ($3.0 0.27
TIA/ICVA 15 (15) 14 (17.9) 39 (25.7) 68 (20.6) 0.099
History of AF 14 (14) 16 (20.5) 54 (35.5) 84 (25.5) 0.015
Prosthetic heart valve 7(7) 4 (5.1) 8 (5.3) 18)5. 0.81
Pacemaker 4 (4) 1(1.3) 2 (1.3) 7 (2.1) 0.48
Prior arrhythmia 4 (4) 7 (9.0) 11 (7.2) 22 (6.7) 39D.
Diabetes mellitus 26 (26) 21 (26.9) 56 (36.8) 18B.2) 0.12
Anaemia 39 (39) 30 (38.5) 78 (51.3) 147 (44.5) 0.08
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Condition Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

Depression 19 (19) 21 (26.9) 33 (21.7) 73 (22.1) 440.

History of cancer 9(9) 10 (12.8) 23 (15.1) 42 2. 0.31

COPD 24 (24) 27 (34.6) 44 (28.9) 95 (28.8) 0.3

PAD 16 (16) 11 (14.1) 32 (21.1) 59 (17.9) 0.36

Osteoarthritis 18 (18) 15 (19.2) 38 (25) 71 (21.5) 0.36

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the groups.

PAD = peripheral arterial disease



7.2.4 Medications

The prescribing of HF medications, stratified by WIA result, is shown in Table 7-4.

Optimal therapy for patients with HF-REF was as/fesly defined in Chapter 6 (section
6.2.7). Patients with an indeterminate MTWA testrevenost likely to be prescribed

optimal therapy, with more than double the proportof patients on optimal therapy than
either the positive or negative groups (p<0.0001).

Consequently there were significant differenceswbet the three groups in the
proportions of patients prescribed beta-blockeraye (p<0.0001). As expected, the
pattern was similar to optimal therapy prescribthgse with an indeterminate MTWA test
having the highest prescribing of beta-blocker dpgr- almost 80%. Significantly fewer
patients with a positive MTWA test were prescribbeta-blockers with the lowest
prescribing amongst those with a negative test. piroportion of patients prescribed
diuretics showed a trend towards greater preval@meengst those with a positive or
indeterminate MTWA result, although the differenags not statistically significant
(p=0.059). The proportion of patients prescribedEAGhibitors showed a trend towards
greater prevalence amongst those with a positive\WATesult (p=0.066). The prescribing

of ARBs, aldosterone antagonists and digoxin wamlai in all three groups.

The frequencies of prescribing of common cardiousc medications, stratified by
MTWA result, are shown in Table 7-5. The only sfgaint difference between the three
groups was the prescribing of statin therapy (p2®).0Three-quarters of all patients who
underwent MTWA exercise testing were taking statBisitins were used most commonly
in patients with an indeterminate MTWA result; 0\80% were prescribed this therapy.
This finding is consistent with a greater prevaten coronary heart disease amongst this
group of patients. Statin prescribing was simitathe positive and negative groups. The
frequencies of prescribing of common non-cardiouksc medications, stratified by
MTWA result, are shown in Table 7-6. The prescigpof bronchial inhalers was highest
amongst the negative group, consistent with a grgaevalence of COPD in this group,
although not a statistically significant differencehe proportions of patients prescribed

other non-cardiovascular medications were similali three groups.
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Table 7-4: Frequency of heart failure medication pescribing stratified by MTWA result. Data are expressed as number (%6).

Heart failure medication Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

Optimal therapy 23 (23) 19 (24.4) 89 (58.6) 131739 <0.0001
Diuretics 97 (97) 71 (91.0) 148 (97.4) 316 (95.8) .059
ACE inhibitor 80 (80) 52 (66.7) 103 (67.8) 235 @)1. 0.066
Beta-blocker 56 (56) 39 (50) 118 (77.6) 213 (64.5) <0.0001
ARB 7 (7) 13 (16.7) 21 (13.8) 41 (12.4) 0.12
Aldosterone blocker 16 (16) 10 (12.8) 19 (12.5) (153.6) 0.71
Digoxin 7(7) 3(3.8) 13 (8.6) 23 (7.0) 0.41

* Inter-group comparisons usingtest, p value < 0.05 indicates a significant défee between the groups.



Table 7-5: Frequency of cardiovascular medication ggscribing stratified by MTWA result. Data are expressed as number (%).

Cardiovascular medication Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)
Statin 69 (69) 55 (70.5) 125 (82.2) 249 (75.5) 0.02
Aspirin 70 (70) 55 (70.5) 108 (71.1) 233 (70.6) 8.9
Clopidogrel 24 (24) 13 (16.7) 35 (23.0) 72 (21.8) 440
Aspirin or clopidogrel 75 (75) 56 (71.8) 120 (78.9) 251 (76.1) 0.4
Warfarin 16 (16) 17 (21.8) 28 (18.4) 61 (18.5) 0.61
Calcium channel blocker 15 (15) 15 (19.2) 30 (19.7) 60 (18.2) 0.61
Anti-arrhythmic 5 (5) 4 (5.1) 17 (11.2) 26 (7.9) 10.
Long-acting nitrates 14 (14) 10 (12.8) 30 (19.7) (58.4) 0.3
Nicorandil 17 (17) 9 (11.5) 27 (17.8) 53 (16.1) 5.4
Oral hypoglycaemic agents 19 (19) 14 (17.9) 350R3. 68 (20.6) 0.45
Insulin 10 (10) 5(6.4) 18 (11.8) 33 (10.0) 0.43

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the groups.
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Table 7-6: Frequency of prescribing of common nonardiovascular medications stratified by MTWA result. Data are expressed as nhumber (%).

Non-cardiovascular medication Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)
Bronchial inhalers 22 (22) 27 (34.6) 40 (26.3) 29)( 0.17
Antidepressants 11 (11) 9 (11.5) 23 (15.1) 43 (13) 0.57
Vitamins (B1 & B complex) 11 (11) 10 (12.8) 16 (&p. 37 (11.2) 0.87
NSAIDs 0 (0) 5 (6.4) 0 (0) 5 (1.5) NA
Antihistamines 33 3(3.8) 8 (5.3) 14 (4.2) 0.67
Incontinence meds 0 (0) 0 (0) 6 (3.9) 6 (1.8) NA

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the groups.
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7.2.5 Clinical examination

7.2.5.1 Routine physiological measurements

Table 7-7 displays the routine physiological firginstratified by MTWA result. Patients
with an indeterminate result were more likely todna lower resting heart rate, consistent
with the higher rate of beta-blocker prescribing@®001). Those with a negative result
had the highest resting heart rates. Patients avitindeterminate result were also more
likely to have lower diastolic blood pressure thpatients in the other two groups
(p<0.0001). Those with a negative result had higkésstolic blood pressure. Although
there was no difference in systolic blood presqietveen the three groups, there was a
difference in pulse pressure. Patients with a megdiTWA result were more likely to
have a normal pulse pressure whilst those withsatige or indeterminate MTWA result
were more likely to have an elevated pulse pres@iegéned as greater than 60mmHgQ)

[p=0.016]. Temperature and respiratory rate atwese similar in all three groups.

7.2.5.2 Body mass index measurements

The BMI measurements stratified by MTWA result afeown in Table 7-8. These

measurements were similar in all three MTWA groups.

7.2.5.3 Cardiovascular examination signs

Table 7-9 shows the frequencies of cardiovascudaménation signs, focusing on signs of
HF, stratified by MTWA result. The number of paterwith clinical signs of HF was
much less than during hospitalisation. There werelifferences between the three groups

in the prevalences of any of these signs.
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Table 7-7: Physiological findings stratified by MTWA result. Data are expressed as mean (SD) or numb).

Variable Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)
Heart rate (bpm) 80 (13.2) 84 (11.8) 72 (13.5) 1) ( <0.0001
SBP (mmHg) 133 (25.3) 129 (21.5) 131 (23.2) 1315p3 0.56
DBP (mmHg) 68 (12.6) 72 (10.9) 64 (12.5) 67 (12.5) <0.0001
Pulse pressure (mmHQ) 65 (25.1) 57 (19.3) 67 (21.8) 64 (22.5) 0.016
Temperature (°C) 36.2 (0.6) 36.2 (0.5) 36.2 (0.6) 6.230.6) 0.64
Respiratory rate 19 (3.8) 19 (3.6) 19 (3.4) 19 (3.6) 0.2

(breaths per minute)

* Inter-group comparisons using ANOVA F-test (comtus variables) and test (categorical variables), p value < 0.05 iatlis a significant difference
between the groups.
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Table 7-8: BMI measurements stratified by MTWA resut. Data are expressed as mean (SD) or number (%).

Measurement Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

Mean height (cm) 165 (9.4) 163 (10.3) 163 (10.3) 4 (1.0) 0.31
Mean weight (kg) 76.3 (19) 76.1 (19.4) 77.1 (19.6) 76.6 (19.3) 0.92
Mean BMI (kg/nf) 27.9 (6.0) 28.3 (6.1) 28.9 (6.8) 28.5 (6.4) 0.46
Mean BMI class

< 18.5 (underweight) 4 (4) 1(1.3) 4 (2.6) 9 (2.7)

18.5 — 24.9 (normal weight) 27 (27) 25 (32.1) 44 (28.9) 96 (29.1)

25 — 30 (overweight) 37 (37) 26 (33.3) 46 (30.3) 109 (33.0) 7

> 30 (obese) 32 (32) 26 (33.3) 58 (38.2) 116 (35.2)

* |nter-group comparisons using ANOVA F-test (conibus variables) and test (categorical variables), p value < 0.05 iatéis a significant difference

between the groups.
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Table 7-9: Cardiovascular examination findings stréified by MTWA result. Data are expressed as numbe(%).

Clinical sign Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)
Third heart sound 2(2) 1(1.3) 1(0.7) 4(1.2) 0.6
Pulmonary crackles
None 72 (72) 59 (75.6) 116 (76.3) 247 (74.9)
Basal 27 (27) 19 (24.4) 34 (22.4) 80 (24.2) o1
Mid-zones 1(2) 0 (0) 2 (1.3) 3(0.9)
Pleural effusion (s) 1(1) 0 (0) 4 (2.6) 5(1.5) NA
Peripheral oedema — ankle 28 (28) 21 (26.9) 43)28. 92 (27.9) 0.98
Peripheral oedema — knee 4 (4) 4 (5.1) 7 (4.6) 41%) ( 0.94
Peripheral oedema — thigh 0 (0) 0 (0) 2 (1.3) 8)(0. 0.31
Ascites 0 (0) 1(1.3) 1(0.7) 2 (0.6) 0.55

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the groups.
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7.2.6 Electrocardiography

The frequencies of resting electrocardiograph (E@aalings, stratified by MTWA result,
are shown in Table 7-10. The proportion of patiemith LVH showed a trend towards
greater prevalence amongst those with a positigltrgp=0.07). Patients with an
indeterminate result were more likely to have agmQTc interval than patients in the
other two groups (p=0.0035). Patients with a negatesult were more likely to have
shorter QTc intervals than patients with a positresult. There were no differences
between the three MTWA groups in the prevalencatioér recorded ECG parameters.

7.2.7 Exercise parameters

The frequencies of exercise parameters recordethgdtihe MTWA test, stratified by
MTWA result, are shown in Table 7-11. Patients waitisitive and negative MTWA results
were more likely to achieve higher predicted heates than those with indeterminate
results (p<0.0001). Maximum ST depression was oembduring the MTWA test. Those
with a positive result were more likely to have peeST depression than the other two
groups (p=0.02). Those with an indeterminate resatt the least ST depression. These
findings are consistent with the trend for the patage predicted heart rate for the three

groups.

There was no difference between the three grouphenduration of exercise, although
patients with an indeterminate result had the sisbrtime. Maximum exercise expended

was similar in all three groups.
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Table 7-10: Electrocardiographic parameters stratifed by MTWA result. Data are expressed as number (% mean (SD) or median [IQR].

ECG Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)
RBBB 9(9) 4(5.1) 5(3.3) 18 (5.5)
LBBB 21 (21) 20 (25.6) 27 (17.8) 68 (20.6) 4
Pathological Q waves 15 (15) 9 (11.5) 23 (15.1) (142) 0.74
LVH 23 (23) 9 (11.5) 21 (13.8) 53 (16.1) 0.07
Ischaemic ST depression 5 (5) 2 (2.6) 3(2.0) 10)(3 0.38
Median QRS (ms) 104 [91.5-134.5] 100 [88-129.5] (92 120] 102 [90-125.5] 0.52
QRS duration (ms) <120 68 (68) 52 (66.7) 112 (73.7) 232 (70.3)
120-150 16 (16) 18 (23.1) 30 (19.7) 64 (19.4) 0.15
> 150 16 (16) 8 (10.2) 10 (6.6) 34 (10.3)
Mean QTc (ms) 437 (27.6) 432 (29.6) 446 (36.3) B1R8) 0.0035
QTc> 440 46 (46) 32 (41) 86 (56.6) 164 (49.7) 0.056

* Inter-group comparisons using

difference between the groups.

ANOVA F-test (comius variables) ang2 test (categorical variables), p value < 0.05dat#is a significant
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Table 7-11: Exercise parameters stratified by MTWAresult. Data are expressed as mean (SD) or medid®@R].

Exercise Parameter Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)
Duration of exercise (mins) 6.0 7.1 5.8 6.0 0.43
[3.5-9.9] [4.0-9.0] [3.8-8.1] [3.8-8.7]
Max ST depression (mm) 0.66 0.63 0.47 0.57 0.02
(0.67) (0.42) (0.412) (0.51)
% predicted HR 74.9 74.8 63.1 69.5 <0.0001
(8.3) (6.6) (10.7) (10.8)
Max exercise (METS) 2.5 2.6 2.4 2.5 0.56
(1.3) (1.4) (1.0) (1.2)

* Inter-group comparisons using ANOVA F-test (comntbus variables), p value < 0.05 indicates a diganit difference between the groups.
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7.2.8 Ejection fraction by echocardiography

The mean left ventricular ejection fractions (LVE®) the three groups of patients are
illustrated in Figure 7.1. Patients with a positiest were more likely to have a lower

LVEF than patients in the other two groups (p=0)02he mean LVEF for patients with a

positive result was 36.6%. Those with indetermiraaté negative results had similar mean
LVEF, 40.8% and 40.4%, respectively.
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Figure 7.1: LVEF stratified by MTWA result. Data ar e expressed as mean (SD)*

* Inter-group comparison using ANOVA F test, p wal«0.05 indicates a significant

difference between the groups.
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7.2.9 Heart failure with reduced versus preservedjection fraction

The proportions of patients with HF-REF and HF-PEfratified by MTWA results are
shown in Figure 7.3. Patients with HF-REF had prbopoately more patients with a
positive MTWA result, and similar proportions oftjgats with negative and indeterminate

results, compared to patients with HF-PEF.
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Figure 7.2: Proportions of patients with HF-REF andHF-PEF, stratified by MTWA
result

Inter-group comparison using’ test, p value <0.05 indicates a significant défere
between the groups.
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7.2.10 Haematology

Table 7-12 shows the full blood count parameteetifed by MTWA result.

Haemoglobin concentration was lower in patientdhvait indeterminate result than those
with a positive or negative result (p=0.0053). Rartmore patients with an indeterminate
result had the greatest proportion of patients mga&VHO criteria for anaemia (139). Of

152 patients with an indeterminate result, 96 (&3.2ere anaemic, approximately 20%

more than those with positive or negative resyit£(0009).

Total white blood cell count, red cell distributiomdth and lymphocyte concentration
were similar in the three groups. However, the propn of patients who were
lymphopenic (defined as lymphocyte concentratiox1€l/l) showed a trend towards a
difference between the three groups (p=0.07). Q&6 of patients with an indeterminate
result were lymphopenic, more than double the prtapoof patients with a positive result

and almost three times the proportion of patientk wnegative result.

265



Table 7-12: Full blood count parameters stratifiedoy MTWA result. Data are expressed as mean (SD), mber (%) or median [IQR].

Parameter Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

WBC count (x18/1) 8.1(2.1) 7.8 (2.0) 7.9 (2.9) 7.9 (2.5) 0.58
Haemoglobin (g/dl) 12.8 (1.8) 12.5 (2.0) 12.0 (1.8) 12.4 (1.9) 0.0053
Haemoglobin <13 M; <12 F 41 (41) 35 (44.9) 96 ($3.2 172 (52.1) 0.0009
RDW (%) 14.9[13.9-16.3] 14.8 [13.7-15.9] 14.9 [18:2] 14.8 [13.9-16.2] 0.79
RDW >15 50 (50) 36 (46.2) 75 (49.3) 161 (48.8) 0.86
Lymphocytes (x191) 1.9 [1.5-2.5] 1.9 [1.4-2.4] 1.8[1.4-2.3] 1B4-2.4] 0.91
Lymphocytes <1 5 (5) 3(3.8) 17 (11.2) 25 (7.6) 70.0

* Inter-group comparisons using ANOVA F-test (comibus variables) ang2 test (categorical variables), p value < 0.05datis a significant

difference between the groups.
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7.2.11 Biochemistry

The biochemical tests results stratified by MTWAui are shown in Tables 7-13 to 7-16.
The BNP and troponin | results are displayed inl@ab13. Log BNP levels were highest
in patients with an indeterminate result whilstsbavith a negative result had the lowest
log BNP levels (p=0.035). The proportions of paewith an elevated troponin result
(defined as> 0.04 pg/l) were similar in all three groups.

Table 7-14 displays the renal function parametesgponatraemia (defined as a sodium
concentration <135mmol/l) was more common in pasienith an indeterminate test,
double the prevalence of patients with a positesult and four times the prevalence of
those with a negative result (p=0.05). Patient$ ait indeterminate result also had higher
urea concentrations than patients in the othergwaops (p=0.041), and consequently the
greatest proportion of patients with an elevateghuwoncentration (defined as urea equal to
or above 7.5mmol/l) [p=0.013]. Those with a postresult had fewest patients with an
elevated urea concentration, yet this was stillanttran half of this group. Creatinine
concentration also differed between the three ggo@peatinine concentration was higher
in patients with an indeterminate result, whilstigrats with positive or negative results had
similar concentrations (p=0.012). There was a §igamt difference between the three
groups in the prevalence of moderate, or worsealregsfunction (defined as eGFR
<60ml/min/1.73rf) [p=0.00011]. Patients with indeterminate MTWA uks had

proportionately more patients with moderate, orsgprenal dysfunction.

The liver function parameters are displayed in €at15. Albumin was the only
parameter that differed between the groups. Patigith indeterminate MTWA results had
lower albumin concentrations than those with pesitr negative results (p=0.016). Other
biochemical test parameters stratified by MTWA teare displayed in Table 7-16. Free
T4 differed between the three groups, a higher eoination occurring amongst those with
indeterminate results (p=0.0084). Patients witlinaleterminate result were more likely to
have a higher urate concentration than the othergmups (p=0.038). Total cholesterol
and HDL concentration differed between the groups0(00059 and p=0.0064,
respectively), patients with an indeterminate MTWeesult having the lowest

concentration of both parameters, whilst those wigositive result had the highest.
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Table 7-13: BNP and troponin | results stratified y MTWA result. Data are expressed as median [IQR]mean (SD) or number (%).

Parameter Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)
BNP (pg/ml) 316 291 408 356
0.11
[186-689] [114-542] [175-945] [160-793]
Log BNP 5.9 5.6 6.0 5.9
0.035
(1.0) (1.2) (1.2) (1.1)
Tnl > 0.04 (na/l) 19 12 24 55
0.75
(19) (15.4) (15.8) (16.7)

* Inter-group comparisons using ANOVA F-test (comibus variables) ang2 test (categorical variables), p value < 0.05datlis a significant
difference between the groups.
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Table 7-14: Renal function results stratified by MTWA result. Data are expressed as mean (SD), numbgb) or median [IQR].

Parameter Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)
Sodium (mmol/l) 139.5 (3.0) 139.4 (2.7) 138.7 (3.7) 139.1 (3.3) 0.12
Sodium <135 5 (5) 2 (2.6) 16 (10.5) 23 (7.0) 0.05
Potassium (mmol/l) 4.0 (0.5) 4.1 (0.5) 4.1 (0.5) 1 @.5) 0.14
Urea (mmol/l) 7.6 [5.7-10.3] 8.0 [5.8-11] 9.3 [61@-8] 9.5[4.8-8.1] 0.041
Log (urea) 2.08 (0.43) 2.09 (0.45) 2.21 (0.49) 40.46) 0.052
Urea> 7.5 51 (51) 45 (57.7) 105 (69.1) 201 (60.9) 0.013
Creatinine (umol/l) 99 [88-120.3] 99 [84.3-118.8] 0915 [89-142.5] 102.5[87-131.8] 0.012
Log (creatinine) 4.7 (0.3) 4.6 (0.3) 4.7 (0.4) On3) 0.011
eGFR (ml/min/1.73r) 61.8 [49.1-73.5] 63.5 [46.5-76.3] 52.9 [40.8-§7.0 58.3 [43.4-72.0] 0.002
eGFR < 60ml/min/1.73Mm 41 (41) 33 (42.3) 99 (65.1) 173 (52.4) 0.00011

* |nter-group comparisons using ANOVA F-test (conibus variables) and test (categorical variables), p value < 0.05 iatéis a significant difference

between the groups.

269



Table 7-15: Liver function test results stratifiedby MTWA result. Data are expressed as median [IQR]Jnumber (%) or mean (SD).

Parameter Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

Bilirubin (umol/l) 8 [6-13] 7 [5-10] 8 [6-12] 8 [6:2] 0.46
Bilirubin > 22 7(7) 5 (6.4) 8 (5.3) 20 (6.1) 0.84
AST (Ul 22 [18-26] 19 [16-26] 21 [16-25] 21 [16P 0.69
ALT (UN) 17 [12-25] 17 [13-24] 18 [13-25] 17 [1352 0.54
GGT (U 36 [25-61] 38 [25-60] 43 [24-75] 39 [2%b 0.64
Alk Phos (U/l) 90 [72-106] 93 [76-119] 91 [75-110] 91 [73-112] 0.8
Albumin (g/1) 39.7 (3.9) 39.4 (4.0) 38.4 (3.6) 39308) 0.016
Albumin < 35 7(7) 8 (10.3) 21 (13.8) 36 (10.9) .2

* Inter-group comparisons using ANOVA F-test (comtus variables) and test (categorical variables), p value < 0.05 iatlis a significant difference

between the groups.
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Table 7-16: Other biochemical test results stratiftd by MTWA result. Data are expressed as median [IR] or mean (SD).

Parameter Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

TSH (mU/l) 1.3[0.8-2.2] 1.6 [1.0-2.2] 1.5[0.9-2.4 1.5[0.9-2.2] 0.63
T4 (pmol/l) 13.6 (2.1) 14.0 (2.6) 14.8 (4.1) 14333) 0.0084
HBALc (%) 6.4 (1.3) 6.2 (1.4) 6.5 (1.4) 6.4 (1.4) .39
Urate (mmol/l) 0.43 (0.1) 0.42 (0.2) 0.46 (0.1) 0H(0.1) 0.038
Chol (mmol/l) 4.6 (1.3) 4.2 (1.0) 4.1(1.1) 4.3101. 0.00059
Chol : HDL 4.0 (1.5) 3.9 (1.3) 3.9(1.3) 3.9(1.4) 0.73
HDL (mmol/l) 1.25 (0.46) 1.18 (0.39) 1.1 (0.31) 6.(0.38) 0.0064
Triglycerides (mmol//l) 1.8[1.2-2.4] 1.4[1.0-2.0] 1.6[1.1-2.2] 1.6 [1.1-2.3] 0.48
Phosphate (mmol/l) 1.16 (0.21) 1.21 (0.22) 1.194p. 1.19 (0.21) 0.34

* |nter-group comparisons using ANOVA F-test (conibus variables) and test (categorical variables), p value < 0.05 iatéis a significant difference
between the groups.
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7.2.12 Aetiology of heart failure

The primary aetiologies of HF (Figure 7.4) differ@ctording to MTWA result (p=0.034).
Patients with an indeterminate or positive MTWAulesvere more likely to have an
established ischaemic cause of HF than those witlegative result. Patients without a
prior Ml or a coronary angiogram performed by timeet of the study visit were classed as
‘unknown’ primary aetiology of HF. This applied &pproximately one-quarter of all
patients who completed a MTWA exercise test. Theege only small proportions of

patients with non-ischaemic causes of HF.

There were no significant differences between tireet MTWA groups in contributing
causes of HF, although those with an indetermindfEWA test had the highest
proportions of hypertension, paroxysmal AF and eieb mellitus (Table 7-17). Patients
with a positive MTWA test had the highest proparsof both valvular heart disease and

alcohol as contributing causes of HF.
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Figure 7.3: Primary aetiologies of heart failure statified by MTWA result (inter-group comparisons using ¥ test, p value < 0.05 indicates a
significant difference in proportions of positive,negative or indeterminate MTWA results between theseven groups)
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Table 7-17: Contributing aetiologies of heart failue stratified by MTWA result. Data are expressed aswumber (%).

Contributing aetiology Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

Hypertension 62 (62) 43 (55.1) 104 (68.4) 209 (63.3) 0.13

Valvular heart disease 37 (37) 21 (26.9) 44 (28.9) 102 (30.9) 0.27

Paroxysmal atrial fibrillation 6 (6) 5(6.4) 19 (12.5) 30 (9.1) 0.14

Diabetes mellitus 26 (26) 21 (26.9) 55 (36.2) 102 (30.9) 0.16

Alcohol 24 (24) 17 (21.8) 30 (19.7) 71 (21.5) 0.72

* |nter-group comparisons using test, p value < 0.05 indicates a significant défee between the groups.
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7.3 Results 2: Differences in clinical characterigts - negative and non-

negative MTWA results

Every clinical parameter examined in Section 7.2 aaalysed to determine if there were any
differences between the MTWA groups when classiisdhegative and non-negative. Only
the parameters where a significant difference (@s0existed are displayed in Table 7-18.
Patients with a negative result were approximafelyears younger than those with a non-
negative result. Consequently, there was a notifiezence in the proportion of patients aged
75 years or older, over 35% of those with a noratieg result compared to 21% with a
negative result. More patients with a non-negaM/BWA result had a prior MIl. No other

medical comorbidities were differed between the graups.

As mentioned in the previous section, only a quarfepatients with a negative test were on
optimal HF therapy, nearly half the proportion atipnts with a non-negative result. This is
likely explained by the significant difference iroportions prescribed beta-blockers, only half
of patients with a negative test compared to alni0%b of patients with a non-negative test.
The difference in beta-blocker prescribing is a#sdikely explanation for the significant

difference in resting heart rate between the twaugs. Patients with a negative test had a
higher resting heart rate than those with a noratreg result. Patients with a non-negative
test had a lower mean DBP and an elevated pulsssymes compared to patients with a

negative result.

QTc was the only ECG parameter that differed betwtbe two groups, patients with a non-
negative result being more likely to have a lon@dic. There was no difference between the
two groups in the proportion of patients with HFfREnd HF-PEF. Patients with a negative
test achieved a higher percentage of their pradliceart rate during MTWA exercise testing.
Finally, log BNP and moderate, or worse, renal dysfion (defined as eGFR
<60ml/min/1.73rf) were the only blood parameters that differed ificantly between the two
groups. Patients with a non-negative result wereentigely to have a higher log BNP and

more patients with moderate, or worse, renal dydfan.
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Table 7-18: Clinical variables stratified by negatve and non-negative MTWA
classification (significant results only). Data arenean (SD) or number (%).

Variable Negative Non-negative Overall p value*
(n=78) (n=252) (n=330)
Age (years) 65 (12.1) 70 (10.8) 69 (11.3) 0.00041
MI 29 (37.2) 137 (54.4) 166 (50.3) 0.008
Optimal therapy 19 (24.4) 112 (44.4) 131 (39.7) 0ad
Diuretics 71 (91.0) 245 (97.2) 316 (95.8) 0.018
Beta-blockers 39 (50) 174 (69.0) 213 (64.5) 0.0021
Heart rate (bpm) 84 (11.8) 75 (14.0) 77 (14.0) 801
Diastolic BP (mmHg) 71.6 (10.9) 65.9 (12.7) 67.2.6) 0.0004

Pulse pressure (mmHgQ) 57.8(19.3) 65.9(23.1) eem) 0.0053

QTc (ms) 432 (29.6) 442 (33.4) 440 (32.8) 0.012
% predicted HR 74.8 (6.6) 67.8(11.4)  69.5(10.9) 0.0801
Log (BNP) 56(1.2)  6.0(L.1) 5.9 (1.1) 0.015

eGFR < 60mI/min/1.73M 33 (42.3) 139 (55.2) 172 (52.1) 0.04

* Inter-group comparisons using Student’s t-tesh(muous variables) and test (categorical

variables), p value < 0.05 indicates a signifiadifference between the groups.
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7.4 Results 3: Differences in clinical characterigts for the three MTWA
pairings

7.4.1 Negative versus positive MTWA

All clinical characteristics where a statisticadignificant difference existed between the three
MTWA groups were evaluated by logistic regressinalgsis to determine if certain variables
were associated with a specific MTWA result.

The results for the comparison of negative veraisstipe MTWA are displayed in Table 7-19.
Overall there were three parameters where a signifidifference (p<0.05) existed between
negative and positive MTWA results. Patients witineggative result were less likely to be
treated with an ACE inhibitor and more likely tovikaa higher LVEF, than patients with a
positive result. These differences were of borderlstatistical significance. Those with a
negative test were also more likely to have a losteresterol concentration than patients with
a positive result. Fewer patients with a negatesult had electrocardiographic evidence of
LVH and a lower pulse pressure was more common geiahose with a negative result,
these differences only showed a trend towardsssitai significance.
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Table 7-19: Logistic regression analysis for negaté versus positive MTWA results

Parameter Odds Ratio 95% Confidence Interval p vale*
Age (by 10 years) 0.81 0.64-1.04 0.095
Palpitations 0.96 0.5-1.85 0.91
MI 0.59 0.32-1.08 0.089
TIA / CVA 1.24 0.56 - 2.75 0.6
Previous AF 1.59 0.72 - 3.49 0.25
HR (per 10bpm) 1.27 1-161 0.054
DBP (per 10mmHg) 1.25 0.97-1.61 0.088
Pulse pressure 0.99 0.97-1.0 0.051
Optimal HF therapy 0.92 0.43-1.98 0.42
Diuretics 0.31 0.08 - 1.26 0.1
ACE inhibitors 0.5 0.25-0.99 0.046
B-blockers 0.79 0.43-1.42 0.43
Statins 1.07 0.56 - 2.05 0.83
LVH 0.44 0.19-1.01 0.052
QTc 0.99 0.98-1.0 0.25
Max ST depression 0.86 0.5-1.56 0.57
% predicted HR 1.0 0.96 - 1.04 0.88
LVEF (by 5%) 1.13 1.0 -1.27 0.049
Log (BNP) 0.78 0.59-1.04 0.09
Sodium < 135mmol/l 0.5 0.09 - 2.65 0.41
Log (Urea) 1.1 0.56 - 2.17 0.78
Log (Creatinine) 0.81 0.29-2.2 0.67
eGFR (per ml/min/1.73f 1.0 0.99-1.02 0.73
eGFR <60 ml/min/1.73M 1.06 0.58 - 1.92 0.86
Albumin (g/l) 0.98 0.91-1.06 0.68
T4 (pmol/l) 1.09 0.96 - 1.24 0.21
Urate (mmol/l) 0.41 0.05-3.59 0.42
Cholesterol (total) (mmol/l) 0.71 0.54 -0.94 0.016
HDL (mmol/l) 0.67 0.33-1.37 0.27
Haemoglobin (g/dl) 0.93 0.79-1.09 0.36
Lymphocytes <1x1Yl 0.76 0.18 - 3.28 0.71

* p value < 0.05 indicates a significant difference
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7.4.2 Indeterminate versus positive MTWA

The results for the comparison of indeterminatswygipositive MTWA are displayed in Table
7-20. Overall there were twenty-two parameters whar significant difference (p<0.05)

existed between indeterminate and positive MTWAIltes

Patients with an indeterminate result were oldel muore likely to have a history of AF and
cerebrovascular disease, than patients with aip®siesult. Those with an indeterminate
result were less likely to experience palpitatitimsn patients with a positive result. Patients
with an indeterminate result had a lower restingrheate and DBP. In terms of HF
medications, patients with an indeterminate reswdte more likely to be on optimal HF
therapy, with a higher rate of beta-blocker prdsog but lower rate of ACE inhibitor
prescribing than those with a positive result. &8 with an indeterminate result were more
likely to be taking statins. Patients with an iretatinate result had a longer QTc interval, than
patients with a positive result. During MTWA exeeitesting, patients with an indeterminate
result achieved a lower percentage of their preditieart rate than those with a positive result.
Patients with an indeterminate test had a higheEE\than patients with a positive result.
There were several significant biochemical diffees) between the two groups of patients.
Those with an indeterminate test had a higher ptapoof patients with elevated log (urea)
and log (creatinine) concentrations and lower eGdeRcentrations. Consequently more
patients with indeterminate results had at leastlerate chronic kidney disease (defined as
eGFR < 60 ml/min/1.73f). They also had lower albumin concentrations aigtidr free T4
levels, than patients with a positive result. Tathblesterol and HDL levels were lower
amongst those with an indeterminate result thalemigt with positive results. Finally, patients

with an indeterminate result were more likely toap@emic.
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Table 7-20: Logistic regression analysis for indeteninate versus positive MTWA results

Parameter Odds Ratio  95% Confidence Interval p vale
Age (by 10 years) 1.34 1.05-1.7 0.019
Palpitations 0.46 0.25-0.85 0.013
MI 1.34 0.81-2.22 0.26

TIA / CVA 1.96 1.01-3.78 0.046
Previous AF 3.38 1.76 - 6.52 0.00027
HR (per 10bpm) 0.62 0.5-0.75 <0.0001
DBP (per 10mmHg) 0.76 0.62 - 0.93 0.0093
Pulse pressure 1.0 0.99-1.02 0.49
Optimal HF therapy 6.13 3.08 - 12.17 <0.0001
Diuretics 1.14 0.25-5.23 0.86
ACE inhibitors 0.53 0.29 - 0.95 0.035
B-blockers 2.73 1.57-4.72 0.00034
Statins 2.08 1.15-3.77 0.016
LVH 0.54 0.28-1.03 0.063
QTc 1.01 1.0-1.02 0.03
Max ST depression 0.62 0.37-1.02 0.062
% predicted HR 0.88 0.85-0.91 <0.0001
LVEF (by 5%) 1.16 1.04 - 1.29 0.0088
Log (BNP) 1.11 0.88-14 0.19
Sodium < 135mmol/l 2.24 0.79-6.31 0.13
Log (Urea) 1.86 1.06 - 3.26 0.03
Log (Creatinine) 2.68 1.17-6.11 0.019
eGFR (per ml/min/1.73f 0.98 0.97 - 0.99 0.0046
eGFR < 60ml/min/1.73M  2.69 1.6 - 4.52 0.00019
Albumin (g/l) 0.91 0.85-0.98 0.0085
T4 (pmol/l) 1.19 1.06 - 1.33 0.0026
Urate (mmol/l) 6.22 0.83 - 46.46 0.075
Cholesterol (total) (mmol/l) 0.66 0.53-0.83 0.a00
HDL (mmol/l) 0.34 0.17-0.68 0.0023
Haemoglobin (g/dl) 0.79 0.69 - 0.92 0.0017
Lymphocytes <1x1%l 2.39 0.85-6.71 0.097

* p value < 0.05 indicates a significant difference
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7.4.3 Indeterminate versus negative MTWA

The results for the comparison of indeterminateswgrnegative MTWA are displayed in
Table 7-21. Overall there were nineteen parametiere a significant difference (p<0.05)

existed between indeterminate and negative MTWAltes

Patients with an indeterminate result were oldedt erore likely to have had a previous
myocardial infarction and a history of AF, than showith a negative result. They were less
likely to be symptomatic from palpitations thanipats with a negative result. Those with an
indeterminate result had a lower resting heart aaig diastolic blood pressure but a higher
pulse pressure than patients with a negative rebBulterms of heart failure medications,
patients with an indeterminate result were morelyiko be on optimal heart failure therapy.
These patients had significantly more prescribifigoath beta-blockers and diuretics than
those with a negative result. Patients with an tekeinate result were also more likely to be
prescribed statins. Patients with an indetermimasult had longer QTc intervals. During
MTWA exercise testing those with an indeterminagsuft achieved a lower percentage of
their predicted heart rate, than patients with gatiee result. LVEF was similar in patients
with indeterminate and negative results. There weeweral significant biochemical
differences between these two groups. Patients amtindeterminate test had higher log BNP
concentration, higher log (creatinine) concentratiand lower eGFR concentration.
Consequently, they were more likely to have attl@asderate chronic kidney disease than
patients with a negative result. They were alsoenliely to be hypoalbuminaemic and have
higher urate levels than patients with a negatgailt.
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Table 7-21: Logistic regression analysis for indeteninate versus negative MTWA results

Parameter Odds Ratio  95% Confidence Interval p vale
Age (by 10 years) 1.81 1.36-2.41 <0.0001
Palpitations 0.48 0.25-0.92 0.028
MI 2.26 1.29 - 3.96 0.0043
TIA / CVA 1.58 0.8-3.12 0.19
Previous AF 2.14 1.12-4.06 0.021
HR (per 10bpm) 0.48 0.38 - 0.62 <0.0001
DBP (per 10mmHg) 0.6 0.48 -0.77 <0.0001
Pulse pressure 1.02 1.01-1.03 0.0034
Optimal HF therapy 6.64 3.23-13.63 <0.0001
Diuretics 3.65 1.03-12.87 0.044
ACE inhibitors 1.05 0.59-1.88 0.87
B-blockers 3.47 1.93-6.23 <0.0001
Statins 1.94 1.02 - 3.67 0.043
LVH 1.23 0.53-2.83 0.63

QTc 1.01 1.0-1.02 0.0036
Max ST depression 0.65 0.35-1.21 0.18

% predicted HR 0.87 0.84-0.91 <0.0001
LVEF (by 5%) 1.01 0.9-1.14 0.85

Log (BNP) 1.35 1.06-1.71 0.015
Sodium < 135mmol/l 4.47 1.19-9.7 0.05
Log (Urea) 1.66 0.93-2.98 0.089
Log (Creatinine) 2.85 1.21-6.7 0.016
eGFR (per ml/min/1.73f 0.98 0.97 - 0.99 0.0044
eGFR < 60ml/min/1.73M 2.55 1.46 - 4.46 0.0011
Albumin (g/l) 0.92 0.86- 1.0 0.046

T4 (pmol/l) 1.09 0.98-1.2 0.1

Urate (mmol/l) 9.81 1.34-72.14 0.025
Cholesterol (total) (mmol/l) 0.9 0.69-1.16 0.41
HDL (mmol/l) 0.49 022-1.1 0.082
Haemoglobin (g/dl) 0.87 0.75-1.01 0.064
Lymphocytes <1x1%l 3.15 0.89 - 11.09 0.074

* p value < 0.05 indicates a significant difference
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7.5Discussion

This chapter has described the clinical charadtesisssociated with specific MTWA results.
When the patients were analysed in three separatgg according to the MTWA result,
there were 27 clinical characteristics that diftesggnificantly (p<0.05) between the groups of
patients. A large amount of clinical data was ideld in these analyses and the limitations of
multiple testing are recognised. However, 12 ofazlieharacteristics that differed between the
three groups had p values <0.01. When analysis pegormed according to the
contemporarily accepted classification of non-negatnd negative (85), only 12 clinical
characteristics differed significantly between thwe groups (p<0.05), with 8 having p values
<0.01. This novel finding highlights that the pati® with hon-negative MTWA results are a
heterogeneous group of patients, in terms of dingharacteristics, and may explain the
observation in other studies that patients withirateterminate test result had a higher all-
cause mortality rate than those with a positiveillte84;94;100;102;116). Pair-wise analysis
of MTWA results (negative versus positive; indetgrate versus positive; indeterminate
versus negative) revealed notable differences #sparticular, this analysis exposed major
difference between the indeterminate group andother two groups of patients (and fewer
differences between those with positive and negatigsts). There were 22 clinical
characteristics that significantly differed (p<0O.OBetween the indeterminate and positive
groups, 14 with p values <0.01. There were almestnany significant differences between
the indeterminate and negative groups, with 1ledbfices having a p value <0.01.
Interestingly, there were only 3 clinical charardtics with significant differences between the

negative and positive groups and none of thesalmdalue <0.01.

In summary, this chapter has highlighted that pédisvith indeterminate MTWA results are a
distinct group of patients with more abnormal dali characteristics than patients with
positive or negative results. This novel findingyues against the current classification of
patients into two groups, as non-negative and negaand proposes that MTWA results
should be considered as three separate groupsivppsiegative and indeterminate. Whether
or not this translates into a difference prognadiiy¢ thereby influencing how MTWA results

should be classified for risk stratification purpsswill be the focus of Chapter 8.

283



CHAPTER EIGHT

PROGNOSTIC VALUE
OF MICROVOLT T-WAVE ALTERNANS

284



8.1 Introduction

This chapter will describe the outcomes of the qlistharge cohort, focusing on the patients
who underwent MTWA testing. The unadjusted monaigtes for each MTWA result will be
illustrated. The most powerful predictors of progisowill be determined using a three stage
multivariable model. Finally the incremental progtio value of MTWA will be assessed in

the multivariable model.

8.2 Results

8.2.1 Overall survival of post-discharge cohort

The follow-up duration was calculated from the daft¢he study visit (first appointment ‘16
January 2007) to the date of death or censoriBgafuly 2009. The mean follow-up was 526
days (SD 243) or 18 months (SD 8.1) with a rang®@B2 days. Median follow-up was 494
days. Of the 648 patients in the post-dischargertph31 died during the follow-up period.
Median survival was not calculable as 50% had red 8y the censor date. Of 131 deaths, 20
were SCD and 63 cardiovascular deaths (excludin®)SThe remaining 48 patients died
from non-cardiovascular causes. Table 8-1 showsdjusied one and two year survival rates
for the 648 patients. Almost one quarter of thetqolischarge cohort were deceased by 2 years
of follow-up. Of the original 1003 patients enrallén the study, 329 patients (33%) died

during the follow-up period.

Table 8-1: Overall survival for 648 patients in thepost-discharge cohort

Survival (%) 95% Confidence Interval
1 year 86.6 83.9-89.3
2 year 75.3 71.4-79.4
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8.2.2 Survival stratified by MTWA eligibility

Of the 648 patients attending the post-dischargdysvisit, there were proportionately more
deaths amongst those ineligible for MTWA exercesstihg (Table 8-2). The difference in all
cause mortality showed a trend towards statistghificance (p=0.057). There were no
significant differences in the rates of SCD or sestated cardiac arrest and cardiovascular
death (excluding sudden) between the two groupsl€Ta:2).

Table 8-2: Mortality outcomes for the post-discharg cohort, stratified by eligibility for
MTWA testing. Data are expressed as number (%).

Outcome Eligible Ineligible Overall p value*

(n=330) (n=318) (n=648)

All cause mortality 57 74 131 0.057

(17.3)  (23.3)  (20.2)

SCD or resuscitated cardiac arrest 9 11 20 0.59
(2.7) (3.5) (3.1)
Cardiovascular death (excluding sudden) 27 36 63 0.18

(8.2) (11.3) (9.7)

* Inter-group comparisons using test, p value < 0.05 indicates a significant défece

between the groups.

Table 8-3 shows one and two year survival ratepébients stratified by MTWA eligibility at
the study visit. The one year unadjusted case &irvates were 88.8% and 79.4% for eligible
and ineligible groups, respectively. The two yenadjusted case survival rates were 79.4%
and 71.4% for eligible and ineligible groups, regpely. The differences were not

statistically significant.
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Table 8-3: Overall unadjusted survival for 648 patents in the post-discharge cohort,
stratified by MTWA eligibility

Eligible Ineligible
(n=330) (n=318)
Survival (%) 95% ClI Survival (%) 95% ClI
1 year 88.8 85.3-92.5 84.3 80.3-88.5
2 year 79.4 74.4 - 84.6 71.4 65.6 —77.7

8.2.3 Survival stratified by LVEF

Table 8-4 shows one and two year survival ratepétients stratified by LVEF. The one year
unadjusted case survival rates were 86.3% and 860ct%1F-PEF and HF-REF groups,

respectively. The two year unadjusted case survatak were 83.3% and 72.8% for HF-PEF
and HF-REF, respectively. The differences werestatistically significant but the confidence

intervals only just overlap by two year survivaljggesting the two groups may have
significantly different survival rates with followp beyond two years. Unadjusted Kaplan-
Meier curves for all-cause mortality graphicallyntenstrate no significant difference in

survival between the two LVEF groups, with the @s\crossing early on in follow-up (log

rank test p= 0.172) (Figure 8.1).

Table 8-4: Overall unadjusted survival for 648 patents in the post-discharge cohort,
stratified by LVEF

HF-PEF HF-REF
(n=127) (n=521)
Survival (%) 95% ClI Survival (%) 95% CI
1 year 86.3 80.4-92.6 86.4 83.3-89.5
2 year 83.3 76.8 -90.3 72.8 68.1-77.8
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Figure 8.1: Kaplan-Meier survival curves for HF-PEF and HF-REF (curves were
compared using the log rank test, where p<0.05 indates a significant difference between
the two groups).

8.2.4 Unadjusted outcomes for MTWA result

The breakdown of causes of death according to MTaéAsification is displayed in Table 8-5.
Of 100 patients with a positive MTWA result, 12 ¢aPdied during the follow-up period. Of
78 patients with a negative MTWA result, 16 (20.58d during the follow-up period. Of
152 patients with an indeterminate MTWA result, @9.1%) died during the follow-up
period. The difference in all cause mortality ratess not statistically significant. Unadjusted
Kaplan-Meier curves for all-cause mortality demeoaistd no significant difference in survival
between the three MTWA groups (log rank test p=989) (Figure 8.2). The survival curve

analyses for the secondary outcome measures g@iaytd in Figures 8.3 and 8.4. There were
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no significant differences in the rates of secopdautcome measures between the three
MTWA groups (Table 8-5) [p=0.82 and p=0.077, resipety].

Table 8-6 shows one and two year survival ratesptrents stratified by MTWA result.
Patients with a positive or indeterminate MTWA ifésdid not have a higher all-cause
mortality rate than those with a negative resulte Dne year unadjusted case survival rates
were 85.7%, 94.5% and 86.7% for negative, poskiive indeterminate results, respectively.
The two year unadjusted case survival rates werd%w483.6% and 79.2% for negative,
positive and indeterminate results, respectivelfe Tdifferences were not statistically

significant.
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Figure 8.2: Kaplan-Meier survival curves for all-cause mortality for negative, positive
and indeterminate MTWA results (curves were compard using the log rank test, where
p<0.05 indicates a significant difference betweeimé three groups).
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Figure 8.3: Kaplan-Meier survival curves for sudden cardiac death or resuscitated
cardiac arrest for negative, positive and indeterrmate MTWA results
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Figure 8.4: Kaplan-Meier survival curves for cardiovascular death (excluding sudden)
for negative, positive and indeterminate MTWA resuls
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Table 8-5: Unadjusted mortality outcomes stratifiedoy MTWA result. Data are expressed as number (%)

Outcome Positive Negative Indeterminate Overall p value*
(n=100) (n=78) (n=152) (n=330)

All-cause mortality 12 16 29 57 0.24
(12) (20.5) (19.1) (17.3)

SCD or resuscitated cardiac arrest 2 2 5 9 0.82
2 (2.6) (3.3) (2.7

Cardiovascular death (excluding sudden) 3 8 16 27 0.077
(3) (10.3) (10.5) (8.2)

* Inter-group comparisons using test, p value < 0.05 indicates a significant défee between the groups.
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Table 8-6: Unadjusted survival rates for patients wh negative, positive and indeterminate MTWA resuls

Negative Positive Indeterminate
(n=78) (n=100) (n=152)
Survival (%) 95% ClI Survival (%) 95% ClI Survival (% ) 95% ClI
1 year 85.7 77.8-94.4 94.5 89.9-99.3 86.7 8B35
2 year 74.7 64.4 — 86.6 83.6 75.4-92.8 79.2 43810

292



Mortality outcomes were also analysed in accordanib accepted practice as non-
negative and negative MTWA results (85). This dad alter the outcome; a non-negative
MTWA result was not significantly different to a gaive MTWA result in determining
all-cause mortality (Figure 8.5 and Table 8-7) o secondary outcome measures (Table
8-8). Table 8-8 shows one and two year case sumates for MTWA result dichotomised
to negative and non-negative. The one year unatjusise survival rates were 85.7% and
89.8%, for negative and non-negative results, @smdy. The two years unadjusted
survival rates were 74.7% and 80.9%, for negativé aon-negative, respectively. The

differences were not statistically significant.
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Figure 8.5: Kaplan-Meier survival curves for negatve and non-negative MTWA
results (curves were compared using the log rank $&¢ where p<0.05 indicates a
significant difference between the two groups).
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Table 8-7: Unadjusted mortality outcomes stratifiedby negative and
MTWA result. Data are expressed as number (%)

non-negative

Outcome Negative Non-negative Overall p value*
(n=78) (n=252) (n=330)

All-cause mortality 16 41 57 0.39
(20.5) (16.3) (17.3)

SCD or resuscitated cardiac 2 7 9 0.92

arrest (2.6) (2.8) 2.7)

Cardiovascular death 8 19 27 0.44

(excluding sudden) (10.3) (7.5) (8.2)

* Inter-group comparisons using test, p value < 0.05 indicates a significant défee

between the groups.

Table 8-8: Survival rates for patients with negatie and non-negative MTWA results

Negative Non-negative
(n=78) (n=252)
Survival 95% ClI Survival 95% ClI
(%) (%)
1 year 85.7 77.8-94.4 89.8 86.0 —93.8
2 year 74.7 64.4 — 86.6 80.9 75.4 - 86.8
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The indeterminate MTWA results were further anallysecording to the classification
illustrated in Figure 6.11 (page 233). This wasd&iermine if the different types of
indeterminate result had different outcomes, paldity the two main indeterminate
results. As previously described in chapter 6, itiegority of indeterminate tests were
because of a failure to achieve the required hragetof 110bpm (75% of all indeterminate
tests). There were two principal reasons for thisstly, some patients had a low resting
heart rate, due to being on maximal dose of bedakier therapy. These patients were often
physically able to exercise for a long period ofidi but unable to elevate their heart rate
and it was clear that prolonging exercise would axdtieve the desired heart rate of 110
bpm (represented as ‘insufficient HR — chronotroippicompetence’ in Table 8-9). The
other reason for an insufficient heart rate was@se intolerance preventing attainment of
a heart rate of 110bpm (represented as ‘insuffidih — physical limitations’ in Table 8-
9). The remaining MTWA tests were indeterminate thuéhe presence of ectopic activity
(16.4%), noise (5.9%), non-sustained alternans (@%@ rapid rise in heart rate (0.7%).

These are represented as ‘Indeterminate — Oth@ilite 8-9.

Patients with indeterminate results due to an figeht heart rate secondary to physical
limitations had proportionately more events for @tee outcomes, compared to other
MTWA results, although these differences were matistically significant. There was no

significant difference in any of the three outcoraesording to the type of indeterminate

MTWA result. There were too few events to permitvaral curve analyses.
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Table 8-9: Mortality outcomes stratified by type ofindeterminate MTWA result. Data are expressed asumber (%)

Outcome Positive Negative Indeterminate — Indeterminate — Indeterminate Overall p value*
(n=100) (n=78) insufficient HR insufficient HR due to Other (n=330)
due to physical chronotropic (n=38)
limitation (n=59) incompetence (n=55)

All-cause mortality 12 16 14 9 6 57 0.15

(12) (20.5) (23.7) (16.4) (15.8) (17.3)
SCD or resuscitated 2 2 3 2 0 9 0.65
cardiac arrest 2) (2.6) (5.1) (3.6) 0) @2.7)
Cardiovascular death 3 8 8 5 3 27 0.11
(excluding sudden) (3) (10.3) (13.6) (9.1) (7.9) (8.2)

* Inter-group comparisons using test, p value < 0.05 indicates a significant défee between the five groups.
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8.2.5 Comparison of mortality rates to other LVSD ad HF MTWA studies

The mortality rates of LVSD and HF MTWA studies ateown in Table 8-10. All-cause
mortality and SCD rates, if available, are presgénkdy study is displayed in the last row.

Only studies with at least 10 deaths during th@ipfv-up period are displayed in this table.

There are several reasons limiting direct compasdoetween these studies. Firstly, the
wide range of follow-up durations prevents direminparisons of overall event rates. Thus
approximate mortality rates per 100 patient-yedriokow-up were calculated (Table 8-
11). Secondly, the differences in the patient papoh included in each study limits
comparisons between studies, for example someestade exclusively ischaemic or non-
ischaemic HF patients whilst others include botlsoAsome studies are post-MI LVSD,
likely containing patients asymptomatic of HF. Hipasome studies do not present the
numbers for all-cause mortality or sudden cardieatld according to the MTWA result.
Several studies only present results for non-neggtatients, preventing comparison of
positive and indeterminate results separately. Sstomies only present actuarial mortality
rates according to MTWA result rather than absolutenbers of death according to
MTWA result, preventing direct comparison with athgudies. Many studies do not

present the numbers of patients who succumbed Bn SC

Approximate mortality rates per 100 patient-yedrfothow-up were calculated to allow a
comparison of all-cause mortality between studiezble 8-11). The higher mortality rate
of my study may reflect the unselected nature of eohort, including more elderly

patients with comorbidity.

The proportion of all deaths that were SCD is digetl in the last column of Table 8-10.
The range of this proportion is wide, from 17-58¥he limitations in the definition of

SCD used in my study, addressed in chapter 2 ¢ge2t6.3, page 89), likely account for
the low proportion of all deaths that were suddemly study. This prevents meaningful
comparisons to the other MTWA studies, all of whigbed a more robust definition

(section 2.6.3, page 89).
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Table 8-10:

Distribution of all-cause mortality andsudden cardiac death in LVSD and HF MTWA studies*

Study N Population Mean FU All Cause Mortality, N (%) Sudden Cardiac Death, N (%)

(SD) Pos Ind N-N Neg Total Pos Ind N-N Neg  Total % ACM
Chow (107) 768 Ischaemic LVSD 18 (10) 44/355 (12) 4/189 (21)  78/514 (15) 21/254 (8) 99 (13) 17 (5) 16 (10) 33 (6) 9(4) 42(5) 42
Gold (119) 490 HF - LVSD 30 [ 33/182(18)  32B(19)  65/355(18)  16/135(12 81(17) 12(7) 6 (4) 18 (5) 8(5) 26(5) 32
Chow (104) 575 Post-MI LVSD 25 (11) 46/361 (13) 13/214 (6) 59 (10) 7() 3(1) 10 (2) 17
Bloomfield (109) 549 LVSD 20 (6) 38/360 (11) 2/189 (1) 40 (7) 1(<1)
Huikuri (105) 312 Post-MI LVSD 22 (6) 38 (12) 8 (3) 21
Grimm (113) 263 HF -DCM 52 (12) 33 (13) 17 (7) 52
Salerno-Uriarte 446 HF — DCM 19 [18-24] 25/292 (9) 3/154 (2) 28 (6) 7/282 (2) 0 7 25
(118)
Hohnloser (103) 129 Post-MI LVSD 17 (8) 16/94 (17) 4(11) 20 (16) 8/94 (9) 0 8 (6) 40
Bloomfield (85) 177 Post-MI LVSD 20 (6) 20 (11)
Rashba (106) 144 Ischaemic LVSD 17 (13) 14 (10)
Klingenheben 107 HF — LVSD 15 (9) 12 (11) 7(7) 58
(116)
Jackson 330 HF 18 (8) 12/100 (12)  29/152 (19)  4D756) 16/78 (21) 57 (17) 2(2) 5 (3) 73) 238 9@ 16

* Studies with< 10 deaths during follow-up not included in thibléa(108;111;112;114;115). Order is according tmber of deaths during follow-up.
N = number; FU = follow-up (months); pos = postind = indeterminate; N-N = non-negative; negegative; DCM = dilated cardiomyopathy (non-
ischaemic): = data not presented
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Table 8-11: Approximate mortality rates per 100-patient years of follow-up for studies in Tald 8-10

Study N Population Mean FU (months)  All- cause mortality, Mortality rate per
N (%) 100-patient years
Chow (107) 768 Ischaemic LVSD 18 99 (13) 8.6
Gold (119) 490 HF - LVSD 30 81 (17) 6.6
Chow (104) 575 Post-MI LVSD 25 59 (10) 4.9
Bloomfield (109) 549 LVSD 20 40 (7) 4.4
Huikuri (105) 312 Post-MI LVSD 22 38 (12) 6.6
Grimm (113) 263 HF -DCM 52 33 (13) 2.9
Salerno-Uriarte (118) 446 HF - DCM 19 28 (6) 4.0
Hohnloser (103) 129 Post-MI LVSD 17 20 (16) 10.9
Bloomfield (85) 177 Post-MI LVSD 20 20 (12) 6.8
Rashba (106) 144 Ischaemic LVSD 17 14 (10) 6.9
Klingenheben (116) 107 HF - LVSD 15 12 (11) 9.0
Jackson 330 HF 18 57 (17) 11.5
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8.2.6 Stepwise multivariable models without MTWA

A detailed description of the variables selectiod the statistical analyses employed in the
multivariable models is given in chapter 2 (sectibf, page 86). Multivariable analysis
was carried out using a Cox proportional hazardgession three stage model. The
multivariable models were created using the sigaift univariate variables at each stage.
These analyses are for all-cause mortality onlyer&hwere too few events to allow

analyses for the secondary outcome measures.

The univariate and multivariable analysis for stagee is presented in Table 8-12.
Increasing age, lower LVEF, lower BMI, NYHA clasi or IV, a diagnosis of HF for
more than two years and a history of a previousMglle univariate predictors of all-cause
mortality. After adjusting for the variables in ti@ox regression model, lower BMI,
NYHA class Ill or IV and previous MI were found tme independent predictors of all-
cause mortality.

The univariate and multivariable analysis for stage is presented in Table 8-13. Lower
eGFR, higher RDW, higher bilirubin and lower haeibgn concentrations were
univariate predictors of all-cause mortality. Aftedjusting for the variables in the Cox
regression model, lower eGFR, higher bilirubin &owler haemoglobin concentration were

found to be independent predictors of all-causetatioy.

The univariate and multivariable analysis for stédgee is presented in Table 8-14. This
showed elevated levels of both novel biomarkers BB troponin | to be independent

predictors of all-cause mortality.
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Table 8-12: Univariate and multivariable analysis ér stage 1 variables

Stage 1 Variable Univariate Multivariable * Multivariable *
HR 95% ClI pvalue HR 95% ClI pvalue HR 95% CI p value

Age (per year) 1.03 1.01-1.04 0.0057 1.01 0.993 0.17 - - -
LVEF (per 5% increase) 0.91 0.84 -0.97 0.0062 0.940.87 - 1.02 0.13 - - -
DM - No 1.0 0.7749 - - - - - -

- Insulin 1.25 0.68 - 2.29

- Other 1.05 0.7 -1.57
BMI (per kg/nf increase) 0.95 0.92-0.98 0.0008 0.96 0.93-0.99 0.0072 0.95 0.92-0.98 0.0005
Sex (Female) 1.0 0.71-1.42 0.99 - - - - - -
NYHA -1/1 1.0 <0.0001

-1V 2.23 1.58 -3.14 2.07 1.45 - 2.97 <0.0001 2.1 1.48 - 2.96 <0.0001

Bundle branch block 1.36 0.94 -1.97 0.1 - - - - - -
Cardiomegaly 1.1 0.74 - 1.63 0 - - - - - -
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Stage 1 Variable Univariate Multivariable * Multivariable

HR 95% ClI pvalue HR 95% ClI pvalue HR 95% CI p value
SBP (per 10 mmHg increase) 0.99 0.99-1.0 0.21 - - - - -
Chronic HF > 2 years 151 1.06 - 2.14 0.022 1.27 880.1.84 0.2 - - -
Previous MI 1.99 1.4-2.82 0.0001 1.67 1.15-2.41 0.0066 1.82 1.28-2.59 0.0009
Dependent oedema 1.3 0.92-1.83 0.14 - - - - - -
HR (per 10bpm) 1.0 0.99-1.01 0.57 - - - - - -
AF 0.88 0.61-1.26 0.49 - - - - - -

1 = Multivariable analysis containing significapt€ 0.05) univariate variables only

2 = Multivariable analysis after removing non sfgr@nt (p> 0.05) variables

HR = hazard ratio; Cl = confidence interval
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Table 8-13: Univariate and multivariable analysis ér stage 2 variables

Stage 2 Variable Univariate Multivariable * Multivariable *

HR* 95% CI p value HR* 95% ClI pvalue HR* 95% ClI p value
eGFR (ml/min/1.73r%) 0.99 0.98 - 0.99 0.0071 0.99 0.98 - 0.99 0.027 990. 0.98-0.99 0.026
Log (RDW) 3.33 1.17-95 0.025 1.84 0.58-588 .30 - -
Log (Bilirubin) 1.58 1.16 - 2.14 0.0034 1.6 1.18.22 0.0052 1.71 1.26-23 0.0005
Haemoglobin (g/dl) 0.89 0.82-0.97 0.0077 0.93 50.8.03 0.15 0.91 0.84-0.99 0.037
Log (Lymphocytes) 0.62 0.43-0.9 0.011 0.89 0.5837 0.61 - - -
Urate (mmol/l) 2.42 0.74 - 7.95 0.14 - - - - - -
Phosphate (mmol/l) 1.25 0.56 - 2.75 0.59 - - - - - -
HBA1c (%) 0.97 0.38-2.51 0.95 - - - - - -

1 = Multivariable analysis containing significapt€ 0.05) univariate variables only
2 = Multivariable analysis after removing non sfgraint (p> 0.05) variables

* = Hazard ratio is per unit increase for all vates
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Table 8-14: Univariate and multivariable analysis ér stage 3 variables

Stage 3 Variable Univariate Multivariable

HR* 95% ClI p value HR* 95% CI p value
Log (BNP) 1.68 1.41-2.0 <0.0001 1.54 1.27-1.85 <0.0001
Troponin 1> 0.04 {g/l) 2.51 1.73-3.65 <0.0001 1.733 1.16- 2.6 090

* Hazard ratio is per unit increase for log (BNP)
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The multivariable analysis for the significant \adoies from all three stages is shown in
Table 8-15. All predictors from the multivariableadysis for stages 1 and 3 remained
independent predictors of all-cause mortality. Nariethe predictors from the stage 2
multivariable analysis were predictive after adjugtfor variables from stage 1 and 3. The
independent predictors of all-cause mortality wkeneer BMI, NYHA class Il or IV,

previous myocardial infarction, elevated log (BNBhcentration and raised troponin I.

Table 8-15: Multivariable analysis for variables from stages 1, 2 and 3

Variable Multivariable * Multivariable 2

HR* 95% CI p value HR* 95% CI p value

Stage 1

BMI (kg/m?) 0.96 0.93-0.99 0.0073 0.96 0.93-0.9201
NYHA 1.71 1.19-2.45 0.0038 172 1.2-247 0.0032
(I/IV v 1711

Previous Ml 1.68 1.18-24 0.004 1.68 1.18- 20039
Stage 2

eGFR 0.99 0.98-1.0 0.15 - - -

(ml/min/1.73n%)

Log (Bilirubin) 1.36 0.97-1.89 0.074 - - -
Haemoglobin (g/dl) 0.94 0.85-1.03 0.15 - - -
Stage 3

Log (BNP) 1.26 1.03 - 1.540.026 1.36 1.12-1.650.0019

Troponin| &0.04ug/l) 1.49  0.99-2.260.058  1.57 1.04-2.370.033

1= Multivariable analysis with significant (p < 0)0&ariables from stages 1-3
2= Multivariable analysis after removing non sigadfnt (p> 0.05) variables

* Hazard ratio is per unit increase for continumasiables (BMI, eGFR, log [bilirubin],

haemoglobin, log [BNP])
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8.2.7 Multivariable models with MTWA

The results of the univariate analysis for MTWA displayed in Table 8-16. As already
described in section 8.2.3, the unadjusted MTWAIltetid not predict all-cause mortality.

Table 8-16: Univariate analysis for MTWA

MTWA result HR 95% ClI p value*
Negative 1.0

Positive 0.56 0.27:1.18 0.1989
Indeterminate 0.96 0.52:1.76

Non-negative 0.79 0.44:141 0.43

* p value <0.05 indicates significant differencavieen the MTWA groups.

The additional prognostic value of MTWA was evaahby fitting it into each stage of the
multivariable models. MTWA result (negative, positior indeterminate) was not an
independent predictor of all-cause mortality at astpge after adjusting for other
significant variables, with overall p values of B7/@, 0.2242 and 0.1496 for stages 1, 2 and
3, respectively (data from individual stages nabveh). MTWA was added to the final
multivariable model with significant predictors miortality from all three stages (Table 8-
17). Again, at this stage after adjusting for digant variables, MTWA had no additional

explanatory value for all-cause mortality.
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Table 8-17: Multivariable analysis for final modelwith MTWA

Variable

BMI (per 1kg/nf increase)
NYHA (II/IV v I/11)
Previous Mi
Log (BNP) (per unit increase)
Troponin | & 0.04ug/l)
MTWA 3 Categories
Negative
Positive
Indeterminate
MTWA 2 Categories
Negative

Non-negative

Multivariable analysis with MTWA in 3 categories

Multivariable analysis with MTWA in 2 categories

HR

0.96

2.09

1.85

1.39

15

1.0

0.41

0.69

NA

95% ClI

092:1.01

1.2:3.65

1.05:3.26

1.05:1.85

0.79:2.85

0.19:0.87

0.36:1.3

p value*
0.11
0.0094
0.033

0.02

0.22

0.0608

HR

0.96

2.06

1.89

1.45

1.41

NA

1.0

0.56

95% ClI p value*
0.92:1.01 140
19:3.59 0.01
1.07 : 3.33 0.028
1.09:1.91 0.01
0.75:2.69 0.29
0.06
0.31:1.03

* p value <0.05 indicates significant differencavibeen the MTWA groups.
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8.3 Discussion

This chapter has described the outcomes for thep@di@nts in the post-discharge cohort.
Mortality rates were high, almost one quarter df ptients were deceased by two years
follow-up. This is an expected finding given alltipats had recently been hospitalised with
decompensated HF. The overall mortality for the3L8fArolled patients was 33%, comparable
with recently published mortality rates for Scdttatients hospitalised for HF (147).

There were proportionately more deaths amongsipéitents ineligible for MTWA testing
than those eligible. Many of the reasons for beingligible for MTWA testing (AF,
pacemakers and medical comorbidities preventingcesa) are also risk factors for adverse
outcomes in HF. This is the first study to desciolbgcomes in patients ineligible for MTWA
testing and highlights the adverse mortality ratethese patients.

There was no significant difference in mortalityesabetween patients with HF-REF and HF-
PEF in this study. This finding is consistent wicent studies reporting no significant

difference in survival between the two groups ofigrds (19;23). However the number of

patients in this study is relatively small, witheevfewer deaths and the Kaplan-Meier curves
and two year unadjusted survival figures suggest differences in survival between those

with HF-REF and HF-PEF may emerge with longer tésthow-up.

MTWA did not predict any of the study’s prespedfieutcomes. The failure to predict SCD
can be partly explained by the small numbers aeptg with this outcome. However, it was
expected that an abnormal MTWA result (positiveirateterminate) may predict all-cause
mortality (99;100;102;104;105;111). In fact patemtith a positive result had proportionately
fewest events overall with patients with indeteratén and negative results having
proportionately similar mortality rates, althoughete was no significant difference in
mortality rates between the three groups. Thislregas surprising. Indeed, the results from
Chapter 7 had demonstrated that patients withipesand negative results were more similar,

in terms of clinical characteristics, than thoséhvimdeterminate results. However, this did not
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translate prognostically. Also patients with indetaate results because physical limitations
prevented elevation of their heart rate had progoately more events than patients with other
indeterminate results, although these differenoae®wot statistically significant. MTWA was
also analysed in the accepted way of non-negagiusitive and indeterminate) and negative
(85), but this did not alter the results. Moreotee very different mortality rates for those
patients with positive and indeterminate resultsllenges the use of this ‘non-negative’
classification. In the original study that classifipatients with positive and indeterminate as
‘non-negative’, patients with positive and indeterate MTWA results had two year actuarial
mortality rates of 14.5% and 20.1%, respectivelye Buthors of this small (n=177) study of
patients with ischaemic LVSD concluded that theseewsimilar mortality rates and positive
and indeterminate tests should be classified as-fregative’. Many studies since have only
reported ‘non-negative’ mortality rates, preventiag understanding of the exact risk
conferred by a positive or indeterminate test. fihdings of my study strongly suggest this

approach is incorrect.

The mortality rate (expressed as an approximateteaée per 100 patient-years of follow-up)
was higher in my study than in prior LVSD and HF WA studies (Table 8-11, page 298).
This likely reflects the unselected nature of mya, including more elderly patients with
comorbidity. One noticeable difference between gy and the other studies presented in
Table 8-10 (page 297) is the mortality rates far platients with negative MTWA results. Of
the studies that presented mortality rates accgrtinthe MTWA result, all had a lower
mortality rate for patients with a negative MTWAsu#t compared with the overall mortality
rate for each study. By contrast, my study demaitedrthe exact opposite; the mortality rate
was 21% for patients with negative MTWA results pamed to an overall mortality rate of
17% for all patients undergoing MTWA testing. Theaet reason for this unexpected finding
is unclear. This may reflect the different popwatenrolled, compared with previous studies.
Perhaps the MTWA test does not identify those aawgst risk when used in unselected
cohorts with more elderly patients and patienthwibre comorbidity. The lower rate of beta-
blocker prescribing amongst patients with negakiMe/NA results, compared to patients with
indeterminate results, may be a contributory fattidhe unexpected higher mortality amongst
patients with negative results. Patients with iedeinate MTWA results were more than
three times more likely to be prescribed a betai#o than those with negative results

(OR 3.47, p<0.0001).
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However this does not explain the higher mortaditypatients with negative MTWA results
compared to those with positive results. Althougtakblocker prescribing was less common
amongst those with a negative MTWA result, compacethose with a positive result, this
difference was not significant (OR 0.79, p 0.43)gh¢r beta-blocker prescribing amongst
patients with an indeterminate result may have leeg@ected to confer a prognostic advantage.
The high mortality of the patients with indeterntmaesults is likely multifactorial and
explained by the multiple risk factors for poor gmosis present in this group, including

advancing age, diabetes, anaemia and renal dysfanct

The proportion of all deaths that were SCD was megoby most LVSD and HF MTWA
studies and varied from 17-58%. The limitationghe definition of SCD used in my study
(section 2.6.3, page 89) likely account for the lmwportion of all deaths that were sudden in
my study and thus further comparisons to the oghedies were not made. The MASTER
study (104) had a noticeably lower proportion ofts€@mpared to the other studies in Table
8-10. All patients in this study fulfiled MADIT-Ikcriteria and underwent ICD implantation
following MTWA testing. During the follow-up perio8% of negative patients and 12% of
non-negative patients received appropriate ICDatmgrmany of which may have resulted in
SCD if an ICD had not been implanted. Furthermaf#ough the proportions of events for
positive and indeterminate patients are not redosegparately in this study, the proportion of
indeterminate results is low in this study (12%neOreason for this may be the use of
pharmacological means of stress or pacing for ptstieho were unable to exercise. The low
rate of indeterminate results together with a lowpprtion of SCD highlights a possible
relationship between an indeterminate result askl of sudden cardiac death. Few studies
have reported the numbers of SCD, thus it is diffitco extrapolate a potential link between
indeterminate results and SCD. | could not explarepotential relationship between
indeterminate results and SCD in my study due t® ltimitations acknowledged above.
However, in the largest study to date of MTWA irtipats with LVSD, patients with an
indeterminate result had the highest proportiolts6D and SCD accounted for 42% of all-
cause mortality in this study (107). Another polesdxplanation for the MASTER study (104)
having a lower proportion of SCD may be the higte raf beta-blocker prescribing (87%).
Excluding the MASTER study, there is still a widege in the proportion of all deaths that
were sudden in the other studies presented in T&dile (21-58%), likely reflective of the

inherent difficulties in determining SCD.
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MTWA had no incremental prognostic value in my stughen added to a multivariable
model containing the strongest predictors of mibytain this study. The independent
predictors of all-cause mortality following stepwisiultivariable modelling were; lower BMI,

NYHA [lI/IV, previous MI, elevated log (BNP) conctation and raised troponin (defined as
> 0.04pug/l). The small number of independent predictory i@ explained by the relatively

small number of events that occurred during théowelup period for those who underwent
MTWA testing.

In summary, MTWA had no prognostic value in my cahaf unselected patients with HF.
There was no evidence to suggest that this tedt lienefit in the risk stratification of ‘real-
life’ patients with HF. The independent predictofsnortality in this study included BNP and
cardiac troponin, a novel biomarker in HF. Both aimple, cheap biochemical tests to
perform. The other three independent predictormoftality were clinical variables that are
readily available. This straightforward model camitag only five simple variables identified

the patients at most risk in my study.
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CHAPTER NINE

DISCUSSION
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9.1 Major findings of the study

HF is a major health concern internationally ansoamted with considerable morbidity and
mortality. Despite advances in the management of iHFecent decades, the prognosis
remains poor for many patients (147). This empleasiee importance of prognostication in
HF, particularly when several therapies availalde the management of this condition are
expensive and require accurate targeting to opdirthigir use. However the solution to risk
stratification in HF remains elusive. There are ynastablished predictors of mortality in HF,
as outlined in Chapter 1, but few have been shawpredict cause-specific death. This is
particularly important in HF where many deaths rbayattributed to SCD caused by VTE,
which may be prevented by appropriate selectiopatfents for primary prevention ICDs.
MTWA has recently been proposed as a potentialftmohssisting in the selection of patients
for primary prevention ICD therapy by identifyingose at risk of SCD. As outlined in
Chapter 1, there are many unresolved issues reggatiok clinical utility of MTWA testing in
HF.

This study has provided a comprehensive evaluatidhe use of MTWA in a real-life, near-
consecutive and well-defined population of patientth HF, accounting for aetiology and
LVEF. The proportion of patients eligible for MTW#esting has been demonstrated. The
prevalence of positive, negative and indetermimesellts and the tolerability of the exercise
protocol have been assessed. The clinical charstaterassociated with each MTWA result
have been determined. The predictive value of MT&#ing for all-cause mortality has been
evaluated alongside established predictors of owcoincluding BNP, and more novel
biomarkers, such as cardiac troponin. This studydthieved its main aim of determining if

MTWA testing has a role in the risk stratificatiohpatients with HF.

Of 2361 patients with suspected decompensated Hiersed for inclusion in the study, 1003
were recruited. The majority of the cohort was gidavith multiple medical co-morbidities

and LVSD. Of those recruited, 648 patients (65%grated the study visit approximately 4
weeks after discharge from hospital. The most commason for failing to attend the study

visit was refusal to participate (n=167, 17%). grsficant proportion of patients died prior to
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the study visit appointment (n=115, 11%) and maatyepts were unable to attend because of
deterioration in their health (n=73, 7%). The paif clinical characteristics recorded during
hospitalisation were analysed according to whetiienot they subsequently completed the
study visit. Patients attending the study visit @veimilar, in terms of clinical characteristics,
to the group of patients who withdrew from partatipg in the study visit. The groups who
failed to complete the study visit due to detetingahealth or death had proportionately more
patients with markers of adverse prognosis in Hie @linical characteristics recorded during
hospitalisation were updated at the study visitniMaf the symptoms, signs and laboratory
values showed an improvement, as expected, compethdthe findings recorded during

hospitalisation.

In patients evaluated after discharge, the clinatadracteristics of those with HF-REF and
HF-PEF were compared. The majority of these charistics were similar between the two
groups, consistent with previous reports that p#iewith HF-PEF cannot readily be
distinguished from those with HF-REF on the bagisymptoms and signs, CXR or ECG
findings (19). However, there were some notableedhces between the two groups. Patients
with HF-PEF were older, more likely to be femaleralikely to have hypertension and less
likely to have had a MI, in comparison to thosehwiF-REF. These findings are consistent
with previous studies of HF-PEF (22;24,;155). Priéseg of recommended pharmacological
treatments for HF was greater amongst patients MBHREF, an unsurprising result given the
evidence-base for the use of these medicationssexsy for patients with HF-REF and no
treatment is of proven benefit in HF-PEF. Presoghof calcium channel blockers was more
common amongst those with HF-PEF, perhaps refigctile use of these agents as
antihypertensive treatment. Apart from SBP and gpieessure, there were no differences in
clinical examination findings between the two greuphere were also no differences in the
proportions in sinus rhythm or AF between the twougs. QRS duration and QTc interval
were longer amongst patients with HF-REF. The nitgjof biochemical and haematological
test findings were similar in the two LVEF grouf$ie major exception was BNP and here
the differences in average concentrations betweentwo groups were striking, both on
admission to hospital and at the post-dischargdysuisit. Median BNP concentrations in
patients with HF-REF were almost twice those ofguas with HF-PEF at both time points.

Previous studies in patients with decompensatetid¥ie demonstrated similar findings (156).
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Anaemia was more common amongst patients with HF;REnsistent with previous reports
(23).

Of 648 patients who completed the study visit, 830%) were eligible for MTWA testing.
Thus, almost half were ineligible for MTWA testinbhe clinical value of any test is limited if
nearly half of the patients are ineligible for tiest. This is the first prospective observational
study to describe the reasons for ineligibility an‘real-life’ HF population. Patients were
ineligible because of conditions commonly assodiatgh HF, such as AF, ventricular pacing
and an inability to exercise. AF accounted for ¢hgeiarters of those who were ineligible in
my study i.e. 38% of all patients. This is higheart the ~23% reported in two earlier studies,
although those studies enrolled only patients Wwikhof non-ischaemic aetiology (113;118).
Although only a small proportion of patients (7%ecadl) were ineligible because of physical
inability to attempt the sub-maximal treadmill tethiis is an underestimate of this problem as
many patients simply did not attend for the testalise of poor health. Furthermore, as

discussed later, many of those who did attempteastecould not perform satisfactorily.

Many of the characteristics of the ineligible patgein my study suggested they had a poor
prognosis, including the highest log (BNP) concatimn. BNP is also an independent
predictor of sudden cardiac death (53), suggestingthe patients at the highest arrhythmic
risk may in fact not be eligible for MTWA testinfhese findings suggest the utility of the
MTWA test as a means of detecting those at higlgsof sudden death is likely to be limited
as many such patients are ineligible for the teatients ineligible for MTWA testing were
older than patients eligible for testing and a kigproportion had a history of pre-admission
heart failure. Ineligible patients also had morelemce of persisting or advanced heart failure,
with a higher proportion having NYHA functional sk lll or IV symptoms and a greater
frequency of peripheral oedema. Those ineligible NoTWA testing also had a greater
prevalence of renal dysfunction, liver enzyme abmadities, hyperuricaemia and lymphopenia.
There was, however, no difference in LVEF accordmITWA eligibility and the use of HF

medication was similar between the groups.
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An indeterminate MTWA test was the most commonltesuhis study (46%), with a positive
MTWA test found in only 30% and a negative tesR4%. This is the first prospective study
to demonstrate how common an indeterminate resuit &an unselected HF population — the
majority of which were on optimal medical therapiis is also the first study to characterise
the causes of indeterminate results in detail. Miagority of indeterminate test results were
due to failure to elevate the heart rate to 110bpmns was due to chronotropic incompetence
or physical limitations, with similar proportiong each. Other reasons for an indeterminate
MTWA test included ectopy, noise, nonsustainedriaétes and a rapid rise in heart rate. Most
cases of chronotropic incompetence were due tolidetker therapy. Importantly, this is the
first study to identify two types of insufficienehrt rate response. As discussed in Chapter 1,
beta-blocker treatment was discontinued prior toVlMA testing in many previous studies in
order to avoid indeterminate tests occurring due teart rate limitation
(98;106;107;113;114;119). There is evidence thatteadbeta-blockade can reduce the
magnitude of MTWA, potentially converting a poséito a negative test (122). Omission of
beta-blockers may increase the number of positgtstas well as reducing the number of
indeterminate tests. However a primary aim of stigly was to evaluate the use of MTWA as
a predictor of the residual risk of SCD in patiemtsoptimal therapy, including a beta-blocker
(as beta-blockers reduce the risk of SCD). ICDsaaly indicated in patients remaining at
substantial risk of SCD, despite optimal medicarapy. It is hard to see the value of a test
that predicted SCD in patients not optimally trelatEhus the high proportion of indeterminate
results in my study, compared with most prior stgdiFigure 6.13, page 239), may, in part,
reflect the high rate of use of beta-blockers irr patients. This further highlights the
potentially limited value of MTWA testing as a gealéy applicable tool for risk-stratification

in HF.

Beta-blocker use may not be the whole explanatiortife high proportion of indeterminate
results in our study. In one other large study iniclw patients with ischaemic and non-
ischaemic HF were tested off beta-blockers, thevgtemce of a positive, negative and
indeterminate result was 37%, 22% and 41% (11%peaetively, very similar to the
distribution observed in my study. This suggeséd ttessation of beta-blockers may not be an
effective means of limiting the number of indetanate tests in HF patients. This is especially
pertinent given that there is also a potential tskHF patients in the withdrawal of beta-

blockers. In addition, the value of a test thatpssitive off-treatment, but negative or
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indeterminate on-treatment, in targeting ICD thgrespunclear; a test that remains positive on

optimal therapy should be more useful in clinicatidion-making.

The high proportion of indeterminate tests in dudg may also reflect the patient population
studied and not just discontinuation of beta-blodkerapy, as already discussed. My study
was carried out in an unselected cohort of patierits had recently been hospitalised with
decompensated HF. Many of these patients werelghléh extensive medical comorbidities
and physical frailty. The majority of other MTWAusties have been cohorts of younger
patients with less comorbidity (Table 1-4, page 54)

The functional capacity of the cohort was poor. rféheas no significant difference in the
duration of exercise or energy expended duringceser(measured in METS) according to
MTWA result. The majority of patients discontinudte MTWA test because of physical
limitations, with only 42% achieving the target hemate of 110bpm required for completion
of the MTWA test. This is perhaps unsurprising angnof the patients were elderly with
multiple comorbidities. However, this does questiom general usefulness of this test in ‘real-
life’ HF patients.

When the patients were analysed according to thEikWA result (positive, negative or
indeterminate), there were 27 clinical charactesshat differed (p<0.05) between the groups
of patients. A large amount of clinical data wasluded in these analyses and the limitations
of multiple testing are recognised. However, 12hef 27 characteristics that differed between
the three groups had p values <0.01. Yet when aisalyas performed according to the
contemporarily accepted classification of non-negatnd negative (85), only 12 clinical
characteristics differed significantly between thw groups (p<0.05), with 8 having p values
<0.01. These results demonstrate that patientsamitimdeterminate test result are different to
those with a positive test. Patients with an indeteate result were older and more likely to
have a history of HF, diabetes, AF, anaemia andlm@ysfunction (as well as a higher BNP);
characteristics known to be predictive of poor oaote. These findings may explain the
observation in other studies that patients withirateterminate test result had a higher all-
cause mortality rate than those with a positiveltg85;101;107;109;123). My novel findings

317



about patients with non-negative MTWA results higil how heterogeneous this group is, in
terms of clinical characteristics, and argues aiaims binary classification of MTWA test
results. Moreover, pair-wise analysis of MTWA resul(negative versus positive;
indeterminate versus positive; indeterminate versgative) revealed notable differences in
clinical characteristics. In particular, this ars$y exposed major difference between the
indeterminate group and the other two groups aeptt (and, remarkably, fewer differences
between those with positive and negative testsgrdhwere 22 clinical characteristics that
differed (p<0.05) between the indeterminate andtipesgroups, 14 with p values <0.01.
There were almost as many differences betweenmttetarminate and negative groups, with
11 differences having a p value <0.01. Interesyintflere were only 3 clinical characteristics
that differed significantly between the negativel gositive groups and none of these had a p
value <0.01. Patients with indeterminate MTWA rés@are a distinct group of patients with
more abnormal clinical characteristics than thogé positive or negative results. This novel
finding suggests that patients should not be diadsas non-negative and negative. | propose
that MTWA results should only be considered aselseparate groups: positive, negative and

indeterminate.

The overall mortality rate by two years of folloy-tor the 1003 enrolled patients was 33%,
comparable with recently published mortality rates Scottish patients hospitalised for HF
(147). The overall mortality for the 648 patientsthe post-discharge cohort was also high

with almost one-quarter of patients deceased byywens follow-up.

There were proportionately more deaths amongsipétents ineligible for MTWA testing
than those eligible. Thus, being ineligible for MAMesting was a better predictor of an
adverse prognosis than the MTWA result itself. Mahythe reasons for being ineligible for
MTWA testing (AF, pacemakers and medical comorkadipreventing exercise) are also risk
factors for adverse outcomes in HF. This is thst fstudy to describe outcomes in patients

ineligible for MTWA testing and highlights the adse mortality rates of these patients.

There was no significant difference in mortalityesabetween patients with HF-REF and HF-

PEF in this study. This finding is consistent wsthme recent studies reporting no significant
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difference in survival between the two groups ofigrds (19;23). However the number of
patients in this study is relatively small, witheevfewer deaths and both the Kaplan-Meier
curves and two year unadjusted survival figureggesgthat differences in survival between
those with HF-REF and HF-PEF may emerge with longen follow-up.

MTWA did not predict any of the study’s prespedfieutcomes. The failure to predict SCD
in this study can be partly explained by the smmalinbers of patients with this outcome.
However, it was expected that an abnormal MTWA ltesway predict all-cause mortality
(106;107;109;111;111;112;118). Patients with a tpasiresult had proportionately fewest
events overall with patients with indeterminate amedjative results having proportionately
similar mortality rates, although there was noistigilly significant difference between the
three groups. This result was surprising. Indelee résults from Chapter 7 had demonstrated
that patients with positive and negative resultsewmore similar, in terms of clinical
characteristics, than those with indeterminate lt&siHowever, this did not translate
prognostically. Also patients with indeterminatsuks because physical limitations prevented
elevation of their heart rate had proportionatelyrenevents than patients with other MTWA
results, although this difference was not statdiycsignificant. MTWA was also analysed in
the contemporary way of non-negative (positive analtterminate) and negative, but this did
not alter the conclusions. Moreover, the very défé mortality for those patients with
positive and indeterminate results challenges the af this ‘non-negative’ classification.
Indeed it is interesting to review the originalduhat combined positive and indeterminate
results into a single ‘non-negative’ category. Alilgh the authors of that small study (n=177)
of patients with ischaemic LVSD concluded that thertality rates for patients with positive
and indeterminate tests were similar, the two yeawoarial mortality rates were 14.5% and
20.1%, respectively, a trend similar to that apptaire my study. Many studies have since only
reported ‘non-negative’ mortality rates, preventihguggest, a proper understanding of the
different risks conferred by positive and indetarate tests. My findings strongly suggest this

approach is incorrect.

The mortality rate (expressed as an approximateteaée per 100 patient-years of follow-up)
was higher in my study than in prior LVSD and HF WA studies (Table 8-11, page 309).

This finding was expected and likely reflects treune of my patient cohort, consisting of
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unselected and recently discharged subjects, imguchore elderly individuals and patients
with comorbidity, compared with prior studies. Upextedly, however, | found a higher
mortality rate among patients with a negative MT\\&ult, compared with the mortality rate
in the overall cohort. Of the studies that reportedrtality rates according to the MTWA
result, all described a lower mortality rate inipats with a negative MTWA result, compared
with the rate in the overall cohort or in patiemigh a ‘non-negative’ MTWA result. By
contrast, | found the exact opposite; the mortatitte was 21% for patients with a negative
MTWA result compared with the overall rate of 17% all patients undergoing MTWA
testing, although the differences between the groupre not statistically significant. The
exact reason for this unexpected finding is unclé#amay reflect the different population
enrolled, compared with previous studies. PerhbpaMTWA test does not identify those at
greatest risk when used in unselected cohorts mithe elderly patients and patients with
more comorbidity. The lower rate of beta-blockeegmribing amongst patients with negative
MTWA results, compared to patients with indeternen@esults, may be a contributory factor
to the unexpected higher mortality amongst patiemth negative results. Patients with
indeterminate MTWA results were more than threeeimmore likely to be prescribed a beta-
blocker than those with negative results (OR 38).p001). However this does not explain
the higher mortality of patients with negative MTW@ésults compared to those with positive
results. Although beta-blocker prescribing was lessimon amongst those with a negative
MTWA result, compared to those with a positive testhis difference was not significant
(OR 0.79, p=0.43). Higher beta-blocker prescribamgongst patients with an indeterminate
result may have been expected to confer a prognaditantage. The high mortality of the
patients with indeterminate results is likely mialtiorial and explained by the multiple risk
factors for poor prognosis present in this gromgluding advancing age, diabetes, anaemia

and renal dysfunction.

There is wide variation in the proportion of alladles considered sudden in the LVSD and HF
MTWA studies, although only one prior study repdregeproportion as low as in my study (I
discuss this exception, the MASTER study (104)niore detail below). The low proportion
of SCD in my study is likely accounted for by timitations in the definition | had to use due
to the nature of my dataset (section 2.6.3, page @M this really precludes further
comparison with other studies. However, as notedvebamong the other studies, the

MASTER study (104) described a notably lower préipor of SCD. All patients in the
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MASTER study fulfiled MADIT-1I criteria and underant ICD implantation following
MTWA testing. During the follow-up period 9% of regge patients and 12% of non-negative
patients received appropriate ICD therapy, somelath may have resulted in SCD if an ICD
had not been implanted. Furthermore, althoughptioportions of events for positive and
indeterminate patients are not reported separatehjis study, the proportion of indeterminate
results is low in this study (12%). One reasontfos may be the use of pharmacological
means of stress or pacing for patients who wereblanéo exercise. The low rate of
indeterminate results together with a low propaertocd SCD highlights a possible relationship
between an indeterminate result and risk of SCiw Biidies have reported the numbers of
SCD, thus it is difficult to extrapolate a potehtiak between indeterminate results and SCD.
| could not explore a potential relationship betw@&sdeterminate results and SCD due to the
limitations acknowledged above. However, in thgdat study to date in patients with LVSD,
patients with an indeterminate result had the hsgipeoportion of SCD and SCD accounted
for 42% of all-cause mortality in that study (10Another possible explanation for the
MASTER study (104) having a lower proportion of S@fay be the high rate of beta-blocker
prescribing (87%). After excluding the MASTER stualyd my study, there was still a wide
range in the proportion of all deaths that weredsudin the other LVSD and HF studies (21-
58%), likely reflective of the inherent difficulsan determining SCD.

MTWA had no incremental prognostic value when adaed multivariable model containing
the strongest predictors of mortality in my studye independent predictors of all-cause
mortality following stepwise multivariable modeljnwere; lower BMI, NYHA 1I/1V,
previous MI, BNP and troponin. The small number inflependent predictors may be
explained by the relatively small number of evethest occurred during the follow-up period
for those who underwent MTWA testing.

9.2 Strengths

The major strength of this study is the unselectature of the patients studied and the
consequent high mortality rate compared with ofitedies (Table 8-11, page 298). This study

represented a ‘real-life’ cohort of patients, pexsprvely studied following hospitalisation with
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decompensated HF. The unselected approach to eemblmeant that patients were recruited
irrespective of age, gender, LV dysfunction and odrdities. All patients had a validated
diagnosis of HF and all fulfiled ESC criteria fotF. The nature of this cohort allows
extrapolation of these results to ‘real-life’ HFtipats and not the minority who may fulfil

clinical trial inclusion criteria. Previous MTWA iglcal studies have enrolled highly selective

cohorts.

The second major strength is the extensive phemgy@ all enrolled patients. The patients
enrolled in this cohort are similar in many waysthose included in large epidemiological
studies of HF. Moreover, this extensive phenotypihgs allowed multiple detailed

comparisons of the clinical characteristics of plagients. Firstly, those completing the study
visit were compared to those who failed to atten do death, deteriorating health or
withdrawal from the study. The patients attendimg $tudy visit were then stratified according
to eligibility for MTWA testing and the clinical @macteristics of the two groups compared.
Finally the characteristics were compared accorthnigITWA result, identifying the distinct

clinical characteristics relating to positive, negaand indeterminate MTWA results.

All enrolled patients consented to be “flagged’wiihe Information Services Division of the
Scottish Health Service. This allowed accurate afibyt follow-up data to be obtained by
linking the study database to information on dedtletd by the General Register’s Office for
Scotland. Another strength of this study was tleatton of an electronic database, held in the
Robertson Centre for Biostatistics at the Univgrsit Glasgow. Data were manually entered
into the electronic database and verified by twdependent database managers. All data were
subject to manual and prespecified electronic datiédation checks. This robust system
ensured quality control of the data processed.

9.3 Limitations

Recruitment at the Royal and Western Infirmaries wat completely consecutive because of
staff holidays. Clinical research nurses recrupatients from the Royal Alexandra Hospital

but staff shortages prevented daily recruitmennfthis site.
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Many enrolled patients were unable to return forWwWH testing one month after discharge
from hospital. This, however, is an inevitable aamgence of both the effects of HF and
participation in a clinical study. Indeed the ratiefollow-up was probably greater than in
‘real-life’ due to the encouragement | gave paseat attend and the fact that transport was
provided for them. MTWA testing during hospitalisat for decompensated HF would have

been impractical and possibly dangerous.

The large number of inter-group tests for diffeengen the clinical characteristics of the

various groups may have led to chance findings a/ttez p value is not <0.01.

There were limitations in defining events and ootes. The mortality data provided by ISD
are restricted to information documented on theldeertificates. Deaths were not adjudicated
and medical records and information from next of lWwere not available to improve the
accuracy of the attributed cause of death. Thentiein of SCD used in this study may have
been pragmatic but is suboptimal nonetheless. Beatburring outside hospital and certified
as due to acute MI were included as SCD but mag baen deaths due to MI. This approach
was taken because the majority of SCD occurs autsaspital and is commonly certified as
acute MI and verified acute Ml is a relatively unmooon event in patients with HF
(121;157;158). Unfortunately there was no way atidguishing between the two causes with
the information available. Classifying SCD usinglyordeath certificate information is
extremely limited and, one could argue, futile. SFeecondary analysis was included because

the biomarker of interest was MTWA.

Information regarding appropriate ICD dischargesventricular tachyarrhythmias was not
available but probably would not have altered #sults given the low rate of implantation of

these devices in the cohort | recruited.
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9.4 Future research analyses

All of the outcome analyses will be repeated witmi@aimum follow-up of 1 year for every

patient. Extending follow-up will help me determinghether my conclusions about the
usefulness of MTWA testing will alter upon reanayssing a larger number of deaths. | think
this is unlikely. Instead, | think alternative amtbre effective investigations are warranted to

identify patients with HF at risk of potentiallytihal ventricular arrhythmias.

The multivariable models described in chapter 8ewanly created in the 330 patients who
underwent MTWA testing, as the prognostic valud@WA was the focus of this study. My
next analysis will be to evaluate these modeldlig48 patients in the post-discharge cohort
to determine whether or not the same variablesiradtependent predictors of mortality,
regardless of eligibility for MTWA testing. Identhtion of the independent predictors of
mortality in the entire post-discharge cohort majphcreate a simple way of risk stratifying
patients recently hospitalised with decompensateditteally | would then externally validate

this model in an independent cohort of patienteméyg hospitalised with decompensated HF.

My future research plans also include using the di@m the 1003 patients enrolled in this
study to create a simple, prognostic model to hislp stratify in-patients hospitalised with
decompensated HF. Clearly, the use of individuak nmarkers in isolation has limited
prognostic utility, as the absence or presence single risk marker does not necessarily
convey good or bad prognosis. Multiple individuakrmarkers may be present in any given
patient and combining these to form an accuratdividualised prognosis is the current
challenge. Established prognostic models exist @mdused in clinical practice for acute
coronary syndromes, such as the Global Registicote Coronary Events (GRACE) (159)
and the Thrombolysis In Myocardial infarction (TIMWisk scoring systems (160). These are
practical, simple to use in the clinical settingldmve also been validated to prospectively
demonstrate that they accurately predict mortaityg the risk of recurrent ischaemic events.
An equivalent risk stratification tool is not cuntey used in HF clinical practice. Combining
the most powerful markers of risk in the form op@gnostic model may be a strategy to

improve prognostication in HF. Prognostic modetedicting mortality risk and risk of
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rehospitalisation have been developed in patientts acute decompensated HF and chronic
HF, but these have largely remained research {@61426;158;161-165). These models have
some common shortfalls. Most have been derived fcbnical trial populations, which are
necessarily selective and limit extrapolation tealrlife’ HF patients. Some have used
complex formulae to calculate an individual’s risgducing the likelihood of use in clinical
practice. Only two models have included patientthvidF-PEF (76;126); one was derived
from a clinical trial population (126), whilst th@her has not yet been externally validated
(76). Only two models have incorporated BNP inte tisk score (76;158). Only one has
included cardiac troponin and this model, deriveanf patients with chronic HF, has not been
externally validated (76). The Heart Failure SuaViscore (HFSS) has been used in the
management of advanced heart failure, particufaryassisting in the selection of appropriate
candidates for cardiac transplantation (166). Thertsomings of the HFSS are, however,
increasingly recognised (167). Furthermore NT-pMPBalone has been shown to be a
stronger predictor of death than the HFSS (168).

The ideal prognostic model for assessing prognosidF would comprise simple, readily
available variables and involve straightforward coddtions. | plan to build a simple
prognostic risk scoring tool using the independerdictors identified in this study. This
model will be validated internally in the originA003 enrolled patients. If this is a powerful
tool for identifying those at highest risk in myhmot the next step would be to externally

validate the model in an independent cohort ofgodisi with decompensated HF.

9.5 Conclusion

Of the 1003 patients enrolled into this study dgrirospitalisation with decompensated HF,
648 completed the study visit approximately 4-6 kegfollowing discharge. Only 330 patients
were eligible for MTWA testing and almost half dff ITWA tests were indeterminate. Many
patients were unable to complete the test duerancitropic incompetence, secondary to beta-
blocker therapy or physical limitations. These hssshow that MTWA treadmill testing is not

widely applicable to an unselected real-life HF plagon.
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MTWA had no prognostic value in our cohort of uested patients with HF. There was no
evidence to suggest that this test is of benefiharisk stratification of ‘real-life’ patients
with HF. The independent predictors of mortalitytims study included BNP and cardiac
troponin, a novel biomarker in HF. Both are simulleeap biochemical tests to perform. The
other three independent predictors of mortality evefinical variables that are readily
available (lower BMI, NYHA class 1ll/lV and previeu myocardial infarction). This
straightforward model containing only five simplariables identified the patients at most risk
in our study. At present MTWA cannot be endorsed &0l for risk stratification for patients
with HF.
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Appendix I: Screening Sheet

DATE OF SCREENING

HEE N

Hospital

GRI[ | wic| |RraH| ]

Ward

Name

Hospital number

Date of birth

HEE e

SCREENING CRITERIA

Yes

No

Admitted with symptoms of HF

Admitted with signs of HF

Radiological evidence of pulmonary oedema

Response to IV diuretics

CHECKLIST

Yes

No

Stage 1 consent obtained

BNP sent

BNP result

pg/mi

Recruited into study (if no, complete exclusi
criteria

on

EXCLUSION CRITERIA

Yes

No

BNP <100pg/ml

Cognitive impairment

Serious concurrent systemic disease

ACS complicated by pulmonary oedema

Geographical or social factors prevent
participation

Refusal to participate

Already enrolled in study

Other (specify)
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Appendix Il

NHS Greater Glasgow & Clyde Health Board N H s

Glasgow Royal Infirmary and \._.,\ ’._-J

Western Infirmary Glasgow Greater Glasgow
Cardiology Departments and Clyde

Enquiries to Dr Colette Jackson

Tel: 0141 330 2064
Fax: 0141 330 6955

PATIENT INFORMATION SHEET- STAGE 1

You are being invited to take part in a researcllysinvolving a gentle walking test (known
as microvolt T-wave alternans). Before you deaiudether or not to take part it is important
you understand why the research is being done dvad ivinvolves. Thank you for reading
this.

The first part of this study involves having a hlost done and agreeing to the doctors and
nurses involved in the study looking at your medicates and obtaining information about
your future progress. This form explains why we ttardo this and how it happens.

When you read this you will be in hospital and newe been admitted with shortness of
breath or swollen legs. These are symptoms whinteimes indicate a condition called heart
failure. Heart failure is a condition where the thes not pumping blood around the body as
well as it should be. As a result fluid often acculaes in the lungs or the legs. Possible
causes include previous heart attacks, high bloesispre or damage to the heart valves.

Patients with heart failure are at risk of dyingliea than those without heart failure. This risk
can be reduced in some patients by using a speataimaker known as a cardiac defibrillator.
Doctors are currently trying to work out which paiis with heart failure should have these
pacemakers implanted. Microvolt T-wave alternassting is a new investigation that may
help identify which patients might benefit from shpacemaker. Our study aims to provide
more information about this test by studying a éagyoup of patients, and looking at their
progress over the following years.

The way that we follow a patient’s progress fotwaly like this is by entering their details into

a national database, which uses hospital noteecrad when you come into hospital. This
database is run by the Scottish Health Servicasndnfidential. Any information gathered is

only available to the doctors running this studyldes not require any participation from you,
and no one will contact you or your family as pafrthis process. If you agree to take part in
the study at this stage, we will enter your details this database.

If you agree to take part, you will have a bloost tler B-type natriuretic peptide (BNP), this

tests how well the heart is pumping. Approximatelymls (two teaspoons) of blood will be
taken. Having blood taken is uncomfortable and spewple may feel faint. There is a small
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risk of bleeding, bruising or infection at the pture site following the blood test. This blood
test is exactly the same as other blood tests/thawvill have had taken before.

If the blood test is positive then either a do@pnurse that is involved in this study will visit
you before you are discharged from hospital towdisovhether or not you would like to take
part in stage 2 of the research study.

Thank you for taking the time to read this patiefdrmation leaflet.
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Appendix Il

NHS Greater Glasgow & Clyde Health Board N H s

Glasgow Royal Infirmary and \.__\ ’_.J

Western Infirmary Glasgow Greater Glasgow
Cardiology Departments and Clyde

Enquiries to Dr Colette Jackson

Tel: 0141 330 2064
Fax: 0141 330 6955

PATIENT INFORMATION SHEET- STAGE 2

1. Study title

Microvolt T-Wave Alternans in Chronic Heart Failure

A study investigating a walking test in patientshwéhronic heart failure: Microvolt T-Wave
Alternans (MTWA) test.

2. Invitation to take part

You are being invited to take part in a researcdid\sinvolving a gentle walking test. This is
called the Microvolt T-Wave Alternans test. Befgau decide whether or not to take part it
is important you understand why the research isgodone and what it involves. Please read
the following information carefully and discusswith others if you wish. Please ask us if
anything is not clear or you would like more infation. Take time to decide whether or not
you wish to take part. You are not obliged to tpket. If you decide to participate in the
study you will be given a copy of this informatisheet and a signed consent form to keep.
Thank you for reading this.

3. What is the purpose of the study?

Heart failure is a condition where the heart is matping blood around the body as well as it
should be. As a result fluid often accumulateshaltings or the legs. Possible causes include
previous heart attacks, high blood pressure or darnt@the heart valves.

Patients with heart failure are at risk of dyingliea than those without heart failure. One of
the most common causes of dying is a rapid speedfitige heart rate. These problems with
heart rhythm are known as arrhythmias. These #imnim@as can be controlled in some patients
by placing a special pacemaker known as a cardeéfibrdiator under the skin below the
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collarbone. Doctors are currently trying to workt evhich patients with heart failure should
have these pacemakers implanted. Microvolt T-waternans testing is a new investigation
that may help identify patients that are at riskdefeloping arrhythmias in the future. Our
investigation aims to provide more information abthis test by studying a large group of
patients.

The study will involve a total of around 600 pateand is expected to last 3 years.
4. Why have | been chosen?

You are being invited to consider taking part imstetudy as you have been admitted to
hospital with heart failure.

5. Do | have to take part?

Taking part in this study is entirely voluntary apdur decision. If you take part you will
receive this information sheet to keep and be askstn a consent form. If you take part you
are free to withdraw at any time and without givengeason. A decision to withdraw at any
time, or a decision not to take part, will not afféhe standard of care you receive.

6. What will happen to me if | take part?

When you read this you will be in hospital and nieave been admitted with shortness of
breath or swollen legs. You will have been askedtage 1 of the study whether or not you
would be willing to have a special blood test. thfs blood test shows your heart is not
pumping as well as it should be then you will beited to attend the new British Heart
Foundation Glasgow Cardiovascular Research Cengxet (0 Western Infirmary Glasgow)
once approximately four weeks after you get ouhaspital. This visit is in addition to your
normal hospital and General Practitioner appointsie¥iour treatment will continue to be
supervised by your own hospital doctors and Gerenadtitioner. We will pay your travelling
expenses for the visit.

Your visit to the research centre will last approately 90 minutes.
This visit will involve :
* Medical history - speaking to a doctor about your symptoms and pus\viinesses

* Physical examination -you will be examined and your height and weightl i
measured.

* Echocardiogram —this is an ultrasound scan of the heart, it isetomes just called
an ‘echo’. For this test you will be asked to die a bed and a probe will be placed
gently on to your chest to allow pictures of tham¢o be taken.

* Blood test- a blood sample will be taken from a vein in yawmm. This blood test is
exactly the same as other blood tests that you héle had taken before.
Approximately 20 mls (4 teaspoons) of blood will ta&en. Having blood taken is
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uncomfortable and some people may feel faint. Thera small risk of bleeding,
bruising or infection at the puncture site follogithe blood test. We are checking the
blood for a substance called b-type natriuretictidep(BNP), which tells us how well
the heart is pumping. We will also use this bl@adnple to check your kidneys and
liver and your blood cell counts.

» Electrocardiogram (ECG) —this is a recording of the electrical activity betheart.
You will probably have had this test before. Tketdhe recording, you will be asked
to lie on a bed while stickers are placed on tarthkeest wall. This test does not
involve discomfort.

* Microvolt T-Wave Alternans test (MTWA) - this involves walking at a slow pace
on a treadmill for up to 12 minutes while a comput®nitors the heart rhythm. This
test will not be carried out if you have an irreggupulse or if you already have a type
of pacemaker. If you cannot walk well enough w# mot ask you to perform this test.

7. What do | have to do?

You will be asked to attend for one visit to theearch centre as outlined above.
Taking part in the study should not interfere wythur normal lifestyle. You will continue to

take all your regular medications as directed hyryoctors.

8. What is the investigation that is being studied/tgted?

The investigation being tested is called Microviblivave Alternans (MTWA). This is a test
that looks at changes in the heart rhythm whilat yaise your heart rate by walking on a
treadmill. This test is new and not routinely ugethe United Kingdom. It is currently being
used in many countries including the United StatfeAmerica as a test to decide whether or
not patients should have special pacemakers inmgadant

9. What are the alternatives for investigation?

At present there is no alternative test for asagssho should and who should not have these
special pacemakers put in.

10. What are the possible disadvantages and risks ofkang part?

Having your blood taken is occasionally uncomfogabnd some people may feel faint.
There is a small risk of bleeding, bruising or atfen at the puncture site following the blood
test.

Exercise testing in general carries an extremelglisnsk of life-threatening complications
(about 1 in 5000). The risks will be even lower TFWA testing, since only gentle exercise
is required for this test. Many patients with hdaiiure have had these walking tests with no
serious problems. An experienced doctor and nuilbée present to ensure that any possible
problem is dealt with expertly.

11. What are the possible benefits of taking part?
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You may not benefit directly from taking part iretlstudy; however the information we get
from this study may help us to give better treatntematients with heart failure in the future.

If the research doctor discovers during the study you have another medical condition of
which you were previously unaware you will be reder to the appropriate doctor for
treatment of this condition.

12.  What if new information becomes available?

If any new information becomes available that lswvant to your care we will inform you.

13. What happens when the research study stops?

There will be no further participation required.

14.  What if something goes wrong?

There are no special compensation arrangemenrdgiifg part in this research project harms
you. If you are harmed due to someone’s negligeti@ you may have grounds for legal
action but you may have to pay for it. The normaltibhal Health Service complaints
mechanisms are available if you wish to complaihare any concerns.

15. Wil my taking part in this study be kept confidential?

If you consent to take part in the study, the regedoctor may inspect your medical records
for purposes of analysing the results. Only govesmimmegulatory authorities and the research
doctor will have access to your medical notes. rY®@aneral Practitioner will be informed of
your participation in this study.

All information collected about you during the csarof the research will be kept strictly
confidential. Any information about you, which lesvthe hospital, will have your name and
address removed so that you cannot be recognisedifr Reports or publications resulting
from the study will not contain any personal detail

16.  What will happen to the results of the research siy?

The results of the research study will be storeca@omputer database and are likely to be
published in cardiology journals. Reports or pudtiens resulting from the study will not
contain any personal details. The research dodtbprevide a copy of the results on request.
17.  Who is organising and funding the research?

We are seeking funding from the British Heart Fatiah. Glasgow University and the
Departments of Cardiology in Glasgow Royal Infirmaand the Western Infirmary of

Glasgow are performing the study.

18.  Who has reviewed the study?
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This study has been reviewed and approved by WkstgBwv Research Ethics Committee,

which is an independent panel.

19.  Contact for further information
You are encouraged to ask questions at any timagltire study.

Please contact :-

Study Doctor : Dr Colette E Jackson 0141 330 2064
Supervisor : Prof Stuart M Cobbe 0141 211 4722
Independent Doctor : Dr Adrian JB Brady 0141 21274

Thank you for taking the time to read this patiefdrmation leaflet.

Please let Dr Jackson know if you are admittedospital for any reason.

334



Appendix IV

CONSENT FORM - Stage 1

Title of Project: Microvolt T-Wave Alternans in Ginic Heart Failure

Name of researcher: Dr C. Jackson

1. I agree to a blood sampling to assess how weheart is pumping. O

2. I understand that my participation is voluntand that | am free to withdraw at any time,

without giving any reason, without my medical cardegal rights being affected. O

3. I understand that my medical records may beddakt by the research doctor or medical

staff coordinating the study and this may also imedinkage to a national database. | give

permission for these individuals to have accessytoecords. O

Name of patient:
Signature:

Date:

Name of person taking consent:
Signature:

Date:

1 copy for patient; 1 copy for researcher; 1 camyhospital notes
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CONSENT FORM - Stage 2

Title of Project: Microvolt T-Wave Alternans in Gimic Heart Failure

Name of researcher: Dr C. Jackson

1. I confirm that | have read and understand therimation sheet dated 04/01/07 (version 3)

for the above study and have had the opportuniaskoquestions. O

2. I understand that my participation is voluntand that | am free to withdraw at any time,

without giving any reason, without my medical cardegal rights being affected. O

3. | agree to take part in the above study. O

Name of patient:
Signature:

Date:

Name of person taking consent:

Signature:

Date:

1 copy for patient; 1 copy for researcher; 1 camyhospital notes
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Appendix V: Case notes sheet

Cardiology Research Study: Microvolt T-Wave Alternans
(MTWA) and Chronic Heart Failure
Patient ID

Name
DOB

Hospital number

This patient has kindly agreed to participate inaadiology researq
study. The first stage of this study involves aobldest for B-typ
natriuretic peptide (BNP).

If the BNP is positive (>100pg/ml) then either @earch Doctor ¢r

Nurse will visit the following day to explain thesults and discu

their involvement in the second stage of the stlidihe BNP test i

negative then there will be no further contact wita patient but their

BNP result will be available via the hospital bieahistry database,

for routine samples.

Further information : Dr Colette Jackson 0141 36864

5S

V)

aS

Project supervision : Prof S Cobbe, Prof J McMyriar M Petrie
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Appendix VI: Appointment card

MTWA Study in Patients

with Heart Failure

BHF Glasgow Cardiovascular Research Centre
126 University Place
University of Glasgow

G12 8TA
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Dear
Thank you for agreeing to take part in the HeaituFa study.

An appointment has been made for you at the BHE@ela Cardiovascular Research Centre

on

Transport will be organised by us. If you are angvwith your own transport please see the
map below for directions. When you arrive pleag®reto reception and someone will take

you through to the clinic area. The visit shoulstlao more than 90 minutes. Please bring a
list of your medications and comfortable shoes. aupointment queries or to change the date

or time please contact the research team on 013 2334

Kind regards

Dr Colette Jackson

Ashton Lane
Lilybank Gardens

AUniversity Place

M )

Western Infirmary

Dumbarton Road
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Appendix VII

Letter to Patient’'s GP and Consultant

Dear Dr.

Re:

Your patient has been admitted to Glasgow Royalnary / Western Infirmary / Royal
Alexandra Hospital with heart failure. This hagbeonfirmed by B-type natriuretic peptide
(BNP) testing.

| am currently carrying out a research projectatignts admitted to hospital with heart failure.
Your patient has kindly agreed to take part in ghigly.

This will involve one visit to the British Heart BEndation Glasgow Cardiovascular Research
Centre, adjacent to the Western Infirmary, apprately 4 weeks after discharge from
hospital.  Their participation will involve bloodampling, echocardiography and a
submaximal exercise treadmill test called microveitave alternans testing. The exercise test
only involves gentle walking to raise the hearerat 110bpm and they will not participate in

this if they have AF, ventricular pacemaker or @ahgsically unable to.

Yours sincerely,

Dr C Jackson
Cardiology Research Fellow
Tel. 0141 330 2064

Project Supervision : Prof S Cobbe, Prof J McMuaag Dr M Petrie
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Appendix VIII: Hospital visit case record form

Section 1 : Patient Identification & Contact Inform ation

Study Patient ID

-

Hospital

GrRI[ | wic| JrAH[ ]

Date of recruitment

.

Name

Hospital Number

e

CHI number

e e

Date of birth (dd/mm/yy)

HREEIE N

Address

Postcode

Home phone number

Mobile phone number

Work phone number

Holiday home phone number

Next of kin (or friend/carer)

Next of kin phone number

Next of kin (or friend/carer)
address

GP name

GP address

GP number
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Section 2 : Demographics

Study number D - DDD
Hospital GRI[ | wic[_]ran[ ]
Gender

Male D Female D

Date of birth (dd/mm/yy)

L e e

Race

White [ ]

Black D

South Asian D

Arab/Middle East [ |

Oriental D

Malay D

Other D

Date of Admission

.

Date of recruitment

HEpEEEE

Date of Discharge OR death

.

Symptoms YES NO
Orthopnoea [] []
Paroxysmal nocturnal dyspnoea [] []
Ankle swelling [] []
Palpitations [] []

NYHA class pre-admission
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Section 3 : Medical History

<
m
(0)]

=2
O

Myocardial Infarction

History of Angina
If yes, current

If current, stable

Coronary Angiography
If yes, year

Percutaneous Coronary Intervention (PCI)

Coronary Artery Bypass Graft (CABG)

Treated Hypertension

Cerebrovascular disease (CVA/TIA)

Atrial Fibrillation
If yes, past
paroxysmal
persistent (potential restoration SR)

permanent

Chronic Heart Failure
If yes, previous admission with decompensated heart failure
Diagnosis > 2 years ago

Healthcare professionals involved

Valvular Heart Disease
= AS
= AR
= MS
= MR
Specify severity : Mild / Moderate / Severe

O dpgboddooggodo Ojgod i

Valve replacement

oo 0O dupgbdddgdggdon Ojgodn




<
m
()]

NO

Pacemaker
= Conventional
= CRT-P
= CRT-D

Primary Prevention ICD

Syncope (brief loss of consciousness)

If yes, how many episodes [_][ ]

L) O

Prior arrhythmia
If yes,
= SVT
= Ventricular tachycardia
1. Sustained
2. Nonsustained
= SSS
= AV block
1. 1% degree
2. 2" degree
3. 3"“degree

Diabetes Mellitus
= Diet Controlled
= Oral Hypoglycaemic

= |nsulin

Chronic Renal Failure

Involuntary weight loss (>5% in 6 months)

Depression

If yes, current

Cancer
= Current (specify site on dotted line)

* Previous (specify site)

COPD

oo od o g ogaod
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m
(0]

Peripheral Vascular Disease

Asthma

Neuropathy

Hypothyroidism

Hyperthyroidism

Rheumatoid Arthritis

Osteoarthritis

Anaemia

Urinary incontinence

Smoker
= If yes, current
= EX (<12 months)
= EX (>12 months)

OO0000O0O00gOgd s

Alcohol
= Ifyes XS
=  Previous XS

Family history heart disease

= If yes, coronary heart disease

= Cardiomyopathy
= Other

(specify)

Any other significant medical history (specify)

o 00k w0 N PR

O dOdbgodoobdodoododooddi
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Section 4 : Medications Pre-Admission

Cardiovascular Medication YES NO
Diuretics (if yes specify type & total daily dose) [] []
=  Furosemide [] mg
= Other loop [] mg
= Spironolactone ] mg
= Other K+ sparing ] mg
= Thiazide ] mg
= QOther (name) ] mg
ACE-Inhibitor (if yes specify type & total daily dose) ] ]
= Captopril ] mg
= Enalapril ] mg
= Fosinopril [] mg
= Lisinopril ] mg
= Perindopril ] mg
= Quinapril ] mg
= Ramipril ] mg
= Trandolapril [] mg
= Other (name) ] mg
Beta-blocker (if yes specify type & total daily dose) L] L]
» Atenolol [] mg
= Bisoprolol ] mg
= Carvedilol [] mg
= Metoprolol [] mg
» Nebivolol [] mg
= Other (name) [] mg
Aldosterone Blocker (if yes specify type & daily dose) [] []
= Spironolactone [] mg
= Eplerenone ] mg
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YES NO
ARB (if yes specify type & daily dose) [] []
» Candesartan [] mg
» Irebesartan [] mg
= Losartan [] mg
= Olmesartan ] mg
= Telmisartan [] mg
» Valsartan [] mg
= Other (name) [] mg
Digoxin (if yes, specify daily dose) [] []
mg
Aspirin (if yes, specify daily dose) [] []
mg
Clopidogrel (if yes, specify daily dose) [] L]
mg
Warfarin [] []
Nicorandil (if yes, specify total daily dose) [] []
mg
Calcium channel-blocker (if yes specify type & total [] []
daily dose)
= Amlodipine L] Mg
= Diltiazem L] Mg
- Nifedipine L] Mg
=  Verapamil L] Mg
= Other (name) L] Mg
Anti-arrhythmic (if yes specify type & total daily dose) [] []
= Amiodarone [] mg
= Other (name) [] mg
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YES NO

Long-acting nitrates (not s/c or short acting GTN) [] []

= ISDN [] []

= ISMN [] []

= GTN patch [] []

= Other (name) [] []
Statin (if yes, specify type & daily dose) [] []

= Atorvastatin ] mg

» Pravastatin [] mg

» Rosuvastatin [] mg

= Simvastatin ] mg

= Other [] mg
Other lipid-lowering drug ] ]
Diabetic Meds (if yes, specify type & daily dose) [] []

= Insulin [] mg

= Sulphonylurea (eg gliclazide) ] mg

» Biguanide (eg metformin) ] mg

» Glitazone [] mg

= Other (specify) [] mg
Non-Cardiovascular Medication
Bronchodilator (if yes specify type & daily dose) [] []

= Beta-agonist tablets ] mg

= Steroid tablets [] mg

= Beta-agonist inhalers L]

= Anti-cholinergic inhalers L]

» Steroid inhalers []
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Antidepressants (if yes specify type & daily dose) [] []
= SSRI [] mg
= TCA [] mg
= MAOI ] mg
= Other (specify) [] mg
NSAIDs [] []
Vitamins [] L]
Incontinence meds [] []
Antihistamines [] []
List any prescribed medications in addition to above [] L]
prior to admission (state total daily dose)
[] mg
[] mg
[] mg
[] mg
[] mg
[] mg
[] mg
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Section 5 : HF Medications in first 24 hours

YES NO
Furosemide [] []
= Intravenous once-off [] mg
» Intravenous regular [] mg
= Oral once-off [] mg
= Oral regular [] mg
IV nitrate L L
IV dobutamine L L
IV dopamine L L
IV other (name) [] L]
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Section 6 : Examination During Admission

VITAL SIGNS

Height LI Tem

Weight L] kg

Sp02 [ I Jowair[ JO2[ ]
Waist circumference LI Tem

Blood pressure LI/ ] mmHg
Heart rate L] bpm
Temperature LI ].[]eC

Respiratory rate LI ]bpm

CARDIOVASCULAR EXAMINATION

YES NO
Elevated JVP (>4cm) [] []
Palpable Apex [] L]
Displaced Apex L] []
Third Heart Sound [] []
Murmur D D

= AS I:I

n AR I:'

n MR I:I

™ MS I:'

= TR I:I
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YES NO
Pulmonary crackles [] []
If yes
= Basal ] ]
= Middle ] ]
= Apex [] []
Peripheral oedema [] []
If yes
= Ankle [] []
* Knee [] []
= Thigh ] ]
» Sacrum [] []
= Abdomen [] []
Ascites [] ]
Carotid Bruit ] ]
= Specify: Right/ Left/ Bilateral (circle)
Killip Class 1] ] ] v []
(I = No clinical signs heart failure, 1l = lung crackles / gallop rhythm / S3,
lIl = frank pulmonary oedema, IV = cardiogenic shock)
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Section 7 : Investigations during hospital admissio n
(a) ECG
YES NO

Performed L] []
Hard copy obtained for study [] []
If yes,

= SR [] [

= AF/flutter [] []

= BBB ( right/left ) Specify [] []

= Paced L] L]

= Pathological Q waves [] []

- LVH [ L

* QRS duration ms

= QTc duration ms

= Other

(b) CXR
YES NO

Performed L] []
If yes,

= Cardiomegaly (CTR>0.5) []

= Upper lobe venous diversion ]

» Interstitial oedema (kerley B lines) ]

= Alveolar oedema (patchy consolidation) ]

= Pleural effusions L]

- Specify: Right / Left / Bilateral (circle)
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(c) ECHO

Previous echo
If yes, year

Performed in last year
If yes, complete following,

Dilated left ventricle
LVEDD (cm)

Left ventricular systolic dysfunction

Mild
Moderate
Severe

O O O 4Og

Valvular heart disease (if yes, circle severity)

AS : Mild/ Moderate / Severe
AR : Mild / Moderate / Severe
MS : Mild / Moderate / Severe
MR : Mild / Moderate / Severe
TR : Mild/ Moderate / Severe

Other (specify)

OO0 O O0od o o o Dﬁ

Other relevant echo findings
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(d) Admission Blood Results
(1% available result during admission)

= Biochemistry

BNP level pg/mi
Tnl pg/l
Sodium mmol/l
Potassium mmol/l
Chloride mmol/|
Urea mmol/|
Creatinine pmol/Il
eGFR ml/min
Bilirubin mmol/|
AST mmol/l
ALT mmol/|
GGT mmol/l
Alk Phos mmol/|
Albumin mmol/|
TSH mu/I
Free T3 nmol/I
T4 mmol/|
Glucose mmol/I
Glycosylated haemoglobin %
Urate mmol/|
CRP mg/I
Phosphate mmol/|
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= Lipid Profile Fasting [ ] Non-fasting  []
Chol (total) mmol/L
C/HDL mmol/L
LDL mmol/L
HDL mmol/L
Triglycerides mmol/L
= Haematology
wcc x107/1
Haemoglobin g/dl
MCV fl
RDW %
Platelets x107/1
Lymphocytes x107/I
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Appendix I1X: Study visit case record form

Section 1 : STUDY VISIT

YES NO

Attended [] ]
If no

» Failed/refused to attend []

= Deteriorating health []

» Deceased []
If deceased, date of death HEIEREEER
Date of study visit EniEn/EEEE

Section 2 : CHANGES IN MEDICAL CONDITION
YES NO

Any changes in health since discharge from hospital [] []
Specify
Deterioration in HF symptoms post-discharge [] []
MI since enrolment [] []
Coronary angiography since enrolment [] []
New arrhythmia (specify ) ] ]
Symptoms YES NO
Orthopnoea [l []
Paroxysmal nocturnal dyspnoea [] []
Ankle swelling [] []
Palpitations [] []
NYHA class
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Section 3 : CURRENT MEDICATIONS

Cardiovascular Medication YES NO
Diuretics (if yes specify type & total daily dose) L] L]
» Furosemide [] mg
= Other loop ] mg
= Spironolactone [] mg
= Other K+ sparing [] mg
» Thiazide [] mg
= Other (name) ] mg
ACE-Inhibitor (if yes specify type & total daily dose) [] []
= Captopril ] mg
= Enalapril ] mg
» Fosinopril ] mg
= Lisinopril ] mg
=  Perindopril ] mg
= Quinapril ] mg
=  Ramipril ] mg
»= Trandolapril ] mg
= Other (name) ] mg
Beta-blocker (if yes specify type & total daily dose) [] []
= Atenolol ] mg
= Bisoprolol [] mg
» Carvedilol [] mg
= Metoprolol ] mg
= Nebivolol [] mg
= Other (name) [] mg
Aldosterone Blocker (if yes specify type & daily dose) [] []
= Spironolactone [] mg
= Eplerenone [] mg
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YES NO
ARB (if yes specify type & daily dose) [] []
= Candesartan ] mg
= |rebesartan [] mg
»= Losartan [] mg
» Olmesartan [] mg
» Telmisartan [] mg
= Valsartan ] mg
= Other (name) [] mg
Digoxin (if yes, specify daily dose) [] []
mg
Aspirin (if yes, specify daily dose) [] []
mg
Clopidogrel (if yes, specify daily dose) [] []
mg
Warfarin [] L]
Nicorandil (if yes, specify total daily dose) [] L]
mg
Calcium channel-blocker (if yes specify type & total [] []
daily dose)
= Amlodipine L] Mg
» Diltiazem L] Mg
» Felodipine L] Mg
- Nifedipine L] Mg
=  Verapamil L] Mg
= Other (name) L] Mg
Anti-arrhythmic (if yes specify type & total daily dose) [] []
= Amiodarone [] mg
= Other (name) [] mg

359




Long-acting nitrates (not s/c or short acting GTN)

= |SDN
= ISMN
= GTN patch

= Other (name)

Statin (if yes, specify type & daily dose)

oodo o

L]
[l
[l
[l
[l
L]
» Atorvastatin [] mg
= Pravastatin [] mg
= Rosuvastatin [] mg
» Simvastatin [] mg
» Other [] mg
Other lipid-lowering drug [] []
Diabetic Meds (if yes, specify type & daily dose) [] []
* Insulin [] mg
= Sulphonylurea (eg gliclazide) ] mg
» Biguanide (eg metformin) ] mg
= Glitazone ] mg
= Other (specify) [] mg
Non-Cardiovascular Medication YES NO
Bronchodilator (if yes specify type & daily dose) [] []
= Beta-agonist [] mg
= Anti-cholinergic [] mg
» |Inhalers []
Antidepressants (if yes specify type & daily dose) [] []
= SSRI ] mg
= TCA [] mg
= MAOI [] mg
= Other (specify) ] mg
NSAIDs L] []

360




Vitamins [] []
Incontinence meds [] []
Antihistamines [] L]
List any prescribed medications in addition to above [] []
(state total daily dose)
[] mg
[] mg
[] mg
[] mg
[] mg
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Section 4 : PHYSICAL EXAMINATION — STUDY VISIT

VITAL SIGNS
Height DDDD cm
Weight L] kg
SpO2 [ Jwair[ JO2[ ]
Waist circumference LI Tem
Blood pressure LI/ 00 ] mmHg
Heart rate 1L 1 1bpm
Temperature [ 1].[]ec
Respiratory rate L1l 1 bpm
CARDIOVASCULAR EXAMINATION
Yes No

Elevated JVP (>4cm) [] []
Palpable Apex [] L]
Displaced Apex L] []
Third Heart Sound L] []
Murmur [] L]

= AS []

= AR []

= MR []

n MS I:'

= TR []
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YES NO
Pulmonary crackles [] []
If yes
= Basal ] ]
= Middle ] ]
= Apex [] []
Peripheral oedema [] []
If yes
= Ankle [] []
* Knee [] []
= Thigh ] ]
» Sacrum [] []
= Abdomen [] []
Ascites [] ]
Carotid Bruit ] ]
= Specify: Right/ Left/ Bilateral (circle)

Section 5 : Investigations at study visit

(a) ECG

<
(¢
(2]
Z
o

Performed

[]

Hard copy obtained for study

If yes,

SR

AF/flutter

BBB

Paced

Pathological Q waves

LVH

QRS duration ms
QTc duration ms
Other

I e I I
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(b) BLOOD RESULTS

= Biochemistry

BNP level pg/ml
Tnl pg/l
Sodium mmol/|
Potassium mmol/|
Chloride mmol/l
Urea mmol/l
Creatinine pmol/Il
Egfr ml/min
Bilirubin mmol/|
AST mmol/|
ALT mmol/l
GGT mmol/|
Alk Phos mmol/l
Albumin mmol/|
TSH mu/l
Free T3 nmol/l
T4 mmol/l
Glycosylated haemoglobin %
Urate mmol/I
Phosphate mmol/|
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= Lipid Profile Fasting [ ] Non-fasting [ ]

Chol (total) mmol/L
LDL mmol/L
HDL mmol/L
Triglycerides mmol/L

= Haematology

WCC x10%/I
Haemoglobin g/dl
MCV fl
RDW

Platelets x107/1
Lymphocytes x107/1

(c) ECHO — LVEF (Simpson’s)

YES NO

Preserved (> 50% ) [] ]
Reduced (< 50% ) L] L]
Value [ ]
LVEF incalculable
If yes,

= Estimated preserved [] []

» Estimated reduced ] []
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Section 6 : MTWA TEST

(a) ELIGIBILITY

YES NO

Eligible for MTWA treadmill testing
(if yes, proceed to test result)

[l
[]

If no, please specify:
= AF
= Ventricular pacing
= Severe AS
= Unable to exercise

L

If unable to exercise please give
(== 1 1

[]
[]

If unable to exercise was MTWA assessed at rest
If yes,

[]
[]

= Was MTWA present at rest
» Resting heart rate DDD bpm
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(b) MTWA TEST - RESULT

Positive L] []
Indeterminate [] ]
Negative L] []
If positive

= Sustained alternans at rest [ ](Class )

= Sustained alternans onset HR <110bpm [J(Class 2) OHR=[_|[ ]

bpm

If negative

No sustained alternans and max negative
HR >105bpm

Sustained alternans OHR >110bpm and
max NHR>105bpm

[] (Class 5) NHR=[_|[ ]
[]
bpm

[] (Class 3) OHR=[ ][]
]

bpm

If indeterminate

Sustained alternans OHR >110bpm and
max NHR <105bpm

Bad beats, noise or nonsustained
alternans
Insufficient HR

Other/comments.........covviiiiiin ...

[] (Class 4) OHR=[_][ ]
[]

bpm
NHR=[ ][ ]
]
bpm
[ ] (Class 6)
[ ] (Class 4)
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If indeterminate, repeat MTWA test

Yes [ ] No [ ]

If positive
» Sustained alternans at rest [ ](Class )
= Sustained alternans onset HR <110bpm [](Class 2) OHR=[ ][ ]
o
If negative

No sustained alternans and max negative

HR >105bpm

Sustained alternans OHR >110bpm and

max NHR>105bpm

[] (Class 5) NHR=[_|[ ]
[]
bpm

[] (Class 3) OHR=[ ][]
]

bpm

If indeterminate

Sustained alternans OHR >110bpm and

max NHR <105bpm

Bad beats, noise or nonsustained

alternans

Insufficient HR

Other/comments..........cccovvevin...

[] (Class 4) OHR=[ ][]
]

bpm
NHR=[ [ ]
]

bpm
[ ] (Class 6)

[ ] (Class 4)
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Section 7 : AETIOLOGY OF HEART FAILURE

YES NO

Known HF prior to enrolment in this study L] []
If yes, which healthcare professionals are involved

= General physician [] []

= Cardiologist [] []

» HF specialist [] L]

= HF liaison nurse [] []
Primary Aetiology

Yes No | Unknown

Ischaemic [] [] [l
If yes, must have

= Definite previous Ml [] []

or
= Angio. CHD (>50% stenosis in = 1 [] []
vessel)

Idiopathic DCM L] ]
Hypertension (if all other causes excluded) [] []
Alcohol (if all other causes excluded) [] []
Contributing Aetiologies
Valvular [] []
If yes,

= AS ]

= AR []

= MS ]

= MR []
Diabetes Mellitus [] L]
Atrial Fibrillation L] [ ]
Hypertension | |
Alcohol | ||
Other (specify)
Unknown ] ]
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