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Abstract

Background: Acute heart failure (AHF) is a heterogeneous in aetiology,
pathophysiology and presentation and very difficult to classify. Despite this
diversity, clinical trials in AHF deal with this syndrome as a single entity, which
may be one reason for repeated failures. It is generally believed that patients with
AHF present with severe breathlessness at rest but epidemiological data suggest

otherwise.

Methods: Different data sets were used to assess the presentation of AHF and its
consequences. | conducted a detailed case note review to determine what proportions
of patients were Short Of Breath At Rest (SOBAR) and Comfortable At Rest but
Breathless On Slight Exertion (CARBOSE). Euro Heart Failure Survey 1 (EHFS1)
screened consecutive deaths and discharges during 2000-2001 in 24 countries, to
ascertain patients with known or suspected Heart Failure (HF). Information on
presenting symptoms and signs were gathered. Mortality was assessed during
hospital admission and then 3 months after discharge.

Results: Of 697 patients, those with SOBAR (45%) had higher median heart rate
blood pressure and respiratory rate and these changed quickly in first 24 hours after
presentation as compare to CARBOSE (55%) but had better long term prognosis. Of
all 10,701 patients admitted with suspected HF in EHFS1, Heart failure was
considered to be the primary reason for admission in 4,234 (40%), secondary reason
for admission if complicated or prolonged stay in further 1,772 (17%), and in 4,695
(43%) it was uncertain that HF is actively contributing in index admission. Mortality
was highest in the secondary heart failure group and lowest in the uncertain group.
Heart failure with cardiac arrest/ventricle arrhythmia had worst mortality followed

by HF with ACS but considerable number of patients died in uncertain group.

Conclusion: AHF is complex, with diverse presentations that are associated with
very different subsequent prognosis. Attempts to investigate the effect of agents in
all patients with a diagnosis of AHF may be futile. A more coherent approach of
focused and tighter patient selection for drug therapy targeted by clinical

presentation is more likely to succeed.
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Chapter 1

Chapter 1 Why are patients with Heart Failure admitted to
hospital?

1.1 Background

Heart failure (HF) is common and getting more common. Many patients are
hospitalised: indeed, the diagnosis is most often made during a hospitalisation,* and
more than half of patients with acute heart failure (AHF) are readmitted within 6
months of discharge.? Hospitalisation matters because it is associated with a high

L3 s expensive,* and associated with a high risk of readmission.? °

mortality,
However, in contrast to the situation for patients with chronic heart failure (CHF),
there is very little evidence to guide therapy for acute heart failure. Partly, this is
because patients often present at inconvenient hours of the night when it is least
likely they will encounter people with the time or inclination to do research (funding
nocturnal research can be expensive). Protocol procedures often cause delays which
allow standard therapies to be effective before a new intervention can be started. But,
remarkably, very little is known about what precipitates an admission to hospital,

and very little is known about the patients’ symptoms at admission. It is thus difficult

even to know what the target for treatment might be.

Acute heart failure is heterogeneous in nature and varies in clinical presentation,
aetiology and pathophysiology. AHF is not a distinct diagnosis but a collection of
different clinical syndromes under one umbrella term which requires urgent clinical
intervention.® European Society of Cardiology (ESC) 2008 guidelines classify AHF
into six different clinical presentations which have considerable overlap.” Congestion

is a prominent feature of patients presenting with AHF and can be present either in
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Chapter 1

pulmonary, peripheral or affect both regions.® Due to its heterogeneity, it is
extremely difficult to classify AHF in an absolute sense and each classification has
its limitations. This lack of knowledge is problematic in AHF trials where the
targeted population is usually not clear. This may be one important reason of

repeated failures or neutral results of clinical trials in the field.

1.2 How patients with AHF present to hospital

“Acute heart failure is defined as a rapid onset or change in the signs and symptoms
of HF, resulting in the need for urgent therapy”.” AHF may be either of new onset
(de novo) or represent a deterioration of preceding chronic HF. Patients may present
as a medical emergency with acute pulmonary oedema which needs urgent medical
attention or with slowly worsening peripheral oedema over weeks and months.
Cardiac ischaemia, dysrhythmias, valvular dysfunction, increased afterload due to
systemic or pulmonary hypertension may contribute to cardiac dysfunction and

precipitate admissions to hospital.’

The ESC 2008 classification of AHF is shown in Table 1. The different clinical
presentations are not mutually exclusive and there is overlap among different
conditions. A large proportion of AHF patients have worsening or decompensating
chronic HF; and after initial therapy and achieving stabilization, they become
patients with chronic HF.” ® There are some limitations of the classification which
make it unreliable and not helpful for AHF clinical trials. It has never been
scientifically validated in clinical settings. It was partly tested in the Euro-
Observartional Research program which further highlights its weaknesses (Figure
1).% In this study Maggioni and colleagues found 75% of AHF patients presented

with “Decompensated CHF”. Is this Decompensated HF a homogenous group or a

13



Chapter 1

further mixture of different presentations of AHF which have different underlying
aetiologies, pathophysiology and different precipitating factors? In everyday clinical
practice a substantial proportion of the patients hospitalized with AHF present with
slowly worsening peripheral oedema and may have no significant breathlessness at
rest. The classification glosses over this extremely important subset. The
classification does not take account of the underlying cardiac dysfunction,
particularly in regard to left ventricular systolic function: such an omission may be
important when the therapy for heart failure with reduced ejection fraction
(HeFREF) and heart failure with preserved ejection fraction (HeFPEF) are quite
different in CHF. The classification gives only limited support to AHF clinical trials
for establishing new drugs and needs major revision with more robust scientific

evidence.
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Chapter 1

Table 1 Clinical classification of Acute Heart Failure patients” !

Table 1: Clinical classification of Acute Heart Failure patients

Clinical Presentation Characteristics Targets and Therapies

Worsening or Decompensated Chronic HF e Usually patients with pre-existing Target: Volume management
chronic HF on treatment
o Develops in days or weeks
e Radiographic pulmonary congestion may  Therapy:

be minimal
e Low BP on admissions is linked to poor

outcome e loop diuretics
e ? Peripheral oedema/congestion e vasodilators

o thiazide diuretics in loop diuretic
resistant patients
e higher doses of diuretics in renal
dysfunction or with chronic diuretic use
e Inotropic agents in hypotension and
organ hypoperfusion
e Ultrafiltration may be effective in less
severely ill patients and reduce length of
hospital stay
Pulmonary oedema e  Abrupt onset Target: BP, volume management
e Presented with severe respiratory
distress, tachypnoea, orthopnoea and
rales over lung fields Therapy:
e Arterial oxygen saturation is usually
<90% on room air

e Morphine, especially when dyspnoea is
complemented by pain and anxiety

e Supplemental oxygen in patients with
hypoxia

e Vasodilators when BP is normal or high

e Diuretics in patients with volume

15



Chapter 1

Table 1: Clinical classification of Acute Heart Failure patients

Clinical Presentation

Characteristics

Targets and Therapies

overload

Inotropic agents in hypotension and
organ hypoperfusion

NIPPV and ventilator support

Hypertensive HF

Signs & symptoms of HF with high BP
Usually patients with HFPEF

Patients may be euvolaemic or only
mildly hypervolaemic

May be with signs of pulmonary
congestion without signs of systemic
congestion

Usually rapid response to therapy and
hospital mortality is low

Target: BP and volume management

Therapy:

Vasodilators with close monitoring
Low dose diuretics in patients with
volume overload or pulmonary oedema

Cardiogenic Shock

Defined as evidence of tissue
hypoperfusion prompted by HF after
suitable correction of preload and major
arrhythmia’

Rapid onset, mainly complicating acute
MI,  fulminant  myocarditis, acute
valvular disease

Target: Recovery of cardiac pumping function

Therapy:

Fluid challenge if clinically indicated
(250 ml/10min) followed by inotrope if
SBP remains <90mmHg

Vasoactive medications

Mechanical assist devices

Corrective surgery

Isolated right HF

Rapid or gradual onset due to primary or
secondary pulmonary arterial
hypertension or right ventricle pathology
Characterized by low output syndrome in
absence of pulmonary congestion with
elevated JVP

Target: Pulmonary artery pressure

Therapy:
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Chapter 1

Table 1: Clinical classification of Acute Heart Failure patients

Clinical Presentation Characteristics Targets and Therapies
e With or without hepatomegaly Nitrates
e Low LV filling pressures epoprostenol,

e Not well characterized due to little
epidemiological data

phosphodiesterase inhibitors
endothelin-blocking agents

coronary reperfusion for RV infarcts,
e valve surgery

AHF & ACS e 15-25 of ACS patients may have Target: coronary thrombosis, plaque stabilization

signs/symptoms of HF

e Rapid or steady onset

e Signs/symptoms of HF may resolve after ~Therapy:
resolution of ischaemia

e All patients with ACS  with
signs/symptoms of HF should undergo an ~ Correction of ischemia
echocardiography study

Abbreviations: HF; heart failure, BP; blood pressure, HFPEF; heart failure with preserved ejection fraction, MI; Myocardial Infarction, SBP; systolic blood pressure, JVP; jugular venous

pressure, LV; left ventricle, RV; right ventricle; AHF; acute heart failure, ACS; acute coronary syndrome.
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8

s Proportion of Clinical
Presentation

ud Proprtion of in-hospital all
cause Mortality

Figure 1 Clinical Presentations of Acute Heart Failure (AHF) and mortality in Euro-Observational
Research Program - Proportions out of 1892 patients admitted with AHF

1.3 Phenotypes of AHF patients

AHF patients can be classified according to their phenotypic appearance (Figure 2).

Acute Heart Failure

Phenotypes

Predominant Pulmonary Oedema Cardiogenic Shock l Predominant Peripheral Oedema

Need urgent medical —
intervention Admission often prolonged but
really necessary?
Severe pump

= failure //,\
Predominantly Predominantly B

e LV& M_itral Val\_/e D_ysfl._mction Mortality up : Sf::nortilxu[::srz:c:;::
® Fluid mal-distribution t040% g
e Pulmonary oedema Peripheral congestion

Orthopnoea Ankle swelling
Hypertensive Hypotension
Paroxysmal nocturnal dyspnoea - BP/Vascular Ascites

3 - Arrhythmia
Reduced exercise tolerance
S Nahes Hepatomegaly

short and necessa

- Renal

Figure 2 : Possible causes and presentation of three distinct phenotypes of Acute Heart Failure patients
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ACS; Acute coronary syndrome, BP; Blood pressure, LV; Left ventricle

1.3.1 Pulmonary Oedema

These patients typically presents with severe shortness of breath that has developed
very rapidly within minutes to hours. The patients prefer to sit upright and may not
be able to speak or only gasp a few words. They may have high blood pressure and
fast heart rate and respond very well to treatment with relatively rapid resolution of
symptoms within the first few hours of presentation. According to ESC guidelines

these patients need investigations and treatment simultaneously.® *2

1.3.2 Peripheral Oedema

Patients typically give a history of gradual weight gain, spread over weeks to
months, often in setting of previous coronary artery disease (CAD), hypertension,
atrial fibrillation (AF) and chronic kidney disease. They may have low blood
pressure, may sit comfortably on chair or bed, but mild exertion like changing
clothes or going to toilet can provoke breathlessness. The patients typically respond
very slowly to medical therapy due to the large amount of extra fluid present in

dependent parts of body.® ** ¢

1.3.3 Distinction between Right ventricle (RV) dysfunction and fluid overload
due to secondary hyperaldosteronism in heart failure

It is now well established that as renal perfusion drops, the kidneys retain sodium
and heart failure develops. This process is regulated by the secretion of renin in the
juxtaglomerular apparatus of the kidneys. As mean arterial pressure (MAP) falls in
Heart Failure, more renin is secreted and it leads to increased production of
angiotensin | and Il and finally aldosterone. This secondary hyperaldosteronism

leads to sodium and water retention in the distal convoluted tubule (DCT) of the
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nephron. In addition to this, production of antidiuretic hormone (ADH) by the
anterior pituitary gland is also increased in HF. Increased ADH production acts on
the collecting duct of the nephron, which enhances the movement of water from the

lumen of the nephron to the medulla of the kidneys.

Right sided heart failure usually occurs as a natural consequence of left sided heart
failure. As the left ventricle fails, increased fluid pressure effect is transmitted back
through the lungs and ultimately damages the right heart. Other causes might be
tricuspid regurgitation, right ventricle infarction, pulmonary hypertension and right
sided cardiomyopathies. However, whatever the underlying reason, when the right
ventricle loses ejection power blood accumulates in the body’s veins. This usually
causes lower limb oedema and oedema in internal viscera like the GI tract and liver

which leads to ascites.

1.3.4 Cardiogenic shock

The third phenotypic appearance is cardiogenic shock due to severe pump failure.
Patients with shock present with tissue hypo-perfusion despite adequate ventricular
filing. Acute myocardial infarction is the most common underlying cause but
patients with acute presentation of cardiomyopathy can also present in this fashion.

Mortality is as high as 40% in this very high risk subgroup.*

It’s important to recognise that peripheral and pulmonary oedema are two ends of
spectrum and many of patients presenting with worsening HF falls somewhere along
this range. The situation is similar to that in chronic obstructive pulmonary disease,
where we see some typical patients with either emphysema or chronic bronchitis, but

many having overlapping features. The overlap means that it may be difficult to
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differentiate between the two groups clearly, a potential weakness of this relatively
simple classification. This simple classification is again not very much helpful for
clinical trials if we ignore underlying aetiology, cardiac phenotype and
pathophysiology. For instance, a patient with pulmonary oedema, de novo heart
failure, cardiogenic shock with systolic dysfunction due to acute myocardial
infarction (AMI) is quite different from those with pulmonary oedema due to

uncontrolled hypertension.®

1.4 What precipitates an admission to hospital?

There are many possible precipitants of a heart failure admission. Some of them are
potentially preventable and early diagnosis, prompt treatment, appropriate

counselling and patient education can avoid hospitalization.

1.4.1 Acute myocardial ischaemia

Acute coronary syndrome (ACS) is an important contributory factor in worsening or
new-onset HF. No doubt, acute ST segment elevation myocardial infarction
(STEMI) can be easily diagnosed on ECG but other ACS may be harder to diagnose.
Chronic elevation of troponin in HF patients, with or without CAD, may further
complicate the picture. In newly diagnosed HF patients, clinicians should always

consider the underlying possibility of CAD causing HF.*

1.4.2 Non adherence with medications and excessing sodium/fluid intake

Excessive sodium and fluid intake may precipitate AHF. Non adherence with
treatment either due to financial or other reasons may be cause of hospital admission

in some patients.™
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1.4.3 Uncontrolled Hypertension

High blood pressure may contribute to AHF, especially among people of African
descent, women and those with HeFPEF. Abrupt cessation of antihypertensive drugs

may cause decompensation in a previously stable chronic HF patient.™

1.4.4 Dysrhythmias

Registries and trials data indicate the 20-35% acute heart failure patients suffered
from AF at presentation.’® The combination of AF and acute HF is dangerous: the
adverse effects of AF may include loss of atrial transport, fast and irregular

ventricular response and the deleterious effects of antiarrhythmic drugs.’

1.45 Drugs

Recent introduction of negative inotropic agents like verapamil, nifidipine, diltiazem
and beta blockers can decompensate previously stable HF patients. Drugs like
NSAIDs, anti-arrhythmic  agents, COX-2 inhibitors,  glucocorticoids,
thiazolidinedione and over the counter medications like pseudoephedrine may be

other culprits.*®

1.4.6 Concomitant infections

Respiratory tract infections are common precipitants of admission in patients with
HF, may worsen hypoxia due to increased metabolic demand and are associated with

worse prognosis.™

1.4.7 Pulmonary embolism (PE)

HF is a hypercoagulable condition and PE as a cause of acute decompensation

should always be considered.*®
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1.4.8 Chronic kidney disease (CKD) & Anaemia

There is plenty of evidence that CKD itself is a major contributor to severe cardiac
damage and conversely chronic HF is a major source of progressive chronic kidney
disease. Decompensating HF, worsening renal functions and anaemia produce a
vicious cycle and each condition causes or aggravates the others. Rapid diagnosis
and aggressive management of HF, CKD and associated anaemia may considerably

slow the development of both diseases.™®

1.4.9 Endocrine abnormalities

In patients who have hypothyroidism or hyperthyroidism, restoration of normal
thyroid function may reverse abnormal cardiovascular status.’® However, tight
glucose control may increase mortality in patients with HF who have diabetes.
Aguilar & colleagues found that modest glucose control with a haemoglobin Alc
(HbAlc) between 7.1% and 7.8% showed 27% lower mortality risk than tight

glycaemic control with a HbA1c of 6.4% or lower (p-value=0.001)."

1.4.10 Excessive alcohol or illicit drug use

Excessive alcohol consumption and usage of illicit drugs like cocaine and
methamphetamine may contribute to decompensation of HF and need to be

considered in some patients.*

1.4.11 Other acute cardiovascular disorders

Native and prosthetic valve endocarditis, aortic dissection and myopericarditis may

need to be considered in selected patients as potential causes of HF decompensation.
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1.5 What Registries tell us about AHF

Clinical trial populations often differ from “real world” patients due to strict
inclusion and exclusions criteria. Large clinical registries may provide more rich and
real world information regarding presentation, baseline clinical characteristics,
quality of service and therapies before and during admission and at the time of
discharge. The registries provide very valuable information for clinicians,
researchers and policy makers about clinical features and outcome of HF patients
during hospital admission, but follow up data is either not available or only for a

limited period of time. %

In large HF surveys & registries (Table 2), the average age of AHF patient varies
from 70-73 years, the proportion of women from 37-52%, 32-44% patients presented
with acute breathlessness and approximately two thirds had peripheral oedema at
time of admission. The prevalence of hypertension is quite high in all registries and
varies from 53-73%, diabetes mellitus (DM) from 25-35%, AF from 23-44%, COPD
from 19-32% in European and US registries but only 9% in Japan. In the majority of
registries, approximately half of HF patients had a past history of coronary artery
disease (CAD), but the proportion is much lower in Japan (31%).> 2! The prevalence
of chronic kidney disease is exceptionally high in Japan (70%) but varies from 17-
30% in European and US registries. The average length of stay during an index
hospital admission is around 8-11 days in Europe, less in the US (4.3-6.4 days) but
remarkably longer in Japan (21 days). According to the Euro HF survey Il (EHFSII),
acute ischaemic events (30%), atrial arrhythmias (32%), infections (18%) and heart
valvular problems (27%) are common precipitating factors leading to hospital

admission.* In-hospital mortality is consistently lower in the US (4%) as compared
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to Europe (7-9%). However, it is very interesting to note that even though the in-
hospital mortality is lower in US registries, it is much the same as other registries at

30 days and one year after index admission Table 3.

The registries suggest that in contrast to the general perception, the majority of
patients with AHF don’t present with acute or severe breathlessness at the time of is
more than 50%.Thirdly, at least two-thirds of AHF patients have a prior history of
heart failure and one third has de novo HF. These observations highlight many
important questions which are still unanswered. How does the large proportion of
AHF patients present to emergency department if they are not short of breath at rest?
Is peripheral oedema a more common presentation of AHF patients than acute
pulmonary oedema? If most patients are not short of breath at rest, then can we
hypothesize that these AHF patients are comfortable at rest but slight exertion makes
them breathlessness? For those who present with breathlessness at rest, how quickly
do their signs and symptoms change in response to standard treatment? How do
measures such as blood pressure, respiratory rate and heart rate in these different
presentations respond to standard treatments? Do the different presentations of AHF
have different associated short and long term mortality? How can we approach these
different clinical presentations of AHF in clinical trials for more targeted and

focused drug therapy?
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Table 2 Large Heart Failure surveys and registries

Table 2: Large Heart Failure surveys & registries

EHFS1*#  EHFSII! EHF Pilot’® ADHERE* OPTIMIZE-  Attend Urgent
2 HF%® 2527 Registry®® Dyspnoea
Year of data Collection 2000-2001  2004-05 2009-10 2001-04 2012-13 2003-04 2007-11 2007
Year of Study First 2003 2006 2010 2005 2013 2006 2013 2010
Published
Number of 115 133 136 282 145 259 53 35

Institutions/Hospitals

Number of Patients 10701 3580 1892 107362 43894 48612 4842 524
recruited

Age (Years) 71 70 70 72 72 73 73 68
Females (%) 47 38.7 37.3 52 52 52 42 43
Acute or Severe 40 . . 32 35 44 44 36

Breathlessness/NYHA class
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Table 2: Large Heart Failure surveys & registries

EHFS1*#  EHFSII! EHF Pilot’® ADHERE* OPTIMIZE-  Attend Urgent
2 HF® 2527 Registry®® Dyspnoea
study?®

IV (%)
Peripheral Oedema (%) . 54 65 66 50 65 70
Hypertension (%) 53 62.5 61.8 73 55 71 69.4 75
DM(%) 27 32.8 35.1 44 31 25 33.8 37
AF/Af(%) 23 38.7 43.7 31 42 31 39.6
COPD (%) 32 19.3 31 17 28 9.5 17
CAD(%) 68 53.6 50.7 57 47 50 31.1 43
CKD(%) 17 16.8 26 30 24 20 69.5 26
Anaemia(%) . 14.7 31.4 . . 18 14
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Table 2: Large Heart Failure surveys & registries

EHFS1*#  EHFSII! EHF Pilot'® ADHERE®  E&W OPTIMIZE-  Attend Urgent
= NHFA% HEe 2527 Registry®® Dyspnoea
HR (beat / minute) 75 95 88 . . 87 99 90
SBP (mmHg) 133 135 133 144 . 143 146 140
RR(Per minute) . 20 . . . . . 22
Prior HF(%) 65 63 75 88 36.2 62

Therapy Prior to Admission

Diuretics (%) 56 71.2 65 70 . 61 46 65
ACEi (%) . 55 . 41 . 40 14 47
ARB (%) . 9.3 . 12 . 12 35 12
ACI/ARB (%) . . 60 . . . 44 59
BB (%) . 43.2 63 48 . 53 34 51
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Table 2: Large Heart Failure surveys & registries

EHFS1*#  EHFSII! EHF Pilot'® ADHERE®  E&W OPTIMIZE-  Attend Urgent
= NHFA% HEe 2527 Registry®® Dyspnoea

MRA (%) . 28.1 33 . 7 18 11
Digoxin (%) . 26.6 22 28 . 23 7 19
Therapy at discharge

Diuretics (%) 86.9 90.1 87 . 91* . 82

ACEi (%) 61.8 71.1 . 66 73 . 31

ARB (%) 45 10.4 . . 18 . 46

ACI/ARB (%) . . 77 . 85 . 75

BB (%) 36.9 61.4 81 . 82 . 67

MRA (%) 20.5 47.5 53 . 49 . 43

Digoxin (%) 35.7 31 18 . 22 . 15
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Table 2: Large Heart Failure surveys & registries
EHFS1*#  EHFSII! EHF Pilot’® ADHERE* OPTIMIZE-  Attend Urgent
23

HEe 2527 Registry®® Dyspnoea

study?®®

Duration of Index admission 11 9(IQR6-14) 8 (IQR5-11)
in days
In Hospital Mortality (%) 6.9 6.7 3.75 4 9.4 3.8 6.4
Duration of Follow up 12 Weeks 3 Months & 1 year . 30 days 60-90 Days

1 year
Readmission during follow 24.2 . 43.9 . . 30
up (%)
Mortality during follow up 13.5 8.1 (3 174 . 14.9 9
(%) months)

20.5 (12

Months)

Abbreviations: HF; Heart Failure, EHFS1; Euro heart failure survey 1, EHFSII; Euro heart failure survey Il; EHF Pilot; Euro Heart Failure Pilot survey, E&W NHFA; England & Wales
National heart failure audit; NYHA; New York heart association, DM; Diabetes Mellitus; AF; Atrial fibrillation, Af; Atrial flutter, COPD; Chronic obstructive pulmonary disease; CAD;
Coronary artery disease, CKD; Chronic kidney disease, HR; Heart Rate, SBP: Systolic blood pressure, RR; Respiratory rate, HF; Heart Failure, ACEi; Angiotensin converting enzyme inhibitor,
ARB; Angiotensin receptor blocker, BB; Beta blocker, MRA; Mineralocorticoid receptor antagonist, *Only for those patients who have LVSD on discharge, # Haemoglobin <12 g/ dl
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Table 3 Mortality after hospital admission

Table 3: Mortality after hospital admission

% E & W  Scotland ESC HF pilot Ontario USA*
national 2008% survey™® % 2007%
audit®
In-Patient 9.4 13.8 3.75 10.4 4.3
30 Days 14.9 14.3 . 16.3 10.7
| year 30 36.6 17.4 34.6 32

1.6 What Clinical trials tell us about AHF

Despite the remarkable success of treatment for chronic HF in the last 2-3 decades,
there is a disappointing lack of progress in AHF. Table 4 is showing a list of AHF
trials where the results were either neutral or hazardous.***® Trying to investigate a
single new agent which might benefit all these different presentations of AHF is
likely to be futile. Some presentations of AHF, especially acute pulmonary oedema,
are very difficult to study in clinical trials. Firstly, it is difficult to establish the
underlying diagnosis in the early hours of an admission. Secondly, clinical and
haemodynamic instability make recruitment to clinical trials problematic. Thirdly,
technically it is hard to take consent for very sick patients such as those with
pulmonary oedema. Fourthly, it is difficult to set in place a research establishment
geared to recruit patients presenting unpredictably (and often out of office hours).
For these reasons, AHF clinical trials have usually recruited patients with “acutely
decompensated chronic heart failure”. However, as it is discussed earlier, this
presentation is not homogenous, has a variety of underlying aetiologies and
pathophysiology, and is inadequate as a descriptor to provide a focused target for
new drugs (Table 4).°

31



Chapter 1

Timely recruitment to clinical trials is highly essential for success. For instance, if
treatment of pulmonary congestion is the aim of the study, then very early
recruitment is vital. But in reality, clinical trials in acute heart failure have mostly
failed to recruit patients within 8 hours of presentation to hospital — by which time,
many patients have been actively treated and have recovered.*® In contrast, patients
presented predominately with peripheral oedema, treatment for new novel therapies

could be started after 24 hours of  hospital admission.
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Table 4 Major Acute Heart Failure Clinical Trials

Trial Name

Table 4: Acute Heart Failure Clinical trials

Patients

End Point

Treatment

Patients Characteristics

Enrolled

DOSE™* 308 Co-primary end points Low versus high dose Decompensated chronic heart No significant difference either in
were  patients’  global £/ rosemide fa_ilu_re patients presented symptoms or change in creatinine
assessment of symptoms, within 24 hours level in both arms
quantified as the area iggse;?\?esgmtpoms
under the curve (AUC) of Continuous Versus History of CHF treated with
the ‘score on a visual-jntermittent IV bolus 80-240 mglday furosemide a
analogue scale over the least for one month
course of 72 hours, and
the change in the serum
creatinine  level  from
baseline to 72 hours.

ASCEND-HF** 7,141 Co-primary end points Nesiritide versus Decompensated chronic heart No significant difference between
were the change in  gondarg medical failure patients placebo and nesiritide
dyspnoea at 6 and 24 Dyspnoea at rest or on
hours, as measured on a 7- therapy minimal exertion
point Likert scale, and the Signs ar_ld symptoms

. . suggestive of decompensated
composite end point of HE
rehospitalisation for heart Randomization within 24
failure or death within 30 hours for first IV therapy
days
DAD-HF** 60 Primary end point was the Dopamine + low dose Decompensated chronic heart There was a significantly higher

incidence of worsening
renal function(WRF)

furosemide (LDF)

failure patients
Signs of fluid overload
¢GFR > 30 ml/min

incidence of WRF in serum
creatinine from baseline to 24 hours,
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Table 4: Acute Heart Failure Clinical trials

Trial Name Patients End Point Treatment Patients Characteristics
Enrolled
during the first 24 hours versus high dose observed in the
from randomization furosemide (LDF) HDF group compared with the LDF
group
PROTECT** 2033 e Improvementin  Rolofylline versus e Decompensated chronic heart ~ Rolofylline did not improve primary
dyspnoea placebo failure patients outcomes or improve renal function
° Deaths or (] Per5|§t§nt Dyspn(?ea at rest or or 60_day outcomes
readmissions for on minimal exertion Rolofylline was also associated with
HF * Elzt;:g?]tfs;(;?ggrm/emin a higher incidence of seizures and
e Persistent renal e BNP = 500 pg/ml or NT- stroke
impairment proBNP > 2000 pg/ml
e Intra venous loop diuretic
therapy
e Randomization within 24
hours
CARRESS™* 188 The primary end point was  Ultrafiltration ~ versus e Decompensated chronic heart ~ Ultrafiltration ~ was inferior  to
the bivariate change from  gronneq  pharmacologic failure patients who develop  pharmacologic therapy with respect
baseline in the serum cardiorenal syndrome to the bivariate end point of the
creatinine level and body therapy * Randomization within 7.days  cpange in the serum creatinine level
weight, as assessed 96 ::T?;Ta?g;?i'gz'g? ?\];t?jriuretics and body weight 96 hours after
hours after random enrolment (P=0.003)
assignment. Patients were
followed for 60 days.
RELAX-AHF?* 1161 Improvements in signs Seralaxin versus placebo e  Patients with breathlessness Improvement in the initial signs and
and symptoms for 48 hours at rest or on slight exertion symptoms of heart failure, as well as
Improve 180  days e Pulmonary congestion on X-  reduced mortality
mortality Ray, BNP > 350 ng/L (NT-
proBNP > 1400 ng/L)
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Table 4: Acute Heart Failure Clinical trials
Patients End Point Treatment
Enrolled

Patients Characteristics

Trial Name

eGFR 30-75 ml/min and
Systolic Blood pressure 125
mmHg

ASTRONAUT®*" 1615 Reduction of rate of Aliskiren versus placebo Hospitalized heart failure Among patients hospitalized for HF
cardiovascular (CV) death patients with stable with reduced LV EF, initiation of
or HF rehospitalisation haemodynamic Aliskiren in addition to standard
among Hospitalized HF Median time of therapy did not reduce CV death or
patients ;erlg%rggzr?tlon Is 5 days after HF rehospitalisation at 6 months or

Clinical features suggestive 12 months after discharge.
volume overload

VMAC®**® 489 Change in pulmonary IV Nesiritide versus IV Decompensated chronic heart ~ Nesiritide improves hemodynamic
capillary wedge pressure  pjitroglycerine or failure patients with dyspnoea  function and some self-reported
(PCWP) among at rest symptoms more effectively than
catheterized patients and Placebo No left ventricle ejection intravenous  Nitroglycerine  or
patient self-evaluation of fraction cut off point placebo.
dyspnoea at 3 hours after
initiation of study drug
among all patients

OPTIME®® 949 To assess the interaction 1V Milrinone  versus Decompensated systolic heart ~Milrinone may have a bidirectional
between heart failure (HF)  pjacebo failure patients who are not effect based on etiology in
etiology and response to requiring Inotropes decompensated HF. Milrinone may
milrinone in 48-72 Hours of IV Milrinone e geleterious in ischemic HF, but
decompensated HF in orplacebo. . . neutral to beneficial in nonischemic

Mean LV ejection fraction .
terms of death and 23% cardiomyopathy.
readmission
VERITAS® * 1,435 The co-primary end points IV Tezosentan versus Acute Heart failure admitted ~ Tezosentan  did  not  improve

were change in dyspnoea
(measured at 3, 6, and 24

within previous 24 hours with
persistent dyspnoea and

symptoms or clinical outcomes in
patients with acute heart failure.
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Trial Name

Table 4: Acute Heart Failure Clinical trials
Treatment

Patients

End Point

Patients Characteristics

Enrolled

hours using a visual
analog scale from 0-100)
over 24 hours (as area
under the curve) and
incidence of death or
worsening heart failure at
7 days

placebo

respiratory rate > 24/min
were eligible provided they
met Inclusion criteria’s; two
out of four- elevated BNP,
pulmonary oedema, chest x-
ray congestion, LV ejection
fraction (EF) <40%

Mean EF 20% in VERITAS |
& 28% in VERITAS Il

SURVIVE®* 1,327 Primary endpoint was IV Levosimendan versus Acutely decompensated HF Did not meet primary end point
reduction in mortality by v/ qobutamine patients requiring inotropes
25% at six months Left ventricle EF < 30% for
inclusion
Mean Left ventricle EF <
24%
REVIVE -2°>° 600 Improvements in clinical IV Levosimendan or Acutely decompensated HF ~ Increased mortality in Levosimendan
symptoms at 6, 24 hours pjacepo patients arm
and five days Already received IV diuretics
& other standard treatment
within 24 hours but still
symptomatic
Left ventricle EF <35%
EVEREST® ® 4,133 Dual primary end points Oral  Tolvaptan or Decompensated chronic heart ~ Tolvaptan  initiated  for  acute
were all-cause mortality pjacebo failure patients require treatment of patients hospitalized

(superiority and
noninferiority) and
cardiovascular death or
hospitalization for heart
failure (superiority only).
Secondary end points

hospitalization

Left ventricle EF < 40%
Within 48 hours of
admission, randomly assign
for oral Tolvaptan or placebo
Mean left ventricle EF 28%

with heart failure had no effect on
long-term mortality or heart failure-
related morbidity
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Table 4: Acute Heart Failure Clinical trials

Trial Name Patients End Point Treatment Patients Characteristics
Enrolled

included  changes in
dyspnoea, body weight,
and oedema.
HF; Heart Failure, 1V; Intra venous, CHF; Chronic Heart Failure, LV; Left ventricle, EF; Ejection fraction, eGFR; Estimated glomerular filtration rate
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1.7 Conclusion & Rationale for thesis

Acute heart failure is a heterogeneous clinical condition and can present in different
manners. These different presentations of AHF have distinct underlying aetiology
and pathophysiology. Due to its large diversity, it is very difficult to classify acute
heart failure and each classification has limitations. Despite of its complexity,
clinical trials in AHF deal this syndrome as a single entity, which may be one reason
of repeated failures. We can get more meaningful results in clinical trials, if we adopt
a more coherent approach of focused and tighter patient selection for more targeted
therapy with well thought clinical trials designs.® Current classification of AHF
needs review for better characterization of different presentations of this syndrome.
Contrary to general perception, many large registries and surveys have showed that
majority of AHF patients are not breathlessness at rest at the time of presentation to
hospital. | sought to verify this finding more vigorously in different clinical research
studies and large data sets in more depth and detail. Main rationale behind this thesis
is that how the patients of AHF present to hospital and what are effects of these

different presentations to mortality?
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Chapter 2 Acute Heart Failure (Suspected or Confirmed):
Initial Diagnosis and Subsequent Evaluation with
Traditional and Novel Technologies

2.1 Introduction

Heart failure (HF) is common and as longevity increases its incidence and
prevalence will rise.”> Most cases of heart failure are first diagnosed during an
episode of hospital care and heart failure is one of the most common reasons for
emergency admission. > The diagnosis may often be initially unclear, requiring
further investigation, the passage of time or both to make the diagnosis with some
certainty. Even so, controversy surrounds the definition of acute heart failure (AHF).
Admissions for heart failure are often prolonged and recurrent, leading to high rates
of hospital bed occupancy. In the USA, where length of stay is short, hospital
mortality is around 5% and the rate of readmission within 30 days is high (25%).%% In
Europe, where length of stay is two or three times as long, hospital mortality is
between 10-20% but 30-day readmission rates are lower at around 10-15%, 30-50%
of which will be due to worsening HF." >* More than 50% of patients will either die

or be readmitted in the year subsequent to discharge.**

Surprisingly, epidemiological data on the precise mode of presentation of acute heart
failure is remarkably difficult to come by. Most authorities assume that
breathlessness is the main presenting symptom and that most patients are acutely
distressed by it at rest. Recent data from a National Audit of England & Wales have
called this assumption into question. Many patients present with worsening
53 14

exertional breathlessness and peripheral oedema but are comfortable at rest.

Also, recent reports suggest that many patients have worsening symptoms and
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evidence of congestion for several days prior to presentation suggesting that
technologies, such as home tele-monitoring, might be deployed for early detection

and that redesign of services might prevent a large proportion of admissions.>>’

There is often also great initial uncertainty about whether HF is the cause of
symptoms. Many patients are treated with diuretics without the clinician making a
conscious diagnosis of HF, leading to deficiencies in investigation and treatment.
Unfortunately, such patients, who may be far more common than those labelled as
CHF, will not be picked up by most audits of Heart Failure.”® Therefore, many cases
of heart failure may be epidemiologically ‘silent’; they are just treated with diuretics

but never given the diagnostic ‘label’ of heart failure. >

Early assessment and prompt diagnosis or exclusion of HF will improve the quality
and efficiency of care, shorten hospital stay, reduce readmission and improve
prognosis.®® Accordingly, there is great interest in finding new tools for early and

precise diagnosis. >*

2.2 Clinical Evaluation of Acute Heart Failure (AHF)
2.2.1 Purpose

Patients with breathlessness or oedema or those treated with loop diuretics for
uncertain cause should be assessed to identify
a) whether they have heart failure and whether it is the cause of their symptoms

and signs,
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b) Other medical conditions that may contribute to worsening of symptoms
(eg:- atrial fibrillation, acute coronary syndrome, infection, anaemia or
chronic kidney disease).

¢) their dominant acute symptom (breathlessness or peripheral oedema)

d) their cardiac phenotype (such as heart failure due to left ventricular systolic
function, or heart failure due to valvular heart disease)) that will determine
what treatment they should receive

e) their heart rate and rhythm and blood pressure which will also guide

treatment.

Patients with the acute onset of severe dyspnoea often present in the early morning
hours. In many healthcare systems, this is when the most junior and least
experienced staff will be available. Although experts may be able to manage patients
without the reassurance of technical support, less experienced staff may welcome
investigations that provide them with the confidence they might otherwise lack.
However, experienced staff also needs to review their practice critically. The
outcome of acute heart failure both in hospital and after discharge is often poor
which may be due, in part, to the persistence of outmoded concepts and practice in

the care of these patients.

2.2.2 Clinical Features

Exacerbations of heart failure cover a wide spectrum of presentations with two
distinctly different clinical phenotypes. Patients may present with Shortness Of
Breath At Rest (SOBAR) which is due to a high left atrial pressure and pulmonary

congestion; these patients might be termed ‘puffers. SOBAR usually reflects left
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ventricular failure due to rapid atrial fibrillation, a high systemic vascular resistance
or acute ventricular damage due to ischaemia or infarction but can be due to mitral
regurgitation or other reasons. These patients generally have neither a raised venous
pressure nor peripheral oedema. Their problem is fluid in the wrong place (the
lungs). Other relatively specific symptoms of heart failure are orthopnoea, and

paroxysmal nocturnal dyspnoea.

Patients may present with increasing peripheral oedema which may developed over
many weeks or months, due predominantly to right or bi-ventricular failure; these
patients may be termed °‘bloaters’. They are often Comfortable At Rest but
Breathless On Slight Exertion (CARBOSE).

There are many other nonspecific features that may be due to heart failure, such as
fatigue, disturbed sleep pattern, skeletal muscle wasting and depression, which are
generally unhelpful for its diagnosis. These patients developed symptoms over

longer period of times and their pattern of presentation is closer to CARBOSE.

2.3 Physical examination

Raised jugular venous pressure is one of the most specific signs of heart failure but
often difficult to elicit, especially in a patient who is acutely breathless and using
their accessory muscles of respiration. It reflects right atrial pressure and therefore
will only be increased if there is a problem on the right side of the heart, which is a
late manifestation of left sided heart disease.®* Peripheral oedema is often present in
patients with AHF but is usually a sign of late-stage disease and may be due to many

other causes.®°
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A third heart sound may be normal in young people but indicates left ventricular
dysfunction in people aged >40 years. The pulmonary component of the second heart
sound (P2) will be increased in pulmonary hypertension, which may be secondary to
left atrial hypertension. However, detection of these signs by auscultation has poor
inter-observer reproducibility and is usually only obvious in patients with severe

decompensation who are in sinus rhythm.

Examination of the lungs may reveal fine crepitations indicating pulmonary oedema.
Crepitations are not an accurate guide to left ventricular filling pressure in patients
with chronic heart failure, but may be clinically useful in the setting of acute
pulmonary oedema. The Killip classification is a powerful prognostic tool in this
clinical setting .°* Most patients with chronic heart failure do not have lung
crepitations even if left atrial pressure is increased, perhaps because of reduced
permeability of the alveolar-capillary membrane or to increased pulmonary
lymphatic clearance of fluid.? ®* % However, many patients have coarse crepitations
due to pulmonary disease, some have fine crepitations due to pulmonary fibrosis and
most patients who have rested in bed for a few hours will have some fine crepitations
due to alveolar collapse that will resolve with a few coughs. Pulmonary crepitations
in a patient who is not breathless at rest or on minimal exertion are unlikely to be due

to heart failure.

2.4 Traditional investigations

The initial investigations performed in the acute setting are useful to assist in

diagnosis, to identify precipitating factors and to help in risk stratification and triage
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for escalation to a high-dependency unit or transfer to a general ward or to an

observation unit and same-day discharge (Figure 3).

| Traditional diagnostic |
e a—

NT pro BNP — diagnostic
aid / prognostic value

Anaemia — precipitant /
prognostic value
Wocc - infection

ECG — Ischaemic changes
Arrhythmias

Hyperkalaemia Suspected heart failure

Hypokalaemia
CXR — congestion

Cardiomegal
Hypoalbuminaemia
Raised transaminases - Echocardiography — LVSD,
BENAE: CIMEES 0% Diastolic dysfunction, LV
filling pressures
Blood gases— hypoxia /

hypercapnoea [ acid-
base disorders

Troponin — exclude Type 1
M1 / prognostic value

Figure 3 Standard diagnostic tests and possible abnormalities in acute heart failure

The ESC guidelines strongly recommend an ECG, transthoracic echocardiography,
measurement of blood chemistry and haematology and, less strongly, a chest X-ray
and measurement of natriuretic peptides (BNP, NT-proBNP or MR-proANP). *?
However, these recommendations are often not implemented in the acute setting,
even in expert units. Respiratory rate is probably the best method by which to
quantify dyspnoea and yet it is often overlooked. Many authorities would consider it
medical negligence not to order a chest X-ray for a patient with severe breathlessness
to exclude pulmonary disease. Taking arterial gases is often painful for patients and
entirely unnecessary. Transcutaneous oxygen saturations combined with venous

gases provide all the necessary information. On the other hand, internationally, rather
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few acute medical receiving units have echocardiography available 24 hours a day,

seven days per week.

2.4.1 Natriuretic Peptides

Natriuretic peptides can be considered cardiac stress hormones. Increases in
natriuretic peptides are non-specific with respect to the nature of the stress but when
normal are reassuring that the patient’s cardiovascular system is not under great
threat and when elevated that the patient has a problem requiring clarification. In the
acute setting, measurement of natriuretic peptides may improve diagnostic accuracy
by ruling out heart failure (NT-proBNP <300ng/L or BNP <100ng/L) or by
increasing the certainty of a clinical diagnosis (NT-proBNP >2000ng/L or BNP
>500ng/L). However, accurate interpretation requires experience and many patients
will have a value in the diagnostic grey-zone.®> ® The two main reasons for a
substantial elevation in natriuretic peptides other than ventricular dysfunction are
atrial fibrillation and renal dysfunction. In addition, sex (women have higher levels)
and body mass index (fat people have lower levels) have a modest effect. Older
people have higher levels but this reflects the decline in renal function and diastolic
left ventricular function that occur with age. It is inappropriate to correct natriuretic

peptides for age.®’

Natriuretic peptides do not discriminate between left ventricular systolic and
diastolic dysfunction after correction for their impact on left atrial pressure, nor
between right (eg:- primary or secondary pulmonary hypertension) and left sided
heart disease and cannot determine whether failure is due to intrinsic myocardial

disease or due to excessive load on fairly normal myocardium (eg:- valve disease,
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malignant hypertension). In a very large registry of 48,629 patients, hospital
mortality was more than three times higher in patients with BNP levels >1730ng/L

(fourth quartile) as compared to those with levels <430ng/L (first quartile).®

Whether natriuretic peptides can be used to guide therapy in the setting of acute or

chronic heart failure remains controversial.?® "

2.4.2 Adrenomedullin, Copeptin & Procalcitonin

In the BACH study, MR-proANP (>120 pmol/ml) was not inferior to BNP (>100
pg/ml) for identifying patients with heart failure and MR-pro ADM was superior to
BNP and NT-proBNP for predicting 90-day mortality.”* Copeptin and MR-proADM
are probably relatively non-specific markers of metabolic stress.’® Their value may
be in identifying patients who are likely to deteriorate and who require careful
observation. Procalcitonin is a marker of infection, although also increased in heart
failure, where it indicates an adverse prognosis. If it is elevated disproportionately to
plasma concentrations of natriuretic peptides, it suggests that infection is an
important component of the illness.”® Thus, a panel of biomarkers combined with
standard haematology and biochemistry profiles can build a patient profile that

identifies diagnosis, precipitating factors and risk.

2.4.3 Troponin

Most patients with heart failure will have coronary artery disease as a cause or co-
morbidity of heart failure. Acute coronary syndromes (ACS) may often be a
precipitating factor for exacerbations of heart failure. However, even patients with

chronic stable heart failure commonly have raised troponin levels and the great
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majority have measurable levels with the latest generation of assays. The diagnosis
of ACS requires demonstration of a typical rise of troponin above the 99™ centile
and, preferably, a subsequent fall. Patients with heart failure may be subject to what
is termed Type Il myocardial infarction (supply-demand mismatch rather than acute
coronary obstruction), reflecting reduced subendocardial perfusion due to high left
ventricular filling pressure, hypoxaemia, increases in afterload and/or hypotension.

This may lead to myocardial damage and accelerated cardiac myocyte apoptosis.”

Troponin appears to be higher in patients with AHF (57%) compared to patients with
other causes of dyspnoea.”* In the Acute Decompensated Heart Failure National
Registry (ADHERE), 75% of patients with AHF had detectable troponin levels using
an older generation assay although only 6.2% had values above the upper level of
reference limit. This latter group of patients had, on average, lower ejection fractions
and systolic blood pressure and a higher hospital mortality (8.0% vs 2.7%).” Since
the introduction of high sensitivity assays, it is possible to detect troponin in a large
proportion of the healthy population.”® Two recent clinical studies show that almost
all patients with AHF had increases in high sensitivity troponin | or T and that higher
levels predict poor in-patient and post-discharge prognosis.”” " In PROTECT
(Placebo-controlled Randomized study of the selective A(1) adenosine receptor
antagonist rolofylline for patients hospitalized with acute heart failure and
volume Overload to assess Treatment Effect on Congestion and renal funcTion)

, 21% of patients of AHF had no detectable [or “had normal”] troponin at baseline
but had detectable levels by day 7: these patients had higher mortality by 60 days.”
Recently, the RELAX-AHF study showed that administration of the pregnancy-

related vasodilator hormone serelaxin could reduce both plasma concentrations of
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natriuretic peptides and troponin and the effect appeared to be associated with an

improvement in outcome.®

2.4.4 Echocardiography

Clinical guidelines recommend early echocardiography in acutely dyspnoeic patients
who are suspected of having heart failure. This is a mostly unrealised ideal situation
that rarely happens in clinical practice. Indeed, international research protocols in
AHF have learnt to avoid requiring an immediate echocardiogram because that
would preclude getting substantial numbers of patients into studies. There are too
few adequately trained staff and too little access to equipment to provide 24 hour

cover seven days per week in most hospitals where these patients are seen.

Ideally, prompt echocardiography should be part of the diagnostic work-up of all
patients with suspected heart failure in the emergency setting, especially if a
structural cause is suspected that might be amenable to intervention (such as aortic
stenosis or ruptured mitral chordae). Echocardiography will identify patients with
heart failure and a reduced ejection fraction (HeFREF), although the severity of
ventricular dysfunction is prone to substantial observer error. Ultrasound may also be
used to assess lung oedema.®! 8 However, echocardiography is not very helpful in
diagnosing heart failure with a preserved left ventricular ejection fraction (HeFPEF)
with the single most helpful echocardiographic measure being the left atrial volume
or size. Doppler echocardiography is complex to interpret, subject to many
measurement errors and has failed the multi-centre clinical study test on many
occasions. Regional wall motion abnormalities or thinning may indicate myocardial

ischaemia or infarction but is usually unable to distinguish between acute and
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chronic ventricular dysfunction. Echocardiography is very useful for diagnosing
valve problems and assessing RV function (particularly using tricuspid annular plane
systolic excursion or TAPSE), pulmonary artery systolic pressure, inferior vena cava
dilation (indicating increased right atrial pressure), pericardial effusion and, with less

confidence, constrictive pericarditis.

2.5 Novel technologies
2.5.1 Bioimpedance

“From Ohm’s law, when an electrical current is passed through human tissue, the
voltage difference between two points on the body is proportional to impedance”.83
Blood and solid organs that are fluid-rich offer lower impedance compared to bone
and aerated lung and these principles can be used to assess hydration and

haemodynamics by measuring fluctuations in signals that are proportional to the

stroke volume and indices of myocardial contractility and relaxation.®

Bio-impedance can be measured using external electrodes placed on wrists and
ankles rather like a standard ECG or by electrode configurations that seek to measure
thoracic impedance only. A major problem with non-invasive bio-impedance is the
high impedance offered by skin. More recently, bio-impedance has been
incorporated into implantable pacemakers and defibrillators which can then measure

the impedance across the lung, bypassing the problem of skin impedance.

Using an implanted system, the MIDHeFT study reported that impedance monitoring
could detect volume overload and predict the risk of hospitalisation with some

success in a small single centre experience.?* The larger, multi-centre FAST study,
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showed that impedance monitoring was more sensitive than weight gain in
predicting future heart failure events (76 vs 23%).%> However, the DOT-HF study
showed that providing patients with alerts increased the risk of hospitalisation.®® Too

many false positive alerts were observed for the technology to be viable.*®

There are too few data on the use of non-invasive bio-impedance to evaluate its
diagnostic value in the emergency setting or its usefulness for subsequent monitoring
during the recovery phase. ® However, it is a simple, low-cost technology that offers
many advantages. It can be used to monitor heart rate and rhythm and respiratory
rate. Studies have shown that the technology can track a reduction in lung fluid

8788 monitor changes in cardiac output ,%° predict decompensation in

during diuresis,
outpatients,”® and may give independent prognostic information . However, there
is a great range of bio impedance equipment and in some studies it has performed

poorly.®? More experience is required to understand its value. **

2.5.2 Remote Dielectric Sensing (ReDS)

This technology uses either a wearable patch or implantable device that emits low-
power electromagnetic signals into the chest. ** *° Tissues reflect the signal
according to their fluid content and this can be used to measure lung water. This
might be used to predict deterioration or monitor resolution of lung oedema to

identify the patient’s optimal ‘dry’ weight and timing of discharge.

2.5.3 Pulse Wave Analysis (PWA)

Pulse wave reflections can affect LV afterload and coronary perfusion®® and may be

important in the genesis of heart failure and its exacerbations. PWA, using non-
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invasive techniques such as applanation tonometry, may be used to assess systemic
arterial stiffness and endothelial dysfunction . In the general population, abnormal
arterial wave reflections predict incident cardiovascular events including the
development of heart failure. ®° Sung and others recently conducted pulse wave
analysis shortly after admission for AHF and observed that abnormal wave
reflections on admission predicted adverse events over the following 18 months,
even after adjusting for other risk factors including NT-proBNP.®” Whether PWA
can be used as a therapeutic target for existing and novel therapeutic interventions

should be explored.”

2.5.4 Acoustic Cardiography (AC)

Although the third heart sound (S3) may be specific for increased left ventricular
filling pressure in adults and can predict outcome, it is often clinically difficult to
detect in acute settings due to ambient noise, body habitus and tachypnoea. Expertise
in auscultation will also vary greatly. Modern technological innovations now make it
possible to capture information about S3 at the same time as the ECG recording.” In
the HEARD-IT trial, acoustic cardiography appeared helpful in risk stratification and
diagnosis for patients with ‘grey zone’ plasma concentrations of BNP. Patients with
a ‘grey zone’ BNP and an S3 by AC were more likely to have a diagnosis of AHF
confirmed subsequently and were more than twice as likely to have adverse events.
AC is more sensitive in detecting an S3 than clinician auscultation whatever the
body habitus *® but may not provide clinically useful prognostic information

independent of other readily available clinical variables.*
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2.5.5 Finger Photoplethysmography (FPP)

FPP can be used to measure the blood pressure (and heart rate) continuously, beat-to-
beat. This feature alone may be useful for assessing patients with acute heart failure
who are potential candidates for powerful old and new vasodilator agents that may
cause profound hypotension.2’ Hypotensive episodes may not only cause distressing
symptoms for the patient and an emergency situation for clinical staff, but may cause
renal dysfunction and further myocardial damage that have an adverse impact on
longer term morbidity and mortality. However, FPP can also provide information on
pulse volume (which is a measure of stroke volume). % If heart rate, blood pressure
and stroke volume are known, cardiac output and vascular resistance can be
calculated, allowing haemodynamic therapies to be tailored to the individual
patient’s situation. Clinical assessment of LVEDP is not accurate in patients with
AHF. 192193 A go0d correlation between pulse amplitude ratio (PAR) measured by
FPP during a Valsalva manoeuvre and invasively measured left ventricular end
diastolic Pressure has been reported.®* Whether therapy guided to reduce LVEDP
|.103 92

in patients with acute HF can reduce recurrent hospitalization is controversia

Further studies with new technologies are needed.

2.5.6 Swan-Ganz Catheter and Implantable Pressure Monitoring Devices

The Swan Ganz catheter was the classic instrument for assessing and monitoring
acute heart failure in the latter part of the 20™ Century. Many people doubted its
utility. A large randomized trial demonstrated no advantage to direct measurement of
pressures with treatment tailored to haemodynamic targets .2 This may reflect the
fact that haemodynamic decompensation depends not only on the absolute atrial

pressure but also the rate of rise. Thus, a patient with chronic severe ventricular
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dysfunction may be relatively asymptomatic with a pulmonary capillary wedge
pressure of 20mmHg and a patient with new onset cardiac dysfunction may be in
pulmonary oedema with a wedge pressure of 15mmHg. Invasive haemodynamic
monitoring might be of value in complex cases (for instance patients who have
significant lung disease or those with severe right ventricular dysfunction), or when
arterial pressure is low, to ensure that the ventricular filling pressure is not reduced
excessively resulting in a fall in cardiac output and the development of hypotension

and shock.

More recently, chronically implantable pulmonary artery pressure monitors have
been developed.®® Preliminary evidence suggests that increases in pulmonary artery
pressure predict the risk of decompensation and that treating pulmonary artery
pressure reduces the risk of decompensation. Pressure monitors that screw into the

atrial septum and can monitor left atrial pressure are also being developed.'®®

2.5.7 Coronary Angiography

In acute HF, current US guidelines recommend urgent cardiac catheterization
followed by attempted revascularization when prolonged meaningful survival is
expected in patients with known or suspected myocardial ischaemia, especially when
there are clinical features of hypoperfusion.’®® Neither the safety nor efficacy of this
recommendation has been established, nor is it currently practically feasible in most
clinical settings where patients with acute heart failure are managed. European
guidelines are less dogmatic on the issue, which may reflect the publication of two
substantial randomised trials of revascularisation in patients with chronic heart

failure, neither of which showed a benefit on mortality. 2" 1%

53



Chapter 2

2.6 Conclusion

Despite limitations, clinical evaluation remains the primary tool for initial
assessment and monitoring the response to therapy. A single measurement of plasma
concentrations of a natriuretic peptide provides reassurance that a clinical diagnosis
of AHF is correct; normal concentrations alert the clinician to rare diagnoses, such as
constrictive pericarditis, or alternative diagnoses mimicking heart failure. However,
natriuretic peptides are not diagnostic when used alone, nor has it been established

that serial measurement of natriuretic peptides adds value to clinical monitoring.

Further studies are required to assess the practical clinical value of applying novel
technologies to the management of AHF to monitor the response to treatment,
discharge readiness and the risk of readmission. However, monitoring will not help
patients unless it changes management. Ultimately, novel technologies need to show
that they change decisions about care made by clinicians and/or patients, leading to
more favourable outcomes including better symptom control, less disability and a
longer life. If, as a by-product, they can also reduce the frequency or shorten the
duration of hospitalisation, a surrogate measure of patient well-being and health-

service costs, then so much the better.
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Chapter 3 Methodology

The aims of the studies in this thesis are: to describe the different clinical
presentations of patients with acute heart failure; and to assess the effects of those
presentations on outcomes. | have used many sources of data for the purpose, and
whilst details of the design of each study and its execution will be discussed in each
chapter separately, in this chapter | will describe the outlines of the general

methodology of the different research studies.

3.1 OPERA-HF: the Rationale behind my thesis

OPERA-HF (Observational study to Predict ReAdmission for HF patients) is an
ongoing observational study on patients admitted with heart failure in Hull and East
Yorkshire Hospitals NHS trust. | am part of the study as a co-investigator.*® The
primary aim of the study is to design a model that can characterise patients admitted
with heart failure in order to predict those at risk of early re-admission and death.
Detailed demographic, clinical and psychological information is gathered during

hospital admission.

As part of the study, I collected information on the clinical presentation of patients
with acute heart failure. | had initially assumed that the dominant mode of
presentation was with acute pulmonary oedema — that is, | expected that most
patients would present with acute shortness of breath at rest. However, it rapidly
became apparent to me that most patients had a far more chronic illness prior to
admission than | had anticipated, and were most often comfortable at rest at
presentation. Their major symptom was of oedema with breathlessness only on

exertion: the majority were not breathless at rest.

55



Chapter 3

I thus formed the hypothesis that the presenting symptoms of patients with chronic
heart failure were not well understood and described; and decided to explore
patients’ symptoms at presentation using available datasets relating to acute heart
failure admissions. Understanding the symptoms of patients at presentation has clear
implications for the design of clinical trials of interventions designed for patients

with acute heart failure.

3.2 Breathlessness in AHF: Chapter 4

The Hull and East Yorkshire Hospitals NHS trust regularly participates in the
National Heart Failure Audit (NHFA) and consistently makes returns on
approximately 700 admissions per year.?* For the study described in Chapter 4, over
a 24 month period between 2011-2013, | identified the first 13 patients reported to
the NHFA in each month, to provide a cohort of 311 patients. | spread patient

selection over a long period to avoid potential selection and seasonal bias.

Detailed clinical information data was gathered through retrospective review of case
notes and electronic databases. Length of stay, in-patient mortality and deaths up to
180 days after presentation were recorded. Patients were categorized according to the
severity of breathlessness based on their clinical record and respiratory rate (RR).
Patients were classified as having SOBAR (Shortness of Breath at Rest) if they
fulfilled all three of the following criteria: i) described in the notes as being
breathless at rest, with ii) >20 breaths per minute; and iii) given intravenous therapy
or opiates within 24 hours of presentation. Patients who did not fulfil all three
criteria were reviewed and classified using clinical judgement as SOBAR,

CARBOSE (Comfortable At Rest Breathless On Slight Exertion) or, if no
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breathlessness was reported, as “Not SOB”(short of breath) ."° More detailed

methodology and results are discussed in Chapter 4.

3.3 Breathlessness in AHF; Chapter 5

Kings College Hospital NHS Foundation Trust and The Whittington Hospital NHS
Trust are two large tertiary care hospitals in London which also participate in
National Heart Failure Audit. Results of my study in Chapter 4 are validated in
Chapter 5. | explored similar datasets using the same technique as in Chapter 4 with
help of Dr Susan Piper, a clinical research fellow from Kings College Hospital
London. Baseline clinical characteristics of patients from Hull and London are first

compared and contrasted and then combined.

3.4 Diagnostic position and Modes of presentations of AHF;
Chapter 6 & 7

The Euro Heart Failure Survey 1 (EHFS1) screened consecutive deaths and
discharges during 2000-2001 primarily from medical wards in 115 hospitals from 24
countries in Europe, to identify patients with known or suspected HF. The design
and implementation of the survey have been already published in detail.™*

Information was gathered from patients’ case notes to identify if the patient fulfilled

one or more of the following inclusion criteria:*

1. A diagnosis of heart failure on the index admission, irrespective of the
primary reason for admission.
2. A diagnosis of heart failure recorded in the hospital records at any time

during the previous three years.
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3. Loop diuretics given in the 24 hours prior to death or at discharge, unless for
renal failure.
4. Administration of treatment for heart failure or major ventricular dysfunction
within the 24 hours prior to death or discharge. ®
Surgical, gynaecology, ophthalmology and renal wards are excluded. Detailed
information regarding events contributing to the current admission, clinical
investigations, cardiovascular and comorbid illnesses and therapy at discharge or 24
hours prior to death were gathered. Mortality was measured during index hospital
admission as well as death and readmission within 12 weeks of discharge.
Admissions were then classified by investigators, according to their personal

opinion, as follows:-

o Heart failure as the primary diagnosis

o Heart failure as a secondary diagnosis, complicating or prolonging admission

o Heart failure as an incidental finding or diagnostically uncertain
Patients were also sorted into seven mutually exclusive classes according to modes
presentation. Class 1: HF with cardiac arrest/ ventricular arrhythmia; class 2: HF &
ACS; class 3: HF and AF with rapid ventricular response; class 4: HF & acute
breathlessness; class 5: stable HF; class 6: presenting with other symptoms of HF

such as worsening pulmonary oedema; and class 7: no HF.

Through Professor John Cleland, I got access to dataset of this survey. | analysed
the data to assess the relation between diagnostic positions (primary, secondary and
uncertain) and outcome (chapter 6); and the relation between different modes of

presentation and outcome (chapter 7).
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3.5 Statistical Analysis

Continuous data are presented as means (standard deviation) if normally distributed
and median (25"/75" centiles) if not normally distributed. Categorical data are
presented as percentages. | used Quantile- Quantile plots (QQ plots) and normal

distribution curves to assess the normality of continuous variables.**?

Independent sample t-tests were used to compare two means if following

assumptions were met

e The observations came from normal distributions

e Variances were equal

When the above assumptions did not stand | used Man Whitney or Wilcoxon Rank

sign tests.

| used paired t-tests to assess two dependent group mean if distribution was normal

and Wilcoxon signed rank test in not normally distributed variables.**?

For comparing more than two means, | used one-way analysis of variances
(ANOVA) if the distribution was normal and variances were uniform and Kruskal-

Wallis test if these assumptions did not stand.**?

To assess the association between categorical variables, I used Pearson’s Chi-
squared if at least 80% of the expected frequencies exceeded 5 and all the expected
frequencies exceeded 1 and used Fisher’s exact test otherwise. I used the odds ratio
(OR) or hazard ratio to quantify how strongly the presence or absence of one quality

was associated with the presence or absence of the other quality in given data set. |
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used logistic regression analysis to assess the relationship between a categorical

dependent variable and other independent variables.**?

Prognostic models for all-cause mortality were developed using Cox regression
together with k-fold cross-validation.™™® This procedure splits the data randomly into
k partitions. For each partition, it fits the specified model using the other k-1 groups,
and uses the resulting parameters to predict the dependent variable in the unused
group. | arbitrarily choose k as 25 (hence 25-fold cross-validation). The
proportionality of hazards assumption (PH) was verified for all covariates using tests
based on Schoenfeld residuals.**® ** There was no departure from the PH
assumption for any covariate. Cox metrics include the hazard ratio (HR), 95%
confidence intervals (Cls) and pseudo r? (the square of the correlation coefficient of
the actual and predicted values of the dependent variable). Kaplan-Meier curves
constructed using the log-rank test were used to compare outcomes in groups. An

arbitrary level of 5% statistical significance (two-tailed) was assumed.

The Stata statistical computer package 13 was used to analyse the data.

In the following chapters, | will describe study designs, methodologies and statistical

methods used to analyse the data sets in greater detail.
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Chapter 4 Breathlessness at Rest is Not the Dominant
Presentation of Patients Admitted with Heart Failure.

4.1 Introduction

Approximately 4.5% of all adult medical and surgical admissions in the UK are

caused by, or complicated by, heart failure.**®

Many assume that most patients with
heart failure are admitted because they are severely breathless at rest,**° but a review
of baseline data from trials of acute heart failure suggests that many patients enrolled
were comfortable at rest with little increase in heart or respiratory rate to indicate
cardio-respiratory distress.® ** " Furthermore, National Audit data from England
and Wales suggest that only about 30% of patients with a death or discharge
diagnosis of heart failure have breathlessness at rest at the time of admission and that

moderate or severe peripheral oedema was a more prevalent problem.? **°

There are several possible explanations why many patients enrolled in trials or audits
of acute heart failure do not appear to be acutely breathless. Clinical trials generally
require patients to have received initial therapy before inclusion and patients may
already have had a partial response. Surveys suggest that symptoms improve in most
patients with the use of intravenous diuretics (with or without vasodilators) within 3-
6 hours;?® but the median time to recruitment in clinical trials is rarely less than 6
hours. Patients in trials are required to give consent which may exclude many sicker
patients. On the other hand, audit and survey data are collected across many centres
and by a range of staff that may select patients and interpret questions about

symptoms differently from one another, which could lead to anomalous results.

61



Chapter 4

We sought to verify or refute the findings of the National Audit for England &
Wales on presenting symptoms by conducting a retrospective case-note review in a
representative sample of patients admitted with a primary diagnosis of heart failure

in a single centre.

4.2 Methods
4.2.1 Patients Cohort

The Hull and East Yorkshire NHS Hospital Trust is the sole provider of emergency
care to residents of the city of Kingston-upon-Hull and the surrounding area
(population about 550,000). Patients may refer themselves to the emergency
department directly or through community services. The Trust participates in the
National Heart Failure Audit (NHFA) and consistently reports about 700 admissions
with heart failure per year.'*> Over a 24 month period between 2011-2013, the first
13 patients reported to the NHFA in each month were identified, to provide a cohort
of approximately 300 patients. Sampling in this way reduces potential selection and

seasonal bias from the data.

The clinical variables extracted from the case-note review are shown in Table 5.
Plasma concentrations of N-terminal pro B-type natriuretic peptide (NT-proBNP)
were requested during admission for 195 patients, generally 3-5 days after
admission. Length of stay, in-patient mortality and deaths up to 180 days after
presentation were recorded. Patients were categorized according to the severity of
breathlessness based on their clinical record and respiratory rate. Patients who were
reported to be i) breathless at rest, with ii) >20 breaths per minute and iii) given
intravenous therapy or opiates soon after presentation were classified as SOBAR if

they fulfilled all three criteria. Patients who did not fulfil all three criteria were
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reviewed and classified using clinical judgement as SOBAR, CARBOSE or, if no

breathlessness was reported, as “Not SOB” (short of breath).% 118

4.2.2 Statistical Analysis

Continuous data are summarized by the median (25"/75™ centiles); categorical data
by percentages. Prognostic models for all-cause mortality were developed using Cox
regression. The proportionality of hazards assumption (PH) was verified for all
covariates using tests based on Schoenfeld residuals. *** *** There was no departure
from the PH assumption for any covariate. Cox metrics include the hazard ratio
(HR), 95% confidence intervals (Cls) and pseudo r® (the square of the correlation

coefficient of the actual and predicted values of the dependent variable).

4.3 Results

Of 311 patients, 42% were classified as SOBAR and 56% as CARBOSE (Figure 4).

2%

56% 42%

SOBAR CARBOSE
Not SOB

Figure 4 Pie Chart of proportion of patients presenting with SOBAR, CARBOSE or who were not short of
breath (SOB) — n=311
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Table 5 Clinical Characteristics at Presentation

Missing  Overall SOBAR CARBOSE SOBAR vs
Data (n=307) N=132 N=175 (57%)  CARBOSE
(43%) P-Value
Age 0 77 76 78 0.9
(IQR 71-84) (IQR71-83) (IQR 69 —84)
Women 0 107 (34%) 55 (46%) 51 (29%) 0.03
Prior IHD 0 169 (54%) 73 (55%) 94 (54%) 0.81
Prior CVA/TIA 0 31 (10%) 12 (9%) 19 (11%) 0.7
Prior DM 0 105(34%) 52 (39%) 52 (30%) 0.08
Prior COPD/Asthma 0 74 (24%) 38 (29%) 35 (20%) 0.08
Prior CKD (eGFR <60) 0 180 (58%) 73 (55%) 104 (59%) 0.48
Prior Hypertension 0 176 (57%) 78 (59 %) 95 (54%) 0.41
Prior AF 2 138 (45%) 67 (51%) 71 (41%) 0.08
AF (Presentation ECG) 4 156 (51%) 71 (54%) 85 (49%) 0.34
Prior HF 4 227 (75%) 87 (67%) 140 (81%) 0.005
Weight at admission 46 80 80 80 0.40
(Kg) (69-92) (68-94) (70-91)
Paired mean weight 4.1 4.1 4.1
loss (Kg) during P-Value P-Value P- Value
admission <0.001 <0.001 <0.001
QRS Duration 22 108 104 111 0.03
(92-138) (90-130) (96-140)
Heart Rate (HR) 1 89 100 85 <0.001
(IQR74-108) (IQR 78-120) (IQR 72-100)
Heart Rate if in SR 0 85 101 82 <0.001
(IQR 75-105)  (IQR 80-120) (IQR 71-90)
Heart Rate if in AF 1 91 98 88 0.02
(IQR 74-110)  (IQR 76-120) (IQR 72-100)
Systolic BP (SBP) 0 132 141 122 <0.001
(IQR110-150)  (IQR120- (IQR 108-141)
160)
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Table 5

Missing
Data

Overall
(n=307)

SOBAR
N=132
(43%)

CARBOSE
N=175 (57%)

SOBAR vs
CARBOSE
P-Value

Systolic BP 179 (58%) 96 (73%) 80 (46%)
>125mmHg
Respiratory Rate 2 20 24 18 <0.001
(IQR 18-24) (IQR 22-29)  (IQR 17-20)
Moderate-Severe 1 141 (46%) 56 (42%) 84 (48%) 0.44
oedema
Mild oedema 1 79 (26%) 40 (30%) 39 (25%) 0.35
Oxygen Saturation 7 97% 95% 97% 0.008
(IQR 94-99 (IQR 93- (IQR 95-98%)
%) 98%)
Echocardiogram 22
Moderate-Severe 195 (68%) 79 (66%) 116 (70%) 0.44
LVSD
No / Mild LVSD 90 (32%) 41 (34%) 49 (30%) 0.42
Left Atrium dilatation 119 128 (67%) 63 (77%) 65 (61%) 0.03
Pulmonary Congestion 16 140 (49%) 75 (61%) 65 (41%) 0.001
(X-Ray)
Severe Valve Disease 124 72 (39%) 31 (39%) 41 (39%) 1
Haemaoglobin (g/dl) 1 12.3 124 12.3 0.85
(IQR11-13.8) (IQR10.95- (IQR11-13.6)
13.8)
WBC (x10°/L) 79 9.1 10.0 8.4 0.003
(IQR 6.8- (IQR 7.4- (IQR 6.6 -10.7)
11.9) 13.1)
hsCRP (mg/L) 64 16 17.5 15.0 0.24
(IQR5.8-46)  (IQR7.1- (IQR 4.8-43.0)
51.0)
Sodium (mmol/L) 0 138 138 137 0.92
(IQR 135- (IQR 134 - (IQR 135-140)
140) 140)
Potassium (mmol/L) 10 44(4.0-48) 44(39-49) 4.4(4.0-4.8) 0.90
Urea (mmol/l) 1 8 (5.7-13.1) 8 (5.6-11.5) 9(5.8-14.6) 0.13
Creatinine (pmol/L) 0 111 (85-152) 109 (83 -143) 117 (86 -161) 0.87
eGFR (ml/min/1.73m") 0 53 (37 -73) 55(39-74) 52 (37-72) 0.41
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Table 5

Missing  Overall SOBAR CARBOSE SOBAR vs
Data (n=307) N=132 N=175 (57%) CARBOSE

(43%) P-Value
100 (46-497) 74 (24-341) 0.13

hsTnT (ng/L) 168 79 (35 -497)

NT-proBNP (pg/ml) 112 4082 4076 4160 0.99
(1895-10279)  (2320-9244)  (1483-11229)

IHD,Ischaemic Heart disease; CVA, Cerebrovascular accident; TIA, Transient Ischaemic attack; DM, Diabetes
Mellitus; COPD, Chronic Obstructive Pulmonary Disease; eGFR, Estimated glomerular filtration rate; SBP,
Systolic Blood Pressure; HR, Heart Rate; RR, Respiratory Rate; LVSD, Left Ventricle Systolic dysfunction;
WBC, White Blood count; hsCRP, high sensitivity C-Reactive protein; hsTnT, High sensitivity Troponin T. KG,
Kilo gram.

Only four patients were classified as not SOB and are not considered in subsequent
analyses. For the remaining 307 patients, the median age was 77 years [interquartile
range (IQR 71-84)]. Just over half had a prior diagnosis of ischaemic heart disease
(54%) and most patients had one or more co-morbid condition (chronic kidney
disease (58%), atrial fibrillation (45%), hypertension (57%), and diabetes (34%)).
Patients in the two groups were of similar age but patients with SOBAR were more
often women (46% versus 29%). Aetiology, comorbidity, the proportion with left
ventricular systolic dysfunction (LVSD), and plasma concentrations of both NT-
proBNP and high-sensitivity cardiac troponin T (hsTnT) were similar between the

groups (Table 5).

Prior to decompensation, there were slightly more patients on ACEI/ARB
(angiotensin converting enzyme inhibitor/ angiotensin receptor blockers) (61% v
56%) but fewer on beta adrenergic receptor blockers (44% v 53%), MRA
(mineralocorticoid receptor antagonist) (15% v 22%) or loop diuretics (52% v 60%)
in those with SOBAR as compared to CARBOSE, whereas in each group 20% of

patients were on digoxin. Patients with SOBAR were treated more aggressively
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during hospital admission, with a higher proportion receiving oxygen therapy,

ventilatory support and intravenous therapy (Table6)

Patients with SOBAR had a higher systolic blood pressure (BP) at presentation,
which declined substantially over the first 24 hours of admission as did diastolic BP,
heart rate and respiratory rate. In contrast, patients who were CARBOSE had
clinically non-significant (though statistically significant) change in systolic or
diastolic BP, heart rate or respiratory rate in the first 24 hours. (Figure 5, Figure 6 &

Figure 7).

Systolic Blood Pressure
170 p<0-901 Error bars represent inter quartile range
160 -
150 -
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Figure 5 Changes in systolic blood pressure over the first 24 hours after presentation
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Table 6 : Therapy prior to decompensation and during index admission

Table 6
Therapy Missing Overall SOBAR CARBOSE SOBAR vs
Data (n=307) (n=132) (n=175) CARBOSE
P-Value

Prior to 6

Decompensation

ACEI 131 62 69 0.20
(43%) (48%) (40%)

ARB 44 17 27 0.62
(14%) (13%) (16%)

ACEI or ARB 175 79 96 0.42
(57%) (61%) (56%)

BB 147 57 90 0.12
(49%) (44%) (53%)

MRA 58 20 38 0.18
(19%) (15%) (22%)

Loop Diuretic 172 68 104 0.14
(56%) (52%) (60%)

Thiazide Diuretic 14 8 6 0.40
(5%) (6%) (3%)

Nitrates 48 19 29 0.75
(16%) (15%) (17%)

CCB 36 19 17 0.21
(12%) (15%) (10%)

Digoxin 56 24 32 1
(20%) (20%) (20%)

During 5

admission

Oxygen at 78 48 30 <0.001

presentation (26%) (37%) (17%)

IV Diuretic in 187 116 71 <0.001

First 24 Hours (61%) (88%) (41%)

IV Nitrate 31 19 12 0.03
(10%) (15%) (7%)

IV Opiate 28 19 9 0.008
(9%) (14%) (5%)

IV Inotropic 8 4 4 0.73

Agent (3%) (3%) (2%)

C-PAP 9 8 1 0.006
(3%) (6%) (<1%)

Intubation & 5 5 0 0.01

Ventilation (2%) (4%) (0%)
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Table 6
Therapy Missing Overall SOBAR CARBOSE SOBAR vs
Data (n=307) (n=132) (n=175) CARBOSE
P-Value

At Discharge 0

(survivors; n=

276)

ACEI 197 83 114 0.46
(71%) (69%) (73%)

ARB 29 11 18 0.52
(10%) (9%) (11%)

ACEI or ARB 226 94 132 0.17
(81) (78%) (84%)

BB 219 90 129 0.09
(79%) (74%) (83%)

MRA 142 56 86 0.16
(51%) (46%) (55%)

Loop Diuretic 239 103 136 0.72
(86%) (85%) (87%)

Thiazide diuretic 23 8 15 0.15
(8%) (7%) (10%)

Nitrates 42 20 22 0.56
(15%) (17%) (14%)

CCB 18 9 9 0.57
(6%) (7%) (6%)

Digoxin 80 40 40 0.21
(29%) (33%) (26%)

ACEIi, Angiotensin converting enzyme inhibitor; ARB, Angiotensin Receptor Blocker; BB, Beta adrenergic
receptor Blocker; MRA, Mineralocorticoid Receptor antagonist; CCB, Calcium Channel blocker; C-PAP,

Continuous positive airway pressure.
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Heart Rate
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Figure 7 : Changes in respiratory rate in first 24 hours
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The RELAXin in Acute Heart Failure clinical trial (RELAX-AHF) entry criterion of
a systolic BP >125mmHg was met by 73% of patients at presentation, 58% within
one hour of presentation, but only 44% at 4-6 hour and 34% at 12-24 hours.*® &
However, the proportion was much higher in those with SOBAR compared with
CARBOSE (73% vs 46% at presentation, 63% v 30% at 4-6 hours and 44% v 26%

at 12-24 hours)(Table 7). Peripheral oedema was reported slightly more often in

patients with CARBOSE than SOBAR.

Although the in-hospital mortality tended to be higher in patients who were
CARBOSE (11%) than those who were SOBAR (8%) with an odds ratio (OR) of
1.41, the difference was not statistically significant (p=0.38, CI 0.66-3.08). During
the first 3 months after presentation, 26% of those who were CARBOSE died
compared to 13% who were SOBAR, with an OR of 2.34 (CI 1.27-4.31; P=0.006).
At 6 months, 34% of those who were CARBOSE had died compared to 19% who
were SOBAR (OR 2.29;CI 1.29-4.06; P=0.005). At the final censorship date, August
2013, 47% of those who were CARBOSE and 31% who were SOBAR had died
(Figure 8: hazard ratio 1.58; Cl 1.09-2.29; P=0.016). Mortality was higher amongst

patients  with peripheral oedema  at presentation (Table 8).
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Oxygen Therapy (%

Table 7 : Changes in vital signs in first 24 hours

Admission 2 Hours 3 Hours 4-6 Hours

6-12 Hour

12-24 Hour

SOBAR 48 (37%) 41 (46%) 65 (62%) 64 (52%) 68 (54%) 58 (45%)
CARBOSE 30 (17%) 17 (18%) 28 (24%) 37 (25%) 40 (25%) 41 (24%)
O, Sat If not on O, therapy (%), median (IQR) 97 96 96 96 96 96
(95-98) (95-98) (95-97) (95-98) (94-98) (95-98)
SOBAR 95 96 96 96 96 96
(92-97) (94-98) (95-97%) (94-97) (94-98) (94-97)
CARBOSE 97 96 96 96 96 96
(95-98) (95-98) (95-98) (95-98) (95-98) (95-98)
Systolic BP (mmHg), median (IQR) 132 130 121 120 121 118
(110-150) (110-148) (105-140) (105-140) (105-138) (103-131)
SOBAR 141 135 130 128 130 120
(120-160) (117-151) (115-148) (110-143) (115-143) (110-138)
CARBOSE 122 120 115 116 118 115
(108-141) (108-144) (100-129) (102-140) (102-130) (100-128)
Diastolic BP (mmHg), median (IQR) I 75 70 70 70 69
(63-91) (62-88) (60-85) (60-82) (60-80) (60-80)
SOBAR 82 78 74 70 70 69
(68-99) (66-90) (65-90) (60-84) (60-80) (60-80)
CARBOSE 74 71 69 70 68 68
(62-85) (61-83) (60-78) (60-80) (60-76) (60-75)
HR (min™), median (IQR) 83 82
(74-108) (70-109) (71-105) (73-100) (70-96) (68-95)
SOBAR 100 88 85
(78-120) (81-120) (76-120) (77-109) (75-104) (70-101)
CARBOSE 82 81 82 80 80
(72-100) (68-95) (68-95) (70-95) (68-92) (68-90)
RR (min™), median (IQR) 20 20 20 20 19 18
(18-24) (18-22) (18-23) (17-22) (17-22) (17-20)
SOBAR 24 22 22 20 20 20
(22-29) (20-28) (19-26) (19-24) (18-24) (18-22)
CARBOSE 18 18
(17-20) (16-20) (17-20) (17-20) (16-20) (16-20)
Systolic BP >125 mmHg, % 58% 54% 46% 44% 43% 34%
SOBAR 73% 64% 63% 52% 57% 44%
CARBOSE 46% 44% 30% 37% 33% 26%
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BP, Blood Pressure; IQR, Inter quartile range; HR, Heart Rate; RR, Respiratory Rate
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Kaplan-Meier survival estimates
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Figure 8 : Survival Comparison of SOBAR & CARBOSE

Kaplan Meir Survival Estimates: Hazard Ratio 1.58 (P-value 0.016, Cl 1.09-2.29) Log Rank test p-value 0.0152.

Using 25-way cross-validation, CARBOSE was associated with a higher all-cause
mortality compared with SOBAR in all 25 Cox-regression models when adjusted for
age and sex, with a hazard ratio ranging from 1.5 to 1.9. When the covariates were
extended to include SBP, RR, creatinine, HR, and severity of LVSD, CARBOSE

was again significant in all of the models, with a hazard ratio ranging from 2.0 to 2.6.
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Table 8 : Duration of Hospital Stay and Mortality

Missing Data Overall SOBAR CARBOSE
(n=307) (n=132) (n=175)

Length of stay, 0

median days (6-18) (7-17) (6-18)
(IQR)

Deaths in 0 31 11 20
Hospital, n (%) (10%) (8%) (11%)
Length of stay for 0 11 11 11
survivors of index (6-17) (7-17) (5-18)
admission,

median days

(IQR)

Length of Stay 0 16 16 15

for deaths during (11-33) (9-33) (10-23)
index admission,

median days

(IQR)

Deaths 30 days 0 26 8 18
after presentation, (8%) (6%) (10%)
n (%)

Deaths 90 days 0 63 17 45
after presentation, (20%) (13%) (26%)
n (%)

Deaths 180 days 0 78 21 56
after presentation, (28%) (19%) (34%)
n (%)

All deaths up to 0 124 42 82
August 2013, n (40%) (31%) (47%)
(%)

Deaths in absence 1 27 of 87 10 of 36 17 of 51
of peripheral (31%) (28%) (33%)
oedema at

presentation

Deaths in 1 97 of 220 32 0f 96 650f 123
presence of (44%) (33%) (52%)
peripheral

oedema at

presentation

IQR; Interquartile range
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Of the covariates, lower SBP (appearing in all 25 models), higher RR (appearing in
20 models), older age (appearing in all 25) and higher creatinine (only 1 model) were
associated with greater all-cause mortality. Sex, HR and LVSD did not appear in any
of the cross-validation models. When log[NT-proBNP], measured in the post-acute
phase, was added as a covariate, only older age and higher NT-proBNP predicted
outcome and did so in every cross-validation model. No other variable appeared in
any cross-validation model. However, due to the limited availability of routine
natriuretic peptide testing in patients recruited early in the study, a measurement was

only available in 63% of patients, which reduced the cohort size for the model.

4.4 Discussion

| found that in patients hospitalized with a primary diagnosis of heart failure, slightly
fewer than half of patients were breathless at rest. These results are similar to those
reported, but not highlighted, by others. The IMPACT-HF registry reported that only
47% of patients with decompensated heart failure presented with dyspnoea at rest.**’
The first EuroHeart Failure survey reported that only 40% of 11,701 patients with
suspected or confirmed HF reported severe breathlessness.® The National Heart
Failure Audit for England & Wales data also reported that only one third of patients
with a primary death or discharge diagnosis of heart failure presented with
breathlessness at rest.™ In the USA, the OPTIMIZE-HF registry reported that only
44% of patients hospitalized with heart failure patients had dyspnoea at rest.?> *°

However, none of these studies was conducted, analysed or interpreted with a

primary focus on the severity of breathlessness.

The severity of breathlessness is of fundamental importance in patient management.

Patients who are breathless at rest need urgent symptomatic treatment and close

76



Chapter 4

observation, usually in hospital. For patients with less severe symptoms, especially if
it is peripheral oedema, admission to hospital may be a matter of medical
convenience rather than necessity. For some patients with less severe symptoms,
intermediate levels of care, which might include a day-care facility or rapid access to

specialist services in the community or out-patient clinic, may be preferable.

Patients with SOBAR had a higher heart rate and blood pressure at presentation
consistent with greater activation of the sympathetic nervous system. Higher
respiratory rate and lower oxygen saturation are consistent with greater respiratory
stress. Higher white cell count might also be a sign of greater stress rather than
infection; however, plasma concentrations of high sensitivity C-reactive protein were

similar between groups.

The signs of cardiovascular stress settled more rapidly in patients with SOBAR,
perhaps due to greater medical sensitivity to (and intense therapy for) their
symptoms.*® This is problematic for clinical trials of acute heart failure which
generally recruit patients with more than a 6 hour delay after presentation to
hospital.*® ® Researchers may not be alerted to a patient’s admission for several
hours, time is required to obtain consent and to get the results of tests required to
confirm eligibility. Administrative delays may be incurred by the randomisation
process and preparing the investigational treatment. Many protocols require patients
to have received intravenous diuretics some hours before randomisation, which
cause symptoms to abate. Compassionate clinicians, or those who wish to avoid the
extra work incurred, may avoid recruiting sicker patients. This makes clinical trials
in patients with SOBAR extremely difficult. Very early intervention will enrol

patients who are very likely to respond rapidly to conventional therapy, leading to a
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neutral outcome. Substantial delay will mean that a mixture of patients including
those recalcitrant to treatment , who may respond poorly to many therapies, those
who have received insufficient initial treatment and those whose symptoms are on
the verge of resolution, are enrolled, again leading to a neutral outcome. A finding
that appears surprising at first sight was that patients presenting with CARBOSE had
a worse prognosis than those with SOBAR. Why might that be? Patients who are
CARBOSE may have more peripheral congestion reflecting more severe right
ventricular (RV) dysfunction, which is an important determinant of prognosis.**
Statistical modelling suggested that the worse prognosis amongst patients with
CARBOSE could be accounted for by differences in plasma concentrations of NT-
proBNP, a marker reflecting the severity of congestion. Indeed, the presence of
peripheral oedema indicated a worse prognosis regardless of the severity of
breathlessness. Peripheral oedema was also an in useful predictor of higher mortality
in the National Heart Failure Audit although not in landmark clinical trials.** This
observation needs to be confirmed in other data-sets. Patients who were CARBOSE
also had a lower systolic blood pressure, which has consistently been associated with

a poor prognosis in studies of heart failure.*?* 2

Although patients with peripheral oedema may look less unwell than those with
acute breathlessness, they have a higher mortality, suggesting that more attention
should be paid to their management. A prior history of heart failure was more
common in the CARBOSE than the SOBAR group (Table 5), suggesting that many
patients in this group have long standing heart failure and may now have late-stage

disease
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The RELAX-HF study reported that use of serelaxin might improve prognosis of
patients hospitalized with worsening heart failure and breathlessness at rest or slight
exertion despite initial treatment with intravenous diuretics provided they had a
systolic blood pressure >125mmHg. The median time from presentation to
randomization was 8 hours.*® Whilst | found that 73% of patients with SOBAR met
the trial’s blood pressure entry criterion at presentation, only 46% of those with
CARBOSE would have met this criterion. The proportion of patients meeting the
blood pressure entry criterion fell rapidly after admission, presumably in response to
haemodynamically active treatment and lower sympathetic drive as symptoms and

anxiety decreased.

There are many reasons why trials of new therapies in acute heart failure might fail,
but lack of involvement of emergency department (ED) staff may be a common
factor. This may reflect the view that an ED is not a suitable place to start
investigational therapy for patients with acute heart failure. Historically, ED
physicians have a track record of recruiting patients in complex conditions such as
ACS (acute coronary syndrome), acute ischaemic stroke and major trauma. Close
collaboration of ED physicians and cardiologists may be helpful in identifying
appropriate patients. The partnership needs to start at a local level and spread to

national and international trial design.™*

4.5 Limitations

The study was conducted in a single centre with a modest number of patients. |
collected data retrospectively from the review of case notes of patients assigned a
primary diagnosis of heart failure by the hospital coding department. This might

cause some selection bias but the same bias would also then apply to the National
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Audit for England & Wales. | divided patients into two groups but in reality there
will be a spectrum extending from patients with extreme breathlessness and
impending respiratory failure through to patients whose major functional limitation
and breathlessness is due to the severity and sheer weight of peripheral oedema.
Many patients with CARBOSE did not have marked peripheral oedema and may
well have been a heterogeneous group, some with milder degrees of heart failure that
neither caused breathlessness at rest nor peripheral oedema and others with severe
congestion. This may explain why NT-proBNP eliminated CARBOSE from the
prognostic model. This also suggests that there may be a very high risk subgroup
amongst those with CARBOSE. Further exploration of the natural history and

outcome of these extreme cases is required.

Models including NTproBNP may have been over fitted due to the smaller number
of patients included. Concato and colleagues suggest a minimum of 10 events for
every candidate predictive variable.'** Models including NTproBNP had only 7-8
events per variable. My results should be verified in other data-sets. Natriuretic
peptides measured at admission may add little prognostic information to standard
variables but other analysis suggest that they may provide powerful prognostic

125,126

information when measured later in the hospital course, as in the current report.

4.6 Conclusion

Most patients admitted with a primary diagnosis of heart failure are not breathless at
rest but do have breathlessness on slight exertion. Patients with SOBAR often
respond quickly to treatment with rapid improvement in symptoms and signs. It is
possible that control of acute breathlessness is a need that is generally met by

existing conventional therapy. New agents targeting breathlessness either need to be
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initiated very early with the intent of accelerating resolution or later, when patients
who are recalcitrant to conventional therapy become obvious, or very late, targeting
exertional breathlessness in the peri-discharge period. Muddling these targets is
problematic and may have contributed to the neutrality of many trials of acute heart
failure. However, contrary to the assumptions of many physicians, patients who
present with less severe symptoms appear to have a worse prognosis, perhaps
reflecting more severe right ventricular dysfunction, as evidenced by peripheral
congestion. The timing and approach to treatment of peripheral congestion may be

different from acute breathlessness.
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Chapter 5 Breathlessness at Rest is Not the Dominant
Presentation of Patients Admitted with Heart Failure-
Validation with London data

5.1 Introduction

Acute heart failure (AHF) is an unstable and heterogeneous condition and a primary
or contributory reason for 3.5 million NHS bed-days annually in the UK.**® 1t is
generally believed that majority of patients admitted with AHF have severe shortness
of breath at rest but some baseline data from large registries and surveys suggests
that many patients were comfortable at rest with some signs of cardio-respiratory

distress and I have already confirmed it in my dataset in chapter 4.3 1416115117

In clinical practice, treatment for acute breathlessness is usually implemented within
minutes of presentation but in clinical trials, there is usually a delay of 6-12 hours
before the research intervention due to study related administrative procedures.
Changes in heart rhythm & blood pressure (BP) may precipitate AHF. The distress
of AHF causes an increase in heart (HR) and respiratory rate (RR) and an increase in
systemic vascular resistance (SVR) that may lead to a rise in BP. Treatment directly

or indirectly will improve each of these problems.

The primary aim of this study is to show how patients hospitalised with heart failure
present in terms of severity of breathlessness and their initial course in terms of
blood pressure, heart rate and respiratory rate during first 24 hours after hospital

admission by conducting a multi-centre, retrospective case-note review.
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5.2 Methods
5.2.1 Patient Cohort

The Hull and East Yorkshire Hospitals NHS trust, Kings College Hospital NHS
foundation trust London and The Whittington Hospital NHS trusts London are three
large tertiary care hospitals in the UK that provide emergency care to approximately
500,000 people. All three trusts participate in the England and Wales National Heart
Failure Audit (NHFA). Over a 36 months period between 2010-13, the first 20
patients reported to the NHFA in each month were identified, providing a cohort of
approximately 701 patients (311 from Hull and 390 from London). Patient sampling
in this manner was done to remove possible selection and seasonal bias in the data.
The clinical variables extracted from the case-note reviews are shown in Table 9 and
Table 10. Plasma concentrations of N-terminal pro B-type natriuretic peptide (NT-
proBNP) were requested during admission for 195 patients, generally 3-5 days after
admission. However pro-BNP data was only available from Hull, as Natriuretic
peptides are not routinely checked in London for AHF admissions. Data collection
was carried out by me (AS) in Hull and the Dr Sue Piper (SP) in London. Patients
were categorized according to the severity of breathlessness based on their clinical
record and respiratory rate (RR). Patients who were reported to be i) breathless at
rest, with ii) >20 breaths per minute and iii) given intravenous therapy (IV) or
opiates soon after presentation were classified as SOBAR (Shortness of Breath At
Rest) if they fulfilled all three criteria. Patients who did not fulfil all three of these
criteria were reviewed and classified using clinical judgement as SOBAR,
CARBOSE (Comfortable at Rest Breathless on Slight Exertion) or, if no

breathlessness was reported, as ”"Not SOB”(short of breath).
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Patients’ clinical characteristics and a detailed comparison of presentations and
survival analysis from Hull is already reported in chapter 4 and published
elsewhere.’”” Here, we sought to validate our results first by comparing and
contrasting the baseline clinical characteristics from both sites (Table 9 &Table 11 )
and then by combining all patients’ data with a relatively larger sample (Table 10 &
Table 12). Similar statistical methods and techniques were applied as described in

chapter 4

5.3 Results

Of all the 701 patients, 315 (45%) were classified as SOBAR, 382 (54%) as
CARBOSE. Four patients were classified as ‘not SOB’, and were not considered in
subsequent analysis. In the remaining 697 patients, 307 patients’ data was collected
from Hull and 390 from London. Patients from Hull were older (77 v 74 years), there
were more men (64% v 59%), had they a higher prevalence of prior Ischaemic heart
disease (IHD) (54% v 39%), Chronic kidney disease (CKD) (58% v 48%) and Atrial

fibrillation (AF) (45% v 37%) as compared to patients in London (Table 9).

However, patients in London had more moderate to severe peripheral oedema at
presentation (85% v 46%), lost more weight during index admission (5.2 v 4.1 Kg)
and more received intravenous (1V) diuretics (71% v 61%) during first 24 hours of
presentation compared to Hull ( Table 9& Table 11). The rest of the base line clinical
characteristics are quite similar among patients belonging to both sites (Table 9 &
Table 11). In the remaining 697 patients who were considered for final analysis, the
median age was 76 years, just over half had a prior history of hypertension (57%),
CKD (52%) and two thirds had moderate to severe peripheral oedema (67%) (Table

10).
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Table 9 : Comparison of Base line Clinical characteristics of two sites

Data Collection from Hull Data Collection from London

Missing Overall CARBOSE  SOBAR vs Missing Overall SOBAR CARBOSE  SOBAR vs
data N=307 N=175 CARBOSE data N=390 N= 183 N=207 CARBOSE
(57%) P-Value (47%) (53%) P-Value
Age (IQR) 0O 77(71-84) 76(71-83) 78(69- 0.9 0 74 (62-82) 74 (64-83) 73(59-81) 0.2 <0.001
84)
Women 0 107 (34%) 55 (46%) 51 (29%) 0.03 0 159 (41%) 82 (45%) 77 (37%) 0.08 0.09
Prior IHD 0 169 (54%) 73 (55%) 94 (54%) 0.81 0 153 (39%) 79 (43%) 74 (36%) 0.13 <0.001
Prior 0 31 (10%) 12 (9%) 19 (11%) 0.7 0 38 (10%) 8 (9%) 11 (10%) 0.51 0.8
CVAITIA
Prior DM 0 105(34%) 52 (39%) 52 (30%) 0.08 1 123 (32%) 63 (35%) 60 (29%) 0.14 0.53
Prior 0 74 (24%) 38 (29%) 35 (20%) 0.08 0 99 (25%) 49 (27%) 50 (24%) 0.55 0.63
COPD/Ast
hma
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Table 9 Data Collection from Hull Data Collection from London

Missing Overall SOBAR CARBOSE  SOBAR vs Missing Overall SOBAR CARBOSE  SOBAR vs
data N=307 N=132 N=175 CARBOSE  data N=390 N=183 N=207 CARBOSE
(43%) (57%) P-Value (47%) (53%) P-Value

PriorCKD 0 180 (58%) 73 (55%) 104 (59%) 0.48 0 187 (48%) 83 (45%) 104 (50%) 0.34 0.01
(eGFR

<60)

Prior 0 176 (57%) 78 (59 %) 95 (54%) 0.41 1 227 (58%) 103 (57%) 124 (60%) 0.50 0.64
Hypertensi

on

Prior AF 2 138 (45%) 67 (51%) 71 (41%) 0.08 0 144 (37%) 68 (37%) 76 (37%) 0.93 0.03
AF at 4 156 (51%) 71 (54%) 85 (49%) 0.34 1 164 (42%) 81 (44%) 83 (40%) 0.43 <0.001

presentatio

n

QRS 22 108 (92- 104 (90- 111 (96- 0.03 0 110 (91- 108 (90- 111 (92- 0.91 0.77
Duration 138) 130) 140) 138) 138) 142)
(IQR)
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Table 9 Data Collection from Hull

Missing
data

Overall
N=307

SOBAR
N=132
(43%)

CARBOSE  SOBAR vs
N=175 CARBOSE
(57%) P-Value

Data Collection from London

Missing Overall SOBAR
data N=390 N=183
(47%)

CARBOSE  SOBAR vs
N=207 CARBOSE
(53%) P-Value

Prior HF 4 227 (75%) 87 (67%) 140 (81%)  0.005 390 - - - - -
Weight at 46 80(69-92) 80(68-94) 80(70-91) 0.40 1 80 79 81 0.93 0.97
admission
(Kg) (67-94) (66-90) (67-97)
Paired 4.1 4.1 4.1 1 5.18 4.95 5.38
mean
weight loss P-Value P-Value P- Value P-Value P-Value P-Value
(Kg) <0.001 <0.001 <0.001
<0.001 <0.001 <0.001
HR(IQR) 1 89 (74-108) 100 (78- 85 (72-100) <0.001 0 90 (73-110) 100 (82- 82 (70-103) <0.001 0.83
120) 120)
HRifinSR 3 85 (75- 101 (80- 82 (171-90)  <0.001 1 91 (75-108) 100 (85- 83(70-101)  <0.001 0.29
(IQR) 105) 120) 116)
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Table 9 Data Collection from Hull Data Collection from London

Missing Overall SOBAR CARBOSE  SOBAR vs Missing Overall SOBAR CARBOSE  SOBAR vs
data N=307 N=132 N=175 CARBOSE  data N=390 N=183 N=207 CARBOSE
(43%) (57%) P-Value (47%) (53%) P-Value

Heart Rate 91 (74-110) 98 (76-120) 88 (72-100) 0.02 0 89 (70-117) 97 (79-126) 82 (68-104) 0.003 0.91
if in AF

SystolicBP 0 132 (110- 141 (120- 122 (108- <0.001 0 133 (115- 142 (124- 129 (110- <0.001 0.09
(IQR) 150) 160) 141) 153) 166) 144)

SystolicBP 0 179 (58%) 96 (73%) 80 (46%) <0.001 0 239 (61%) 129 (70%) 110 (53%) <0.001 0.29
>125mmH

g

RR (IQR) 2 20 (18-24) 24 (22-29) 18 (17-20)  <0.001 0 22 (19-28) 28(24-33) 20(18-21) <0.001 <0.001
Moderate - 1 141 (46%) 56 (42%) 84 (48%) 0.44 14 318 (85%) 139 (78%) 179 (89%)  0.003 <0.001
Severe

oedema
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Table 9 Data Collection from Hull

Missing
data

Mild

oedema

Overall
N=307

79 (26%)

SOBAR
N=132
(43%)

40 (30%)

CARBOSE
N=175
(57%)

39 (25%)

SOBAR vs
CARBOSE
P-Value

0.35

Data Collection from London

Missing Overall SOBAR
data N=390 N=183
(47%)

41 (11%) 20 (11%)

CARBOSE
N=207
(53%)

21 (11%)

SOBAR vs
CARBOSE
P-Value

0.90

<0.001

Echo 22

75

Moderate-
Severe
LVSD

195 (68%)

79 (66%)

116 (70%)

0.44

250 (79%) 122 (83%)

128 (76%)

0.14

0.002

No / Mild
LVSD

90 (32%)

41 (34%)

49 (30%)

0.42

65 (21%) 25 (17%)

40 (24%)

0.13

0.003

Left Atrium 119

dilatation

128 (67%)

63 (77%)

65 (61%)

0.03

390 - -

Severe 124

Valve

72 (39%)

31 (39%)

41 (39%)

0.98

390 - -
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Table 9 Data Collection from Hull Data Collection from London

Missing Overall SOBAR CARBOSE  SOBARvs Missing Overall CARBOSE  SOBARvs
data N=307 N=132 N=175 CARBOSE data N=390 N=207 CARBOSE
(43%) (57%) P-Value (53%) P-Value
Disease
Haemoglob 1 12.3 12.4 12.3 0.85 390 - - - - -
in (g/dl)
(11-13.8) (10.95 - (11 -13.6)

(IQR) 13.8)
WBC 79 9.1 (6.8- 10.0 (7.4- 8.4 (6.6 - 0.003 390 - - - - -
(x10%/L) 11.9) 13.1) 10.7)
(IQR)
hsCRP 63 16 (5.8-46) 175 (7.1- 15.0 (4.8- 0.24 101 14 (5-31) 12 (5-29)) 11 (5-27) 0.74 0.01
(mg/L) 51.0) 43.0)
(IQR)
Sodium 0 138 (135- 138 (134- 137 (135- 0.92 0 139 (136- 139 (136- 138 (136- 0.40 0.007
(mmol/L) 140) 140) 140) 141) 142) 141)
(IQR)
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Table 9 Data Collection from Hull Data Collection from London

Missing Overall SOBAR CARBOSE  SOBARvs Missing Overall CARBOSE  SOBAR vs

data N=307 N=132 N=175 CARBOSE data N=390 N=207 CARBOSE

(43%) (57%) P-Value (53%) P-Value

Potassium 10 4.4 (4.0 - 4.4 (3.9 - 4.4 (4.0- 0.90 1 4.4 4.4 4.4 0.33 0.79
(mmol/L) 4.8) 4.9) 4.8)
(IQR) (4.1-4.9) (4.1-4.9) (4.1-4.8)
Urea 1 8 (5.7 - 8(5.6- 9(5.8- 0.13 372 11 (7-16) 10 (5-16) 13 (8-15) 0.65 0.22
(mmol/l) 13.1) 11.5) 14.6)
(IQR)
Creatinine 0 111 (85- 109 (83 - 117 (86 - 0.87 371 114 111 115 0.64 0.79
(umol/L) 152) 143) 161)
(IQR) (76-163) (70-171) (93-153)
eGFR 0 53 (37-73) 55(39 - 52 (37-72) 041 1 52 (35-75)  51(35-73) 55(35-78) 0.52 0.87
(ml/min/1.7 74)
3m?) (IQR)
hsTnT 168 79 (35 - 100 (46- 74 (24-341) 0.13 390 - - - - -
(ng/L)(IQR 497) 497)

)
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Table 9 Data Collection from Hull Data Collection from London

Missing Overall SOBAR CARBOSE  SOBAR vs Missing Overall SOBAR CARBOSE  SOBAR vs
data N=307 N=132 N=175 CARBOSE  data N=390 N=183 N=207 CARBOSE
(43%) (57%) P-Value (47%) (53%) P-Value
NT- 112 4082 4076 4160 0.99 390 - - - -
proBNP (1895- (2320- (1483-
(pg/ml) 10279) 9244) 11229)
(IQR)

IHD; Ischaemic Heart disease, CVA; Cerebrovascular accident, TIA; Transient Ischaemic attack, DM; Diabetes Mellitus, COPD; Chronic Obstructive Pulmonary Disease, eGFR; Estimated
glomerular filtration rate, SBP; Systolic Blood Pressure, HR; Heart Rate, RR; Respiratory Rate, Echo; Echocardiography, LVSD; Left Ventricle Systolic dysfunction, WBC; White Blood count,
hsCRP; high sensitivity C-Reactive protein, hsTnT; High sensitivity Troponin T, KG; Kilo gram.
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Table 10 : Over all Base line clinical characteristics (Combined London & Hull)

Table 10

Missing Data

Overall
(N=697)

SOBAR
N-315(45%)

CARBOSE
N-382 (55%)

SOBAR vs
CARBOSE
(GRYEWE)

Age (IQR) 0 76 (65-73) 76 (66-83) 76 (64-82) 0.35
Women 0 265 (38%) 137 (43%) 128 (34%) 0.007
Prior IHD 0 320 (46%) 152 (48%) 168 (44%) 0.26
Prior 0 69 (10%) 33 (11%) 36 (10%) 0.38
CVAITIA

Prior DM 1 227 (33%) 115 (37%) 112 (29%) 0.04
Prior 0 172 (25%) 87 (28%) 85 (22%) 0.06
COPD/Asthm

a

Prior CKD 0 364 (52%) 156 (50%) 208 (54%) 0.20
(eGFR <60)

Prior 1 400 (57%) 181 (58%) 219 (57%) 0.93
Hypertension

Prior AF 2 282 (41%) 135 (43%) 147 (39%) 0.25
AF 5 320 (46%) 152 (48%) 168 (44%) 0.21
(Presentation

ECG)

QRS Duration 22 108 (92-138) 106 (90-134) 111 (94-140)  0.99
(IQR)

Prior HF 394 227 (75%) 87 (67%) 140 (81%) 0.005
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Table 10

Missing Data

Overall
(N=697)

SOBAR
N-315(45%)

CARBOSE
N-382 (55%)

SOBAR vs
CARBOSE
(P-Value)

Weight at 80 (68-93) 79 (67-92) 80 (68-94)
admission
(Kg) (IQR)
Paired mean 120 4.8 4.6 49
weight loss
(Kg) P-Value P-Value P-Value

<0.001 <0.001 <0.001
Heart Rate 1 90 (74-109) 100 (80-120) 84 (70-100) <0.001
(HR) (IQR)
Heart Rate if 5 89 (75-106) 100 (83-117) 83 (70-98) <0.001
in SR
Heart Rate if 90 (72-114) 98 (78-125) 85 (69-102) <0.001
in AF
Systolic BP 0 133 (113- 142 (124-164) 125 (110-143) <0.001
(SBP)(IQR) 152)
Systolic BP 0 415 (60%) 225 (71%) 190 (50%) <0.001
>125mmHg
Respiratory 2 22 (18-26) 26 (24-32) 19 (18-20) <0.001
Rate
Moderate - 14 458 (67%) 195 (63%) 263 (70%) 0.06
Severe
oedema
Mild Oedema 14 128 (19%) 63 (20%) 65(18%) 0.80
Echo
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Table 10

Missing Data

Overall
(N=697)

SOBAR
N-315(45%)

CARBOSE
N-382 (55%)

SOBAR vs
CARBOSE

(P-Value)

Moderate- 97 445 (74%) 201 (75%) 244 (73%) 0.57
Severe LVSD

No / Mild 97 155(26%) 66 (25%) 89 (27%) 0.56
LVSD

Left Atrium 509 128 (67%) 63 (77%) 65 (61%) 0.03
dilatation

Pulmonary 24 395 (59%) 218 (71%) 177 (48%) <0.001
Congestion

(X-Ray)

Severe Valve 513 72 (39%) 31 (39%) 41 (39%) 0.98
Disease

Haemoglobin 391 12.3 (11- 12.4(10.95- 12.3(11- 0.85
(g/dl) (IQR) 13.8) 13.8) 13.6)

WBC 468 9.1 (6.8-11.9) 10.0 (7.4- 8.4 (6.6 - 0.003
(x10*/L)(1QR) 13.1) 10.7)

hsCRP (mg/L) 164 14 (5-33) 15 (5-35) 14 (5-31) 0.26
(IQR)

Sodium 0 138 (135-141) 138 (135-141) 138(135-141) 0.54
(mmol/L)

(IQR)

Potassium 11 4.4 (4-4.9) 4.4 (4-4.9) 4 (4.4-4.8) 0.67
(mmol/L)

(IQR)

Urea 373 9 (6-13) 8 (5-12) 9 (6-15) 0.12

(mmol/I)(IQR)
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Table 10 Missing Data  Overall SOBAR CARBOSE SOBAR vs

(N=697) N-315(45%) N-382 (55%) CARBOSE
(P-Value)

Creatinine 111 (85-153) 109 (83-143) 117 (86-159)
(umol/L)

(IQR)

eGFR 1 53 (36-74) 52 (36-74) 53 (36-74) 0.93
(ml/min/1.73

m’) (IQR)

hsTnT (ng/L) 558 77 (35-490) 100 (46-497)  74(24-341) 0.14
(IQR)

NT-proBNP 502 4082 (1895- 4076 (2320- 4160 (1483- 0.99
(pg/ml) (IQR) 10279) 9244) 11229)

IHD; Ischaemic Heart disease, CVA; Cerebrovascular accident, TIA; Transient Ischaemic attack, DM; Diabetes
Mellitus, COPD; Chronic Obstructive Pulmonary Disease, eGFR; Estimated glomerular filtration rate, SBP;
Systolic Blood Pressure, HR; Heart Rate, RR; Respiratory Rate, Echo; Echocardiography, LVSD; Left Ventricle
Systolic dysfunction, WBC; White Blood count, hsCRP; high sensitivity C-Reactive protein, hsTnT; High
sensitivity Troponin T, KG; Kilo gram.
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Table 11 : Therapy prior to decompensation, during index admission and at discharge (Comparisons of two sites)

Table 11
Therapy Data Collection from Hull Data Collection from London

Missing Overall SOBAR CARBOSE  SOBARVs  Missing Overall SOBAR CARBOSE  SOBAR vs
data N=307 N=132 N=175 CARBOSE  data N=390 N= 183 N=207 CARBOSE
(43%) (57%) P-Value (47%) (53%) P-Value

Prior to Decompensation

ACEi 6 131 (43%)  62(48%) 69 (40%)  0.20 0 174 (45%) 78 (43%) 96 (46%)  0.46 0.77
ARB 44 (14%)  17(13%)  27(16%)  0.62 0 54 (14%) 24 (13%) 30 (14%)  0.69 0.81
ACEI/ARB 175 (57%)  79(61%) 96 (56%)  0.42 0 228 (59%) 102 (56%) 126 (60%)  0.55 0.75
BB 147 (49%) 57 (44%)  90(53%)  0.12 0 177(45%) 79 (43%) 98 (47%)  0.41 0.35
MRA 58 (19%)  20(15%)  38(22%)  0.18 0 68 (17%)  23(13%)  45(22%)  0.02 0.56
IIZ_)?SrF:a i 172 (56%) 68 (52%) 104 (60%) 0.14 0 237 (61%) 105 (57%) 132 (64%)  0.20 0.29
Bm?a:ice 14 (5%) 8 (6%) 6 (3%) 0.40 0 34 (9%) 10 (5%) 24 (12%)  0.04 0.04
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Table 11
Therapy Data Collection from Hull Data Collection from London P-Value
Hull v

London
Missing Overall SOBAR CARBOSE  SOBAR vs Missing Overall SOBAR CARBOSE  SOBAR vs
data N=307 N=132 N=175 CARBOSE  data N=390 N=183 N=207 CARBOSE
(43%) (57%) P-Value (47%) (53%) P-Value
19 (15%)  29(17%)  0.75 0 36 (9%) 22 (12%) 14 (7%) 0.08 0.007

Nitrates 48 (16%)

CCB 36 (12%)  19(15%)  17(10%) 021 0 70 (18%)  31(17%) 39 (18%)  0.36 0.03

Digoxin 56 (20%) 24 (20%) 32 (20%) 1 0 49 (13%) 29 (16%) 20 (10%)  0.05 0.01

During admission

IV Diuretic 187 (61%) 116(88%) 71(41%)  <0.001 0 277 (71%) 164 (90%) 113 (55%)  <0.001 0.005
in First 24

Hours

IV Nitrate 31(10%)  19(15%) 12 (/%) 0.03 0 95 (24%) 74 (40%) 21 (10%)  <0.001 <0.001
IV Opiate 28 (9%) 19 (14%) 9 (5%) 0.008 390 - - - -

v 8 (3%) 4 (3%) 4 (2%) 0.73 0 11 (3%) 8 (4%) 3 (1%) 0.08 1
Inotropic

Agent
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Table 11
Therapy Data Collection from Hull Data Collection from London P-Value
Hull v
London
Missing Overall SOBAR CARBOSE  SOBAR vs Missing Overall SOBAR CARBOSE  SOBAR vs
data N=307 N=132 N=175 CARBOSE  data N=390 N=183 N=207 CARBOSE
(43%) (57%) P-Value (47%) (53%) P-Value
C-PAP 9 (3%) 8 (6%) 1 (<1%) 0.006 0 12 (3%) 11 (6%) 1 (0.5%) 0.001 1
Intubation 5 (2%) 5 (4%) 0 (0%) 0.01 0 4 (1%) 4 (2%) 0 0.04 0.52
&
Ventilation
At
Discharge
ACEI 197 (71%) 83 (69%) 114 (73%) 0.46 281 (78%) 135 (80%) 146 (76%) 0.44 0.03
ARB 29 (10%) 11 (9%) 18 (11%) 0.52 41 (11%) 19 (11%) 22 (11%) 1 0.78
ﬁACREE; 226 (81) 94 (78%)  132(84%) 0.17 322 (89%) 154 (91%) 168 (87%)  0.55 0.02
BB 219 (79%) 90 (74%) 129 (83%)  0.09 278 (77%)  135(78%) 143 (75%)  0.27 0.50
MRA 142 (51%) 56 (46%) 86 (55%) 0.16 191 (52%) 92 (53%) 99 (51%) 0.68 0.87
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Table 11
Therapy Data Collection from Hull Data Collection from London P-Value
Hull v

London
Missing Overall SOBAR CARBOSE  SOBAR vs Missing Overall SOBAR CARBOSE  SOBAR vs
data N=307 N=132 N=175 CARBOSE  data N=390 N=183 N=207 CARBOSE
(43%) (57%) P-Value (47%) (53%) P-Value

Loop 239 (86%) 103 (85%) 136 (87%)  0.72 344 (92%) 162 (92%) 182 (92%) 1 0.02
Diuretic

Thiazide 23 (8%) 8 (7%) 15 (10%)  0.15 19 (5%) 6 (3%) 13 (7%) 0.17 0.07
diuretic

Nitrates 42 (15%) 20 (17%) 22 (14%)  0.56 23 (14%) 14 (17%) 9 (11%) 0.27 0.89
CCB 18 (6%) 9 (7%) 9 (6%) 0.57 26 (14%) 10 (12%) 16 (16%)  0.53 0.009
Digoxin 80 (29%)  40(33%)  40(26%) 021 60 (16%)  31(17%) 29 (15%)  0.57 <0.001

ACEi, Angiotensin converting enzyme inhibitor; ARB, Angiotensin Receptor Blocker; BB, Beta adrenergic receptor Blocker; MRA, Mineralocorticoid Receptor antagonist; CCB, Calcium

Channel blocker; C-PAP, Continuous positive airway pressure.
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Table 12 : Therapy prior to decompensation, during index admission and discharge (Combined Hull and
London)

Table 12
Therapy Missing Overall SOBAR CARBOSE SOBAR vs

Data (N=697) N=315(45%) N=382 CARBOSE
(55%) (P-Value)

Prior to
Decompensation

ACEi 6 305 (44% 140 (45%) 165 (44%) 0.78
ARB 3 44 (14%) 41 (13%) 57 (15%)  0.47
ACEi or ARB 349 (58%) 181 (58%) 222 (59%)  0.72
BB 7 324 (47%) 136 (43%) 188 (50%)  0.09
MRA 4 126 (18%) 43 (14%) 83(22%)  0.006
Loop Diuretic 4 409 (59%) 173 (55%) 236 (62%)  0.05
Thiazide Diuretic 6 48 (7%) 18 (6%) 30 (8%) 0.25
Nitrates 7 84 (12%) 41 (13%) 43(11%) 048
CCB 4 106 (15%) 50 (16%) 56 (15%)  0.36
Digoxin 22 105 (16%) 53 (17%) 52 (14%)  0.24

During admission

IV Diuretic in First24 0 464 (67%) 280 (89%) 184 (48%)  <0.001
Hours

IV Nitrate 3 126 (18%) 93 (30%) 33 (9%) <0.001
IV Opiate 28 (9%) 19 (14%) 9 (5%) 0.008
IV Inotropic Agent 3 19 (3%) 12 (4%) 7 (2%) 0.16
C-PAP 4 21 (3%) 19 (6%) 2 (0.5%) <0.001
Intubation & 4 9 (1%) 9 (3%) 0 0.001
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Table 12
Therapy Missing Overall SOBAR CARBOSE SOBAR vs

Data (N=697) N=315(45%) N=382 CARBOSE
(55%) (GRYEU)

Ventilation

At Discharge

ACEi 478 (75%) 218 (75%) 260 (75%)  0.45
ARB 70 (11%) 30 (10%) 40 (11%) 0.61
ACEi or ARB 488 (86%) 248 (85%) 300 (86%) 0.60
BB 498 (78%) 226 (77%) 272 (79%) 0.63
MRA 334 (52%) 149 (51%) 185 (53%) 0.64
Loop Diuretic 584 (89%) 266 (89%) 318 (90%) 0.90
Thiazide diuretic 42 (6%) 14 (5%) 28 (8%) 0.11
Nitrates 65 (15%) 34 (17%) 31 (13%) 0.28
CCB 44 (9%) 19 (9%) 25 (10%) 0.88
Digoxin 147 (22%) 74 (24%) 73 (20%) 0.22

ACEi, Angiotensin converting enzyme inhibitor; ARB, Angiotensin Receptor Blocker; BB, Beta adrenergic
receptor Blocker; MRA, Mineralocorticoid Receptor antagonist; CCB, Calcium Channel blocker; C-PAP,

Continuous positive airway pressure.

There was no significant difference in left ventricle systolic dysfunction (LVSD)
between the groups. Prior to decompensation, more patients in CARBOSE were on
Mineralocorticoid receptor antagonists (MRA) (22% v 14%), loop diuretics (62% v
55%) and beta blockers (BB) (50% v 43%) (Table 12). Patient with SOBAR were
treated more aggressively during index admission. A higher proportion in this group
received IV diuretics during first 24 hours of presentation (89% v 48%), IV Nitrates

(30% v 9%), IV Opiates (14% v 5%) and Continuous positive airway pressure (C-
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PAP) (6% v 0.5%). There was no significant difference in treatment on discharge

between two groups (Table 12).

Patients with SOBAR had a higher systolic blood pressure (BP) at presentation (142

v 125), which declined steeply over the first 24 hours of admission (Figure 9) as did

diastolic BP (82 v 75), heart rate (100 v 84) and respiratory rate (26 v 19) (Figure 10

& Figure 11). In contrast, patients who were CARBOSE had clinically non-

significant change in systolic or diastolic BP, heart rate or respiratory rate in the first

24 hours (Figure 9, Figure 10 & Figure 11).
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180 Error bars represent inter auartile range .
. 0<0.001 Systolic Blood Pressure
1
p<0.001
140 ‘} ‘l‘ f !
o 10 bl b dd
I
g 100
E 80
60
40
20
0
3 4-6 | 6-12(12-24 3 4-6 | 6-12(12-24
Adm. | Hours | Hours | Hours | Hours Adm. | Hours | Hours | Hours | Hours
SOBAR CARBOSE
DMedian| 142 | 130 | 127 | 125 | 121 | 125 | 121 | 122 | 119 | 118

Figure 9: Changes in Systolic Blood Pressure
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Figure 10 : Changes in Heart Rate

p<P.001

\

30 .
Respiratory Rate
28 Error bars represent inter quartile range
26
24 p=0.06
22 [ 1 1
i
£ 20
: 0
18
16
14
12
10 12 12
3 |4-66-12 i 2 3 |4-66-12 i
Adm. |Hours | Hours |Hours Adm. | Hours | Hours | Hours | Hours
Hours Hours
SOBAR CARBOSE
|:|Median26|23|21|2o|19| 19|18|18|18|18|18

Figure 11 : Changes in Respiratory Rate
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In RELAX-AHF, one important inclusion criterion was systolic BP >125 mmHg
which was met by 60 % at presentation and 49 % within three hours of presentation,
falling to only 47% at 4-6 hour and 37% at 12-24 hours.*® However, the proportion
was much higher in those with SOBAR compared with CARBOSE (71% vs 50% at

presentation, 52% v 43% at 4-6 hours and 44% v 31% in 12-24 hours).

The median length of stay in days during index admission was 11 in CARBOSE and
10 in SOBAR (P- 0.20). Although the 30-day mortality tended to be higher in
patients who were CARBOSE (8%) than SOBAR (6%) with an odds ratio (OR) of
1.36, the difference was not statistically significant (p=0.32, ClI 0.74-2.5). During the
first 3 months after presentation, 17% of those who were CARBOSE died compared
to 10% who were SOBAR, with an OR of 1.73 (p=0.02, CI 1.1-2.7). At 6 months,
25% of those who were CARBOSE had died compared to 15% who were SOBAR
(OR 1.92; p=0.001, CI 1.30-2.84). At the final censorship date, August 2013, 45% of
those who were CARBOSE and 31% who were SOBAR had died (Figure 12 :
Survival Comparison of SOBAR & CARBOSE Hazard ratio 1.54; p=0.001; CI 1.20-
1.98: hazard ratio 1.54; p=0.001; CI 1.20-1.98). Mortality was higher amongst

patients with peripheral oedema at presentation in the CARBOSE group (Table 14).

105



Chapter 5

Table 13 : Changes in Vital Signs in first 24 hours

Admission 3 Hours 4-6 Hours 6-12 Hour  12-24 Hour

Systolic BP (mmHg), 133 (113- 125 (110- 124 (108-  121(107- 119 (105-
median (IQR
152) 143) 143) 138) 133)
SOBAR 142 (124- 130 (114- 127 (112-  125(110- 121 (109-
164) 146) 144) 140) 136)
CARBOSE 125 (110- 121 (106- 122 (105- 119 (104- 118 (102-
143) 139) 140) 136) 130)
Diastolic BP (mmHg), 78 (65-91 72 (63-85) 70 (61-84) 70 (60-80) 69 (60-79
median (IOR) ( ) ( ) ( ) ( ) ( )
SOBAR 82 (69-96) 74 (65-86) 72 (60-85) 70 (61-80) 68 (60-80)
CARBOSE 75(63-87)  71(60-83) 70 (62-84) 69 (60-80) 69 (60-78)
HR (min™), median (IQR) 90 (73-109) 86 (70- 85 (72- 83 (69-97) 82 (68-95)
105) 101)
SOBAR 100 (80- 94 (75- 90 (75- 86 (72- 83 (70-96)
120) 115) 105) 103)
CARBOSE 84 (70-100) 82 (68-98) 82 (70-97) 80 (68-93)  80(68-94)
RR (min), median (IQR) 22 (18-26)  20(18-24) 20 (18-22) 19(18-22) 18 (17-20)
SOBAR 26 (24-32) 23(20-27)  21(19-24) 20(18-23) 19 (18-21)
CARBOSE 19 (18-20) 18 (17-20) 18 (17-20) 18(17-20) 18 (17-20)
Systolic BP >125 mmHg, % 415 (60%) 301 (49%) 313 (47%) 292 (43%) 256 (37%)
SOBAR 225 (71%) 164 (57%) 160 (52%) 153 (49%) 138 (44%)
CARBOSE 190 (50%) 137 (42%) 153 (43%) 139 (38%) 118 (31%)

BP, Blood Pressure; IQR, Inter quartile range; HR, Heart Rate; RR, Respiratory Rate
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Kaplan-Meier survival estimates
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Figure 12 : Survival Comparison of SOBAR & CARBOSE Hazard ratio 1.54; p=0.001; CI 1.20-1.98

In multi variable analysis with 25 Cross-validation, | started with 15 clinically
relevant covariates (Table 15). CARBOSE, increasing age, prior history of IHD and
lower systolic BP were associated with all-cause mortality and remained statistically
significant in all 25 cross-validations and prior history of CKD and CVA in 22 each.
I did not include NT-proBNP as this is only available for 195 patients out of 697. In
our final Cox model after inclusion of all these six covariates, CARBOSE remain
significantly associated with higher mortality with Hazard ratio (HR) of 1.41 (P 0.01,
Cl 1.08-1.83) as compared to SOBAR (Table 16). Harrell’s C-statistic for this model

was 0.71 which showed moderate discrimination.
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Overall
(n=697)

SOBAR
(n=315)

Table 14 : Duration of Hospital Stay and Mortality

CARBOSE
(n=382)

P-Value/
OR/HR-
(CARBOSE as
compare to

SOBAR)

Length of 1 11 (6-17) 10 (7-17) 11 (6-19) 0.20

stay, median

days (IQR)

Deaths 30 15 47 (7%) 18 (6%) 29 (8%) OR;1.36 (P

days after

presentation, n 0.32, C10.74-

Deaths 90 15 94 (14%) 32 (10%) 62 (17%) OR; 1.73

days after

presentation, n (0.02,CI11-

(%) 2.72)

Deaths 180 15 140 (21%) 46 (15%) 94 (25%) OR; 192 (P

days after

presentation, n 0.001, C11.30

(%) -2.84)

Total deaths 15 261 (38%) 95 (31%) 166 (45%) HR; 1.54 (P-
0.001, CI
1.20-1.98)

Total Deaths 15 73/224 (32%)  35/113 (31%)  47/111 (34%) HR1.12

in absence of

peripheral

oedema* at

presentation (P064,CI
0.71-1.77)

Total Deaths 15 184/458 57/195 (29%)  127/263(48%) HR 1.85

in presence of

peripheral (41%)

oedema™ at

presentation (P <0.001, CI
1.35-2.53)

*Moderate to Severe Peripheral Oedema
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Table 15 : Variables used in 25 Cross validation

Table 15

Variables in 25 Cross-Validation In number of models, variables remained significant
CARBOSE/SOBAR presentation 25
Age at Presentation 25
Gender 1
Prior h/o DM 1
Prior h/o Asthma 2
AF rhythm at presentation 5
Prior H/O Hypertension 1
Prior H/O CKD 22
Prior H/O CVA 22
Prior H/O IHD 25
SYS BP at presentation 25
RR at presentation 1
HR at presentation 0
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Table 15

Moderate/Severe LVSD at presentation

Moderate/Severe Oedema at presentation 0

h/o, History of ; DM, Diabetes Mellitus; CKD, Chronic kidney disease; CVA, Cerebrovascular accident ; IHD,Ischaemic Heart
disease; Sys BP, Systolic Blood pressure; LVSD, Left Ventricle Systolic dysfunction

5.4 Discussion

This study has shown that in patients admitted with a primary diagnosis of Acute
Heart Failure; more than half of patients are not short of breath at rest, but instead
are relatively comfortable at rest, becoming breathless with minimal exertion. This
study validates my previous single centre research study (chapter 4) findings now in
a multi-centre setting with more robust evidence.'* 8 122127 Ajthough, some large
scale surveys and registries reported similar findings, none of these studies were
primarily designed, conducted, analysed or interpreted to assess severity of
breathlessness in AHF patients. For instance, in first Euro heart failure survey only
40% patients with suspected or confirmed diagnosis of HF had severe breathlessness
at presentation.®> Moreover, for those patients who were hospitalized for HF, 44% in
OPTIMIZE-HF, 47% in IMPACT HF and one third in National Heart Failure audit
for England & Wales had dyspnoea at rest.’® % > 7 However, none of these
studies described serial changes in vital signs of AHF patients during first 24 hours
in relation to presentation. The severity of breathlessness drives the patients’
management in acute settings. Urgent symptomatic treatment and close observation

in hospital is necessary for those who present with severe breathlessness at rest.
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Table 16 : Cox-Model to assess mortality

Hazard Ratio P-Value Lower bound 95%  Upper bound 95%
Cl Cl
CARBOSE 1.41 0.01 1.08 1.83
Age 1.05* <.001 1.04 1.07
Systolic BP at 0.99% <0.001 0.98 0.99

presentation

Prior H/O IHD 1.527 0.001 1.18 1.96
Prior H/O CKD 1.297 0.07 0.98 1.69
Prior H/O CVA 1.397 0.07 0.97 1.99

h/o, History of ; BP, Blood pressure; IHD, Ischaemic Heart disease; CKD, Chronic kidney disease; CVA,
Cerebrovascular accident, *; Per one year change, #; Per one degree Blood pressure change, #; Compare to not

having prior disease history

Patients with SOBAR had higher blood pressure, heart and respiratory rates at
presentation, which are signs of a highly activated sympathetic nervous system drive.
However, either due to more intense treatment or greater sensitivity, these signs of
cardiovascular stress settled rapidly in patients with SOBAR. This observation is
highlighting a potential problem in trials of AHF which usually need more than six
hours for patient’s recruitment.*® ® This delay may be due to either study related
administrative procedures, randomisation processes or preparation of investigational
medical products. Moreover, the majority of patients receive treatments like 1V
diuretics, opiates or Nitrates before randomization, which subside important clinical
symptoms and signs. Furthermore, many patients who present with SOBAR had no
prior history of HF, which makes it difficult to make a firm diagnosis in acute
settings. For these reasons, it is very difficult to design and conduct clinical trials in

this subset group.
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Patients who were CARBOSE had a less dramatic presentation, apparently looked
less sick but have a worse long-term outcome. They had more peripheral congestion,
which may be caused by more severe underlying right ventricle (RV) dysfunction, an
important prognostic indicator.* Lower systolic blood pressure at admission in the
CARBOSE patients may be another explanation for their higher mortality. Lower
systolic blood pressure at presentation in acute heart failure patients is strongly
associated with increasing mortality in many clinical studies.*?* *** A Prior history of
heart failure was more common in the CARBOSE than the SOBAR group (Table 9
& Table 10), suggesting that many patients in this group have long standing heart
failure and may now have late-stage disease. Worse long term prognosis in
CARBOSE suggests that more attention should be paid to their management.
Interestingly, a difference in mortality between the two groups becomes more
obvious in presence of peripheral oedema (Table 14), which suggests that there is
some interaction between the SOBAR/CARBOSE presentations and moderate to

severe peripheral oedema

In RELAX-AHF, treatment of acute heart failure patients with Serelaxin was
associated with dyspnoea relief and improvement in prognosis despite early
treatment with 1V diuretics provided they had systolic blood pressure >125mmHg.“°
The median time from presentation to randomization was of 8 hours. | observed that
overall 60% patient met this trial entry criterion at admission and it declined to 43%
after 6-12 hours of presentation. However, this proportion was much higher in
patients who were SOBAR than CARBOSE at presentation (71% v 50%) and after
6-12 hours (49% v 38%) of hospital admission. More active treatment results in

lower sympathetic drive and relief in anxiety which translates into reduced

112



Chapter 5

proportion of patients meeting the blood pressure entry criterion fell rapidly after

admission.

5.5 Limitations

Although this study was conducted in three centres, some missing data, especially
for NTproBNP is a concern. However, natriuretic peptides measured at admission
may add little prognostic information to standard variables but other analysis suggest
that they may provide powerful prognostic information when measured later in the
hospital course.’? % Moreover, data regarding prior history of heart failure is only
available for patients belonging to one centre, though there is still a difference
between the two groups that is statistically significant. Patients’ selection through
retrospective case notes review studies can introduce some selection bias, but we
tried to avoid it by spreading the data collection over a period of three years, taking
the first 20 patients each month. We also divided the patients into two groups, but in
reality the presentation of acute heart failure may fall on a spectrum where patients
with severe shortness of breath and pulmonary congestion lying on one end, and
patients who have major functional limitation and breathlessness due to gross
peripheral oedema on the other end, and in the centre of this spectrum there may be a
third group where this differentiation is very difficult to make. Many patients with
CARBOSE did not have significant peripheral oedema and this may reflect the
heterogeneous nature of this group, where some with a milder degree of heart failure
that neither caused breathlessness at rest nor peripheral oedema and others with more
severe congestion. This suggests that there may be a very high risk subgroup
amongst those with CARBOSE. Further exploration of the natural history and

outcome of these extreme cases is required.
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5.6 Conclusion

Contrary to general belief, most patients admitted with a primary diagnosis of heart
failure don’t have dyspnoea at rest but are breathlessness on slight exertion. Patients
presenting with SOBAR had higher heart rates, respiratory rates and systolic blood
pressures and often respond very quickly to conventional treatments with rapid
improvement in clinical signs. Although patients with SOBAR have more alarming
initial symptoms and signs, patients with CARBOSE have a worse prognosis,

perhaps reflecting more severe cardiac dysfunction.
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Chapter 6 Is The Diagnostic Position of Acute Heart Failure
(AHF) Related to Mortality? - A report from the Euro
Heart Failure Survey-1(EHFS-1)

6.1 Introduction

Heart failure (HF) is a common reason for hospitalization and also commonly
complicates hospitalization for other reasons.?* Indeed, about 80% of hospitalisations
caused or complicated by heart failure will have another diagnosis in the primary
position. Most patients with heart failure will have other medical problem many of
115, 128

which cause, contribute to, complicate or are complicated by heart failure.

Heart failure as a secondary diagnosis is important for several reasons.®

e The diagnosis of heart failure is usually first made during a hospital
admission and this will often be due to a precipitating cause such as an acute
coronary syndrome, arrhythmia or infection.'*°

e An acute medical problem that is complicated by heart failure might be more
likely to lead to admission.

e Although heart failure might not cause admission it might be the key illness
that dictates the length of hospital stay and prognosis.

e When heart failure is due to LVSD, it should usually be treated with disease
modifying agents whether it is a primary or secondary diagnosis.

Hospitalisation offers an opportunity to review and improve management,
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although sadly the reverse is often the case on general medical wards,
although this may be improving with the introduction of heart failure ‘out-

reach’.

Most previous audits, registries and publications reporting on deaths and discharges
for heart failure focussed only on patients with heart failure as a primary discharge
diagnosis; a small minority of all hospitalisations complicated by heart failure. *® 2%
2428 | jttle is known about the outcome of patients admitted for another reasons but
in whom heart failure is either a secondary or incidental diagnosis. Moreover, it is
likely that the diagnosis of heart failure is often overlooked during a hospital
admission. Many patients are treated with and discharged on loop diuretics for no
obvious reason other than symptoms and signs of congestion. Even if these patients
do not have heart failure, it should be suspected and investigated, although this is
often not the case.>® Failure to consider all admissions with suspected heart failure

will lead to a serious under-estimate of the health economic impact of heart failure

and under-provision of resources for its care.

The Euro Heart Failure Survey 1 (EHFS-1) enrolled patients either discharged on
loop diuretics or with a diagnosis of heart failure preceding, causing or complicating
hospitalisation.® | explored the nature and importance of heart failure as a secondary

or incidental diagnosis in this data-set.

6.2 Methods

In the EHFS-1 consecutive deaths and discharges primarily from medical wards
were screened over a 6 week period during 2000-2001 from 115 hospitals in 24

countries belonging to the European Society of Cardiology, to identify patients with
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known or suspected HF.> % The design and implementation of the survey have been
published in detail previously.™" information was gathered from patients’ case notes
to identify if the patient fulfilled one or more of the following inclusion criteria; the
criteria were deliberately set wide in order to capture as much relevant diagnostic

and therapeutic activity as possible:®

5. A diagnosis of heart failure on the index admission, irrespective of the
primary reason for admission.

6. A diagnosis of heart failure recorded in the hospital records at any time
during the previous three years.

7. Loop diuretics given in the 24 hours prior to death or at discharge, unless for
renal failure.

8. Administration of treatment for heart failure or major ventricular dysfunction
within the 24 hours prior to death or discharge. Investigators especially
reviewed the use of angiotensin converting enzyme inhibitors (ACE-I), beta
blockers, mineralo-corticoid receptor antagonists (MRA), diuretics and
digitalis compounds during this period to ascertain the reason for

administration.

Admissions were then classified by investigators, according to their personal

opinion, as follows:-

e Heart failure as the primary diagnosis
o Heart failure as a secondary diagnosis, complicating or prolonging admission

e Heart failure as an incidental finding or diagnostically uncertain
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Presentation, events contributing to this admission, cardiovascular investigations,
comorbid illnesses and therapy were recorded. Deaths occurring during the index
hospital admission and deaths and readmissions up to 3 months after discharge were

reported.

Continuous data are summarized by the median (25th/75th centiles); categorical data
by percentages. Prognostic models for all-cause mortality were developed using Cox
regression. The proportionality of hazards (PH) assumption was verified for all
covariates using tests based on Schoenfeld residuals. *** ** There was no departure
from the proportional hazard assumption for any covariate. Cox metrics include the
hazard ratio (HR), 95% confidence intervals (Cls) and pseudo r2 (the square of the
correlation coefficient of the actual and predicted values of the dependent variable).
This is a measure of goodness-of-fit.”** Prognostic models were developed using k-
fold cross-validation.’*® This procedure splits the data randomly into k partitions.
For each partition, it fits the specified model using the other k-1 groups, and uses the
resulting parameters to predict the dependent variable in the unused group. We
arbitrarily chose k as 25 (hence 25-fold cross-validation). *** We started with 50
variables and then selected nine variables that were significant in at least 70% of
cross-validations for the final model to assess mortality during the index hospital

admission.

Kaplan-Meier curves constructed using the log-rank test was used to compare
outcomes in groups during index admission. | used logistic regression to assess
mortality and readmission within 12 weeks after discharge from index admission. An
arbitrary level of 5% statistical significance (two-tailed) was assumed. The Stata

statistical computer package 13 was used to analyse the data.
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6.3 Results

Of 10,701 patients admitted with suspected HF, heart failure was considered to be
the primary reason for admission in 4,234 (40%), the secondary (if HF complicated
or prolonged hospital stay) in a further 1,772 (17%), and in 4,695 (43%) it was
uncertain whether HF was actively contributing to the admission. The clinical
characteristics of each group are shown in Table 17. Although there were statistical
differences in age and sex amongst the three groups, these were small and of dubious
clinical relevance. More patients with a primary diagnosis of HF were prescribed
loop diuretics at admission and discharge (71% & 84%) but this was only slightly
greater than amongst patients with an incidental or uncertain finding of HF (58% &
74% respectively) (Table 17). Indeed, there were remarkably few substantial
differences amongst the three groups of patients. More patients with a secondary
diagnosis of heart failure had a primary diagnosis of ACS. More patients with a
primary diagnosis of heart failure had a dilated cardiomyopathy. Chest pain,
arrhythmias, respiratory infection and cardiac procedures were the most common
primary reasons for admission when HF was a secondary or incidental diagnosis.
However, this fails to highlight the importance of infection as a secondary problem
precipitating or complicating admission; this is shown in Table 18. Although
statistical differences were observed, there was no substantial difference in smoking
or alcohol consumption amongst the three groups. The reliability of patient reporting
and clinical documentation of alcohol consumption is open to question (Table 18).
Although factors such as worsening heart failure, atrial fibrillation or ACS may be
important precipitants for admission these may be triggered or complicated by non-

cardiovascular problems. Some of these are shown in Table 18. This picture is
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Table 17

Secondary

Primary

Table 17 : Clinical Characteristics

Uncertain

N = (%) 4,234 (40%) 1,772 (17%) 4,695 (44%)

Agein Years (IQR) 72 (63-80) 74 (65-80) 73 (64-80) <0.001
Women 1,890 (45%) 837 (47%) 2,293 (49%) <0.001
BMI (kg/m?) 26 (24-29) 26 (24-30) 27 (24-30) 0.1
Loop diuretics prior 2,782 (71%) 859 (52%) 2,395 (58%) <0.001
to admission

Loop diuretics at 3,532 (84%) 1,359 (77%) 3,455 (74%) <0.001
discharge

MI during this 215 (5%) 456 (26%) 413 (9%) <0.001
admission

MI (anytime) 1,421 (34%) 844 (48%) 1,746 (37%) <0.001
UA this admission 417 (10%) 331 (19%) 724 (16%) <0.001
UA (anytime) 902 (21%) 523 (30%) 1,199 (26%) <0.001
h/o Angina 1,785 (43%) 961 (55%) 2,362 (51%) <0.001
(anytime)

PCI this admission 82 (2%) 79 (4%) 203 (4%) <0.001
PCI (anytime) 277 (7%) 147 (8%) 455 (10%) <0.001
CABG during this 55 (1%) 68 (4%) 199 (4%) <0.001
admission

CABG (anytime) 400 (9%) 199 (11%) 613 (13%) <0.001
Heart transplant this 9 (<1%) 1 (<1%) 18 (<1%) 0.05
admission

Heart Transplant 13 (<1%) 2 (<1%) 36 (<1%) <0.001
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Table 17

Primary Secondary Uncertain
(anytime)
LVAD implanted 12 (<1%) 4 (<1%) 3 (<1%) 0.03
this admission
LVAD implanted 23 (<1%) 8 (<1%) 9 (<1%) 0.02
(anytime)
Evidence for DCM 722 (17%) 101 (6%) 277 (6%) <0.001
this admission
Evidence for DCM 755 (18%) 115 (7%) 336 (7%) <0.001
(anytime)
Valve replacement 104 (2%) 32 (2%) 159 (3%) <0.001
this admission
Valve replacement 278 (7%) 70 (4%) 290 (6%) <0.001
(anytime)
Valve repair this 33 (1%) 7 (0.4%) 49 (1%) 0.03
admission
Valve repair 93 (2%) 28 (2%) 99 (2%) 0.28
(anytime)
New onset or 1,018 (24%) 482 (27%) 1,046 (22%) <0.001
paroxysmal AF/SVT
Chronic AF/SVT 1,228 (29%) 351 (20%) 903 (19%) <0.001
VT/VF this 239 (6%) 156 (9%) 143 (3%) <0.001
admission
VT/VF (anytime) 382 (9%) 196 (11%) 296 (6%) <0.001
Brady-arrhythmia 210 (5%) 168 (10%) 261 (6%) <0.001
this admission
Brady-arrhythmia 424 (10%) 236 (13%) 476 (10%) <0.001
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Table 17

Primary Secondary Uncertain
(anytime)
PPM this admission 137 (3%) 61 (3%) 165 (4%) 0.76
PPM (anytime) 393 (9%) 139 (8%) 347 (7%) 0.004
ICD implanted this 32 (1%) 11 (1%) 27 (1%) 0.56
admission
ICD implanted 70 (2%) 23 (1%) 60 (1%) 0.29
(anytime)
h/o Hypertension 2,245 (53%) 982 (56%) 2,452 (53%) 0.06
(anytime)
Disabling stroke this 43 (1%) 67 (4%) 128 (3%) <0.001
admission
Disabling stroke 303 (7%) 198 (11%) 438 (9%) <0.001
(anytime)
Non disabling 42 (1%) 54 (3%) 128 (3%) <0.001
stroke/TIA this
admission
Non disabling 348 (8%) 196 (11%) 539 (12%) <0.001
stroke/TIA
(anytime)
Syncope or 182 (4%) 190 (11%) 417 (9%) <0.001
blackouts this
admission
Syncope or 501 (12%) 347 (20%) 783 (17%) <0.001
blackouts (anytime)
Dementia or 383 (9%) 281 (16%) 478 (10%) <0.001

confusion this

admission
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Table 17

Primary Secondary Uncertain
Dementia or mental 422 (10%) 301 (17%) 544 (12%) <0.001
confusion (anytime)
Renal failure this 815 (19%) 328 (19%) 512 (11%) <0.001
admission
Renal failure 882 (21%) 358 (20%) 593 (13%) <0.001
(anytime)
Respiratory disease 1,332 (32%) 653 (37%) 1,392 (24%) <0.001
(anytime)
Gout this admission 192 (5%) 54 (3%) 154 (3%) 0.002
Gout (anytime) 256 (6%) 77 (4%) 223 (5%) 0.005
Arthritis (anytime) 358 (9%) 242 (14%) 499 (11%) <0.001
DM (anytime) 1,193 (28%) 494 (28%) 1,220 (26%) 0.05
Pulmonary 47 (1%) 31 (2%) 58 (1%) 0.13
embolism this
admission
Pulmonary 129 (3%) 78 (4%) 145 (3%) 0.02

embolism (anytime)

HF; Heart failure, BMI; Body mass index, MI; Myocardial infarction, UA; Unstable angina, PCI; Percutaneous
coronary intervention, CABG; Coronary artery bypass grafting, DCMP; Dilated cardiomyopathy, AF; Atrial
fibrillation, SVT; Supraventricular tachycardia, VT; Ventricle tachycardia, VF; Ventricle fibrillation, TIA,

Transient Ischaemic attack, DM; Diabetes Mellitus.
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Table 18 Non-Cardiovascular Factors that may have precipitated this admission

Table 18 Primary Secondary Uncertain

N = (%) 4,234 (40%) 1,772 (17%) 4,695 (44%)

Infection at admission 868 (21%) 569 (33%) 1,108 (24%) <0.001
Infection developed after 461 (11%) 146 (8%) 363 (8%) <0.001
admission

Non-compliance with 239 (6%) 90 (5%) 155 (4%) <0.001

medication at admission

Side effects of treatment at 158 (4%) 84 (5%) 192 (4%) 0.12
admission

Side effects of treatment 236 (6%) 122 (7%) 280 (6%) 0.16
(anytime)

Dietary salt excess 110 (3%) 30 (2%) 26 (1%) <0.001

HF; Heart Failure

dominated by infection. However, non-compliance and dietary salt excess may have
been poorly documented in case notes and, consequently, their importance
underestimated. Patients with a primary or secondary diagnosis of HF exhibited
broadly similar echocardiographic features although the prevalence and severity of
abnormalities tended to be greater in those with a primary diagnosis. Patients with an
incidental or uncertain diagnosis were much less likely to have had an
echocardiogram. This highlights an important point; surveys that include only
patients with a confirmed diagnosis of heart failure are an unreliable source of data

on the quality of diagnostic investigation.
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Table 19 : Life Style choices

Table 19 Primary Secondary Uncertain

N = (%) 4,234 (40%) 1,772 (17%) 4,695 (44%)

Smoker - Previous 1,485 (43%) 689 (47%) 1,781 (49%) <0.001
Smoker - Current 462 (13%) 263 (17%) 569 (14%) <0.001
Heavy Alcohol 287 (8%) 103 (7%) 259 (7%) 0.12

Consumption - Previous

Heavy Alcohol 130 (4%) 52 (3%) 134 (3%) 0.93

Consumption - Current

HF, Heart Failure

It is likely that a diagnosis of HF would have been confirmed in a large proportion of
patients had adequate diagnostic investigation been conducted. There was no
substantial difference in laboratory investigations, although patients with an
incidental or uncertain diagnosis of HF had, statistically, better renal function. Most
patients in all three groups had either cardiomegaly or signs of pulmonary congestion
or both on their chest X-ray although the proportion was substantially greater in

those with a primary or secondary diagnosis of heart failure (Table 21)
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Table 20 : Cardiac dysfunction

Primary Secondary Uncertain P--Value

N = (%) 4,234 (40%) 1,772 (17%) 4,695 (44%)

Number with echo data 2,854 945 2,339

Mild LVSD 451 (16%) 187 (20%) 469 (20%) <0.001
Moderate / Severe LVSD 1,652 (58%) 489 (52%) 951 (41%) <0.001
Most recent median LVEF  40% (28-50) 40% (30-53) 45% (35-58) <0.001
(IQR)

Moderate / Severe LV 415 (15%) 139 (15%) 266 (11%) <0.001

diastolic dysfunction

Moderate / Severe LV 1,026 (36%) 222 (23%) 462 (20%) <0.001
dilatation

Moderate / Severe LA 1,139 (40%) 265 (28%) 574 (25%) <0.001
dilatation

Moderate / Severe Mitral 111 (4%) 22 (2%) 73 (3%) 0.06
Stenosis

Moderate / Severe Mitral 1,080 (38%) 271 (29%) 574 (25%) <0.001

Regurgitation

Moderate / Severe Aortic 275 (10%) 59 (6%) 163 (7%) <0.001
stenosis
Moderate / Severe Aortic 268 (9%) 64 (7%) 169 (9%) 0.004

regurgitation

Moderate / Severe Right 262 (9%) 62 (7%) 93 (4%) <0.001

ventricle dysfunction

Moderate / Severe 674 (24%) 131 (14%) 266 (11%) <0.001

Pulmonary hypertension

HF; Heart Failure, LVSD; Left ventricle systolic dysfunction, IQR; Interquartile Range, LVEDD; Left ventricle
end diastolic diameter, LVESD; Left Ventricle end systolic diameter, LV; Left ventricle, LA; Left atrium.
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Table 21 : Investigations during index admission

Primary Secondary Uncertain

N = (%) 4,234 (40%) 1,772 (17%) 4,695 (44%)

Haemoglobin (g/dl) 12.9 (11.4- 12.7 (11.3- 12.9 (11.3- 0.15
14.2) 14.2) 14.2)

Sodium (mmol/l) 139 (136-142) 139 (136-142) 139 (136-142)  0.06

Potassium 43(3.9-47)  4.3(3.9-47) 4.2 (3.9-4.6) 0.01

Urea mmol/l 10.71 (7-17.6)  11.02(7-17.85) 8.9 (6.2-14.5)°  <0.001

Creatinine (umol/l) 106 (88.4-135) 106 (88.4-141) 101 (83-126) <0.001

Cholesterol most recent 4.89 (3.9-5.8) 5.1 (4.1-5.93) 5.1 (4.3-5.92) <0.001

(mmol/l)

Chest X-Ray: 3,218 (86%) 1,205 (78%) 2,281 (61%) <0.001

Cardiomegaly/Pulmonary

congestion

*Median and Interquartile range (IQR) are shown in continuous variables.

During the index admission, 16% (290) of those with a secondary diagnosis of HF,
7% (301) of those with a primary diagnosis of HF and 4% (189) of those in whom
the diagnosis was uncertain died. The unadjusted Hazard ratios (HR) were 3.26 for
secondary HF group and 1.73 for primary HF as compared to the group with an
uncertain diagnosis)(Figure 13). Worsening HF was the main factor contributing
death in those with a primary or secondary diagnosis of HF and for 18% of those in
the uncertain group. Myocardial infarction contributed to death in 34% of deaths
where HF was a secondary diagnosis but only 18% where HF was a primary
diagnosis and 16% when the diagnosis of HF was uncertain (Table 22). Stroke was
an important contributor to death amongst patients with an incidental diagnosis of

HF.
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Kaplan-Meier survival estimates during index admission
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Figure 13 : Kaplan- Meier survival estimates during index admission
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Table 22 : Mortality & Length of stay (LOS) during index admission

Primary Secondary Uncertain P--Value

4,234 (40%) 1,772 (17%) 4,695 (44%)

Deaths 301 (7%) 290 (16%) 189 (4%) <0.001
Unadjusted HR (95% CI) 1.73(1.43-2.08) 3.26 (2.70-3.93)

Events Contributing to death (proportion deaths)

M 53 (18%) 100 (34%) 31 (16%) <0.001
Worsening HF 239 (79%) 203 (70%) 35 (18%) <0.001
Renal Failure 79 (26%) 76 (26%) 21 (11%) <0.001
Ventricular Arrhythmia 42 (14%) 35 (12%) 13 (7%) <0.001
Atrial Arrhythmia 35 (12%) 39 (13%) 8 (4%) <0.001
Infection 87 (29%) 93 (32%) 57 (30%) <0.001
Stroke 6 (2%) 31 (11%) 32 (17%) <0.001
Cancer 10 (3%) 22 (8%) 30 (16%) <0.001
Other 43 (14%) 76 (26%) 72 (38%) <0.001
Median LOS during index 8 (4-14) 11 (8-17) 8 (4-13) <0.001
admission in days (IQR)

HF; Heart Failure, HR; Hazard ration, ClI; Confidence interval, MI; Myocardial Infarction, IQR; Interquartile

range, LOS; Length of stay

Length of stay was on average three days longer in patients who had a secondary

diagnosis of HF compared to the other two groups.

Table 23 is describing mode of death during index admission. After adjusting for
prognostic variables male sex, MI during index admission, unstable angina during

index admission, evidence of dilated cardiomyopathy, history of ventricular
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tachycardia or fibrillation, history of stroke and moderate to severe left ventricle
dilatation present in our final model, the HR for death during the index admission
was 3.45 (Cl 2.29-5.22) for those with a secondary diagnosis of HF and 2.55 (ClI
1.73 — 3.77) for those with a primary diagnosis of HF (Table 24). Harrell’s C statistic

was 0.72 for the overall model suggesting moderate discrimination

Drugs at discharge or within 24 hours before death are shown in Table 25.

There were few substantial differences in prescription rates; only for digoxin was
there a >20% difference in prescribing rates with those assigned a primary diagnosis
prescribed 48% versus 26% in those with an incidental diagnosis. The absolute
difference in prescribing rate of loop diuretics, ACE inhibitors and MRA were 10-
20% higher in patients with an incidental compared to a primary diagnosis of HF.
However, the proportion of patients prescribed beta blockers was similar in all three

groups, although statistically lower in those with a primary diagnosis of HF

In the 12 weeks following discharge, 287 (7%) patients with a primary, 117 (8%)
with a secondary and 238 (5%) with an incidental or uncertain diagnosis of HF died.
The odds ratio (OR) for death was 1.30 (Cl 1.01-1.55) for a primary and 1.47 (Cl
1.16-1.85) for a secondary diagnosis compared to those with an incidental or
uncertain diagnosis (Table 26). However, no significant difference was observed in
multi-variable analysis. The area under receiver operator characteristics (ROC) curve

was 0.55 for the final model.
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Table 23: Mode of death during index admission

Table 23 Primary Secondary Uncertain

N = (%) 4,234 (40%) 1,772 (17%) 4,695 (44%)

Deaths 301 (7%) 290 (16%) 189 (4%) <0.001
Mode of death (proportion deaths)

Cardiogenic shock 120 (40%) 109 (38%) 26 (14%) <0.001
Pulmonary oedema 98 (33%) 80 (28%) 14 (7%) <0.001
Stroke 5 (2%) 23 (8%) 25 (13%) <0.001
Other cardiovascular disease 50 (17%) 60 (21%) 31 ((16%) <0.001
Cancer 10 (3%) 22 (8%) 30 (16%) <0.001
Accident or violence 0 0 2

Other Non-cardiovascular 28 (9%) 64(22%) 45 (24%) <0.001
cause

Sudden death 24 (8%) 23 (8%) 18 (10%) <0.001
Cardiac cachexia 14 (5%) 4 (1%) 3 (2%) 0.01
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Table 24 : Multi variable Cox Model Showing Variables Associated with Death during the Index
Admission

Table 24 Hazard Ratio  Standard Z Statistics P Value 95%

error Confidence

interval

Primary HF 2.55 0.50 4,74 <0.001 1.73-3.76
Secondary HF 3.45 0.72 5.90 <0.001 2.28-5.22
Male 0.81 0.11 -1.55 0.12 0.62-1.05
MI during index 1.79 0.30 3.45 0.001 1.29-2.50
admission
Admission for UA  0.96 0.20 -0.22 0.83 0.64-1.42
during this
admission
Evidence for 1.19 0.23 0.91 0.36 0.82-1.73

DCMP (anytime)

VT/VF diagnosed  1.78 0.29 3.54 <0.001 1.29-2.45
(anytime)

Disabling stroke 1.47 0.29 1.89 0.06 0.98-2.19
(anytime)

Moderate / Severe  0.94 0.15 -0.37 0.71 0.69-1.28
LV dilatation

Creatinine 1.07 0.001 4,70 <0.001 1.04-1.09
(umol/l)

HF; Heart failure, MI; Myocardial Infarction, UA; Unstable angina, DCMP; Dilated cardiomyopathy, VT;
Ventricle tachycardia, VF; Ventricle fibrillation, LV; Left ventricle, umol/l; Micro mole / per liter
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Table 25 : Drugs at discharge

Primary Secondary Uncertain P—Value

4,234 (40%) 1,772 (17%) 4,695 (43%)
Spironolactone 1,357 (32%) 300 (17%) 540 (12%) <0.001
Furosemide 3,489 (82%) 1,335 (75%) 3,327 (71%) <0.001
Bumetanide 126 (3%) 4 (2%) 110 (2%) 0.16
Torasemide 163 (4%) 64 (4%) 140 (3%) 0.07
Metolazone 77 (2%) 19 (1%) 21 (<1%) <0.001
Thiazide diuretic 508 (12%) 163 (9%) 397 (8%) <0.001
ACEI 2,964 (70%) 1,069 (60%) 2,577 (55%) <0.001
ARB 218 (5%) 50 (3%) 213 (5%) <0.001
Nitrate 1,872 (44%) 817 (46%) 2,005 (43%) 0.04
Calcium channel blockers 773 (18%) 361 (20%) 1,131 (24%) <0.001
Beta blockers 1,459 (34%) 695 (39%) 1,790 (38%) <0.001
Digoxin 2,036 (48%) 562 (32%) 1,227 (26%) <0.001
Antiarrhythmic drugs 703 (17%) 272 (15%) 599 (13%) <0.001
Lipid lowering drugs 747 (18%) 343 (19%) 1,097 (23%) <0.001

HF; Heart Failure, ACI; Angiotensin converting enzyme inhibitor, ARB; Angiotensin receptor blockers

Table 27 is describing pattern of modes of death after discharge. Re-admissions, all-
cause, due to cardiovascular reasons or due to heart failure within 12 weeks after
discharge were more common in patients with a primary, compared to a secondary or
incidental/uncertain HF diagnosis (Table 26). For the composite outcome of
cardiovascular re-admissions or cause or death within 12 weeks after discharge, the
OR was 1.48 for those with a primary diagnosis and 1.30 for those with a secondary
diagnosis, compared to those with an incidental/uncertain diagnosis of HF. However,

again these differences were not statistically significant in multi variable analysis.
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The area under ROC curve for the final model was 0.58 suggesting poor

discrimination.

6.4 Discussion

Despite limitations, research survey and registries are a rich source of information
which is closer to real-life patients as compare to those enrolled in clinical trials.
Although some substantial differences were observed amongst patients with a
primary, secondary or incidental/uncertain diagnosis of heart failure they were few;
the three populations had greater similarities than differences. Importantly, the
outcome after discharge for each group was similar in terms of mortality and re-
admission, although the causes of readmission and death did appear to differ
amongst groups. Most readmissions were for CV reasons amongst patients with a
primary or secondary diagnosis of HF but only two-thirds of those with an

incidental/uncertain diagnosis.

The characteristics of patients admitted to cardiology wards with a primary diagnosis
of HF have been well described in many surveys. However, many patients with a
primary diagnosis of HF are admitted under the care of general physicians or
geriatricians and these are less well represented. One exception is the National Heart
Failure audit for England & Wales which focuses on patients with a primary
diagnosis of heart failure but includes a large proportion of patients managed on

medical wards.?*
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Table 26 : Mortality & Readmission within 12 Weeks after discharge

Primary Secondary Uncertain

Deaths 287 117 229 0.001
(7%) (8%) (7%)

Unadjusted OR (95% CI) 1.30 1.47
(1.01-1.55) (1.16-1.85)

Events contributing to death

(proportion deaths)

MlI 27 10 25 0.88
(9%) (9%) (11%)

Worsening HF 114 29 50 <0.001
(40%) (25%) (22%)

Renal Failure 23 12 12 0.02
(8%) (10%) (6%)

Ventricular Arrhythmia 22 2 7 0.002
(8%) (2%) (3%)

Atrial Arrhythmia 8 4 8 0.87
(3%) (3%) (3%)

Infection 24 17 40 0.16
(8%) (15%) (17%)

Stroke 19 9 19 0.87
(7%) (8%) (8%)

Death caused by cancer 16 9 28 0.27
(6%) (8%) (12%)

Other events contributing to 43 30 63 0.07

death (15%) (26%) (28%)

Readmission within 12 weeks
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Table 26

after discharge

Primary

Secondary

Uncertain

All cause 961 344 980 0.01
(23%) (19%) (21%)
OR1.12 OR0.91
(C11.01-1.22) (C10.80-1.04)

Due to cardiovascular cause 772 240 580 <0.001
(18%) (14%) (13%)
OR 2.92 OR 1.61
(C12.38-3.58) (Cl1.24-2.09)

Due to Heart Failure 517 134 240 <0.001
(12%) (8%) (5%)
OR 3.8 OR 1.99
(Cl1 3.03-4.46) (Cl 1.53-2.59)

HF; heart failure, MI; Myocardial infarction, OR; Odd ratio, Cl; Confidence interval
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Table 27: Mode of death after discharge

Table 27
Primary Secondary Uncertain

Deaths 287 117 229 0.001
(7%) (8%) (7%)

Mode of death after discharge (proportion deaths)

Cardiogenic shock 52 8 20 <0.001
(18%) (7%) (9%)

Pulmonary oedema 60 10 18 <0.001
(21%) (9%) (8%)

Stroke 17 7 16 0.88
(6%) (6%) (7%)

Other cardiovascular disease 27 7 24 0.46
(9%) (6%) (10%)

Cancer 16 9 29 0.27
(6%) (8%) (13%)

Accident or violence 1 1

Other Non-cardiovascular 26 11 41 0.30

cause (9%) (9%) (31%)

Sudden death 21 7 22 0.86
(7%) (6%) (10%)

Cardiac cachexia 5 4 2 0.12
(2%) (3%) (1%)

It is difficult to avoid selection bias in surveys of heart failure and this may have
accounted for the relative youth in some countries, such as Germany, in this survey.
However, in the UK and many Scandinavian countries, EHFS-1 appeared to be
successful in recruiting older patients with much co-morbidity. It is likely that the

EHFS-1 underestimated the full burden of this third large group of patients.

The management and outcome of heart failure as a secondary diagnosis has been less
well-described. This survey shows that ACS is most often the primary diagnosis
when HF is considered an important secondary diagnosis and that these patients have
a poor in-hospital prognosis, although no worse than for patients with a primary

diagnosis of HF if the patients survives to discharge.
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However, the characteristics and outcome of the large number of patients in whom
the diagnosis of HF is an incidental finding or diagnostically uncertain has rarely
been described. Cleland et al described the outcome of patients discharged on loop
diuretics with or without a diagnosis of heart failure in a prospective survey over 18
months from a single large hospital.”® Only a small proportion (~15%) of patients
taking loop diuretics had a primary diagnosis of HF and less than half had a
diagnosis of HF in any diagnostic position. However, patients receiving loop
diuretics who had not been diagnostically labelled as HF had only a slightly lower
mortality at two years compared to those who bore a diagnosis of HF. The study
showed that few of these patients underwent diagnostic tests for HF. This diagnostic
short-fall was also observed in EHFS-1. It is likely that this population contains a
large proportion of patients with HF who have the characteristics and poor prognosis
of other patients with HF but diluted by patients treated inappropriately with
diuretics with a range of disease, some malign (eg:- stroke and cancer) and others
relatively benign (eg:- COPD). Ignoring the diagnostic and therapeutic needs of this
group of patients is likely to be detrimental to their well-being and prognosis and
seriously underestimates the resources required to manage HF and the economic

burden it imposes.

The diagnostic uncertainty of HF is a dilemma.'*® Diagnostic tests such as
echocardiography often require referral to the cardiology team which can be a barrier
and rate-limiting step in many hospitals. Conventionally, this is considered part of
the gold-standard for diagnosis although problems with reproducibility and
interpretation skills have led to its central role being questioned. Natriuretic peptides
can be measured in routine blood samples regardless of who is caring for the patient.

This greatly democratizes access to the diagnostic pathway in HF. However,
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although natriuretic peptides are useful to rule out HF they are considered prone to
many false-positive results causing confusion for the inexperienced.**® Symptoms of
HF are often mimicked by other conditions especially respiratory tract problems like
chronic obstructive pulmonary disease (COPD), interstitial lung disease (ILD) and
chest infections which may often co-exist with HF. Peripheral oedema in many older
patients may be due to conditions other than HF. In the presence of many comorbid
illnesses, treating clinicians may be uncertain whether HF is contributing to the
admission or not, even if these patients have a prior history of heart failure. These
patients often receive therapy, such as diuretics, to relieve symptoms. However,
hospitalisation provides an opportunity to correct diagnosis and rationalise and

improve therapy even if HF is not the primary reason for admission.

6.5 Limitations

EHFS1 was conducted at the turn of the century before the roles of beta blockers and
cardiac resynchronization of therapy were well established. This will have
influenced choice of therapy but should not have affected diagnosis. Natriuretic
peptides were not recorded during admission. However, NT-proBNP was <125ng/L
in only 47 of 2,368 patients in whom it was measured at the 12 week follow-up and
75% had values >400ng/L.” Median serum creatinine was 130umol/L indicating a
substantial contribution of moderate renal dysfunction to increases in natriuretic
peptides. About 25% were in atrial fibrillation, another cause for elevated plasma
natriuretic peptide concentrations. However, even after controlling for renal
dysfunction and atrial fibrillation, the increase in natriuretic peptides suggests that
the great majority of patients had important cardiac dysfunction. Although, in

surveys there are always chances of selection bias, EHFS1 was designed to avoid
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this confounding factor as much as possible.™™* In particular, the short but intense
collection period, the attempt to recruit from medical wards and the high proportion
of non-University hospitals should have reduced bias. However, without 100%
ascertainment of suspected cases from a prospectively defined sampling frame it is
impossible to be sure that no bias occurred. Indeed, it is likely that there was a bias
towards sampling patients from cardiology wards and against patients in whom the

diagnosis was in doubt.

6.6 Conclusion

Mortality is high even if heart failure is not main reason of admission but
complicates another primary diagnosis. The high mortality may reflect the prognosis
of the primary disease or other patient characteristics that impair the delivery of
effective care, including the place of care. Mortality amongst patients with an
equivocal diagnosis of HF is also substantial and there appears to be a large
diagnostic short-fall. Registries and surveys that do not include patients with HF as a
contributory diagnosis may provide an over-optimistic view of prognosis and

underestimate the resources required for diagnosis and effective management.
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Chapter 7 Does the mode of presentation affect the
mortality of patients presenting with acute heart failure?
A report from Euro Heart Failure Survey-1(EHFS-1)

7.1 Introduction

Acute Heart Failure is heterogeneous in nature; patients vary in clinical presentation,
underlying aetiology and pathophysiology. European Society of Cardiology (ESC)
2008 guidelines classify AHF into six different clinical presentations, amongst which
there is considerable overlap. Most events are classified as decompensated chronic
HF and the rest as acute pulmonary oedema, cardiogenic shock, right HF or
associated with severe hypertension or acute coronary syndrome.” It is clear that
AHF is not a discrete diagnosis but a collection of different clinical syndromes that
require urgent clinical intervention.® If the purpose and target of therapy is diverse
then trials that treat AHF syndromes as a single entity are likely to fail. Better
characterization of the heterogeneous clinical presentation of AHF might help inform
the design of future clinical trials that target the unmet needs of specific
presentations of AHF. Accordingly, we obtained information from the EuroHeart
Failure -1 Survey that enrolled more than 10,000 patients from 115 hospitals over a 6
week period in order to describe the outcome of patients with different presentations

of AHF.3

7.2 Methods

Euro heart failure survey-1 (EHFS1) screened consecutive deaths and discharges
during 2000-2001 primarily from medical wards over a 6 week period in 115

hospitals from 24 countries in Europe, to identify patients with known or suspected
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HF. The design and implementation of the survey have been published in detail

previously and described in chapter 6 as well.'*

Patients, who fulfilled one or more inclusion criteria, as described earlier in
chapter 6, were further classified according to clinical presentation, aetiology,
final diagnosis and whether HF was the primary diagnosis, a secondary diagnosis

complicating hospital admission or an incidental finding.

Classification of Presentation

Presentation at hospital admission was classified hierarchically (patients
belonging to a preceding class could not belong to any subsequent class) as

follows:-

1. Cardiac arrest, ventricular tachycardia or ventricle fibrillation or
cardiogenic shock.

2. Acute myocardial infarction (AMI) or unstable angina

3. AF with rapid ventricular response (>120/minute)

4. Acute shortness of breath

5. Asymptomatic cardiac dysfunction

6. Other symptoms of HF, such as worsening peripheral oedema

7. Contribution of HF to admission uncertain

Detailed information regarding events contributing to the current admission,
cardiovascular and non-cardiovascular comorbid illnesses, and clinical investigations

during admission and therapy at discharge or 24 hours prior to death were gathered.
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Deaths during the index hospital admission and deaths and readmissions within 12

weeks after discharge were recorded.

As time to event data were not recorded after discharge, prognostic models for all-
cause mortality were developed using Logistic regression. Prognostic models were
developed using k-fold cross-validation as described in chapter 3.'** We started with
50 clinical relevant variables and then selected those variables in the final model that
remain significant at least in 70% of cross-validations. The significance level to
remain in model was first set 0.05 and then 0.1 for each model. From the logistic
regression models, Receiver Operating Characteristic (ROC) curves were plotted as
sensitivity versus 1-specificity. An area under the ROC curve was calculated using
methods outlined in Hanley and McMeil.** The area under the ROC represents the
probability of classifying an individual as dead/alive. An area under the ROC curve
of 1.0 means perfect classification, while an area of 0.5 means classification is no
better than chance. The Stata 13 statistical computer package was used to analyse the

data.

7.3 Results

Heart failure was the primary diagnosis in 4,234 (40%) patients, a secondary
diagnosis in 1,772 (17%) patients and was considered not to have caused or
complicated and admission in 4,695 patients. The most common presentations were
HF as an uncertain or incidental finding (44%), acute breathlessness (24%), other
(10% - presumed mostly to be admissions for the management of peripheral oedema)
and rapid atrial fibrillation (8%). Some patients had no symptoms of heart failure at
the time of admission (7%) or had acute coronary syndromes (5%) or cardiac arrest

or cardiogenic shock (2%) (Figurel4).
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Data are presented in following tables

Table 28: Clinical Characteristics

Table 29: Factors that may have precipitated this admission

Table 30: Life Style choices

Table 31: Cardiac dysfunction

Table 32: Investigations during index admission

Table 33: Mortality & Length of stay during index admission

Table 34: Drugs at discharge or 24 Hours prior to death

Table 35: Mortality & Readmission within 12 Weeks after discharge

Table 36: Mode of death during index admission

Table 37: Mode of death after discharge

Table 38: Logistic regression model for mortality during index admission

Patients’ baseline clinical characteristics are shown in Table 29. Of the 10,701
patients, HF was not thought to have made an important contribution to the
admission in 4,695 (44%) patients. The median age of these patients and the
proportion that were women was similar to that observed in most other classes of
presentation. Of these patients, 58% were receiving loop diuretics on admission
which increased to 74% at discharge; a similar proportion of patients were
discharged on ACE inhibitors and beta-blockers to most other classes; about half had

some history of ischaemic heart disease, 37% were in atrial fibrillation and 61% had
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cardiomegaly or pulmonary congestion on their X-ray. About half of these patients
had an assessment of cardiac function showing mild LVSD in 20% and moderate to
severe LVSD in 41%, 30% were reported to have left atrial dilatation and 25%
moderate to severe mitral regurgitation. Mortality during the index admission was
lower than in other groups, although investigators stated that worsening heart failure
contributed to 18% of deaths in this group despite not listing heart failure as an
important reason for admission (Figure 15). Length of stay was slightly shorter than
for most other groups. However, mortality in the 12 weeks after discharge was only
slightly lower than in other groups, although fewer of these deaths appeared
cardiovascular in nature. The rate of all-cause readmission was also slightly lower
than in most other groups but these were less likely to be due to heart failure or CV
reasons. In summary, this group had many features of heart failure and a substantial
morbidity and mortality although cardiovascular problems appeared to drive

outcome less frequently than in other groups.

Of the remaining 6,006 patients in whom HF was thought to cause or complicate
admission, the most common presentation was breathlessness (n = 2,749; 46% of
such patients). This group of patients was more likely to have had a prior admission
with heart failure, be treated with loop diuretics and to have renal dysfunction and
respiratory disease. Mortality during and after the index hospitalization and
readmissions were only slightly greater than for patients in whom HF was not
thought to make an important contribution to admission but events were more often

attributed to worsening HF.

Patients in the groups classified as ‘other’, rapid AF or not having HF symptoms at

presentation were similar in most respects to those presenting with breathlessness
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both in terms of patient characteristics and outcome. Patients whose presentation
was ACS, a ventricular arrhythmia, cardiac arrest or shock were less likely to have a
prior history of HF but had a mortality exceeding 20% during the index admission.
However, rates for readmission and death were similar in the 12 weeks after

discharge to those presenting with breathlessness (Figure 16).

Table 29 shows factors that precipitated or complicated the index admission.
Infection was the main factor identified. A substantial minority of patients were

current smokers or admitted to heavy alcohol consumption (Table 30)

Modes of Presentations

2% 5%

8%

7%
M Class 1- HF & Arrest/VT/VF/Shock M Class 2 - HF & ACS
B Class 3- HF & Rapid AF M Class 4- HF & ASOB
H Class 5- HF & Asymptomatic LVD m Class 6- HF with Other symptoms

[ Class 7- Uncertain HF

Figure 14: Modes of Presentations

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,

VT; Ventricular tachycardia, Asymp LVD; asymptomatic Left ventricular systolic dysfunction
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Table 28

Table 28: Clinical Characteristics

Class 2

Class 3

Class 5

Presentation Arrest’VT ~ ACS Rapid AF ASOB Asymp.  Other Uncertain
/ Shock LVD
Numbers (%) 260 560 799 2,479 703 1,040 4,695
(2%) (5%)  (8%) (24%) (7%) (10%) (44%)
Age inyears (IQR) 69 73 75 74 66 72 73
(61-76) (66-81) (66-82) (66-80)  (56-76) (62-79) (64-80)
Women (%) 90 240 424 1,185 258 457 2,293
(35%) (43%) (53%) (48%) (37%)  (44%) (49%)
BMI (KG/M?) 26 26 26 26 26 26 27
(IQR) (24-29) (24-29) (23-30) (23-29) (24-30)  (24-30) (24-30)
Prior HF admission 89 92 322 1,136 320 429 708
(%) (38%) (35%)  (40%) (46%) (46%)  (41%) (15%)
Loop diuretics prior 131 184 408 1,651 530 665 2,395
to admission (%) (59%) (36%)  (55%) (71%) (79%)  (70%) (58%)
Loop diuretics prior 211 428 667 2,177 539 748 3,455
to death or (82%) (77%)  (84%) (88%) (77%)  (72%) (74%)
discharge (%)
MI - this 87 493 13 43 10 9 413
admission (34%) (89%) (2%) (2%) (1%) (1%) (9%)
MI (anytime) 146 530 183 782 213 335 1,746
(56%) (95%)  (23%) (32%) (31%)  (32%) (37%)
Admission for UA 29 139 76 283 43 103 724
- this admission (11%) (25%)  (10%) (11%) (6%)  (10%) (16%)
Admission for UA 65 212 144 584 124 214 1,199
(anytime) (25%) (38%)  (18%) (24%) (18%)  (21%) (26%)

147




Chapter 7

Table 28

Class 1 Class2 Class 3 Class 4 Class5 Class 6 Class 7
H/O Angina - this 99 280 196 790 211 448 1,788
admission (39%) (51%)  (25%) (33%) (30%)  (43%) (39%)
H/O Angina 126 323 281 1,105 293 522 2,362
(anytime) (49%) (59%)  (35%) (46%) (42%)  (51%) (51%)
PCI - this 18 51 8 30 20 20 203
admission (7%) (9%) (1%) (1%) (3%) (2%) (4%)
PCI (anytime) 33 76 24 133 57 71 455

(13%) (14%) (3%) (5%) (8%) (7%) (10%)
CABG - this 7 33 21 21 16 8 199
admission (3%) (6%) (3%) (1%) (2%) (1%) (4%)
CABG (anytime) 31 66 53 244 78 95 613

(12%) (12%)  (7%) (10%) (11%)  (9%) (13%)
Heart transplant - 2 3 0 2 3 0 18
this admission (1%) (1%) (0.1%) (0.5%) (0.4%)
Heart Transplant 2 3 1 3 4 1 36
(anytime) (1%) (1%) (0.1%) (0.1%) (1%) (0.1%) (1%)
LVAD - this 7 3 1 0 0 5 3
admission (3%) (1%) (0.1%) (0.5%) (0.1%)
LVAD (anytime) 7 5 1 8 3 6 9

(3%) (1%) (0.1%) (0.3%) (0.4%)  (1%) (0.2%)
Evidence for 48 32 88 380 181 128 336
DCMP (anytime) (19%) (6%)  (11%) (15%) (26%)  (12%) (7%)
Valve replacement - 3 9 33 38 29 22 159
this admission (1%) (2%) (4%) (2%) (4%) (2%) (3%)
Valve replacement 12 14 62 130 59 67 290
(anytime) (5%) (3%) (8%) (5%) (8%) (6%) (6%)
Valve repair - this 1 4 9 15 3 6 49
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Table 28

Class 1

Class 2

Class 3

Class 4

Class 5

Class 6

Class 7

admission (0.5%) (1%) (1%) (1%) (0.5%) (1%) (1%)
Valve repair 8 5 19 52 13 21 99
(anytime) (3%) (1%) (2%) (2%) (2%) (2%) (2%)
AF (%) 111 188 765 1,006 239 415 1,738
(43%) (34%)  (96%) (41%) (34%)  (40%) (37%)
VT/VF - this 144 69 47 57 31 40 143
admission (56%) (13%) (6%) (2%) (4%) (4%) (3%)
VT/VF diagnosed 148 77 62 134 74 72 296
(anytime) (58%) (14%) (8%) (5%) (11%)  (7%) (6%)
Brady-arrhythmia - 44 63 51 95 41 79 261
this admission (17%) (11%) (6%) (4%) (6%) (8%) (6%)
Brady-arrhythmia 54 77 86 255 76 130 476
(anytime) (21%) (14%)  (11%) (9%) (11%)  (13%) (10%)
Pacemaker - this 23 16 19 56 33 46 165
admission (9%) (3%) (2%) (2%) (5%) (4%) (4%)
Pacemaker 41 31 51 219 81 96 347
(anytime) (16%) (6%) (6%) (9%) (12%)  (9%) (7%)
ICD - this 17 4 0 7 1 8 27
admission (7%) (1%) (0.3%) (1%) (1%) (1%)
ICD (anytime) 29 4 1 22 17 17 60
(11%) (1%)  (0.1%) (1%) (2%) (2%) (1%)
h/o Hypertension - 109 282 342 1,176 311 498 2,138
this admission (43%) (51%)  (43%) (48%) (45%)  (48%) (46%)
h/o Hypertension 132 329 398 1,377 347 550 2,452
(anytime) (52%) (60%)  (50%) (56%) (50%)  (53%) (53%)
Disabling stroke - 4 17 8 28 17 29 128
this admission (2%) (3%) (1%) (1%) (2%) (3%) (3%)
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Table 28

Class 1 Class2 Class 3 Class 4 Class5 Class 6 Class 7
Disabling stroke 17 53 45 199 64 111 438
(anytime) (7%) (10%) (6%) (8%) (9%) (11%) (9%)
Minor stroke/TIA 6 12 12 26 15 19 128
- this admission (2%) (2%) (2%) (1%) (2%) (2%) (3%)
Minor stroke/TIA 26 50 70 230 65 87 539
(anytime) (10%) (9%) (9%) (9%) (9%) (8%) (12%)
Syncope - this 62 33 45 98 37 83 417
admission (24%) (6%) (6%) (4%) (5%) (8%) (9%)
Syncope (anytime) 84 65 116 299 90 169 783

(32%) (12%)  (15%) (12%) (13%)  (16%) (17%)
Dementia/ 26 66 99 260 68 133 478
Confusion - this (10%) (12%)  (12%) (11%) (10%)  (13%) (10%)
admission
Dementia or 29 72 108 288 71 141 544
confusion (anytime)  (11%) (13%) (14%) (12%) (10%) (14%) (12%)
Renal Dysf - this 68 117 128 502 128 181 512
admission (26%) (21%)  (16%) (20%) (18%) (17%) (11%)
Renal Dysf. 72 124 145 554 131 193 593
(anytime) (28%) (22%)  (18%) (22%) (19%)  (19%) (13%)
Resp. Disease - 53 119 234 846 136 250 1,118
this admission (21%) (22%)  (29%) (34%) (19%)  (24%) (24%)
Resp. Disease 63 147 289 985 166 297 1,392
(anytime) (25%) (27%)  (36%) (40%) (24%)  (29%) (30%)
Gout - this 3 22 20 130 30 34 154
admission (1%) (4%) (3%) (5%) (4%) (3%) (3%)
Gout (anytime) 6 29 30 171 42 47 223

(2%) (5%)  (4%) (7%) (6%)  (5%) (5%)

150



Chapter 7

Table 28
Class 1 Class2 Class 3 Class 4 Class5 Class 6 Class 7
Arthritis - this 10 49 68 201 48 69 409
admission (4%) (9%) (9%) (8%) (7T%) (7%) (9%)
Arthritis (anytime) 13 56 86 271 72 88 499
(5%) (10%)  (11%) (11%) (10%)  (9%) (11%)
DM - this 56 147 171 749 197 279 1,178
admission (22%) (26%)  (22%) (30%) (28%)  (27%) (25%)
DM (anytime) 59 148 176 773 202 282 1,220
(23%) (26%)  (22%) (31%) (29%)  (27%) (26%)
PTE - this 2 8 16 36 7 7 58
admission (1%) (1%) (2%) (1%) (1%) (1%) (1%)
PTE (anytime) 11 15 29 92 17 37 145
(4%) (%)  (4%) (4%) (2%) (4%) (3%)

HF; Heart failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath
Asymp. LVD; Asymptomatic left ventricle dysfunction, BMI; Body mass index, MI; Myocardial infarction,
USA; Unstable angina, PCI; Percutaneous coronary intervention, CABG; Coronary artery bypass grafting,
DCMP; Dilated cardiomyopathy, SVT; Supraventricular tachycardia, VT; Ventricle tachycardia, VF; Ventricle
fibrillation, TIA; Transient Ischaemic attack, DM; Diabetes Mellitus

151



Chapter 7

Table 29 : Factors that may have precipitated this admission

Table 29
Class2 Class 3 Class 4 Class 5 Class 6
Presentation Arrest’VT/  ACS Rapid ASOB Asymp. Other Uncertain
AF

Shock LVD
Numbers (%) 260 560 799 2479 703 1,040 4,695

(2%) (5%) (8%) (24%) (7%) (10%)  (44%)
Infection at 61 107 213 712 116 185 1,108
presentation

(24%) (19%)  (27%) (29%) (17%) (18%)  (24%)
Infection 79 157 290 974 174 316 1,471
complicating

(31%) (28%)  (36%) (40%) (25%) (31%)  (32%)
admission
Non- 3 20 51 176 31 43 155
compliance

(3%) (4%) (7%) (8%) (5%) (4%) (4%)
with meds at
presentation
Side effects of 15 19 28 104 38 34 192
treatment at

(6%) (4%) (4%) (4%) (6%) (3%) (4%)
presentation
Side effects of 22 24 43 154 44 62 280
treatment

(9%) (4%)  (6%) (7%) (6%) (6%)  (6%)
complicating
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Table 29

Class 1 Class2 Class 3 Class 4 Class 5 Class6 Class7

admission

Dietary salt 5 10 20 71 16 16 26

excess at
(3%) (2%) (3%) (4%) (3%) (2%) (1%)
presentation

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness
of Breath, VT; Ventricular tachycardia, Asymp LVD; asymptomatic Left ventricular systolic
dysfunction
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Table 30 : Life Style choices

Table 30
Class 1 Class2 Class3 Class4 Classb Class 6 Class 7
Presentation Arrest/VT/  ACS Rapid ASOB Asymp. Other Uncertain
Shock AF
LVvD
Numbers (%) 260 560 799 2479 703 1,040 4,695
(24%)

(2%)  (5%) (8%) (7%) (10%) (44%)
Smoker 85 218 257 905 311 335 1,781
previously

(44%) (48%) (39%) (45%) (51%) (40%) (49%)
Current smoker 40 108 76 273 69 134 569

(19%) (23%) (11%) (13%) (11%) (15%) (14%)
Heavy alcohol 18 22 59 167 42 77 259
consumption

(9%)  (5%) (8%) (8%) (7%) (9%) (7%)
previously
Current heavy 5 12 34 74 18 37 134
alcohol

(2%)  (3%) (5%) (3%) (3%) (4%) (3%)
consumption

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,
VT; Ventricular tachycardia, Asymp LVD; asymptomatic Left ventricular systolic dysfunction
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Table 31 : Cardiac dysfunction

Table 31

Class 1 Class2 Class3 Class4 Classb5 Class6 Class7
Presentation Arrest/VT/  ACS Rapid ASOB Asymp. Other Uncertain

Shock AF

LVD

Echo data 177 376 513 1,562 498 591 2,339
available
Mild LVSD 33 72 106 272 64 67 469

(19%) (19%) (21%) (17%) (13%) (11%) (20%)
Moderate / 122 240 245 840 317 346 951
Severe LVSD

(69%) (64%) (48%) (54%) (64%) (59%) (41%)
Most recent 35 39 45 40 35 40 45
median LVEF

(26-46) (30-48)  (33-55) (30-53) (25-50) (30-52)  (35-58)
(IQR)
Moderate / 31 60 71 217 66 97 266
Severe LV

(18%) (16%) (14%) (14%) (13%) (16%) (11%)
diastolic
dysfunction
LVEDD (cm) 5.7 5.4 5.6 5.7 6.1 5.8 5.3

(5.1-6.5) (5-6) (4.9- (5-6.4) (5.2-7) (5-6.7) (4.8-6)

6.1)
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Table 31

Class2 Class 3 Class 6

LVESD (cm) 4.5 4.2 41 43 4.6 45 3.9

(3.8-5.6) (3.5- (3.5-5) (3.5- (3.6-5.7) (3.4- (3.2-4.8)

4.9) 5.3) 5.6)

Moderate / 72 78 129 514 202 236 462
Severe LV

(41%) (21%) (25%) (33%) (41%) (40%) (20%)
dilatation
Moderate / 59 82 194 605 195 247 574
Severe LA

(33%) (22%) (38%) (39%) (39%) (42%) (25%)
dilatation
Moderate / 5 10 24 56 10 26 73
Severe Mitral

(3%) (3%) (5%) (4%) (2%) (4%) (3%)
Stenosis
Moderate / 53 100 192 559 180 247 574
Severe Mitral

(30%) (27%) (37%) (36%) (36%) (42%) (25%)
Regurgitation
Moderate / 7 20 39 157 43 62 163
Severe Aortic

(4%) (5%) (8%) (10%) (9%) (10%) (7%)
stenosis
Moderate / 8 19 52 147 40 61 169

Severe Aortic
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Table 31

Class2 Class 3 Class 5 Class 7

regurgitation

(5%) (5%) (10%) (9%) (8%) (10%) (7%)
Moderate / 16 8 52 136 34 75 93
Severe Right

(9%) (2%) (10%) (9%) (7%) (13%) (4%)
ventricle
dysfunction
Moderate / 21 38 107 379 110 142 266
Severe

(12%) (10%) (21%) (24%) (22%) (24%) (11%)
Pulmonary

hypertension

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,
LVSD; Left ventricle systolic dysfunction, IQR; Interquartile Range, LVEDD; Left ventricle end diastolic
diameter, LVESD; Left Ventricle end systolic diameter, LV; Left ventricle, LA; Left atrium. VT; Ventricular

tachycardia, Asymp LVD; asymptomatic Left ventricular systolic dysfunction
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Table 32 : Investigations during index admission

Table 32
Class2 Class3 Class 5
Presentation Arrest’VT/  ACS Rapid ASOB Asymp. Other Uncertain
Shock AF
LVD
Numbers (%) 260 560 799 2479 703 1,040 4,695
(2%) (5%) (8%) (24%) (7%) (10%) (44%)
Median (IQR)
Haemoglobin  12.5 12.7 12.7 12.7 131 13.3 12.9
(g/dl)
(11-14.2) (11.2-  (1.1- (11.3-14) (1.5-147) (11.8- (11.3-14.2)
13.9) 14.2) 14.5)
Sodium 139 139 139 139 139 140 139
(mmol/l)
(135-142)  (136- (136- (136- (136-142)  (137- (136-142)
142) 142) 142) 142)
Potassium 4.2 4.2 4.2 4.2 4.3 4.4 4.2
(mmol/l)
(3.8-4.6) (3.8- (3.9-46) (3.946) (4-4.7) (4-4.8) (3.9-4.6)
4.6)
Urea mmol/I 12.9 10.7 10.4 11.8 10.5 9.4 8.9
(6.9-20.7)  (6.8- (7.1- (7.5- (6.9-17.1)  (6.6-15)  (6.2-14.5)
17) 17.5) 18.6)
Creatinine 124 106 106 106 106 106 101
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Table 32

Class 1 Class2 Class 3 Class 4 Class 5 Class 6 Class 7
(umol/l)

(99-168) (88- (85-133) (88-138) (88-135) (88-134)  (83-126)

137)

Cholesterol 5.1 5.1 4.7 49 5.1 49 5.1
most recent

(4-5.8) (4.3-6) (3.8-5.6) (4-5.8) (4.1-5.9) (3.9-5.9) (4.3-5.9)
(mmol/l)
Chest X-Ray: 205 392 618 1,938 457 717 2,281
Cardiomegaly

(94%) (79%) (86%) (88%) (76%) (79%) (61%)
/Pulmonary
congestion

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,
IQR; Interquartile range, VT; Ventricular tachycardia, Asymp LVD; asymptomatic Left ventricular systolic
dysfunction,

Mortality during index admission
0 4% 0
6%____ 26%

6%8%“_

10%

20%

M Class 1- HF & Arrest/VT/VF/Shock m Class 2 - HF & ACS
Class 3- HF & Rapid AF M Class 4- HF & ASOB
B Class 5- HF & Asymptomatic LVD Class 6- HF with Other symptoms

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,
VT; Ventricular tachycardia, Asymp LVD; asymptomatic Left ventricular systolic dysfunction

Figure 15 Mortality during index admission
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Table 33

Class 1

Class 2

Table 33 : Mortality & Length of stay during

Class 3

index admission

Class 4 Class 5

Class 6

Class 7

Presentation ~ Arrest/VT/ ACS Rapid AF ASOB Asymp.  Other Uncertain

Shock

LVD

Numbers 260 560 799 2479 703 1,040 4,695
(%)

(2%) (5%) (8%) (24%) (7%) (10%)  (44%)
Deaths 67 114 80 201 41 65 189

(26%) (20%) (10%) (8%) (6%) (6%) (4%)
HR 4.86 3.95 2.22 2.09 1.44 1.36
compared to

(P=<0.001, (P=<0.001 (P=<0.001 (P=<0.001 (P=0.04 (P=0.04
class 7

Cl 3.57-

Cl 3.1-5) Cl1.7- Cl 1.70- Cl1.02- Cl1.02-

(uni-variable 6.6)
analysis) 2.9) 2.56) 2.02) 1.81)
MI (%) 32 98 5 11 3 4 31

(47%) (86%) (6%) (5%) (7%) (6%) (16%)
Worsening 45 81 60 167 21 52 35
HF

(67%) (71%) (75%) (83%) (51%) (80%) (18%)
Renal 20 33 18 54 10 19 21
Dysfunction

(30%) (29%) (23%) (27%) (24%) (29%) (11%)
Ventricular 18 21 14 18 3 3 13
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Table 33

Arrhythmia
(27%) (18%) (18%) (9%) (7%) (5%) (7%)
Atrial 5 15 30 14 4 5 8
Arrhythmia
(7%) (13%) (38%) (7%) (10%) (8%) (4%)
Infection 13 18 26 65 14 31 57
(5%) (16%) (33%) (32%) (34%) (48%) (30%)
Stroke 3 5 2 10 6 10 32
(5%) (4%) (3%) (5%) (15%) (15%) (1%)
Cancer 0 2 5 16 2 2 30
(2%) (6%) (8%) (5%) (3%) (16%)
Other 11 13 22 45 10 12 72
(16%) (11%) (28%) (22%) (24%) (18%) (38%)
LoS-index 9 11 10 8 8 10 8
admission
(4-16) (7-18) (6-15) (5-13) (3-14) (5-17) (4-13)
(days)
(Median /
IQR)

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,
HR; Hazard ratio, CI; Confidence interval, MI; Myocardial Infarction, IQR; Interquartile range, VT; Ventricular

tachycardia, Asymp LVD; asymptomatic Left ventricular systolic dysfunction, LoS; length of stay
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Table 34 : Drugs at discharge or 24 Hours prior to death

Table 34
Class 1 Class2 Class3 Class4 Class5 Class6 Class7
Presentation Arrest’VT/  ACS Rapid ASOB Asymp. Other Uncertain
Shock AF
LVD
Numbers (%) 260 560 799 2479 703 1,040 4,695
(2%) (5%) (8%) (24%)  (T%) (10%)  (44%)
Spironolactone 61 94 203 693 230 351 540
(23%) (17%)  (25%)  (28%)  (33%) (34%)  (12%)
Furosemide 202 436 663 2,121 511 774 3,327
(78%) (78%)  (83%)  (86%)  (73%) (74%)  (71%)
Bumetanide 7 7 26 97 12 19 110
(3%) (1%) (3%) (4%) (2%) (2%) (2%)
Torasemide 14 19 38 93 31 30 140
(5%) (3%) (5%) (4%) (4%) (3%) (3%)
Metolazone 0 2 11 61 4 16 21
(0.4%)  (1%) (2%) (1%) (2%) (0.5%)
Thiazide 33 41 69 219 96 198 397
diuretic
(13%) (7%) (9%) (9%) (14%) (19%)  (8%)
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Table 34

Class 1 Class 2 Class3 Class 4 Class 5 Class6 Class7

ACEI 158 399 494 1,655 496 735 2,577
(61%) (71%)  (62%)  (67%)  (71%) (71%)  (55%)
ARB 7 18 28 114 51 47 213
(3%) (3%) (4%) (5%) (7%) (5%) (5%)
Nitrate 106 316 269 1,137 258 525 2,005
(41%) (56%) (34%) (46%) (37%) (50%) (43%)
CCB 30 119 178 483 107 184 1,131
(12%) (21%) (22%) (19%) (15%) (18%) (24%)
Beta blockers 115 309 256 676 288 433 1,790
(44%) (55%)  (32%)  (27%)  (41%) (42%)  (38%)
Digoxin 87 140 501 1,059 296 469 1,227
(33%) (25%)  (63%)  (43%)  (42%) (45%)  (26%)
Antiarrhythmic 85 96 244 300 127 104 599
drugs
(33%) (17%)  (31%)  (12%)  (18%) (10%)  (13%)
Lipid lowering 38 147 83 420 159 192 1,097
drugs
(15%) (26%) (10%) (17%) (23%) (18%) (23%)

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,
ACI; Angiotensin converting enzyme inhibitor, ARB; Angiotensin receptor blockers
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Table 35 : Mortality & Readmission within 12 Weeks after discharge

Class1 Class2 Class3 Class4 Class5 Class6 Class7 Chi2

statistic

(P-

Presentation Arrest/ Rapid Asymp. Uncertain

VT/ AF LVD

Shock
Number at 193 446 719 2,278 662 975 4,506
Risk
Deaths after 12 36 47 175 41 63 229 15
Discharge (6%) (8%) (7%) (8%) (6%) (6%) (5%) (0.02)
Unadjusted 1.18 1.56 1.26 1.46 1.18 1.14

OR compared (P=0.5 (p=0.0 (P=0.1 (P=<0.00 (P=0.3 (P=0.3

to class 7 8,Cl 2,108 7,Cl  1,Cl 5,Cl  7,Cl
0.64-  2.25)  091-  1.19- 0.84-  0.86-
2.15) 1.75)  1.79) 1.68)  1.53)

Events contributing to death (proportion deaths)

MI (%) 1 10 4 12 2 5 25 21
(8%) (28%)  (9%) (7%) (5%) (8%) (11%) 0.002

Worsening 3 9 10 68 17 25 50 35

HF (%) (25%) (26%)  (21%)  (39%) (41%)  (40%)  (22%) (0.001)

Renal Dysf. 0 2 3 19 6 3 12 15

(%) (6%) (6%) (11%) (15%)  (5%) (6%) (0.02)

Ventricular 1 3 2 7 3 3 7 6

Arrhythmia ~ (8%) (9%) (4%) (4%) (7%) (5%) (3%) (0.38)
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Table 35
Class1l Class2 Class3 Class4 Class5 Class6 Class7 Chi2

statistic

(P-

(%)

Atrial 0 0 1 6 2 0 8 5

Arrhythmia (2%) (3%) (5%) (3%) (0.60)

(%)

Infection 0 3 6 14 4 8 40 3

(%) (9%) (13%)  (8%) (10%)  (12%)  (17%) (0.75)

Stroke 0 1 8 10 3 4 19 8
(3%)  (17%)  (6%) (7%) (6%) (8%) (0.22)

Cancer 0 1 3 11 3 6 28 3
(3%)  (6%) (6%) (7%) (9%) (12%) (0.81)

Other 1 7 16 32 5 7 63 10

(8%) (23%)  (34%)  (18%) (12%)  (11%)  (28%) (0.11)

Readmission within 12 weeks after discharge

Number at 193 446 719 2,278 662 975 4,506

Risk

All cause 43 109 166 557 192 189 980 28
(22%) (24%) (23%)  (24%) (29%)  (19%)  (22%) (<0.001)

DuetoCV 33 85 131 421 150 155 580 97

cause (17%) (19%) (18%)  (18%) (23%) (16%)  (13%) (<0.001)

Due to 20 45 73 298 98 98 240 170

Heart (10%) (10%)  (10%)  (13%) (15%) (10%)  (5%) (<0.001)

Failure

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath
OR; Odds ratio VT; Ventricular tachycardia, Asymp LVD; asymptomatic Left ventricular systolic dysfunction
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Table 36: Mode of death during index admission

Table 36
Class 1 Class2 Class 3 Class 4 Class 5 Class 6 Class 7
Presentation Arrest/VT/ Uncertain
Shock AF
LVD
Numbers 260 560 799 2479 703 1,040 4,695
(2%) (5%) (8%) (24%) (7%) (10%) (44%)
Deaths 67 114 80 201 41 65 189
(26%) (20%) (10%) (8%) (6%) (6%) (4%)
Mode of death (proportion deaths)
Cardiogenic 45 65 24 55 12 22 26
shock
(67%) (57%) (30%) (27%) (29%) (34%) (14%)
Pulmonary 19 32 24 74 8 14 14
oedema
(28%) (28%) (30%) (37%) (20%) (25%) (7%)
Stroke 2 1 3 5 5 11 25
(3%) (1%) (4%) (2%) (12%) (17%) (13%)
Other 7 30 16 47 2 7 31
Cardiovascular
cause (12%) (26%) (20%) (23%) (5%) (11%) (16%)
Cancer 0 2 5 16 2 2 30
(2%) (6%) (8%) (5%) (3%) (16%)
Accident or 0 0 0 0 0 0 2
violence
(1%)
Other non- 3 10 20 33 9 10 45
Cardiovascular
cause (4%) (9%) (25%) (16%) (22%) (15%) (24%)
Sudden death 2 14 6 9 6 6 18
(3%) (12%) (8%) (4%) (15%) (9%) (10%)
Cardiac 2 1 3 7 1 4 3
cachexia
(3%) (1%) (4%) (3%) (2%) (6%) (2%)

166



Chapter 7

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,
HR; MI; Myocardial Infarction, IQR, VT; Ventricular tachycardia, Asymp LVD; asymptomatic Left ventricular
systolic dysfunction

Mortality within three months after discharge

M Class 1- HF & Arrest/VT/VF/Shock M Class 2 - HF & ACS

m Class 3- HF & Rapid AF M Class 4- HF & ASOB

B Class 5- HF & Asymptomatic LVD ® Class 6- HF with Other symptoms
i Class 7- Uncertain HF

Figure 16 Mortality within three months after discharge

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,

VT; Ventricular tachycardia, Asymp LVD; Asymptomatic Left ventricular systolic dysfunction
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Table 37: Mode of death after discharge

Table 37

Class 3 Class 4

Presentation Arrest/VT/ . Uncertain

Shock AF

LVD

Number at Risk 193 446 719 2,278 662 975 4,506
Deaths after 12 36 47 175 41 63 229
Discharge

(6%) (8%) (7%) (8%) (6%) (6%) (5%)
Mode of death (proportion deaths)
Cardiogenic 2 6 5 24 7 15 20
shock

(17%) (17%) (11%) (14%) (17%) (24%) (9%)
Pulmonary 0 6 9 37 8 10 18
oedema

(17%) (19%) (21%) (20%) (16%) (8%)
Stroke 0 2 7 9 3 3 16
(6%) (15%) (5%) (7%) (5%) (7%)

Other 1 2 3 19 6 2 24
Cardiovascular

(8%) (6%) (6%) (11%) (15%) (3%) (10%)
cause
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Table 37
Class 1 Class2 Class 3 Class 4 Class 5 Class 6 Class 7
Cancer 0 1 3 11 3 6 29
(3%) (6%) (6%) (7%) (10%) (13%)
Accident or 0 1 0 1 0 0 0
violence
(3%) (1%)
Other non- 2 2 7 18 3 5 41
Cardiovascular
(17%) (6%) (15%) (10%) (7%) (8%) (18%)
cause
Sudden death 3 5 5 8 2 5 22
(25%) (42%)  (11%) (5%) (5%) (8%) (10%)
Cardiac 0 1 1 2 3 2 2
cachexia
(3%) (2%) (1%) (7%) (2%) (1%)

HF; Heart Failure, ACS; Acute Coronary Syndrome, AF; Atrial fibrillation, ASOB; Acute Shortness of Breath,
HR; MI; Myocardial Infarction, IQR, VT; Ventricular tachycardia, Asymp LVD; asymptomatic Left ventricular
systolic dysfunction

Multivariable analysis identified the following variables, selected using a p-value of
<0.05, were associated with in-patient mortality; MI or UA during the index
admission, history of VT/VF, history of stroke, left ventricle dilatation and serum
creatinine concentrations. The area under Receiver Operating Characteristics (ROC)
curve was 0.74. In a second model we used a p-value 0.1 for selection which

identified four more variables; age, gender, medical history of hypertension and
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infection. Area under ROC curve in the second model was 0.78 (Figure 17). We used
Akaike's information criterion (AIC) and Bayesian information criterion (BIC) to
compare the two models. Smaller AIC/BIC ratio in model 2 (0.96 in model 1 and
0.95 in model 2) and large difference of BIC between models (67) indicated that

model 2 is better than model 1 and we used it for our further interpretation (Table

38)

In our final logistic regression model after adjusting all relevant covariates, mortality

remained higher in class 1-6 as compare to class 7 (Table 38)
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Figure 17: Comparison of two logistic Regression Models to assess mortality during index admission by
ROC curves

ROC; Receiver Operator Characteristics

170



Chapter 7

Table 38 : Logistic regression model for mortality during index admission

Table 38

Odds Ratio P-value Lower Bound 95%  Upper Bound 95%
As compare Confidence Interval Confidence Interval
to class 7

Class 1 4.18 <0.001 2.2 8.1

Class 2 4.08 <0.001 2.14 7.79

Class 3 4.09 <0.001 2.39 7.05

Class 4 3.27 <0.001 2.10 5.09

Class 5 2.90 0.001 1.54 5.48

Class 6 3.39 <0.001 1.94 5.95

Age 1.03 <0.001 1.01 1.04

Gender 0.86 0.36 0.64 1.17

M1 this admission 2.52 0.001 1.47 4.35

USA this admission 0.92 0.72 0.60 1.43

VT/VF (anytime) 3.10 <0.001 2.15 4.49

h/o Hypertension 0.93 0.62 0.70 1.24

Stroke (anytime) 1.62 0.03 1.04 2.52

h/o Infection 3.37 <0.001 2.52 4.50

LV dilatation 1.06 0.74 0.79 1.48

Creatinine 1.01 0.04 1.001 1.02

Class 1; Heart failure (HF) + Shock/arrest/ Ventricular arrhythmia

Class 2; HF + Acute coronary syndrome (unless part of class 1)

Class 3; HF+ Rapid Atrial fibrillation (Unless part of class ¥

Class 4; HF+ Acute shortness of breath (Unless part of class 1/2/3)

Class 5; HF + asymptomatic /stable (unless part of class 1/2/3/

Class 6; HF + other deterioration of HF and none from first five classes

Class 7; Heart Failure not present or uncertain

MI; Myocardial Infarction, USA; Unstable Angina, VT; Ventricle Tachycardia, VF; Ventricle fibrillation, H/O;
History of, LV; Left ventricle
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For assessment of mortality in the 12 week period after discharge, history of valve
repair was the only variable which was significant using P <0.05 for model selection
in 25 cross validations and the model discrimination was poor (ROC 0.55). If P<0.01
was used, history of DM, left ventricle systolic dysfunction (LVSD), left ventricle
dilatation and history of angina during index admission provided additional
information but this improved the ROC only to 0.57. In the logistic regression
model, only Class 2 (OR 1.73, P 0.03, CI 1.07-2.95) and Class 4 (OR 1.61, P 0.002,

Cl11.18-2.18) added to model prediction (OR compared to Class 7).

In a multivariable analysis investigating variables associated with all-cause
readmission during the 12 week follow up period, medical history of hypertension,
LVSD and aortic stenosis were identified in 25 cross-validations when we consider P
< 0.05 as a selection criterion. In the logistic regression, only Class 5 added to the
model with OR of 1.69 (P <0.001, CI 1.34 — 2.12) compared to Class 7. However,
the area under the ROC curve was only 0.55. When P <0.1 was used to select
variables from 25 Cross-validations, three further variables, history of infection or of
valve replacement and mitral regurgitation, were identified that improved the ROC
to 0.57 and again, only Class 5 added to logistic regression model (OR of 1.77 (P

<0.001, Cl 1.40-2.24).

7.4 Discussion

The Euro Heart Failure survey was designed to investigate overall heart failure-
related activity in hospitals and not just a narrowly defined group of patients
admitted with heart failure as a primary diagnosis and managed by cardiologists. The
survey emphasizes the heterogeneity of presentation. Most patients hospitalized with

a diagnosis or features suspicious of heart failure are admitted primarily for another
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reason. This group of patients has lower in-patient mortality but similar rates of
death and readmission subsequent to discharge, although such events were less likely

to be related to worsening heart failure.

Not unsurprisingly, patients presenting with cardiogenic shock, VT/VF and ACS had
a much worse in-hospital prognosis but subsequent to discharge the prognosis, both
in terms of readmissions and death was rather similar regardless of presentation.
Clearly, these patients require urgent measures to correct the haemodynamic

disturbance and to limit myocardial damage.

It is now fashionable to highlight the lack of progress in the treatment of AHF, as
opposed to the huge progress made in the last 25 years for CHF.% 13%1%
Unfortunately, the only Class 1, level of evidence A recommendation for the
management of AHF in the ESC guidelines of 2012 is thrombo-embolism
prophylaxis.'? There are many possible reasons for lack of progress in AHF. The
interventions studied may be truly ineffective or study design may have been
inadequate. However, the heterogeneity of the patient population probably plays a
major role. More precise patient selection, timing of intervention and targeting of
therapy in clinical trials could reap large dividends. More precise targeting does not
necessarily mean more restrictive inclusion criteria. For instance, if congestion and
peripheral oedema is the primary treatment target then there is little point in trying to
enrol patients in the first 24 hours after admission, which is logistically difficult from
a research perspective and greatly reduces recruitment. Patients who have long
standing CHF present with slowly developing peripheral oedema and renal
dysfunction are quite different from those with acute pulmonary oedema.® The latter

group often respond symptomatically with a few hours whereas the latter may
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require days or even weeks of treatment to control congestion. Historically,
spectacular success in management of Acute Myocardial Infarction (AMI) was not
possible until segregation of patients into ST elevation MI (STEMI) and Non-ST
elevation Ml (NSTEMI). The same may or may not be true for the segregation of
CHF into Heart Failure with Reduced Ejection Fraction (HFREF) and Heart Failure
with Preserved Ejection Fraction (HeFPEF), since the primary reason for this
segregation was the inability to discriminate reliably between HeFPEF and normal
cardiac function; patients who genuinely do have heart failure may respond similarly

to treatment regardless of LVEF.®

Most trials of AHF have enrolled a mixture of patients presenting with severe acute-
onset breathlessness at rest (pulmonary oedema) and others with sub-acute
worsening of peripheral congestion who are not breathless sitting upright at rest but
have orthopnoea and are breathless on minor exertion. The median time to enrolment
in trials of AHF, with one exception, has never been less than six hours, by which
time most patients with acute pulmonary oedema have responded to a combination
of diuretics and oxygen and have only residual symptoms.® # The one exception is
the 3CPO study that enrolled patients with acute pulmonary oedema with heart and
respiratory rates of 114 and 33 respectively less than 6 hours of hours of
presentation.’® In our study Class 4 (acutely breathless patients) had a slightly
higher mortality on the index hospitalization as Classes 5 and 6, which probably
included patients with more peripheral congestion. However, the late outcome of

patients in these three groups of patients was similar. .
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7.5 Limitations

EHFS1 was conducted in 2000-01 but, until now, there have been few innovations in
therapy for chronic and none for acute HF. Recent trials suggest that the 12 week
mortality of AHF has changed little in the past 15 years. We developed mutually
exclusive categories of patients but of course, in reality, some patients will belong to
more than one class. However in most such clinical situations one presentation
dominates. We relied on investigators from many countries providing accurate data,
but case reports forms were in English and some questions may have been unclear,
especially when translated locally. Attempting to avoid falling into the trap of
capturing data on only narrowly defined ‘cardiological’ heart failure may have
caused some confusion and inconsistent answers, especially for patients who were
taking loop diuretics but who had not been diagnosed with heart failure. However, it
is impossible to assess the quality of care with respect to investigation if only
patients who already have a diagnosis of heart failure are included. Most patients in
whom the contribution of heart failure to admission was in doubt had features to
suggest that they did have heart failure and these patients had a high morbidity and

mortality subsequent to discharge.

A major limitation of this survey was the failure to specifically ask about peripheral
oedema. We assume that when peripheral oedema was the major presentation, these
will have been classified as ‘other’. However, many of these patients will have had
breathlessness on mild exertion or even at rest and may have been classified as

acutely short of breath rather than with peripheral oedema. .
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7.6 Conclusion

AHF is a complex clinical condition and is a collection of different syndromes with
different clinical presentations, underlying aetiology and pathophysiology with quite
variable clinical course and prognosis. It is still an area of great unmet clinical need.
Attempts to investigate the effect of a single agent in all AHF patients may be futile.
A more coherent approach with tighter patient selection for more targeted drug

therapy by clinical presentation is more likely to succeed.
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Chapter 8 Summary

Acute heart failure (AHF) is an unstable and complex condition and a common
reason for admission to hospital, especially in the elderly population.’ ** 7 It is
generally believed that majority of patients admitted with AHF have severe shortness
of breath at rest but some baseline data from large registries and surveys suggests
that many patients are comfortable at rest with some signs of cardio-respiratory
distress.® 2% 117 119 However, the data from registries and surveys were collected
across a number of centres and by a variety of staff who might have selected patients
and interpreted questions about symptoms differently, leading to inconsistent
results.™> Secondly, none of these studies was conducted, analysed or interpreted
with a primary focus on the severity of breathlessness. Understanding symptoms at
presentation has important repercussions for both service and clinical trial design. In
clinical practice, treatment for acutely breathless patients is usually implemented
within minutes of presentation, but novel therapies studied in trials are not usually

implemented until 6-18 hours after initial presentation by which time patients may

have already had a partial response.

Acute heart failure is often assumed to be more-or-less synonymous with acute
pulmonary oedema. However, when | began a project to examine the time course of
treatment and outcomes of patients admitted with acute heart failure, | realised that
this assumption was false. My starting point for the present thesis was the realisation
that most patients presenting with acute heart failure are not, in fact, breathless at
rest, but only on some exertion. The realisation has important implications for
understanding the pathophysiology of acute heart failure, and has clear implications

for the development of new therapeutic agents for treating heart failure.
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I thus embarked on the present project with the aim of trying to describe more
closely what symptoms patients have when they present with acute heart failure; to
describe what happens to their vital signs during admission; and to investigate what
impact the symptoms at presentation had on outcome. In addition, using large
European datasets, | was able to explore in more detail the impact of a heart failure

diagnosis on outcome, and the relation between mode of presentation and outcome.

In chapter 4, | described how | conducted a detailed case note review of 311 patients
with heart failure, and developed the concept that there were two distinct patterns of
symptomatic presentation: patients who were breathless at rest, whom | have
described as being “SOBAR?”, and patients who were comfortable at rest, but became
breathless on exertion, whom I have described as being “CARBOSE”. I found that
42% were SOBAR on admission and that they tended to have higher heart rate,
blood pressure and respiratory rate than those who were CARBOSE (56%). Their
vital signs responded more rapidly to treatment that did those who were CARBOSE

and they had a better prognosis.

I then sought to validate these findings in chapter 5 where | extended my data
collection to include 390 patients from London in order to validate my model. Apart
from few minor differences, the patients’ baseline clinical characteristics were
similar in both sites. Joint analysis of both datasets reconfirmed my earlier findings
that CARBOSE is a common presentation of acute heart failure patients leading to
admission. Although patients with SOBAR have more alarming initial symptoms
and signs, patients with CARBOSE have a worse prognosis, perhaps reflecting more
severe cardiac dysfunction. The difference in mortality remained significant even in

multivariable analysis after adjusting for relevant covariates. The rapid resolution of
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symptoms in the SOBAR group highlighted that at the time of recruitment into
clinical trials of novel therapy, patients’ symptoms might already partially responded
due to routine treatment. Relatively small numbers, retrospective data collection and
incomplete data of some important variables like natriuretic peptides are the main
limitations of my analysis. However, the study is hypothesis generating and more

detailed exploration of how patients with heart failure present are now needed.

Most previous publications reporting deaths and discharges with heart failure
focussed only on patients with heart failure as a primary discharge diagnosis, which
is @ minority of all admissions of patients with heart failure admitted to hospitals.
The National Heart Failure audit in England and Wales also focuses solely on
patients with a primary diagnosis of heart failure. Failure to measure the magnitude
of the problem is likely to lead to an under-estimate of the health economic influence
of heart failure and under-provision of resources for its care. Euro Heart Failure
Survey 1 (EHFS1) screened consecutive deaths and discharges during 2000-2001
primarily from medical wards over a 6 week period in 115 hospitals from 24
countries in Europe, to identify patients with known or suspected HF. Information on
presenting symptoms and signs were gathered. Mortality was assessed during
hospital admission and then 12 weeks after discharge. In chapter 6, | conducted post
hoc analysis of the data in order to characterize patients admitted with known or
suspected heart HF according to diagnostic position and then to assess the relation
between mode of presentation and mortality. Of all 10,701 patients admitted with
suspected HF, heart failure was considered to be the primary reason for admission in
4,234 (40%), a secondary reason for admission (if it complicated or prolonged stay)
in further 1,772 (17%), and in 4,695 (43%), it was uncertain whether HF was

actively contributing to the index admission. Mortality was highest in the secondary
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heart failure group and lowest in the uncertain group, with the primary group being
intermediate. Significant number of patients was died from that group where
diagnosis of HF was uncertain. Importantly, the mortality and re-admission
following discharge was similar in each of the three groups, although the causes of

readmission and death did appear to differ between groups.

Despite the diversity of modes of presentation, the majority of clinical trials in AHF
deal with the syndrome as if it were a single entity, which may be one reason for
repeated failures or neutral results. In chapter 7, | carried out a further post hoc
analysis of EHFS1 data to assess the relation between different modes of
presentation of AHF and mortality. Patients were sorted into seven mutually
exclusive classes according to presentation. Class 1: HF with cardiac arrest/
ventricular arrhythmia; class 2: HF & acute coronary syndrome (ACS); class 3: HF
and atrial fibrillation (AF) with rapid ventricular response; class 4: HF & acute
breathlessness; class 5: stable HF; class 6: presenting with other symptoms of HF
such as worsening peripheral oedema; and class 7: no HF. Patients presenting with
cardiogenic shock, VT/VF and ACS had a much worse in-hospital prognosis;
however, after discharge, the prognosis, in terms of readmissions and death, was

similar regardless of presentation.

In summary, the studies presented in this thesis extend our understanding of the
modes of presentation of patients with AHF. Acute heart failure is not a discrete
diagnosis but is a collection of different clinical syndromes under one umbrella term
which need urgent clinical intervention. Attempting to treat the different AHF
syndromes as a single entity in new clinical trials is likely to be futile. Better

characterization of the different clinical presentations of AHF at the time of
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recruitment into clinical trials is essential to target therapeutic appropriately.
Mortality is high for patients with an admission for AHF and even higher when heart
failure is not main reason of admission. Registries and surveys that do not include
patients with HF as a contributory diagnosis may provide an over-optimistic view of
the prognosis of AHF and underestimate the resources required for its diagnosis and

effective management.
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Definitions

ACEi; Angiotensin converting enzyme inhibitor
ACS; acute coronary syndrome

AF; Atrial fibrillation

Af; Atrial flutter

AHF; acute heart failure

ARB; Angiotensin receptor blocker

ASOB; Acute Shortness of Breath

Asymp. LVD; Asymptomatic left ventricle dysfunction
BB; Beta blocker

BMI; Body mass index

BP; blood pressure

CABG; Coronary artery bypass grafting

CAD; Coronary artery disease

CARBOSE; Comfortable at rest breathless on slight exertion
CCB, Calcium Channel blocker

CHF; Chronic Heart Failure

Cl; Confidence interval

CKD; Chronic kidney disease

COPD; Chronic obstructive pulmonary disease
C-PAP; Continuous positive airway pressure
CVA, Cerebrovascular accident

DCMP; Dilated cardiomyopathy

DM; Diabetes Mellitus

Echo; Echocardiography

ED; Emergency department

EF; Ejection fraction
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eGFR; Estimated glomerular filtration rate

EHFS-1; Euro heart failure survey 1

EHFS-I1; Euro heart failure survey 1l

EHF Pilot; Euro Heart Failure Pilot survey

ESC; European society of cardiology

E&W NHFA; England & Wales National heart failure audit
E & W national audit; England & Wales national audit,
HF; heart failure

HFPEF; heart failure with preserved ejection fraction
HR; Heart Rate

HR; Hazard ration

hsCRP, high sensitivity C-Reactive protein

hsTnT, High sensitivity Troponin T

IHD,lIschaemic Heart disease

IQR, Inter quartile range

IV; Intra venous

JVP; jugular venous pressure

KG, Kilo gram

LA; Left atrium.

LOS: Length of stay

LV; left ventricle

LVEDD; Left ventricle end diastolic diameter
LVESD; Left Ventricle end systolic diameter

LVSD, Left Ventricle Systolic dysfunction

MI; Myocardial Infarction

MRA; Mineralocorticoid receptor antagonist

NT-proBNP; N-terminal pro B-type natriuretic peptide

195



NYHA; New York heart association
OR; Odd ratio

PCI; Percutaneous coronary intervention
QRST

RR; Respiratory rate

RV; right ventricle

SBP; systolic blood pressure
SOBAR; Shortness of breath at rest
SVT,; Supraventricular tachycardia
TIA, Transient Ischaemic attack
UA; Unstable angina

USA: United States of America
VF; Ventricle fibrillation

VT, Ventricle tachycardia

WBC, White Blood count
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