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Abstract

Renal dysfunction is strongly associated with adverse health outcomes in chronic heart failure.
The term cardio-renal syndrome has been proposed to describe the theoretical models
developed to explain the pathophysiological mechanisms underpinning the condition and
many observational studies undertaken to characterise and identify risk factors and morbidity
and mortality outcomes. There is evidence baseline glomerular filtration rate is a stronger
predictor of mortality in patients with Heart Failure than left ventricular ejection fraction or
NYHA functional class. However, the ambiguity surrounding definitions and nomenclature for
renal dysfunction in heart failure has impeded progress for a clearly defined risk profile and
characterization for heart failure patients with renal impairment, chronic kidney disease,
worsening renal function, or acute kidney injury. The focus of this study was to characterize an
Australian cohort of hospitalised heart failure patient who developed acute kidney injury, and
investigate this relationship in terms of morbidity and mortality at 12-months follow-up. A
secondary purpose was to determine the prevalence of confirmed chronic kidney disease and
renal impairment in the cohort and their outcomes. The results highlight the prevalence of
Renal Insufficiency and Chronic Kidney Disease, 59% and 52% respectively. Acute kidney injury
occurred in 1 in 4 patients when diagnosed using a modified AKIN definition. Characterization
of HF patients with any type of renal abnormality revealed a history of multiple comorbidities
where concurrent diabetes exposed hospitalised HF patients to an increased risk of AKI. From
an original sample of 265 admissions, 166 had data available for the 12-month follow-up
morbidity and survival analysis. The reduced sample size limited the study power, such that
only renal impairment was trending towards significance. The Kaplan-Meier survival
distributions for acute kidney injury and renal impairment at 12-months follow-up was not
statistically significant, log-rank p=0.4714 and p=0.0579 respectively. The findings confirm the
high incidence and prevalence of renal dysfunction in hospitalised heart failure patients and
demonstrate the utility of the AKIN AKI definition. The study strengthens the call for
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community monitoring of renal function and the need for definitional and nomenclature
consensus. A move towards improved monitoring and a standardised taxonomy would assist
with differentiating renal dysfunction types and may lead to better risk stratification of HF

patients for adverse events.
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Glossary
Terms

Acute heart failure

Acute kidney injury

Body mass index

Cardiovascular disease

Chronic condition

Chronic heart failure

Chronic kidney disease

Comorbidity

Definition

De novo acute heart failure or decompensated chronic heart
failure characterized by signs of pulmonary congestion,
including pulmonary oedema

AKI is a syndrome characterised by the rapid loss of the
kidney’s excretory function which is typically diagnosed by an
significant increase in serum creatinine

A measure of an adult's weight (body mass) relative to height
used to assess the extent of weight deficit or excess. BMI uses
a simple calculation based on the ratio of someone’s height
and weight (BMI = kg/m?).

A disease affecting the heart or blood vessels. Cardiovascular
diseases include arteriosclerosis, coronary artery disease,
heart valve disease, arrhythmia, heart failure, hypertension,
orthostatic hypotension, shock, endocarditis, diseases of the
aorta and its branches, disorders of the peripheral vascular
system, and congenital heart disease

A health condition that is long term; has a pattern of
recurrence, or deterioration; has a poor prognosis and
produces consequences, or sequelae that impact on the
individual's quality of life

A complex clinical syndrome with typical symptoms (e.g.
shortness of breath, fatigue) that can occur at rest or on
effort, and is characterised by objective evidence of an
underlying structural abnormality of cardiac dysfunction that
impairs the ability of the ventricle to fill with or eject blood
(particularly during physical activity).

Abnormalities of kidney structure or function, present for
more than 3 months, with implications for health and
classified based on cause, GFR category, and albuminuria
category

When a person has two or more health problems at the same
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Terms

Confidence interval (Cl)

Diabetes

Dyspnoea

Ejection fraction

Health outcome

Heart failure

Incidence

Length of stay

Local hospital network

Morbidity

Definition
time

A statistical term describing a range (interval) of values within
which we can be ‘confident’ that the true value lies, usually
because it has a 95% or higher chance of doing so

A disease marked by high blood glucose levels resulting from
defective insulin production, insulin action or both. The three
main types of diabetes are type-1 diabetes, type-2 diabetes
and gestational diabetes. Where a person has a history of
diabetes; a diagnosis of diabetes.

Difficult or laboured breathing; shortness of breath

Refers to the amount, or percentage, of blood that is pumped
out of the ventricles with each contraction; the left ventricle
percentage is most frequently recorded

A change in the health of an individual, or a group of people
or a population, which is wholly or partially attributable to an
intervention or a series of interventions

Described in physiological terms HF is a syndrome
characterized by either or both pulmonary and systemic
venous congestion and/or inadequate peripheral oxygen
delivery, at rest or during stress, caused by cardiac
dysfunction.

Refers to the number of individuals who develop a specific
disease or experience a specific health-related event during a
particular time period (such as a month or year)

Duration of hospital stay, calculated by subtracting the date
the patient is admitted from the day of separation. A same-
day patient is allocated a length of stay of 1 day

LHNs are small groups of local hospitals, or an individual
hospital, linking services within a region or through specialist
networks across a state or territory.

Refers to ill health in an individual and to levels of ill health in

XXiii



Terms

New York Heart Association

— functional class

Orthopnoea

Prevalence

Principal diagnosis

Quality of life

Renal impairment

Risk Factors

Stroke

Definition
a population or group

Mainly describes the functional limitations of the patient such
that Class | — ordinary physical activity does not cause undue
fatigue, palpitations, dyspnoea and/or angina; Class Il -
ordinary physical activity does cause undue fatigue,
palpitations, dyspnoea and/or angina; Class — Ill Less than
ordinary physical activity cause undue fatigue, palpitations,
dyspnoea and/or angina; and Class- IV fatigue, palpitations,
dyspnoea and/or angina occur at rest.

Discomfort or difficulty breathing when lying flat

Refers to the total number of individuals in a population who
have a disease or health condition at a specific period of time,
usually expressed as a percentage of the population

The diagnosis listed in hospital records to describe the
problem that was chiefly responsible for the patient’s episode
of care in hospital

A generic term that measures the individual’s perception of
their life experience. It is a multidimensional concept
measuring important aspects or domains of a person’s life
including physical functioning, psychological processes and
social and economic concerns, as well as spiritual and
existential aspects.

Acute or chronic kidney failure also known as ‘renal
insufficiency’ or ‘renal dysfunction’ It is a medical condition in
which the kidneys fail to adequately filter waste products
from the blood.

A risk factor is any attribute, characteristic or exposure of an
individual that increases the likelihood of developing a
disease or injury

Diagnosis for ischaemic: non-haemorrhagic cerebral infarction

or haemorrhagic: intracerebral haemorrhage supported by
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Terms Definition
cerebral imaging

Taxonomy A classification containing domains and subcategories for the
measurement properties and aspects of measurement
properties which are the subcategories

Albuminuria An abnormal excretion rate of albumin (protein) in the urine

Glomerular filtration rate The amount of ultrafiltrate formed by plasma flowing through

the glomeruli of the kidney.
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Chapter 1 Introduction



1.1 Introduction

This chapter provides an introduction to the ‘Renal function in chronic heart failure: a cohort
study’ (ReFinH Study) reported in this thesis. The study investigated the cardio-renal
relationship in patients admitted to tertiary level hospital with a principal discharge diagnosis
of heart failure (HF). The composite endpoint of all-cause mortality, myocardial infarction,
cardiac arrest and stroke against index admission worsening renal function (WRF) presenting
as acute kidney injury (AKl), renal impairment (RI) or chronic kidney disease (CKD) were
assessed. The predictors for acute kidney injury for the cohort were identified and
recommendations for an international consensus definition for acute kidney injury made.
Recommendations for the monitoring of renal function in community and hospitalised heart
failure have been suggested.

The chapter opens with the background (section 1.2) and context (section 1.3) of the research,
and its purpose (section 1.4). Section 1.4 explains the significance and scope of the ReFinH
Study and provides a summary table of key terms with their definitions (Tables 1.5, 1.6 & 1.7).

Finally, section 1.6 is an overview of the remaining chapters of the thesis.

1.2 Background
Chronic heart failure (CHF) and chronic kidney disease (CKD) are known to be substantial
contributors to the worldwide chronic disease burden (Braunwald 2013; Eckardt et al. 2013).
Where these conditions are concurrent some clinicians refer to this phenomenon as the
cardio-renal syndrome (CRS) (Ronco & Ronco 2012). However the theoretical modelling for
CRS has not yet been validated nor is it universally accepted (Damman, Tang, et al. 2014).
Other terms such as renal dysfunction, renal impairment, worsening renal function or renal
insufficiency are still commonly used terms to describe altered renal function in HF. Renal
impairment (RI) and worsening renal function (WRF) are the terminologies most frequently
used in cardiology. Rl has two descriptors which have been defined in numerous ways. Rl may
refer to a baseline reduction in glomerular filtration rate, or worsening of renal function (WRF)
over time (Damman, Valente, et al. 2014). The renal biomarker, timeframe for change and
degree of change are discretionary, yet the most common thresholds are an estimated
glomerular filtration rate (eGFR) of less than 60mls.min for Rl or a serum creatinine increase of

>26.5umol/l for WRF (Damman, Valente, et al. 2014).

1.2.1 Cardiorenal syndrome
The most recently coined term to describe the cardio-renal relationship is cardiorenal

syndrome which entered the medical lexicon only 10 years ago. In 2004 a working group
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convened by the National Heart, Lung and Blood Institute (NHLBI) met to consider the
relationship between abnormalities in cardiac function and renal function where there was no
apparent underlying kidney pathology. They (NHLBI 2004) noted a number of issues specific to
the understanding and management of this syndrome; such as the lack of cross-discipline
collaboration needed to gain insight into the mechanisms responsible for the cardio-renal
relationship; and the lack of clinical trial evidence for the management of these patients as
they are usually excluded from the trials. They introduced the following working definition to
help meet the challenge to improve the knowledgebase for the prevention and management
of the CRS:
“In heart failure, it is the result of interactions between the kidneys and other
circulatory compartments that increase circulatory volume and symptoms of heart
failure and disease progression and exacerbation. At its extreme, cardio-renal
dysregulation leads to what is termed “cardio-renal syndrome” in which therapy to
relieve congestive symptoms of heart failure is limited by further decline in renal
function”(NHLBI 2004).
In 2008 Ronco, House and Haapio (Ronco et al. 2008) refined the CRS definition noting the
complexity and the bi-directional nature of the syndrome. They identified several sub-types
which were further developed under the sponsorship of the Acute Dialysis Quality Initiative
(ADQI) consensus conference (Ronco, McCullough, Anker, Anand, Aspromonte, Bagshaw,
Bellomo, Berl, Bobek, Cruz, et al. 2010). At this conference a definition and classification
system for CRS were proposed. The current definition (Table 1.1) identifies five syndrome sub-
types and defines the broad concept ‘cardio-renal syndromes’ as:
“...disorders of the heart and kidneys whereby acute or chronic dysfunction in one
organ may induce acute or chronic dysfunction of the other.” (Ronco, McCullough,

Anker, Anand, Aspromonte, Bagshaw, Bellomo, Berl, Bobek, Cruz, et al. 2010).



Table 1.1 Cardio-renal syndrome subtypes

CRS Subtype

Acute cardio-renal

Primary organ

Heart

Heart - ACS or ADHF

Criteria for event

ESC, ACCF/AHA

Definition

Acute worsening of heart function

Type 1 AKIN, RIFLE leading to kidney dysfunction/ injury
Chronic cardio-renal Heart - CHD or CHF ESC, ACCF/AHA Chronic abnormalities in heart
Type 2 KDOQI function leading to  kidney
dysfunction/ disease
Kidney
Acute reno-cardiac Kidney - AKI AKIN, RIFLE Acute worsening of kidney function
Type 3 leading to heart dysfunction &/or
injury
Chronic reno-cardiac Kidney - CKD KDoQ| Chronic kidney function leading to
Type 4 heart dysfunction, disease &j/or
injury
Systemic
Secondary CRS Systemic Disease- Systemic conditions leading to simultaneous dysfunction
Type 5 Example: specific &/or injury of heart & kidney
Sepsis criteria

(Adapted from (Ronco, McCullough, Anker, Anand, Aspromonte, Bagshaw, Bellomo, Berl, Bobek & Cruz 2010)

Adapted from (Ronco et al 2010) Abbreviations: CRS, Cardio-renal syndrome; ACS, Acute coronary
syndrome; ADHF, Acute decompensated heart failure; ECS, European Society of Cardiology; ACCF/AHA,
American College of Cardiology Foundation with the American Heart Association; RIFLE, Risk-Injury-Failure-
Loss-End stage renal disease; AKIN, Acute Kidney Injury Network; KDOQI, Kidney Disease Outcomes Quality
Initiative; AKI, Acute kidney injury; CKD, Chronic kidney disease.

1.2.2 Cardio-renal research challenges

Today the cardio-renal relationship challenge remains one of establishing:

» causation for renal dysfunction in heart failure which is complex, and far from clear
(Damman, Tang, et al. 2014)

» complete characterisation of the predictor profile for AKl in heart failure
consensus for an AKI definition in heart failure

» an evidence-base to inform the development of practice management guidelines for
these patients
the level and impact of current guideline implementation in HF patients with AKI, and
for Australia, characterization of hospitalised HF patients who develop AKI, and
the significance of renal dysfunction as AKI, Rl or CKD in these Australian patients in

terms of prevalence and outcomes.



While the intrigue of the cardio-renal relationship, lay in why the sequelae of acute and/or
chronic renal dysfunction at any time in HF have such a synergetic, devastating impact on
outcomes.

It is these challenges together with my professional background as a cardiovascular and renal
nurse that has drawn me to this topic. Participation in evidence-based practice guideline
development, and an interest and post-graduate qualifications in health informatics are
additional aspects of my professional development relevant to this topic. The opportunity to
combine these elements and potentially deliver new knowledge and resources that could help

improve HF patients’ outcomes is my inspiration.

1.3 Context

Heart failure (HF) as a global and personal burden is well documented (Braunwald 2013; Clark
et al. 2004; Cowie et al. 2000; McMurray & Stewart 2000; Stewart et al. 2001). As is the burden
of acute and chronic kidney disease and injury (Ftouh & Thomas 2013; Go et al. 2004; Levey et
al. 2003). The contingent effect of these conditions has become an area of concern as the
management challenges and the negative prognostic impact of renal impairment and acute
worsening renal function in heart failure have emerged. These challenges have driven
contemporary research to re-examine cardio-renal homeostasis and their deregulating co-
dependency.

The prevalence, predictors and the relationship with morbidity and mortality outcomes for
worsening renal function (WRF) presenting as acute kidney injury (AKI) in an Australian cohort
of hospitalised heart failure (HHF) patients remains unknown. This is despite the prognostic
importance of renal dysfunction (RD) in heart failure. Such a knowledge gap has implications
for hospitalised HF patients with regards to their diagnosis, management and prognosis. To
appreciate the significance of renal dysfunction in heart failure it is important to provide the
context from which this syndrome emerges, this can be achieved through an understanding of

the key features of heart failure and kidney disease epidemiology.

1.3.1 Chronic heart failure
One in ten Australians over the age of 65-years will develop heart failure (Krum et al. 2006).
Within 5 years of the diagnosis fifty percent of these patients will have died (Braunwald 2013).
Heart Failure (HF) can be described in physiological terms as a syndrome “characterized by
either or both pulmonary and systemic venous congestion and/or inadequate peripheral
oxygen delivery, at rest or during stress, caused by cardiac dysfunction”(Heart Failure Society

of America 2010) or simply as “a condition where the heart is unable to maintain adequate



circulation blood pressure to meet the body’s needs” (Australian Institute of Health and
Welfare 2011b). The terms ‘congestive’, ‘chronic’ or ‘cardiac’ failure are often used to describe
this complex syndrome of HF which is frequently preceded by a history of myocardial
infarction or long-standing hypertension (Schwinger 2010). Typically, first presentations or
subsequent decompensated episodes of HF are characterised by varying degrees of dyspnoea
at rest or on minimal exertion, fatigue and evidence of fluid retention (Faris et al. 2006).
Chronic heart failure (CHF) is predominantly a condition affecting those aged over 65-years

(Roger et al. 2012).

1.3.2 Acute decompensated heart failure
Acute decompensated heart failure (ADHF) is a common cause of hospital admission,
particularly in the elderly, (Jugdutt 2012; Krumholz et al. 2000; Mosterd & Hoes 2007)
accounting for up to 80% of HF hospitalisations (Dickstein et al. 2008). ADHF is often a rapid
exacerbation of chronic heart failure signs and symptoms (McMurray et al. 2012) such as
peripheral or pulmonary oedema, dyspnoea and fatigue. These episodes may be triggered by
conditions such as arrhythmias, acute myocardial infarction, pneumonia or septicaemia
(Blecker et al. 2013). This is a period of vulnerability both in altered pathophysiology and also
the potential for iatrogenesis due to therapeutic interventions (Heywood et al. 2007). CHF and

ADHF are common and inflict a burden on both the individual and the community.

1.3.3 Global heart failure burden
Globally it is difficult to determine how many people suffer HF (Cook et al. 2014). Most of the
data come from industrialised countries where HF prevalence is estimated to be 2 to 3% (Chen
et al. 2011; Clark et al. 2004; Dickstein et al. 2008; Krum et al. 2006) of the population where
approximately 10% of men and 8% of women over the age of 60-years affected (Braunwald
2013). However, in Australia it is more prevalent in females than in males except for those
aged less than 25 years (Australian Institute of Health and Welfare 2011a). A feature of HF
prevalence is that it increases with age. In developed countries 20% of octogenarians are
estimated to have the HF (Dickstein et al. 2008).
Recent Australian data (National Heart Foundation of Australia 2013) indicated annual HF costs
to be an estimated 30,000 people diagnosed and more than $1 billion dollars spent. In the
United States of America (USA) HF prevalence has been put at 5.8 million out of 300 million
(Lloyd-Jones et al. 2010) while for countries comprising the European Society of Cardiology
(ESC) at least 15 million suffer HF from a potential pool of 900 million (Dickstein et al. 2008).

The prevalence of HF will continue to increase as the percent of a nation’s population over the



age of 65 years increases. Evidence for this trend toward an aging population is seen in the
Australian demographic data where the proportion of the national population over 65 years
went from 8% 1970-71 to 13% in 2001-02 with projections indicating that this group will make
up 25% of the population by 2040 (The Treasury Social Policy Division 2004). In addition,
survival in the context of cardiovascular disease and other chronic comorbidities continues to
improve (Braunschweig, Cowie & Auricchio 2011; Cook et al. 2014) resulting in greater
complexity of patient management. The significance of the HF burden is realised when the
economic and population data for a specific country or a region is examined.

The impact of HF is a function of the costs linked to its morbidity and mortality rates (Go et al.
2013). These costs can be referred to as direct or in-direct costs. Direct costs cover items such
as payment of health clinicians, hospital services, prescribed medication while the indirect cost
are those associated with lost productivity due to morbidity and premature HF mortality, and
economically include the payment of welfare and sickness benefits (Braunschweig, Cowie &
Auricchio 2011; Cook et al. 2014).

Cook and co-authors (Cook et al. 2014) recently published global data on the economic burden
associated with HF. They observed that the percentage of gross domestic product (GDP) spent
on health and HF is proportional to the country’s level of economic development, the greater
the development the greater the percentage of GDP spent. Their calculations for direct and
indirect costs for HF for the USA in 2012 estimated that 17.9% of GDP was consumed by health
expenditure of which HF accounted for 1.42% and 0.006% of GDP in direct and indirect cost
respectively for a combined cost of 30.7 billion dollars (Cook et al. 2014).

The global economic burden linked to HF will continue to grow as prevalence increases. As
noted above populations are aging and with a greater percentage of a population over 65-
years, it is inevitable HF rates will surge. This prediction is supported by the projected HF
prevalence figures for the USA where estimates suggest a 25% increase in HF over the next 15
years (Go et al. 2013). The magnitude of these increases will stress USA health systems where
HF is already the most common cause of hospitalisations (Braunwald 2013; Dunlay et al. 2009).

Other westernised countries are likely to follow this trend.

1.3.4 Individual heart failure burden
The individual burden of HF intensifies as the patient progresses along the illness trajectory
(Dunlay et al. 2011; Goodlin 2009). Physical functioning (Masoudi et al. 2004), mental health
(Dracup K et al. 1992; Juenger et al. 2002), social interaction (Juenger et al. 2002) and personal
finances (Berry, Murdoch & McMurray 2001; Dunlay et al. 2011) come under pressure as HF
progresses to its advanced stages. The monetary costs for an individual are mainly due to
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medications and hospitalisation. For example in the American Olmsted County, Minnesota
Study (Dunlay et al. 2011) the majority of lifetime personal HF costs were due to
hospitalizations (77.0%), with an average lifetime cost calculated to be $73,762 per person.

HF sufferers not only face a financial burden there are also physical and psychosocial issues.
Quality versus quantity of life may become the goal (Lewis et al. 2001; Stevenson et al. 2008)
as symptoms increase and become more debilitating leading to episodes of HF exacerbation
with more frequent hospitalisations (Krumholz et al. 1997)and a loss of autonomy(Dracup K et
al. 1992; Heo et al. 2008). Physical functioning and psychosocial aspects of HF are especially
important as the patient approaches end-stage HF and the need to consider palliative care
management. Palliative care planning including advanced care directives are an important
consideration as the in-hospital, 30-day and long-term mortality rates for HF remain poor.
Once diagnosed 30-40% of patients will not survive 12-months (Cowie et al. 2000) while only
about 50% live for 5 years (Go et al. 2013).

Mortality estimates however are somewhat dependent on population demographics (Norton
et al. 2011). Factors such as age, severity of HF and the degree to which evidenced-based
management is implemented can effect morbidity and mortality (National Institute for
Cardiovascular Outcomes Research 2013). Data from the recent England and Wales annual
heart failure audit demonstrated for the first time an annual improvement for in-hospital and
follow-up survival rates improving from 11.1% to 9.4% and 26.2% to 24.6% respectively
(National Institute for Cardiovascular Outcomes Research 2013). The 30-day post discharge
mortality rate was 6.1%. The short-term combined 30-day and in-hospital mortality rates were
equivalent to 1 in 7 HF patient deaths.

Never-the-less improvements in HF mortality rates have not seen the same progress as other
cardiovascular conditions (Lloyd-Jones et al. 2010). Survival is further compromised if CKD or
AKl is evident at any stage in HF as renal dysfunction adds another level of complexity to
patient management and threatens adverse outcomes (Damman et al. 2012; Forman et al.

2004).

1.3.5 Kidney disease
The Kidney Disease Improving Global Outcomes group (KDIGO) have characterised kidney
disease “as an abnormality of kidney structure or function with implications for the health of
an individual, which can occur abruptly, and either resolve or become chronic”. The global
pattern and management for both acute and chronic kidney disease differs based on a
country’s economic classification. Such an approach allows the presentation of information to

be stratified highlighting the dominate aetiology and management.



1.3.6 Chronic kidney disease
Chronic kidney disease (CKD) is a term use for a diverse range of disorders affecting kidney
function and structure. CKD is defined as “abnormalities of kidney structure or function,
present for more than three (3) months, with implications for health and ... classified based on
cause, GFR category, and albuminuria category”(Kidney Disease Improving Global Outcomes
(KDIGO) CKD Work Group 2013).The diagnostic threshold for CKD occurs once the estimated
GFR (eGFR) falls below 60 ml/min/1.73m? body surface area (BSA) at which point more than
50% of kidney function has been lost. Alternatively an albumin creatinine ratio (ACR) greater
the 3mg/g (23mg/mmol) can also be used as a threshold for CKD diagnosis (Couser et al. 2011;
Kidney Disease Improving Global Outcomes (KDIGO) CKD Work Group 2013) (Table 1.2).
Relevant to HF sufferers is a history of CKD, acute kidney injury or a cardiovascular event is a
risk factor for each of the other conditions (Eckardt et al. 2013; Kidney Disease Improving

Global Outcomes (KDIGO) CKD Work Group 2013).

Table 1.2 Chronic kidney disease definition and stages

Stage Description CKD - GFR* Albuminuria categories - ACR
mls.min.1.73m? Description and range
1 Normal or high >=90mls A3- CKD A2 Al
2 Mildly decreased 60-89 mls Severely Moderately Normal to mildly
increased increased increased
3a Mildly- CKD Macro Micro Micro
moderately 45-59 mls >30 mg/mmol  3-30 mg/mmol <3 mg/mmol
decreased >300 mg/g 30-300 mg/g <30 mg/g
3b Moderately- CKD CKD is defined as eGFR < 60ml.min.1.73m? (3a -5)
severely 30-44 mls and/or Albuminuria > 30mg/g for >= 3 mouths
decreased irrespective of cause.
4 Severely CKD
decreased 15-29 mils * GFR = glomerular filtration rate
5 Kidney failure Endstage CKD
<15 mls

With permission from (Kidney Disease Improving Global Outcomes (KDIGO) CKD Work Group 2013)



1.3.7 Acute kidney injury
Acute kidney injury (AKI) historically referred to as acute renal failure is a syndrome
characterised by the rapid (<48-hours) loss of the kidney’s excretory function which is typically
diagnosed by an increase in serum creatinine or decreased urine output, or both (Bellomo,
Kellum & Ronco 2012). AKI diagnostic criteria are a relatively recent development with the
RIFLE (Risk-Injury-Failure-Loss-Endstage) acute kidney injury criteria first published in 2004
(Bellomo et al. 2004). The RIFLE criterion uses eGFR, serum creatinine or urinary output as the
metrics for diagnosis and for its severity scale. A modification of the RIFLE criteria was
published by the Acute Kidney Injury Network (AKIN) in 2007 (Mehta et al. 2007). The AKIN
definition removed eGFR and modified the temporal component and severity scale of the

RIFLE diagnostic metric.

These criteria have now been combined in the 2012 KDIGO Clinical Practice Guidelines for
Acute Kidney Injury (Kidney Disease Improving Global Outcomes (KDIGO) Acute Kidney Injury
Work Group 2012) and are presented in Table 1.3. Serum creatinine, eGFR and urinary output

are the metrics most commonly used for the diagnosis and staging of AKI and CKD.
Table 1.3 Acute Kidney Injury definition and stages: KDIGO 2012

AKl is defined as any of the following (Not Graded):
e Increase in SCr by >0.3 mg/dl (>26.5 umol/1) within 48 hours; or
e Increase in SCr to>1.5 times baseline, which is known or presumed to have
occurred within the prior 7 days; or
e  Urine volume <0.5 ml/kg/h for 6 hours.

Severity Stage Serum creatinine Urine output

1.5-1.9 times baseline <0.5 ml/kg/h for 612 hours

1 OR
>0.3 mg/dl (>26.5 mmol/I)
increase
2 2.0-2.9 times baseline <0.5 ml/kg/h for X12 hours
3.0 times baseline <0.3 ml/kg/h for X24 hours
3 OR
Increase in serum creatinine to OR
> >
24.0 mg/dI (2353.6 mmol/l) Anuria for X12 hours
OR
Initiation of renal replacement
therapy
OR

In patients <18 years, decrease in
eGFR to <35 ml/min per 1.73 m’
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1.3.8 Chronic kidney disease burden

Worldwide kidney disease has been recognised as a major public health burden with CKD
prevalence estimated to be 8 to 16%(Jha et al. 2013; Kidney Disease Improving Global
Outcomes (KDIGO) CKD Work Group 2013). The global burden for CKD over the last 20-years
has significantly increased such that its mortality ranking has gone from 27" in 1990 to 18" in
2010 (Jha et al. 2013). Years-of-life lost for CKD is now third behind that of HIV-AIDS and
Diabetes (Jha et al. 2013).

CKD prevalence increases with age albeit the demographic varies worldwide (Eckardt et al.
2013). For example, in the USA CKD prevalence for the age group 40 to 59 years was estimated
at 9.1% while for those aged over 60-years it increases to 35.0% (Go et al. 2013). In sub-
Saharan Africa it is a younger age demographic that presents with CKD, they are mainly age in
the 20 to 50-years age group whereas studies from India and China reported the mean age at
presentation to be 51.0 (SD 13:6) and 636 (14-7) years respectively (Jha et al. 2013). Australian
data published for 2011-12 (Australian Bureau of Statistics 2013)reported the prevalence of
CKD to be 10% of the adult population (>18yrs) or 1.7 million people. Australian CKD
prevalence increases markedly with age from 5.5% for those aged less than 55-years to 42.2%

in those aged 75-years and over.

Universally hypertension and diabetes are common precipitators for CKD. However in parts of
Asia and Africa the cause of CKD is frequently unknown or attributed to glomerulonephritis
(Jha et al. 2013). Finally, the financial burden reaches extreme levels when CKD is end-stage

and renal replacement therapy is required (Jha et al. 2013).

1.3.9 Acute kidney injury burden

Patient settings and definitions influence AKI incidence and prevalence. In the setting of less
economically developed countries it occurs in the context of one predisposing disease in the
young or previously healthy individual (Lameire et al. 2013). In parts of Africa the incidences of
AKI can be up to 60% in patients with heavy parasitaemia or HIV/AIDS (Lameire et al.
2013).Individuals at risk in developed (high-income) countries are more likely to be critically ill
patients managed in intensive care units (ICU)(Kellum, Bellomo & Ronco 2008). High risk ICU
patients have a recent history of significant blood or volume losses, major surgery or sepsis
(Bellomo, Kellum & Ronco 2012). The prevalence of AKl in these patients can range from 1 to

25% leading to mortality rates of 15 to 60%(Kellum, Bellomo & Ronco 2008).
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AKIl may also be an iatrogenic complication due to the use of radiographic contrast medium
resulting in contrast-induced nephropathy (CIN) (Deek et al. 2014). CIN accounts for
approximately 10% of AKI (Benko et al. 2007) as some contrast medium can be nephrotoxic.
Once diagnosed with AKI there is an increased risk of CKD, end-stage renal disease and death
(Lameire et al. 2013; Singbartl & Kellum 2012). Even a transient increase in serum creatinine of
greater than 26 pmol/l has been shown to increase the risk of death in hospitalised

patients(Coca et al. 2007).

1.3.10 Renal impairment and worsening renal function in heart failure

In the last decade interest in the role of renal function in heart failure has experienced a
renaissance as it has become evident that renal impairment or worsening renal function
signals a poor prognosis (Heywood et al. 2007; Hillege et al. 2006). The significant prevalence
of chronic kidney disease in heart failure has also attracted the attention of researchers and
clinicians (Atherton et al. 2012; Campbell & Ahmed 2012). This renewed focus is underscored
by the high comorbidity burden of heart failure and the influence of renal function on altering

the illness trajectory and clinical outcomes.

In a recent meta-analysis by Damman and colleagues (Damman, Valente, et al. 2014), which
examined the impact of renal impairment and worsening renal function on outcomes in HF, no
standard definition for these conditions were noted. Twenty six definitions for renal
impairment reported as chronic kidney disease were given; and nine for WRF (Damman,
Valente, et al. 2014). In the scientific literature, the reporting authors’ definitions inform the

reader as to the nature of the renal dysfunction.

Although multiple metrics have been used in cardiology to define Rl and WRF some are more
common. For acute worsening of renal function, absolute or percentage change in the renal
biomarker serum creatinine serum (Gottlieb et al. 2002; Krumholz et al. 2000), cystatin-C
(Sarnak MJ 2005) or creatinine clearance as estimated from the Cockroft-Gault equation
(eGFR) (Dries et al. 2000) are regularly used. The timeframe and the degree of change in the
renal biomarker for defining WRF can vary from study to study making it difficult to determine
what is meant by WRF regarding the acute or chronic nature of the condition. The usual
practice has been to specify the magnitude of change for the biomarker and reference it
against its baseline value usually taken as the admission value. However, the timeframe can be
vague such as during admission(Forman et al. 2004; Krumholz et al. 2000) or during follow-

up(de Silva et al. 2006).
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Renal impairment is frequently reported using the baseline eGFR, where an eGFR of <
60.ml.min is a common threshold for the definition. However, the chronic nature of the renal
dysfunction may not have been confirmed (Chew et al. 2006; Hillege et al. 2006). The eGFR
value has been calculated using either the creatinine clearance estimation equation by
Cockcroft, and Gault (Cockcroft & Gault 1976) or the eGFR equation Modification of Diet in
Renal Disease (MDRD) (Levey et al. 1999) or the more recent the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation (Levey et al. 2009). Occasionally other renal
biomarkers are used to define Rl such as cystatin-C(Sarnak MJ 2005), blood urea nitrate
(BUN)(Klein et al. 2008) or a specific serum creatinine value (Atherton et al. 2012). These

biomarkers have also been used for defining WRF.

Irrespective of the acute WRF definition used it is important to note that the serum creatinine
definitions, which are the most common are closely aligned to diagnostic thresholds used in
RIFLE or AKIN criteria for acute kidney injury. This commonality opens the opportunity to
review the AKI definitions and their utility for defining acute worsening of renal function in HF.
HF studies reporting eGFR are more frequently referencing their findings against the KDIGO
CKD guidelines staging classifications. The KDIGO guideline threshold for the diagnosis of CKD
is <60mls/min/1.73m? (BSA) or an albumin-to-creatinine ratio (ACR) =30 mg/g (=3 mg/mmol)
(Kidney Disease Improving Global Outcomes (KDIGO) CKD Work Group 2013); an admission
eGFR<60mls/min/1.73m? is also a common threshold for renal impairment (Bibbins-Domingo

et al. 2004; Damman, Valente, et al. 2014).

1.3.11 Worsening renal function in heart failure burden

The prevalence of CKD and acute worsening renal function in HF have been variously
estimated to be 33% to 65% (Heywood et al. 2007; Khan et al. 2006) and 11% to 45% (Damman
et al. 2009; Smith et al. 2003; Verdiani, Lastrucci & Nozzoli 2010) respectively. These variations
are attributed to the absence of a consensus definition and to the diversity in patient
populations and settings (Atherton et al. 2012; Coca et al. 2007, Damman et al. 2009;
Heywood et al. 2007; Smith et al. 2006). Irrespective of whether renal dysfunction is acute or
chronic in HF mortality rates trend towards an inverse graded relationship (Damman et al.
2007; Smith et al. 2006). The greater the severity of RD the greater the mortality risk. The
seminal paper by Smith and co-authors (Smith et al. 2006) highlight this association. They
found “mortality worsened incrementally across the range of renal function, with 15% (95% ClI
14% to 17%) increased risk for every 0.5 mg/dl (44.0 ummol/l) increase in creatinine and 7%

(95% Cl 4% to 10%) increased risk for every 10 ml/min decrease in eGFR” (Smith et al. 2006).
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Heart failure and kidney disease are not rare conditions. The presented epidemiology data
highlight their prevalence and the significant impact these conditions have at the individual,
national and global levels. Individually they are challenging but when combined as cardio-renal
dysregulation they present new challenges to both clinicians and researchers. Among the most
pressing AKI and CKD in HF research challenges are the need to establish cause, identify
predictors and the development of management strategies that preserve renal function and
improve patient outcomes. Part of this challenge is the need for standardisation of the

nomenclature and agreed definitions.

1.4 Purpose
The ReFinH Study investigated the cardio-renal relationship in hospitalised HF patients (HHF)
and its association to outcomes. Renal dysfunction has been described as the most important
predictor for clinical outcomes in heart failure patients (Damman et al. 2012). For northern
hemisphere studies, evidence is strong that WRF in heart failure delivers poor outcomes in
terms of mortality, re-hospitalisations and costs (Butler et al. 2010; Coca et al. 2007; Damman
et al. 2007; Krumholz et al. 2000; Smith et al. 2006). In the Australian context, there is a
knowledge gap regarding the prevalence, morbidity and mortality associated with renal
dysfunction presenting as renal impairment, CKD or AKI in hospitalised heart failure patients as

it has not been adequately characterised.

1.4.1 Study aims

The primary aim of the present study was to investigate the cardio-renal relationship in
patients admitted to an Australian tertiary level hospital with a principal discharge diagnosis of
heart failure using a retrospective single-centre chart audit study design. Specific aims of the

study were to:

i Investigate the impact of in-hospital worsening renal function (WRF) present as acute
kidney injury (AKI) defined using a modified AKIN definition of AKI (Sheerin et al. 2014)
for the composite outcome all-cause mortality and major acute cardiovascular events
(Non-STEMI; STEMI Cardiac arrest and Stroke) at 12-months follow-up

ii. Investigate the impact of in-hospital worsening renal function present as acute kidney
injury (AKIl) defined using a modified AKIN definition of AKI (Sheerin et al. 2014)for the
secondary outcomes at 12-month follow-up for:

- hospital re-admissions
- emergency department presentations

- total hospital bed days
14



1.4.2 Study objectives
To fulfil the study aims for the cohort the objectives were to:
i Determine the incidence of AKI

IR Determine the prevalence of Renal Impairment and CKD

iii.  Characterise an Australian cohort of hospitalised HF patients who develop in-hospital
AKI defined using a modified AKIN acute kidney injury definition

iv. Identify the risk factors (predictors) associated with the development of AKI in the
study cohort

V. Determine event free survival for hospitalised patients with CHF discharged with an
index admission history of AKI, or Rl or CKD, and

vi. Identify the relationship between hospitalised HF patients discharged with an index

admission of AKI, or history Rl or CKD and secondary outcomes for the study.

An additional aim was to assess the utility of a modified AKIN acute kidney injury definition as
an operational definition for acute kidney injury in HHF patients (Table 1.4). The promotion
and adoption of standardised nomenclature, definitions and a risk algorithm have the
potential to raise awareness of CKD and AKI (Lameire et al. 2013) in patients with CHF.
Awareness of these potential scenarios may result in management strategies that protect renal

function and improve HHF patient outcomes.

Table 1.4 ReFinH acute kidney injury definition

ReFinH Study AKI definition:

e Increase in SCr by 226.5 pmol/l (20.3 mg/dl) within 72 hours of baseline
value.

1.5 Significance, Scope & Definitions

1.5.1 Significance
In Australia, there are clinical and epidemiological gaps in the knowledge base for renal

dysfunction in hospitalised HF patients. The acute worsening renal function in heart failure is
one area where there is a paucity of information. Northern hemisphere research has identified
renal dysfunction as a predictor of rehospitalisation and adverse outcome in heart failure
patients, while in Australia the impact of acute WRF or AKl is yet to be described. Furthermore,
the processes of identification and management of risk in these patients are less well

considered.
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The present study is the first Australian study to describe the outcomes from a single centre
cohort of HHF patients who develop in-hospital WRF. The information derived from the study
has the potential to:
i Contribute to the knowledgebase for the Australian characterisation of renal
dysfunction in hospitalised patients with CHF
ii. Provide epidemiological data on the incidence of AKI and prevalence of Rl and CKD for
an Australian cohort of patients with CHF
iii.  Assist with the development of a metric to categorize patients at high, moderate or
low risk for AKI,
iv. Inform evidence-based management regarding AKI definition in patients with CHF, and
V. Inform the development of data elements that could be embedded in information
systems to improve the preservation of renal function, inform current HF evidence-
based practice and facilitate increased epidemiological and public health
understanding of the syndrome.
Identifying heart failure patients at risk of acute kidney injury is important in preventing
progression to chronic kidney disease or further worsening of renal function, informing
adjustment to medication management and potentially preventing adverse events. AKI
whether a new finding or superimposed on already diagnosed chronic kidney disease (CKD)
requires definitive monitoring and treatment. Defining and identifying AKI or establishing CKD
stage is important for effective treatment (Bellomo, Kellum & Ronco 2012; Eckardt et al. 2013).
In addition, ensuring communication between health professionals requires consistency of the
taxonomy. As a consequence, data elements for the definition and demonstration of utility in

the clinical setting are critical.

The lack of an international consensus within cardiology for definitions for the various
manifestations of renal dysfunction in heart failure has hindered the development for an
evidence-based approach to its diagnosis, prevention and management. Germane to this issue
has been the concern regarding the limitations of serum creatinine (SCr) and estimated
glomerular filtration rate (eGFR) the current standards for assessment of renal function. The
result is these metrics are now being challenged by a new generation of renal biomarkers such
as Interleukin-18, neutrophil gelatinase-associated lipocalin (NGAL), Kidney injury molecule-1
(KIM-1) and cystatin-C. However, these new renal biomarkers are yet to replace serum

creatinine and eGFR in standard care.

Although there are clinical practice management guidelines for CHF (McMurray et al. 2012),

chronic kidney disease (Levey et al. 2011) and acute kidney injury (Brochard et al. 2010) there
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is a lack of continuity and concordance across these guidelines creating a certain ambiguity as
to the diagnosis of AKI and the management of the stages of chronic kidney disease in heart
failure. The introduction of the CRS sub-types and associated definitions has added another
layer of detail and theory to this area of management and research. The CRS theoretical model
attempts to identify the underlying pathophysiology mechanisms implicit in heart-kidney co-

dependency.

Results from the present ReFinH Study will contribute towards an understanding of renal
function in HHF patients in the Australian context; inform the development of a consensus
definition for AKI in HHF and potentially encourage further Australian research into this area.
ReFinH by exploring the possibility for standardised definition and taxonomy for an acute
kidney injury in HHF has provided an entrée to further investigate the prevalence and impact
of AKI and CKD in Australian HF cohorts. ReFinH in testing AKIN acute kidney injury definition
and by identifying the predictors may also provide the basis for the development of data
elements for improved monitoring. Such data elements should be suitable for inclusion in
national metadata registries.
1.5.2 Scope

The study focus was the prevalence of Rl and CKD on admission and the development of AKI in an
Australian cohort of patients with CHF and the influence these conditions had on morbidity and
mortality. The study population consisted of consecutive HF patients admitted between July 1*
2010 and December 31* 2010 at a single tertiary level facility and discharged with a principal
diagnosis of HF as defined by the ICD-10AM-Codes (Table 3.1). The cohort was drawn from a
culturally diverse catchment population of just under 1 million people. Data were collected for all
eligible admitted patients, exclusion criteria were only applied after completion of the data

collection for the entire cohort.

Taxonomy for describing acute worsening of renal function in HHF also fell within the scope of the
ReFinH study. The study tested a modification of the AKIN acute kidney injury definition (Table 1.3)
defined as a serum creatinine increase of >26.5umol/l in <72hours from the admission first blood
result (Table 1.4) for the diagnosis of AKI in HHF. The justification for increasing the timeframe for
the diagnosis of AKI from < 48 hours as specified in the AKIN definition to < 72 hours was based on
a review of the heart failure worsening renal function literature (Sheerin et al. 2014). Prevalence,
predictors and outcomes were assessed against the modified definition. The prevalence of Rl and
CKD as comorbidities in the cohort were also determined and investigated for their impact on the

study outcomes.
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1.5.3 Definitions

For the ReFinH Study definitions are central to the investigation as a means to minimise any

ambiguity for interpreting the results and for ensuring effective communication. Definitions

pertinent to the study are presented in Table 1.5, Table 1.6 and Table 1.7. It is also noted that

often in the literature the terms heart failure and chronic heart failure are used

interchangeably.

Table 1.5 Key heart failure definitions

Term

Heart failure
(HF)

Chronic heart failure
(CHF)

Acute decompensated
heart failure (ADHF)

Definition

Described in physiological terms HF is a syndrome “characterized by either or
both pulmonary and systemic venous congestion and/or inadequate peripheral
oxygen delivery, at rest or during stress, caused by cardiac dysfunction” (Heart
Failure Society of America 2010).

CHF is a complex syndrome where underlying structural abnormalities or cardiac
dysfunction results in irregularities of contraction or relaxation which, have been
present for a prolonged period (> 3-months) result in ventricular remodelling.
Typical signs and symptoms include oedema, fatigue and breathlessness
(National Heart Foundation of Australia 2013).

ADHF is a syndrome characterised by a rapid deterioration in heart function
which frequently presenting as shortness of breath (SOB) at rest; either or both
pulmonary and systemic venous congestion and severe limitation of physical
activity due to HF signs and symptomes.

Table 1.6 Key cardio-renal definitions

Worsening renal function:
heart failure
(WRF)

Renal impairment (RI)
Cardiorenal syndromes
(CRS)

CRS Type 1

Acute cardio-renal
CRS Type 2

Chronic cardio-renal
CRS Type 3

Acute reno-cardiac
CRS Type 4

Chronic reno-cardiac
CRS Type 5
Secondary CRS

There is no internationally agreed working or consensus definition for WRF;

it is an over-arching term that encompasses CKD or acute reduction in renal
function in HF. The reporting author’s definition is usually based on changes
to serum creatinine, eGFR or cystatin-C for absolute or percentage change
where the timeframes for change can also vary.
WREF in HF is often defined as an increase in serum creatinine of >26pummol/|
(=0.3 mg/dL) from baseline (Forman et al. 2004; Krumholz et al. 2000).

Defined as an admission or baseline eGFR<60ml.min.1.73m?

“..disorders of the heart and kidneys whereby acute or chronic dysfunction in
one organ may induce acute or chronic dysfunction of the other...” (Ronco,
McCullough, Anker, Anand, Aspromonte, Bagshaw, Bellomo, Berl, Bobek, Cruz,
etal. 2010)

“Acute worsening of heart function leading to kidney injury and/or
dysfunction”

“Chronic abnormalities in heart function leading to kidney disease or
dysfunction”

“Acute worsening of kidney function leading to heart injury and/or dysfunction”

“Chronic kidney disease leading to heart injury, disease and/or dysfunction”

“Systemic condlitions leading to simultaneous injury and/or dysfunction of heart
and kidney”
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Table 1.7 Key renal definitions

Renal
Kidney disease “as an abnormality of kidney structure or function with implications for the
health of an individual, which can occur abruptly, and either resolve or become
(KD) o
chronic
Chronic kidney disease The diagnosis of CKD is based on three factors:
(CKD) an estimate of glomerular filtration rate (eGFR) (<60ml.min.1.73m?), the

presence of renal damage (such as proteinuria or hematuria) ACR >3mg/g, and
chronicity (=3 months).

1.6 Thesis Outline

The thesis focused on the cardio-renal relationship in hospitalised HF patients. Chapter 1 has
provided an introduction to the burden of CHF and renal dysfunction, framing the case for the
study and its objectives. Chapter 2 is an integrative review of the contemporary cardio-renal
literature. The literature review as an integrative method produced a diverse range of medical
literature from which a number of themes emerged. The themes guidelines, demographics,
definitions, eGFR formulae, biomarkers, prevalence, predictors, outcomes and nomenclature
provided the framework to develop the review. These themes informed the study aims and
the content of the case record form (CRF), gave the review both depth and focus, and
demonstrated how knowledge in one area of medical science can inform gaps in another and

influence the taxonomy across medical genres.

A highlight of the literature discussion was the appraisal of current AKI definitions used
predominately in intensive care management against those used in cardiology. The barriers
and enablers for the implementation of the AKI and CKD KDIGO definitions and stages in the
context of HF were considered. In addition, the debate and status of the new renal biomarkers
for kidney injury and cause were reviewed as well as issues associated with eGFR formulae and

the need for cross referencing at the international guideline level.

In chapter 3 the methodology and analysis strategy are presented. The rationale for the study
design as a retrospective single-centre chart audit cohort and the appropriateness of this
method are featured as is the process to generate the cohort. Participant demographics are

detailed and the data management and analysis plan outlined.

Chapter 4 reports the results from the study. Prevalence and characterisation data are
presented followed by analysis results for predictors of AKI. Then the significance of the AKI
definition for the study’s primary and secondary outcomes is presented and the status of the
study hypothesis. The bearing the comorbidity CKD and the condition Rl had on both the

development of WRF and the impact on outcomes are also reported.
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Chapter 5 is a discussion which focuses on the key outcomes of the study within the context of
international knowledge. The results are considered with respect to the contribution they play
for informing future research into acute kidney injury in HF, and management of CKD in

community-based CHF with specific reference to the Australia context.

The final chapter, chapter 6 details the conclusions that have been drawn from the study
results and their interpretation in light of the international and local literature and the
Australian context of the study. This information is presented within the context of policy,
practice, education and research. Limitations of the study are also discussed. The chapter
concludes with recommendations for multidiscipline clinical practice based on key findings

from the study and opportunities for further research.

References are provided at the end of the chapters.
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2.1 Introduction
Chapter 1 has provided an introduction to the burden of renal dysfunction and heart failure
(HF). In this chapter, a review of the contemporary cardio-renal literature is developed using
an integrative review method. A challenge for the review is worsening renal function (WFR) in
cardiology is without an evidence-base to inform clinical practice guideline development,
consensus definitions or standardised nomenclature. Moreover, the clinical management of HF
is a delicate balance of optimising therapies which are known to have a potentially deleterious

effect on renal function and preserving renal function.

The prognostic importance of WREF, its’ nomenclature, characterisation, data sources and the
degree of dissonance across medical genre guidelines are investigated. Against this
background a thematic narrative is developed by exploring the guideline, definition,
biomarker, eGFR equations, outcome, demographic, prevalence and predictor themes. These
themes link to the study aims and informed the clinical research form (CRF) of the study
described in Chapter 3, give the review both focus, depth, and demonstrated how knowledge
from one area of medical science can inform another influencing the taxonomy across the

medical disciplines.

A feature of the discussion is the appraisal and contrasting of current acute kidney injury (AKI)
definitions predominately used in intensive care and nephrology management against those
used in cardiology. The barriers and enablers for the implementation of the Acute Kidney
Injury Network (AKIN) acute kidney injury definition (Mehta et al. 2007) and the chronic kidney
disease (CKD) Kidney Disease Improving Global Outcomes (KDIGO) guideline definitions and
stages (Kidney Disease Improving Global Outcomes (KDIGO) CKD Work Group 2013) in the
context of HF are also considered. In addition, the current debate and status of the new renal
biomarkers for kidney injury and cause are addressed as well as issues associated with eGFR
formulae and the need for guideline concordance across medical fields. This literature review

has been published in the International Journal of Cardiology (Appendix 1).

2.2 Literature review
The contemporary cardio-renal literature was sourced using an integrative review
(Whittemore & Knafl 2005) search method (Table 2.2). This methodology ensures a
comprehensive and diverse sampling of the literature pertinent to the medical fields
responsible for the management of renal dysfunction in HF as either a comorbidity or
independent entity. HF aetiology is heterogeneous and the concept of cardio-renal syndromes

(CRS) is complex so it is important to consider the scientific literature form a broad array of
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sources before focusing on the core issues. The integrative review enables such an assessment
of the experimental and non-experimental research and provides a process to summarise the
current state of the science including the knowledge gaps. This information can then inform

theory development, clinical practice guidelines, policy and research.

Table 2.1 Integrative review process for renal dysfunction in heart failure

Stage of review lllustration of decisions and issues

Problem identification Worsening renal function (WRF) in heart failure has been the focus of
renewed interest over the last 15 years as the prognostic impact of this
development in HF has become apparent. Currently there are no evidence-
based practice management guidelines to inform the diagnosis and
management of these patients. It is also unclear as to the incidence,
prevalence and characterization of renal dysfunction in Australian
hospitalised heart failure (HHF) patients. Therefore the purpose of this
integrative review was to analyze the concept of WRF in HF and its predictors
and relationship to health outcomes across various settings; and to inform
hypothesis development for a WRF in HHF study for the Australian context.

Literature search The specific focus of worsening renal function in the context of heart failure
as related to outcomes informed the literature search strategy. The concepts
‘heart failure’ and ‘renal insufficiency’ were initially searched using the
databases Medline Ovid and PubMed. The key words ‘cardio-renal or
cardiorenal or cardio renal’ were then searched. After removing duplicates
and applying the search filters 104 publications remained of which 53 meet
pre-defined inclusion criteria.

Data evaluation The resulting sample included empirical and narrative reviews. Empirical
articles were either retrospective analyses of randomised clinical trials, post
hoc analysis, prospective observational studies or local, regional or
international HF registries. There were 3 meta-analyses. Cardiorenal
syndrome featured in a number of the narrative reviews.

Data analysis Data were summarized for study design, WRF status, sample characteristics,
and outcomes. Themes identified were: guidelines, definitions, biomarkers,
eGFR formulae, demographics, predictors, and prevalence.

Presentation A summary table (Table2.3) of the key data sources is presented to display
the diversity of definitions used in describing the concept of WFR in HF and
the impact definition variation has on prevalence and outcome measures.

2.2.1 Search strategy
MEDLINE (Ovid) and PubMed were searched using the concepts ‘heart failure’ and then ‘renal

insufficiency’. These terms were exploded to maximise the potential to include any more
specific terms related to our subject headings. Search limiters were English language, human,
all adults 19-years plus and the timeframe January 1985 to December 2013. These limiters
were applied to the second concept search result. The next phase was to search and map the
keywords ‘cardiorenal or cardio-renal or cardio renal’ and applied the same limiters. The

Medline (Ovid) search strategy and results are displayed in the following table (Table 2.2).

30



Table 2.2 Medline (Ovid) search strategy and results

Medline Ovid - Searches Results Search
Type
7 4and6 74 Advanced
6  limit 5 to (English language and year="1995 -Current") 1130 Advanced
5 (Cardiorenal or cardio-renal or cardio renal).mp. [mp=title, 1388 Advanced

abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept,

rare disease supplementary concept, unique identifier]

4 1land2 604 Advanced
3  limit 2 to (English language and year="1995 -Current") 8980 Advanced
2 Renal Insufficiency/ 10896 Advanced
1 Heart Failure/ 87852 Advanced

The final action was to combine the MEDLINE (Ovid) and PubMed search results and remove

any duplication this provided 104 publications for greater scrutiny (Figure 2.1).

Literature Review Search Strategy

‘ OVID Medline / PubMed SEARCH ENGINES ‘

Heart Failure
Ovid Medline=87852 /PubMed = 168584 —

=

Ovid Medline=10896 / PubMed =508

Renal insufficiency [/ Cardiorenal syndrome ‘

Filters ‘

/

Publicationdate1995-2012 fHuman fAdult= 19yrs
English/ Abstract available

i

Ovid Medline=74/ PubMed=52

Potential relevant publications R ﬂ"
After duplicates removed = 104

Figure 2.1 Literature review database search results

Identified articles were then culled against pre-defined criteria. Where references did not
include HF patients or identify a definition for HF or renal impairment they were excluded as
were articles which focused on cardiorenal anaemic syndrome. Case studies, editorials and
letters were also removed. The reference lists from the 104 retrieved articles were search for

any additional articles. This finalised the literature search process.
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Fifty three publications were considered relevant to literature review. There were 3 meta-
analyses, 11 retrospective secondary analyses of randomised control trials (RCTs), 4 post hoc
analysis, 26 narrative reviews, 6 prospective observational cohort studies, and 3 heart failure
registry reviews. International HF, chronic kidney disease and acute kidney injury guidelines
were also obtained. Key references from the literature review are summaries in the following

table (Table 2.3).

The thematic analysis of the literature begins with an examination of HF guidelines for
information pertinent to issues of renal function. Definitions and their importance for patient
care, research and improved communication are then considered. CKD and AKI definitions
adopted by nephrology and critical care clinicians are highlighted and compared to commonly
used cardiology HF worsening renal function definitions. The discussion around the definitions
leads into the biomarkers theme and eGFR formulae and their significance in HF. The final
phases of the review focus on outcomes, demographic, prevalence and predictor themes. The
review concludes with a summary highlighting the key points which have informed the present

study. The literature search was conducted under the supervision of a senior health librarian.
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Table 2.3 Summary: key references for the literature review renal function in heart failure

Author
Year
Journal
Hillege et al.
2000
Circulation

Krumbholz et al.
2000
Am J Cardiology

# Gottlieb et al.
2002
J Card Fail

Smith et al.
2003
J Card Fail

Butler et al.
2004
American
Heart Journal

Primary
Study Aim

To determine if renal
function is a
predictor for
mortality in
advanced CHF;

To determine the:
Incidence, predictors
for WRF >65yr ADHF;
and Impact for
clinical & economic
outcomes.

To determine the
prognostic
importance of
various definitions of
WRF & their
frequency in HHF
patients

To determine how
various definitions of
WREF, defined as
elevations in SCr
impact outcomes:
mortality,
readmission, &
functional decline in
the 6 mths after DC
Does acute
treatment for HHF
patients contribute
to WRFi.e.:
medications, fluid

Study
Type

Retrospective
Observational*

PRIME-I

Retrospective
Observational
Multicentre
Medical Audit
Cohort
18 sites

Retrospective

Observational

Medical Audit
Cohort

Prospective
Observational
single site
cohort

(Data:1996-98)

Nested case-
control study

(Data:1997-98)

Study
Size

1906

1681

1002

412

382 cases

191
controls

Patient
Population

European

Hospitalised

North
America
Connecticut
Hospitalised
North

America

Hospitalised

North
America

Hospitalised

North
America

Hospitalised

Age

64.7
(¥9.5)

79.1
(¥7.7)

67.0
(¥15)

18%>80yrs

72.0
(¥11.0)

70.0

Male
(%)

80.4%

42%

51.0%

51%

50%

WRF
Definition

GFR was calculated
using the Cockroft
Gault equation (CrCl)

WREF as defined in the
ELITE study asan N in
SCr>0.3mg/dl
during admission

SCr A by 0.1mg/dl
(8.8umol/L) increments
- 0.5mg/dI(44.2umol/L)
or SCr N by 10%
increments 10% - 50%
from admission

Absolute SCr 1N>0.1 to
>0.5 mg/dl and 25%
Relative elevation from
baseline during
admission.

WREF, defined as a rise
in SCr level >26.5
umol/L [0.3 mg/dl]

Primary
Outcome/
Endpoint
Mortality

GFRc more
powerful than
NYHA class re

mortality

Mortality, 30-
day, & 6-
month

Readmission

All-cause
Mortality and
LOS

All-cause
mortality,
Readmission,

and Functional

decline

6-months

WRF

Relevance to ReFinH
Study

WREF Definition GFRc
<44 mL/min) mortality
RR 2.85; P<0.001
almost 3 x the risk of
mortality in the
highest quartile GFRc
>76 mL/min
Predictors WRF: male
/ systemic
hypertension/ rales
>basilar /

pulse >100 bpm
SCr>1.5 mg/dl

SBP >200 mm Hg
WREF Definition
NSCr>0.3mg/dI
(26.5umol/L) = 81%
Sensitivity & 62%
Specificity for death;
64% & 65% for LOS
>10days

WRF Definition/
Outcomes. The SCr
threshold for WRF
impacts prevalence &
mortality.

WREF Prevalence 45%
when SCr=0.3mg/dl,
(HR 1.68, 95% Cl 0.98-
2.85)

Predictors of WRF:

N SCr at admission,
Uncontrolled HTN, and
History: HF or DM
ACE not associated
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Author
Year
Journal

# Forman et al.
2004
JACC

Akhter et al.
2004
Am J Cardiology

Bibbins-Domingo
etal.
2004
JACC

Primary
Study Aim

intake/output, and
weight

To determine the
prevalence of WRF in
HHF patients; clinical
predictors of WRF; &
outcomes associated
with hospital WRF

Investigated NSCr on
admission; WRF
during
hospitalization, and
the outcomes in
ADHF

To explore the
association between
Rl & mortality in
women with HF and
to evaluate this risk
by the presence
HFpEF or HFrEF.

Study
Type

Retrospective

Observational

Medical Audit
Cohort

(Data:1997-98)

Post hoc
analysis RCT

VMAC
Trial
(2002)

Retrospective
Cohort

HERS
Study

Study Patient
Size Population
1004 North

America
Hospitalised
480 North
America
Hospitalised
55 centres
2763
Community
702 HF

Age Male
(%)
67.0 51%
(£15)
18%>80yrs
62.0 69%
(£14)
69.0 0%
Excluded
>79yrs

WRF
Definition

Increase in SCr of
>0.3mg/dl
(>26.5umol/L) from
admission

Renal insufficiency (RI)
was defined as a SCr
level >1.5 mg/dl on
admission

WRF >0.5 mg/dl Pof
SCr from baseline at
any time during
admission.

CrCl defined

categories:

>60 ml/min,

40 to 60 ml/min,
&

<40 ml/min

Primary
Outcome/
Endpoint

WRF

LOS
Readmission
rate at 30 days
Mortality:
30-day &
6-months

Rl & mortality
&

RI, mortality &

clinical factors

Relevance to ReFinH
Study

with WRF. High
haematocrit
associated \risk WRF
WREF prevalence 27%
Predictors: Hx of HF or
DM, admission SCr
>1.5 mg/dl (132.6
umol/L), and SBP >160
mm Hg.

Question from
authors. Is WRF the
cause of N morbidity
& mortality &
therefore a target for
intervention, or simply
a marker of more
severe
pathophysiology
derangement in HF?
Prevalence RI: 44.7%
Prevalence of WRF:
25%

Outcomes: Mortality
30-d 5.3% (Cl 3.0%—
8.5%). Mortality at 6-
mo12.3% (8.6%—
16.7%) (95% Cl)

LOS (d) 8.2 +7.1 (6)
Readmission within 30
d of discharge: 17%

Rl is a common (57%)
powerful predictor of
mortality in women
with HF. Women
Mortality RFs in order
effect:
\/GFR<60ml.min DM/
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Author
Year
Journal

Cowie et al.
2006
Heart

Khan et al.
2006

JAm Soc
Nephrol

de Silva et al.
2006
European
Heart

Primary
Study Aim

To determine the
prevalence & risk
factors for WRF in
ADHF (EF<40%) & the
association with
subsequent re-
hospitalization &
mortality.

To determine the
value of KDOQI CKD
stages for prevalence
& to predict
outcomes; and the
effect of ACE-l on
rate of RF decline

To determine the
prevalence &
incidence of renal
dysfunction in CHF;

Study
Type

Prospective
Observational
multi-centre
Cohort
(17)

POSH Study

Post hoc
Analysis

SOLVD Trial
(1992)

Prospective

Observational

Study Patient
Size Population

299 European

Hospitalised

6,640 North
America
&
Belgium

Community

1,216 United
Kingdom

Community

68
(¥12)

60.0
(¥10.0)

71
(+10.1)

Male WRF
(%) Definition
74% SCr 1>0.3mg/dI
(>26pmol/L) during
admission up to 15-
days

86% eGFR ml/min.1.73m?
290
60-89
30-59
15-29
Change over 1 year.
Rapid decline RF from
baseline:

>15ml/min/1.73m? /yr.

(5ml.min increments)

69% During 6-months:
From baseline
WRF="or
SCr>0.3mg/dl

Primary
Outcome/
Endpoint

WRF and:
Prevalence,
Re-
admissions,
Mortality.

In-hospital,
1 & 6-months

All-cause
mortality

Follow-up to
34.2
(£14)months

Mortality
Follow-up
At
3-months

Relevance to ReFinH
Study

Age>70/ Limited
exercise/ Smoker
/Mi<1yr ago; NYHA
l/IV & AF. HFpEF or
HFrEF equally effected.
ACE-I mortality
protective.
Prevalence: 29%
(95%Cl 26—32%) WRF
excluding HHF with
major in-hospital
complication likely to
compromise RF. Risk
WREF independently
associated: Admission
SCr OR: 3.02 (1.58-
5.76), PO: OR 3.35
(1.79-6.27), and Hx
AF: OR 0.35 (0.18—
0.67). Outcomes: LOS
N in WRF, mortality,
re-admissions similar.
Prevalence CKD 33%
Inverse relationship
between eGFR &
Mortality when eGFR
<90ml.min.1.73m>.
Rate of decline in RF is
a strong predictor of
Amortality in LVSD HF.
Comorbidity
prevalence M by ¥
eGFR stage
Prevalence CKD 57%.
During 6 months the
Prevalence WRF 13%
Baseline RD & WRF
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Author
Year

Journal
Journal

Owan et al.
2006
J Card Fail

Klein et al.
2008

Circ.

Heart Failure

Damman et al.
2009

European
Journal of Heart
Failure

Primary
Study Aim

to ID predictors of
WRF, & the
relationship between
RD & mortality.

To determine if RD
severity, incidence of
WREF or outcomes
changed over time in
HHF patients

To investigate the
relation between
admission values and
changes in eGFR and
BUN and rate of
death by 60-days
post discharge in
hospitalization ADHF

Investigate the effect
of WRF post
discharge

in HF patients on
standard care
compared to
intensive

Study
Type

Retrospective
Observational
Chart audit
single site
Post hoc
Analysis RCT

OPTIME-CHF

RCT

COACH

Study Patient
Size Population
6,440 North
America
Hospitalised
936 of North
949 America
Hospitalised
1023 European

Age

73.0
(¥13)

By BUN
Quartiles
lto 4
1.59 yrs.
2.66 yrs.
3.70yrs.
4,72 yrs.

71
(¥11)

Male
(%)

56%

~66%

60%
66%
70%
68%

62%

WRF Primary
Definition Outcome/
Endpoint
(>26.5umol/L). &
RD defined as SCr 6-months
>130umol/L(1.5mg/dl)
and a GFR<60mL/min
WREF either Mortality
SCr P>25%, or 3-months to
Absolute PSCr 4.8 years
>0.3mg/dl during
admission
Using the MDRD Mortality
formula 225% \in Readmissions
eGFR or a 225% N in 6-months
serum BUN from
admission to discharge
sMDRD for eGFR Composite
WRF>26.5umol/I All-cause
during Mortality &
admission. Follow up HF
assessment: discharge, admission

6,12 & 18 months

Relevance to ReFinH
Study

predicted N mortality
(P<0.001);
Improvement RF in
first 6 months
predicted lower
mortality (HR 0.8, 95%
€l 0.6-1.0).
Outcomes: WRF
predicts both short-
term & long-term
mortality.

Outcomes: lowest
eGFR quartile had
higher rates of death
or re-admission at 60
days. Admission serum
BUN, when modelled
linearly, remained a
significant predictor of
N60-day death rate
HR 1.11 per 5-mg/dl
NCI, 1.07 to 1.15;
P<0.01). Other
predictors (death) Age,
SBP, NYHA, Hb & Na™*
In-hospital WRF 11%
& Rl =59%. Both in @
out of hospital WRF
associated with poor
outcomes.
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Author

Year

Journal
Verdiani et al.
2010
International
Journal of
Nephrology

Breidthardt et al.

2011
Am J Cardiology

Maeder et al.
2012

American Heart
Journal

Primary
Study Aim

To determine the
prevalence, the
clinical predictors,
and the prognostic
significances of WRF
in hospitalized ADHF.

Establish the
prevalence and
effect of WRF on
survival among
patients with ADHF.

To determine the
incidence &

prognostic impact of

WREF,; to assess
clinical& treatment
factors associated
with a relevant
degree of WRF in

contemporary cohort

of elderly CHF
undergoing intensive
medical treatment
following
prespecified
sequential
assessment of RF

Study
Type

Prospective
observational

Single centre

Prospective
Observational

Single centre

Post hoc
Analysis

TIME-CHF
RCT

Study Patient
Size Population
394 European

Hospitalised
657 European
Hospitalised
566 Community
Post index

hospitalisation

Age Male
(%)
77.9 67%
(£10.1)
69.5%>75
79 55%
(71-85)
76.7 60%
(£7.7)

WRF
Definition

SCr M of 20.3mg/d|I
(226.5umol/L) from
baseline to discharge.
Plus:\ eGFR >20%
from baseline to
discharge.

Admission MDRD into 3
Groups eGFR

<30 ml/min, 30 to 60 &
>60 ml/min/1.73m? for
>3-months. WRF N SCr
>0.3 mg/dI (>26.
Sumol/L) from
admission

/NSCr by

WRFI 0.2 to 0.3 mg/dI,
WREFII 0.3 to 0.5, or
WREFIII 20.5 mg/dI from
baseline value within
the first 6 months

CKD by eGFR

Stages 1-5

Primary

Outcome/

Endpoint
LOS, Death
and
Re-admission
risksat1 & 6
months, and
1 year.

Clinical
parameters at
admission to
predict WRF
assessed. 2™
end point all-
cause
mortality at
360 days
Incidence
WREF,
Predictors
WREF, Impact
WREF re
mortality

Assessed over
18-months

Relevance to ReFinH
Study

Transient increases in
SCr or \ eGFR not
classified as WRF =
therefore prevalence
10.9% & 11.6%.

No significant
differences re LOS, re-
admissions or
mortality at any time
point in follow-up.
Prevalence 21% WRF
Multivariate regression
analysis found WRF to
independently predict
mortality (HR 1.92, p
<0.01). Hx of CKD only
independent predictor
of WRF.

WRFIII analysis:
definition significance
re predictors &
mortality. WRFIIl in
20% by 6-mths Strong
independent predictor
of death HR 2.00
[1.24-3.23], patients
on High doses loop
diuretics and/or
Aldost. Antag more
likely to develop
WRFIIIl. ACE/ ARB &
BBlocker therapy not
associated with WREFIII.
Characterises WRF in
community CHF.
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Author
Year
Journal

Registries

ADHERE
Heywood et al.
2007

J Cardiac Fail

IMPROVE-HF
Heywood et al.
2010

Am J Cardiology

ADHERE-AP
Atherton et al.
2012

Primary
Study Aim

To characterise ADHF
patients according to
CKD severity.

To determine the
prevalence and
severity of RD on
admission in ADHF,
and to relate the
degree of RD to
treatments and in-
hospital outcomes.

To determine the
rates & severity of
CKD in a cohort of HF
patients receiving
community-based
cardiology care and
to assess the effect of
CKD on guideline
recommended
therapies adherence.

Characterisation of
HF
Index hospitalisation

Study
Type

Retrospective
Observational
Cohort
Audit

Retrospective
cohort
analysis

Retrospective
Observational
Cohort

Study
Size

118,465
of
124,885

13,164

1=1,346
2=4,941
3=5,809
4=1,068

10,171

Patient Age
Population

United States Age by
of America eGFR
stage
Hospitalised
1.61.7
2.70.1
3.75.7
4.76.3
5.67.4
United States Median
America
Community 57
67
HF with 74
EF <35% 75
Asia-Pacific Median
Hospitalised 67

Male
(%)

eGFR

stage
%

Males

57%
53%
46%
42%
46%

Male

74.6%
77.5%
67.4%
59.3%

57%

WRF
Definition

MRDR formulae used
to estimate GFR at the
time of hospital
admission. Classified by
eGFR KDIGO stages.

MDRD formula and
stages according eGFR
at baseline:
1.>90ml.min.1.73m?
2. 60-89ml.min.

3. 30-59ml.min.

4, <29ml.min.

Baseline
RI:
SCr >1.5mg/dI

Primary Relevance to ReFinH
Outcome/ Study
Endpoint

In-hospital clinical outcomes worsened
with PNseverity of RD. At admission,
9.0% = normal RF; 27.4% = mild RD;
43.5% = moderate RD; 13.1% = severe
RD, 7.0% = kidney failure. Despite this,
only 33.4% of men and 27.3% of women
were diagnosed with Rls. Rl in 63.6%
(inclusive mild to ESKF)

Diuretic dose, inotrope use, and
nesiritide use”\, whereas ACE or ARB
useN/, with NRD (all P<.0001 across
eGFR stages).

In-hospital mortality 1 from 1.9%
(normal RF) to 7.6%; and 6.5% for severe
RD and kidney failure, respectively (P <
.0001). The majority of patients admitted
with ADHF had significant RI, which
influences treatment and outcomes.

Effect of CKD Prevalence CKD:
onadherence  52.2% of the patients
to guideline had 2 stage 3 CKD.
recommended The rates of
therapies in comorbidities were
HF: significantly > among
ACE-I/ARB patients with more

13 Blocker severe CKD.

Aldost. Antag ACE-I/ARB & RB blocker
Anticoag for therapy significantly
AF less likely to be

CRT administered to
ICD/CRT-D patients with more
HF education severe CKD.

LOS: 6 days ADHERE-AP Patient
In-hospitality origin: Singapore =
mortality: 29%
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Author

Year

Journal

J Cardiac Fail

Meta-analyses
Smith GL. et al.
2006

JACC

Damman et al.
2007
J Cardiac Fail

Coca SG. et al.
2007
Am J Kidney Dis

Primary
Study Aim

for the Asia-Pacific
region

To estimate the
prevalence of renal
impairment in HF
patients & the
magnitude of
associated mortality
risk

Establish the
proportion of
patients with HF that
exhibits WRF; and
The associated risk
for mortality &
hospitalization

Investigated the
prognostic
association with small

Study
Type

Audit

Meta-analysis
Observational
studies
(16 studies)

Meta-analysis
(8 studies)

Meta-analysis
(8 studies)

Study Patient
Size Population

Nth. America,
Europe

80,098

Community
&
Hospitalised

18,634 European
&

Nth. America

Community
&
Hospitalised

78,855 European
N. America

Hospitalised

Age

(53 to0 77)

52.0
(+4.0)

to

78.0
(¥11.0)

Range

59-79

Range

53-72

Male
(%)

0% (1
Study)
to

86%

Range
42%

to
86%

N/A

WRF
Definition

(>133umol/L)

Renal function
categories:
Moderate/Severe RI:
SCr>1.5mg/dI
(>133umol); eGFR
<53ml.min; Cystatin-
C>1.5mg/dl.

Any RI: sCr>1.0mg/dl;
eGFR<90ml.min or
Cystatin-C<1.03mg/dl.
WRF in Hospital change
SCr=0.3mg/dl

WRF NSCr 0.2 mg/dl
(217.7 umol/L) or
corresponding

\V eGRF of
>5ml/min/1.73 m’
WRFI15Cr0.2-0.3
mg/dl (17.7 -
26.5umol/L) or eGFRY/
5-10mL.min.1.73m’
WRF I SCr™N>0.3-0.5
mg/dl (>26.5 - 44.2
pmol/L) or eGFRY 11 -
15 mL/min. WRF Il
SCr >0.5 mg/dl or
eGFRY >15 mL.min.
Mild AKI: SCr N 10% to
24% or 0.3 to 0.4 mg/dl
26 - 35umol/L).

Primary
Outcome/
Endpoint
4.8%
Rl =41%

All-cause
Mortality;
CVD Mortality,
& Functional
decline at
6-months up
to Syrs

WRF
Re-admissions
Mortality

Minimum
follow up =6
months
median follow
up of 4.8
Years.

Unadjusted
Short-term
mortality

Relevance to ReFinH
Study

Thai20%, Indonesia:
17%; Aust 8.9%;
Malaysia 8.9%
Philippines 7.1%;
Taiwan =5.3%; Hong
Kong: 3.9%.

Prevalence of RI:

Any = 63%;

Moderate/ severe 29%
Death at 21 yr. follow-
up: None = 24%

Any =38%

Moderate/ severe 51%
Mortality worsened
incrementally across
the range of renal
function.

Prevalence WRF = 25%
WREF predicts
substantially higher
rates of mortality and
hospitalization in HF
patients. Rl at baseline
A risk for WRF.
Mortality OR: 1.62;
(95% Cl 1.45-1.82,
P<.001)

N Severity WRF >
Mmortality risk; and
Hospitalization OR:
1.30, (95% Cl1 1.04 -
1.62, P=.022).
Short-term mortality
associated with SCr
levels by absolute
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Author Primary Study Study Patient Age Male WRF Primary Relevance to ReFinH
Year Study Aim Type Size Population (%) Definition Outcome/ Study
Journal Endpoint
acute decreases in Studies: Moderate AKI: SCr N (<30 days). change. Mild
kidney function. 2 25% to 49% or 0.5 to AKI=RR 2.3 (1.8 -3.0)
Determine if small Cardiac 0.9 mg/dI (44 to Secondary Moderate AKI =RR 6.2
changes in renal Surgeries; 80umoly/L) Relative risk (3.2-11.7)
function and ICU; Severe AKI: SCrN>50%  (RR) for short-  Severe AKI =RR 12.4
mortality transcend ADHF. or 21.0 mg/dl or term mortality  (4.0-38.5).
different patient 57 1 (=88umol/L) adjusted for Small s SCr
studies Coronary other associated with 4 risk
1,076,104patients: Angiography. prognostic <30-d death. The
CKD; 28  studies Broad range factors study authors raise
49,890 patients: WRF hospitalised several questions:
types 'should definition vary
with clinical setting; is
the duration of sCr
increase important;
are other biomarkers
superior in terms of
sensitivity?"
DammanK.etal. 2007 up-dated meta- Meta-analysis 1,076,104 European 69 62%  Defined according to All-cause Across all subgroups of
2014 analysis of the 57 studies & (£7) the individual studies mortality patients with HF, CKD,
European relationship between ~ HF & RI/ CKD Nth. America CKD: mean and WREF are prevalent
Heart baseline: & Most commonly used: follow-up of and associated with a
Journal RI, WRF, & 28 Studies 49,890 Community 681+704 days strongly Ned mortality
outcomes, & clinical HF & WRF & RI <60ml.min.1.73m? WRF: mean risk, especially CKD.
predictors of WRF in Hospitalised follow-up Oo Specific conditions
HF. WREF: SCr 1N>26.5 448+569 may predict the
mmol/L (0.3 mg/dL) (range 10- occurrence of WRF
from baseline 2555) days especially CKD = poor

prognosis.

Note: *post hoc analysis of randomised clinical trial (RCT); LOS length of stay; WRF worsening renal function; HTN hypertension; HF Heart failure; DM diabetes mellitus; ADHF acute decompensated heart
failure; ACE-I Angiotensin converting enzyme inhibitor; ARB angiotensin receptor blocker; # same data source; VMAC Vasodilation in the Management of Acute Congestive Heart Failure trial; HHF
hospitalised heart failure; HR hazard ratio; RR relative risk; OR odds ratio; PO pulmonary oedema; Hx history; AF atrial fibrillation; SCr serum creatinine; DM diabetes; D/C discharge; CrCl creatinine clearance;
MDRD Modification of Diet in Renal Disease; Hb haemoglobin; Na™ serum sodium; LVSD left ventricular systolic dysfunction; ADHERE Acute Decompensated HEart Failure National Registry; RD renal
dysfunction; increasing; ¥ decreasing; RF renal function; RI renal impairment; Ris renal insufficiency; IMPROVE-HF Evidence-Based Heart Failure Therapies in the Outpatient Setting; CRT cardiac
resynchronization therapy; CRT-D cardiac resynchronization therapy with defibrillator; ICD implantable cardioverter-defibrillator; Aldost. Antag Aldosterone antagonist; Anticoag Anticoagulation; HERS
Heart and Estrogen /progestin Replacement Study; HFpEF heart failure preserved left ventricular ejection fraction; HFrEF heart failure reduced left ventricular ejection fraction; ADHERE-AP Acute
Decompensated Heart Failure Registry Internationale Asia Pacific; N/A not available; Thai Thailand; Aust Australia.
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2.3 Clinical Practice Guidelines

2.3.1 Background
Clinical practice guidelines (CPGs) are intended to “improve outcomes due to better
deployment of evidence-based strategies” (Gibbons et al. 2013). The focus is on evidence-
based recommendations, promoting the quality and standards of care, empowering
consumers, informing primary and tertiary clinicians and public healthcare policy makers while
for researchers they can help identify knowledge gaps (Gibbons et al. 2013). CPGs collate the
latest evidence for the diagnosis, management and risk factor identification for the condition
of interest. They set the standards for consistency in definitions and nomenclature to ensure
effective, meaningful communication and understanding. Guidelines in characterising the
condition may also describe the likely illness trajectory (National Heart Foundation of Australia
and the Cardiac Society of Australia and New Zealand (Chronic Heart Failure Guidelines Expert

Writing Panel) 2011 October).

Heart failure guidelines recognise acute decompensated heart failure (ADHF) as a common
cause of hospitalization particularly in the elderly (Yancy et al. 2013). They accept renal
dysfunction as a powerful prognostic marker (McMurray et al. 2012a) and the increasing
impact of cardio-renal syndromes (McKelvie et al. 2011). CRS identified as an area lacking an
evidence-base to inform management (Yancy et al. 2013). The CRS recently defined as
“disorders of the heart and kidneys, whereby acute or chronic dysfunction in one organ may
induce acute or chronic dysfunction of the other” (Ronco, House & Haapio 2008). This flurry of
interest in the cardio-renal HF relationship and sequelae has led to a research and publication
renaissance for this area in heart failure. Interest generated by the need to establish the
incidence, prevalence, impact, cause and management options for the syndrome for

heterogeneous populations and settings. Clinical practice guidelines require such information.

2.3.2 Heart failure guidelines and renal function
The attention given to renal dysfunction in HF guidelines is variable. The Canadian
Cardiovascular Society Heart Failure Management Guidelines published in 2011 (McKelvie et
al. 2011) includes a section on cardio-renal syndrome in advanced HF. These guidelines make
reference to management and deterioration of renal function noting the National Kidney
Foundation Kidney Disease Outcomes Quality Initiative (NKF-KDOQI) 2002 classification of CKD
(Eknoyan & Levin 2002) and acute kidney injury RIFLE (Risk-Injury-Failure-Loss-Endstage renal
disease) criteria (Bellomo et al. 2004). However, the Canadian guidelines do not specifically
address these criteria for diagnosis or staging of CKD or acute kidney injury in HF. Management
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options such as ultrafiltration, haemodialysis and transplantation are mentioned but not
presented in a way to clearly differentiate primary HF from primary end-stage kidney disease
patients. The lack of clarity makes it difficult to interpret their intent for informing

management decisions.

The European Society of Cardiology (ESC) (McMurray et al. 2012a) and the American College of
Cardiology Foundation and American Heart Association (ACCF/AHA) (Yancy et al. 2013) have
recently published updated guidelines for the management of HF. These eminent guideline
development organisations follow internationally recognised criteria for grading the strength
of the evidence and rating their recommendations. It is therefore surprising there is no
discussion of several meta-analyses (Coca et al. 2007; Damman et al. 2007; Smith et al. 2006)
that address outcomes for the cardio-renal relationship. There is also no examination of the
barriers or enablers to implementing the KDIGO acute kidney injury and chronic kidney disease

classifications and severity stages despite their relevance to HF.

2.3.3 European Society of Cardiology Heart Failure Guidelines
Much of the renal focus of ESC HF guidelines is directed towards monitoring in medication
management. The use of angiotensin-converting enzyme inhibitors (ACE-I), angiotensin Il
receptor blockers (ARBs) and to a lesser extent diuretics and mineralocorticoid receptor
antagonists (MRAs) are the medications most commonly identified to impact renal function.
The practical guidance and problem solving tables in the ESC guidelines addenda (McMurray et
al. 2012b) for the introduction or up-titration of the above drugs gives inconsistent
information regarding the threshold at which renal dysfunction is sufficient to require
adjustment to medication therapy. For example, with the introduction of ACE-lI an “increase
in creatinine of up to 50% above baseline, or 266 umol/L (3 mg/dl)/ eGFR <25mL/min/1.73 m?,
whichever is the smaller, is acceptable” while for MRA drugs the message is if “creatinine rises
to 221 umol/L (2.5 mg/dl)/eGFR <30 mL/min/1.73 m> halve dose and monitor blood chemistry
closely” or if with MRA drug use there is a rise in “creatinine to >310 umol (3.5 mg/dl) eGFR
<20 ml/min/1.73 m’ stop MRA immediately and seek specialist advice.” There is no
explanation as to why the thresholds should vary and no apparent evidence-base to support
the identified cut-off points. Most alarming is the ACE-I and MRA renal function changes
deemed acceptable in these drug regimens are changes which under RIFLE, Acute Kidney
Injury Network (AKIN) or KDIGO criteria or the most commonly used WRF definitions in
cardiology would equate to acute kidney injury or WRF respectively. The information

concerning the use of diuretics is less clear. Here renal impairment is described as a rise in
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serum creatinine or blood urea nitrogen (BUN) without the provision of a laboratory value or

percentage change to identify unacceptable rise in these biomarkers.

The ESC guidelines note that the management of HF can be influenced by drug treatments
associated with comorbidity management for certain chronic conditions. Here medications
such as non-steroidal anti-inflammatory drugs (NSIADs) and RB-Blockers are flagged. The
conditions anaemia and diabetes are noted for their potential to worsen HF clinical status
(McMurray et al. 2012a). However, acute and/or chronic renal dysfunction is not dealt with in

a similar manner.

2.3.4 American College of Cardiology Foundation & American Heart
Association HF Guidelines

A feature of both the ACCF/AHA and ESC guidelines is the absence of empirical definitions and
standardised nomenclature when addressing renal dysfunction. The documents use terms
such as ‘renal impairment’, ‘adequate’ or ‘marginal’ renal function but there is no consistency
in their definitions. Renal impairment or insufficiency (RI) is usually reported as a SCr >
1.5mg/dl (>133umol/L) as this value represents the upper limit of the 95th percentile of
normal established from the Framingham Study (Akhter et al. 2004; Culleton et al. 1999).
However, the ACCF/AHA refer to ‘adequate’ renal function as a serum creatinine <2.0mg/dI
(<177umol/L) or ‘marginal’ with an eGFR 30-49mls.min.1.73m?; whereas ESC describe
adequate renal function as serum creatinine <2.5mg/dl (£221umol/L) or eGFR
>30mls.min/1.73m?2. The use of the terms ‘adequate’ and ‘marginal’ could be considered
misleading. Established, internationally recognised acute (Kidney Disease Improving Global
Outcomes (KDIGO) Acute Kidney Injury Work Group 2012) and chronic kidney disease (Kidney
Disease Improving Global Outcomes (KDIGO) CKD Work Group 2013) guidelines would identify
patients with such values as having AKI, or if the change endured for three or more months
chronic CKD rated as moderate (CKD stage 3a/3b) to severe (CKD stage 3b/4); not adequate
and not just marginal.
The ESC and the ACCF/AHA HF guidelines focus on the management of renal function as a drug
management issue and do not focus on preserving renal function or about the holistic
management of the individual. Given the prognostic significance of AKI and CKD in HF, the
failure to cross reference the AKlI or CKD nephrology clinical practice guidelines is
disappointing. Acute kidney injury and chronic kidney disease are prevalent in hospitalised HF
(Akhter et al. 2004; Cowie et al. 2006; Khan et al. 2006) and carry increased morbidity and

mortality risk (Khan et al. 2006; Smith et al. 2003). The failure to discuss the renal definitions
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and staging criteria could be predicated upon the view that a definition that only incorporates
a measure of function without reference to cause lacks precision and as such is unacceptable.
However, this approach falls short in acknowledging the substantial evidence that any
reduction in renal function in HF at any time conveys an increased mortality risk (Smith et al.
2003).

Concordance across these HF guidelines does occur in regarding the need for serial monitoring
of renal function and electrolytes in managing certain drug therapies and the potential role of
ultrafiltration. As noted earlier the ESC guideline acknowledge acute and chronic renal
dysfunction as an important prognostic issue in HF but neglect to offer any further guidance.
The ACCF/AHA concede significant gaps in the knowledgebase for some fundamental aspects
of HF care and acknowledge limitations of the available evidence conceding cardio-renal
syndrome is such an area (Yancy et al. 2013). The importance of definitions for renal
dysfunction in HF and the opportunity to differentiate de novo from chronic renal dysfunction

in HF needs consideration. The following definitions theme takes up the discussion.

2.4 Definitions
Definitions support shared understanding and knowledge development. In the absence of
definitions, ambiguity hinders our ability to collect data which when interpreted provides
information to inform the knowledgebase. Without diverting into an epistemological debate
regarding the notion of knowledge suffice to say here knowledge is what we know (Terra &
Angeloni 2003). As such definitions can serve as the foundation for building a field of research
(Tobe et al. 2011); enable comparisons across studies and encouraging further research to

validate the definition for various settings and populations.

Without consensus definitions and standardised nomenclature for worsening renal function in
HF, there has been a proliferation of definitions for the condition (Butler et al. 2010), making
the reporting of WRF in heart failure research problematic (Anderson & Glynn 2011; Butler et
al. 2010). A possible solution to the issue would be the endorsement and implementation by
cardiology of the AKIN acute kidney injury and CKD Kidney Disease Improving Global Outcomes
(KDIGO) guideline definitions and stages. Differences and similarities between the KDIGO
definitions and those commonly used by cardiology for WRF in heart failure are discussed.
Finally, the evidence to support cardiology adopting renal AKI definitions and classification
criteria for hospitalised HF patients is presented. A summary of worsening renal function

definitions in HF and international definition for AKI and CKD are provided (Table 2.4).
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Table 2.4 Kidney function definitions

Authors Year Type Population
Worsening Renal Function in HF
Krumholz 2000 Retrospective Hospital
etal. Cohort
Gottlieb eta.l 2002 Retrospective Hospital
Cohort
Formanetal. 2004 Retrospective Hospital
Cohort
Smith et al. 2006 Meta-analysis Hospital
Cohort studies  Community
& secondary &
analysis of  Clinical trials
some RCTs HF
Damman et 2007 Meta-analysis Hospital

al.

Cohort studies
& secondary
analysis of
some RCTs

Biomarker

SCr

SCr

SCr

SCr

Crcl
eGFR
cystatin-C

SCr
eGFR

Definition

NSCr >0.3mg/dI
(>26.51umol/L) from
admission

SCr N by 0.1mg/dI
(8.8umol/L) increments
to 0.5mg/dI(44.2umol/L)
or SCr N by 10%
increments 10% - 50%
from admission

NSCr >0.3mg/dI
(26.51umol/L) from
admission

Defined based on
categorizations in the
published studies.
Additionally authors
defined WRF as
>0.3mg/dI
(26.51umol/L) from
admission

N SCr =  0.2mg/dl
(=217.7umol/L)

or N7 eGFR:

>5mls.min.1.73m?2

Time

LOS

LOS

LOS

LOS &
Follow-

up
period

LOS

Staging / Severity Key findings
Nil 28% developed WREF.

WRF associated with Ncosts, LOS
& mortality

0.1mg/d|(8.8umol/L)
0.2mg/dI(17.1umol/L)

NSCr>0.3mg/dl (>26.5umol/L) =
81% Sensitivity & 62% Specificity
for death; 64% & 65% for LOS
>10days. Adding a requirement of
final creatinine of 21.5 mg/dl
(>133umol/L) improved specificity.

0.3mg/dl(26.5umol/L)
0.4mg/dl(35.4umol/L)

0.5mg/dl(44.2umol/L)
10%;20%;30%;40%;50%

Nil 27% developed WRF.
Developed a risk score for WRF

Any renal impairment All-cause mortality worsened
SCr >1.0mg/dI(88.4umol/L), incrementally against reducing renal
CrCl or eGFR <90 ml/min, or function. 15% N risk with every

cystatin-C  >1.03 mg/dl) 0.5mg/dl Nin SCr & 7% “risk for
Moderate/severe every 10ml.min ¥ in eGFR; &
impairment WRF HR=1.47,95% Cl 1.26 — 1. 72

SCr >1.5, CrCl or

eGFR<53mls, or cystatin-

C>1.56 - Estimated using

fixed-effects meta-analysis

Class I: N SCr 0.2mg/dl to
0.3 mg/dl (17.7 -
26.5umol/L)¥  eGFR: 5 -
10mls.min.1.73m?2

Class II: N SCr >0.3mg/dl to
0.5mg/dI (>26.5 -
44.2umol/L) VeGFR:11-
15mls.min.1.73m?2

Class llI: P SCr > 0.5 mg/dl

Graded, inverse relationship
between all-cause mortality; re-
admission and degree of
worsening renal function.
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Authors Year
Coca et al. 2007
Atherton et 2012
al.

Roy et al. 2013
Acute Kidney Injury
RIFLE 2004
Bellomo et al.

AKIN 2007
Mehta et al.

Type Population
Meta-analysis Hospital
Heterogeneou
s settings &
populations. 2
HF
ADHERE-Asia- Hospital
Pacific Registry
Single centre Hospital
Cohort

Hospital
Hospital

Biomarker

SCr

SCr

SCr
eGFR
(Urine
Output)

SCr
eGFR
(Urine
output)

SCr
(Urine

Definition

2 methods percentage
or absolute change in
serum creatinine levels.
SCr level of 10% to 24%
or 0.3 to 0.4 mg/dl (26-
35umol/L).

SCr>133 mmol/L or >1.5
mg/dl on admission

RIFLE, AKIN & KDIGO
and often used HF-WRF

/NSCr >0.3mg/dI

ANSCr>1.5 times baseline
or VeGFR >25%

An abrupt (within 48-
hrs) absolute A SCr>

Time

Baselin
e

Various:

Baselin
e
48hrs

LOS

Baselin
e

Baselin
e

Staging / Severity
(44.2umol/L) ¥ eGFR>15mls

Mild AKI SCr level of 10% to
24% or 0.3 to 0.4 mg/dl
(26-35umol/L).

Moderate AKI SCr N25% to
49% or 0.5 to 0.9 mg/dl (44
to 80umol/L).
Severe AKI SCr N50% or
>1.0 mg/dl (>88umol/L)

RIFLE - 5 stages;
AKIN - 3 stages
KDIGO - 3 stages

WRF — no stages

Risk MNSCr x 1.5 or VeGFR
>25% or
UO <0.5ml.kg.hr x 6hrs

Injury NSCr x 2 or VeGFR
>50% or UO <0.5ml.kg.hr x
12hrs

Failure MNSCr x 3 or
VeGFR >75% or Cr>4mg/dl
(354umol/L) with an acute
rise 20.5mg/dl (44 pmol/L )
or UO <0.3ml.kg.hr x 24hrs
or Anuria X 12hrs
Loss Persistent AKI > 4
weeks

Endstage RRT, = 3-months

Stage 1 MNSCr x 1.5 or
>0.3mg/d| (226.5 pmol/L) or

Key findings

SCr by absolute change 30-day
mortality unadjusted relative risk:
RR Mild: 2.3(1.8-3.0)
RR Mod: 6.2(3.2-11.7)
RR Severe:12.4(4.0-38.5)

41% CKD on admission.

Found predictive ability between
definitions was only marginal.
Advantage of AKIN, RIFLE and
KDIGO definitions over HF-WRF is
these definition criteria have a
severity scale.

Change to be maintained for
>24hrs and occur within a 7-day
period. Most server classification
used to describe severity of Acute
renal failure (ARF) now known as
AKI.

hour
Staging

Occurring  within  48-
hospitalisation  period.
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Authors Year

KDIGO 2012

Chronic Kidney Disease
KDIGO 2011
Levey et al.

Type

Population

Hospital

General

Biomarker

output)

SCr
uo

eGFR
ACR
urine)

(Spot

Definition

0.3mg/dl (226.5 umol/L)
or a % increase in
SCr>50% (1.5-fold) from
baseline or uo
<0.5ml.kg.hr x 6hrs.

N SCr by >0.3 mg/dl
(>26.5 umol/L) < 48

hours; or
AN SCr > 1.5 x baseline,
which is known or
presumed to have
occurred within  the
prior 7 days; or
Urine  volume <0.5

ml/kg/hr x 6 hrs.

eGFR<60ml.min.1.73m?
and/or Albuminuria
>3mg/g for >3-months
irrespective of cause

Time

Baselin
e

For 23
months

Staging / Severity Key findings

UO <0.5ml.kg.hr x 6hrs occurs over 7-day period. Most
Stage 2 PNSCr x 2 UO server classification used to
<0.5ml.kg.hr X 12hrs  describe severity of AKI.

Stage 3 SCR M x 3 or SCr
>4mg/dl (354umol/L) with
an acute rise >0.5mg/dl (44
umol/L ) or UO <0.3ml.kg.hr
x 24hrs or Anuria x 12hrs

Stage 1 SCr MN1.5-1.9 x baseline or 20.3 mg/dl (226.5 mmol/I) or

uo <0.5ml/kg/h for 6-12hrs
Stage 2 SCr X 2-2.9 baseline or
uo <0.5 ml/kg/h for > 12 hrs.
Stage 3 SCr x 3 or N in SCr to > 4.0mg/d| (> 354umol/L) or Initiate
RRT, or
uo <0.3 ml/kg/h for > 24 hrs. or
Anuria for >12 hrs.

Patients <18 years, \ in eGFR to <35 ml.min.1.73m?

Stage 1 Normal or high
>90mls

Stage 2 Mildly \ 60 — 89mls
Stage 3a Mild-Moderately
V45 -59mls

Stage 3b Moderate/Severely
< 30-44mls
Stage 4
V15 -29mls
ESKF <15mls

Severely

Abbreviations: ACR, Albumin to creatinine ratio; AKI, acute kidney injury; CKD, chronic kidney disease; WRF, worsening renal function; eGFR estimated glomerular filtration rate; HF, Heart Failure; CrCl,
calculated creatinine clearance; SCr — Serum creatinine; UO, urinary output; LOS, length of stay; A, increasing; ¥ decreasing; KDIGO, Kidney Disease: Improving Global Outcomes.
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2.4.1 Chronic kidney disease
As acknowledged previously, there are internationally agreed consensus definitions and
staging for chronic and acute kidney disease and injury respectively. These definitions continue
to be refined. In 2002 the NKF-KDOQI (Eknoyan & Levin 2002) proposed a five stage model for
defining and classifying CKD based on GFR and chronicity. This model, with minor changes, was
later endorsed by Kidney Disease: Improving Global Outcomes (KDIGO) group in 2004. CKD was
defined as a GFR <60ml.min.1.73m?" or evidence of kidney damage regardless of cause for a
period of at least 3-months. This GFR threshold has been identified as representing half the
normal GFR value for young adults. It is also the point at which there is increased prevalence
and severity of several cardiovascular (CVD) risk factors and the onset of laboratory

abnormalities characteristic of kidney failure (Sarnak et al. 2003).

The KDIGO categorisation of kidney function is based on GFR. Classification ranges from
normal through to end-stage kidney failure (Introduction Chapter: Table 1.2). The most recent
changes to the definition and staging criteria took place following the 2009 Kidney Disease
Outcomes Quality Initiative Controversies Conference (Levey et al. 2011). An outcome from
this conference saw stage Ill CKD (GFR <60ml.min.1.73m?) split into stage Il a: GFR 45 —
59mls.min.1.73m? and stage Il b: 30 — 44mls.min.1.73m? based on mortality relative risk point
estimates from the meta-analyses. The meta-analysis also provided evidence to support the
inclusion of Albuminuria (Albumin Creatinine Ratio (ACR) = albuminuria > 30mg/g) as a criteria
for CKD (Levey et al. 2011). Traditionally, a serum creatinine (SCr) of greater than or equal to
1.5mg/dl (133umol/L) can also be used to define renal impairment (RI) (Brandimarte et al.

2012; Culleton et al. 1999).

To highlight the cardio-renal relationship and the impact of deteriorating renal function on
outcomes, Levey et al. (Levey et al. 2011) provides a number of matrix that summarize the
pooled relative risks for various eGFR and ACR values, expressed as continuous or categorical
variables, respectively. These matrixes are for all-cause and cardiovascular mortality, end-stage
kidney failure, acute kidney injury and progression to CKD. This seminal publication draws data
from 45 cohort studies involving over 1. 5 million participants from general, high-risk, and
kidney disease populations, and provides crucial epidemiological evidence for the relationship
of albuminuria and eGFR with a significant range of key clinical outcomes (Levey et al. 2011).
The question of the prognostic significance of stage 3 CKD (eGFR<60ml/min/1.73m2) and the

ACR >30mg/g in the elderly (>65years) and the potential for over diagnosis is considered. Their

11.73m%is the population mean body surface area (BSA)
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findings identify stage 3 and the ACR >30mg/g as important markers in the elderly who
commonly have a reduction in GFR without elevated albuminuria, and incidence rates for

mortality and kidney outcomes particularly acute kidney injury are high.

The appropriateness of the KDIGO chronic kidney disease definition criteria and classifications
in HF has already been substantiated for the threshold eGFR <60ml.min.1.73m?. This cut-point
has been used in a number of HF studies (Chew et al. 2006; de Silva et al. 2006; Khan et al.
2006) and registries (Heywood et al. 2007; Heywood et al. 2010) to document renal
impairment and its significant prognostic association with morbidity, mortality and cost
outcomes. What remains from a HF perspective is whether the KDIGO chronic kidney disease
criteria will be endorsed by cardiology’s HF guidelines development groups and implemented

as part of risk factor assessment in community managed HF.

2.4.2 Acute Kkidney injury
Acute kidney injury, formerly referred to as acute renal failure, has followed a similar pathway
to CKD in developing definitions and staging criteria. The RIFLE kidney disease classification
scheme for acute renal failure in the critically ill was first published in 2004 (Bellomo et al.
2004). The original RIFLE staging criteria were based on changes from baseline values for
serum creatinine and/or percentage eGFR or urinary output where the criterion that resulted
in the most severe classification was used. These criteria were developed to define and
describe acute or abrupt deterioration of renal function resulting from a broad range of
aetiologies in the critically ill (Bellomo et al. 2004). Since the introduction of the RIFLE criteria

several revisions have occurred.

The convening of the Acute Kidney Injury Network (AKIN) was a strategy to enable
international consensus and endorsement by scientific societies and healthcare organizations
for an advanced acute kidney injury definition and criteria, and as a means to fostering a
collaborative network (Mehta et al. 2007). AKIN published its definition and criteria for acute
kidney injury in 2007 (Mehta et al. 2007). This evidence-based classification and staging
definition maintained the components serum creatinine, urinary output and introduced
chronicity reflecting aspects of the five stage RIFLE criteria while compressing it to three
stages. Importantly the initiation of renal replacement therapy was now subsumed into stage
Il of the new definition. The use of the AKIN diagnostic system carries a number of caveats
flagging the need to assess adequacy of hydration status and eliminate urinary tract
obstruction while considering the impact of body mass index, sex and age for serum creatinine
values resulting in the option for use of absolute or percentage change for creatinine. AKIN

49



define acute kidney injury as “an abrupt (within 48 hours) reduction in kidney function
expressed as an absolute increase in serum creatinine of 20.3mg/dl (> 26.4 umol/L), a
percentage increase in serum creatinine 250% (1.5 fold from baseline), or a reduction in urine

output documented oliguria < 0.5 mi/kg per hour for more than six hours” (Mehta et al. 2007)

The most recent revision of AKI definitions was managed under the auspices of the KDIGO and
informed by a systematic review of relevant trials published prior to February 2011 (Kidney
Disease Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group 2012) (Table
2.5). Creatinine values for the diagnosis of AKI remain unchanged while the staging now occurs
over 7-days. It is noteworthy that serum creatinine (SCr) and equations for estimating
glomerular filtration rate (GFR) feature in the CKD and AKI definitions and their thresholds for
diagnosis are the same or very similar to the criteria use in HF worsening renal function
incidence, prevalence and outcome studies (Gottlieb et al. 2002; Krumholz et al. 2000). In the
case of the AKI definition, urinary output is an additional metric. RIFLE and AKIN criteria have
been validated as systems for the diagnosis and staging of AKI through a series of
epidemiological studies including many multicentre approaches involving over half a million
patients (Kidney Disease, Improving Global Outcomes & Acute Kidney Injury Work Group
2012).

A confounding factor regarding acute kidney injury criteria in hospitalised HF patients is
whether the acute changes in serum creatinine and / or eGFR are valid indicators of renal
injury and outcomes or a reflection of effective de-congestion therapy (Metra et al. 2011;
Nufez et al. 2014). Metra et al. (2011) has reported when defining WRF based on serial serum
creatinine measurements alone WRF is not an independent determinant of outcomes in
patients with acute HF. They suggest it is an additive prognostic marker only in WRF with
persistent congestion. This finding puts into doubt the results of Smith et al. (Smith et al. 2006;
Smith et al. 2003) and later Damman et al. (Damman et al. 2009) for any reduction in renal
function in HF at any time conveying an increased mortality risk (Damman et al. 2009;
Damman & McMurray 2014; Smith et al. 2006; Smith et al. 2003). Conflicting findings highlight

the need for further investigation and characterisation of hospitalised WRF.

The AKIN definition carries the caveats to assess adequacy of hydration and eliminate urinary
tract obstruction (Mehta et al. 2007). These caveats could be broadened to include monitoring
the status of HF congestive signs and symptoms (Gheorghiade et al. 2010) to inform the
interpretation of acute serum creatinine changes regarding AKI diagnosis. AKI could still be
provisionally diagnosed flagging the need for close renal monitoring during the hospitalised
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episode and into the community. Never-the-less the variability in study outcomes may be
contributing to the hesitancy by HF professional guideline groups to commit to a consensus
definition for WRF. But it also highlights the need to validate definitions in diverse populations

and settings and across specialties.

2.4.3 Defining renal dysfunction in heart failure - the evidence

The definition for worsening renal function in HF remains arbitrary (Butler et al. 2010). Given it
is more than twelve years since Gottlieb et al. (Gottlieb et al. 2002) identified an in-hospital
rise in serum creatinine of >0.3mg/dl (>26.5umol/L) as having a “sensitivity of 81% and
specificity of 62% for death; 64% and 65% for length of stay greater than 10 days” it is
surprising this remains the case. Forman et al. (Forman et al. 2004) in 2004 confirmed
increases in serum creatinine “were clinically consequential in all subgroups of subjects
regardless of baseline or peak serum creatinine level”’. Currently the majority of evidence
supports the notion that in hospitalised heart failure increments in serum creatinine of
>0.3mg/dl (=26.5umol/L) have a significant impact on 30-day and long term mortality where
the increasing severity of renal dysfunction conveys an increased all-cause mortality (Atherton
et al. 2012; Brandimarte et al. 2012; Cleland et al. 2012). This threshold for WRF is consistent
with the diagnostic threshold for acute kidney injury recommended by AKIN (Mehta et al.
2007).

Several meta-analyses have investigated the association of WRF in heart failure with
prevalence and prognosis (Coca et al. 2007; Damman et al. 2007; Smith et al. 2006) (Table 2.3).
Damman and colleagues (Damman et al. 2007) and Smith and colleagues(Smith et al. 2006)
report prevalence and prognostic outcomes for a broad range of patients with respect to the
severity of heart failure and settings including hospital, clinical trial or community-based.
Coca’s group (Coca et al. 2007) examined 30-day mortality impact of acute kidney injury
characterised by small changes in serum creatinine (greater than 10% or greater than 0.3
mg/dl [>26umol/L]) in hospitalised cardiac surgery or angiography patients, acute
decompensated congestive heart failure patients, acutely ill intensive care patients and an a

diverse group of hospitalised patients.

Smith’s team (Smith et al. 2006) analysed 16 high-quality studies with over 80,000 patients
with various degrees of HF severity and an average age of 74-years. The prevalence of renal
impairment for all categories of patients at baseline was determined using serum creatinine,
creatinine clearance or estimated glomerular filtration rate or cystatin-C. Renal impairment
(RI) was most commonly defined as a glomerular filtration rate of < 60mL.min. Yet for the
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analysis, Rl was classified as ‘any’ (eGFR <90mL.min) or ‘moderate to severe’ (eGFR
<53mL.min) and additionally as worsening renal function for hospitalised patients (Table 2.3).
All-cause mortality findings suggested a linear relationship for renal function and mortality risk
when renal impairment was expressed as a continuous variable for either serum creatinine or
eGFR. Mortality risk increased either by ‘33% per 1mg/d| creatinine increase in three studies or

by 7% per 10ml/min eGFR’ decrease in two of the randomised control trials.

Damman et al. (Damman et al. 2007) sought to determine the proportion of HF patients with
worsening renal function and the association with hospitalisations and mortality. They defined
worsening renal function as a fall in eGFR of >5ml.min.1.73m? or increase in serum creatinine
of 20.2mg/dl (=17.7umol/L) as these limits identify normal physiological variability. Severity of
WRF was categorised as class | to Ill to enable assessment of outcome against commonly used
thresholds for defining WRF (Table 2.3) and aligned with those used by Smith et al. (Smith et

al. 2003) to define the sensitivity and specificity of various WRF definitions.

All-cause mortality and hospitalisation linked to WRF were calculated based on a minimum 6-
month follow-up. The total all-cause combined mortality odds ratio was 1.62, 95% Cl 1.45 —
1.82, P < 0.001 for patients with worsening renal function increasing with severity of WRF, and
substantially increasing when eGFR fell by >9mls.min.1.73m? or serum creatinine increased by
0.5mg/dl (44umol/L). All-cause hospitalisations OR 1.30, 95% Cl 1.04 — 1.62, P = 0.022. A trend
towards a linear relationship between baseline renal function and worsening of renal function
was also observed supporting the findings of Smith et al. (2006). Of interest is the 6-month
mortality odds ratio (OR) for hospitalised versus community HF patient showed no real
difference; OR = 1.61, 95% Cl 1.35 - 1.93, P < .001 compared to OR = 1.69, 95% CI1.45 - 1.94, P
< .001 respectively. One concerning factor is the time variations within definitions for change
in the biomarkers. This was a factor of length of hospital stay blurring the nature of what could

be considered acute.

The meta-analysis of Coca and colleagues (Coca et al. 2007) described the importance of small
acute reductions in kidney function and 30-day mortality in a variety of hospitalised patients.
Their objective was to determine the nature of the relationship between WRF and short-term
mortality in study populations and settings that were heterogeneous. Over 78,000 patients
with an age range of 53 to 72 years were included in the analysis. A ‘small’ serum creatinine
change during hospitalisation was defined as ‘any change beyond that expected by normal
variations in laboratory measurements’ which is similar to the approach of Damman. Coca’s
(Coca et al. 2007) results show an association between small increases in serum creatinine and
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short-term mortality unadjusted RR 1.8, (95% ClI 1.3 — 2.5) and 2.3 (95% Cl 1.8 - 3.0) when
these increases are in the order of 10-24% or 0.3 to 0.4mg/dl [26-35umol/L] respectively.
Importantly, the similarity in the thresholds used to define WRF in these meta-analyses
involving a diversity of heart failure presentations is closely aligned with the diagnostic criteria
and staging for AKI presented in the RIFLE and AKIN definitions. This suggests the possibility for
continuity for criteria for defining renal dysfunction of an acute nature in diverse populations.
This proposition is supported by the investigation of Roy and associates (Roy et al. 2013) who
compared the outcome predictive ability of the traditional definitions for acute kidney injury
(RIFLE, AKIN & KDIGO) and the often used worsening renal function definition (serum
creatinine rise of 20.3mg/dl) in a single centre cohort of hospitalised heart failure patients.
They found predictive ability between definitions was only marginal but that AKIN, RIFLE and
KDIGO acute kidney injury classification systems have the advantage over the commonly used
worsening renal function in HF definition as they include in their definition criteria a severity
scale. This additional feature enhanced the ability of the clinician to identify those patients at
greatest risk of adverse events.

Analysis of the scientific literature addressing AKI and CKD definitions and nomenclature
suggest there are more similarities than disparities across medical genre definitions. Renal
impairment could be used to describe an admission or baseline renal function or to describe
transient renal dysfunction where on-going patient monitoring failed to establish the diagnosis
of CKD and its stage. The adoption of the KDIGO acute and chronic definitions and
nomenclature or the adoption of AKIN definition for AKI in HF would offer a solution to the
arbitrary nature of defining these conditions in HF and assist with improved communication
and the knowledgebase through meta-analyses and validation of the definitions in HF

populations and diverse settings.

2.5 Biomarkers
The role of a biomarker is to identify normal or pathogenic processes, or the response to a
therapeutic intervention; but it does not need to be involved in the disease process (Tesch
2010). Both serum creatinine and eGFR are central to the diagnosis and staging of CKD, AKI
and worsening renal function in spite of limitations and the arrival of several promising new

renal biomarkers (Damman et al. 2012).

Serum creatinine has remained as the renal ‘gold standard’ biomarker contingent on the ease
with which it can be obtained, its low cost, clinician familiarity with its interpretation and the

evidence to support its use in the clinical setting. Studies investigating the impact of worsening
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renal function in HF are not an exception to this approach. (Akhter et al. 2004; Cowie et al.
2006; Forman et al. 2004; Gottlieb et al. 2002; Krumholz et al. 2000). Other biomarkers such as
blood urea nitrogen (BUN) (Heywood et al. 2007) and serum cystatin-C (Aronson, Mittleman &
Burger 2004) have also been used to assess renal function in HF. They too were found to be

strong prognostic markers.

BUN has been shown to correlate with HF outcomes (Aronson, Mittleman & Burger 2004). In
post hoc analysis of OPTIME-HF registry a BUN increase over baseline hospitalisation value of
10mg/dl or more was an independent predictor of 60-day mortality (Klein et al. 2008).
Cystatin-C has been assessed as a serum and urinary biomarker for differential diagnosis of
AKIl, early detection of AKI and prognosis (Coca et al. 2008). As a standard care renal biomarker
cystatin-C is disadvantaged in comparison to serum creatinine by cost and paucity of

physicians familiar with its normal values or use in eGFR formula (Damman et al. 2012).

Traditional renal biomarkers provide no information for site or cause of dysfunction. They may
be influenced by nutrition, muscle mass, gender, medication and clinical issues. Blood urea
nitrogen levels are subject to liver function, gastrointestinal bleeding, dehydration, steroid use
and protein intake (Tesch 2010). Cystatin-C levels can be affected by thyroid dysfunction or
steroid use and lack specificity in the circumstances of concurrent infection or inflammation
(Damman et al. 2012) both of which may be antecedents to HF hospitalisation compromising

the cystatin-C result.

Serum creatinine limitations include its slow response compared to the new, novel renal
biomarkers. It is effected by age, gender, race, body mass, diet and the patient not being in a
steady physiological state (Damman et al. 2012). These limitations have encouraged
researchers to look for biomarkers that are more sensitive to renal damage, site of injury and

can detect changes before the development of renal dysfunction (Carubelli et al. 2012).

2.5.1 Focus on diagnosis
Several novel renal biomarkers are showing promise for detecting WRF in HF. They include
neutrophil gelatinase-associated lipocalin (NGAL), Interleukin-18, Kidney injury molecule-1
(KIM-1) and N-Acetyl-B-D-glucosaminidase (NAG) (Cole et al. 2012). NGAL is the product of
toxic or ischaemic injury to the kidney and can be measured in urine or plasma. In CHF it’s
urinary value has been shown to be associated with increased mortality risk(Metra et al. 2012).
Both KIM-1 and NAG are urinary biomarkers for proximal tubular injury in AKI. These

biomarkers have been studied in HHF and been associated with increased risk of
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hospitalisation and death independent of eGFR (Damman et al. 2011). Interleukin-18 in the
context of AKI will increase before that of serum creatinine but it has not been evaluated in
HF; it also has the disadvantage of increasing with inflammatory conditions (Metra et al. 2012).
Despite the promising results from these new biomarkers, they have not replaced serum

creatinine in standard care. This is mainly due to their cost and availability.

2.6 Estimated glomerular filtration rate (eGFR) equations
Glomerular filtration rate (GFR) is recognised internationally as the best overall index of kidney
function (Eknoyan & Levin 2002). It is the product of the filtration rate of the kidney’s
nephrons (Stevens & Levey 2005) usually reported in millilitres per minute (ml/min). GFR is not
routinely measured in clinical practice due to time requirements, complexity and costs. Rather
clinicians rely on equations to estimate glomerular filtration rate (eGFR). Creatinine-based
prediction equations are the most common. Current clinical practice tends to favour the
Cockcroft-Gault equation (Cockcroft & Gault 1976) for estimated creatinine clearance (CrCl)
measured in millilitres per minute; the Modification of Diet in Renal Disease (MDRD) (Levey et
al. 1999) equation and the most recently developed Chronic Kidney Disease Epidemiology

Collaboration (CKD-EPI) (Levey et al. 2009) formula.

The MDRD and CKD-EPI formulae standardise to population mean body surface (BSA) of
1.73m2. An important consideration when using the Cockcroft-Gault formula is it estimates
creatinine clearance instead of GFR and it requires a 24-hour urine collection. Because
creatinine is not only filtered by the glomeruli but also secreted by the tubules, creatinine
clearance overestimates the GFR (Botev et al. 2009). The following table (Table 2.5) provides a

timeline for the development of these equations and the variables they include.
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Table 2.5 Creatinine-based eGFR prediction equations

Equation Date Biomarkers Variable1l Variable2 Variable3 Comments

Cockcroft- 1976 SCr age 24-hour urine gender - validated in HF

Gault (CGE) collection - age bias
required lean body - more precise in

(CrCl): . )

. weight mild CKD
estimates
creatinine

clearance (GFR)

Reported as:

mL.min.
Modification . - systematic
of Diet 1999 SCr age ﬁqoep;lalatlon gender underestimation
in Renal U BSA race of GFR when GFR
Disease >60ml.min.1.73m?
(MDRD) (McAlister et al.
Reported as: SAlb 2012.) .

. 2 - validated in HF
mls.min.1.73m _ age bias
(BSA) 8
Chronic Kidney 2009 SCr for age population  gender
Disease min/max mean . .

- validated HF

Epidemiology SCr  value BSA race vaiidated n
Collaboration for gender - age bias
(CKD-EPI) g
equation.

Reported as:
mls.min.1.73m?
(BSA)

Abbreviations: SCr= Serum creatinine; SU: serum uric acid; SAlb: serum albumin BSA = body surface
area; min: minimMum; max: maximum.

Serum creatinine is a core element in eGFR equations and although equations adjust for some
of the variables that impact creatinine such as age, gender and race, estimates of GFR should
be interpreted with caution (Michels et al. 2010). An additional concern with eGFR is the under
representation or non-representation in test populations of the elderly in the development of
the CGE and MDRD equations and limited representation in the CKD-EPI. These issues should
be considered when investigating WRF in HF as the vast majority of participants in these
studies are aged over 65 years (Rich 2001) and eGFR usually declines with increasing age
(Lindeman, Tobin & Shock 1985). Nevertheless, the MDRD formula up until recently had been
the preferred eGFR equation in HF having been validated in this population (Smilde et al.
2006), however the CKD-EPI has now been validated for HF and is more accurate under some
circumstances (McAlister et al. 2012). For all commonly used equations it should be kept in

mind age remains a source of bias (Michels et al. 2010).
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Finally, diminished renal reserve indicates a reduced capacity of the kidneys to adjust to an
altered clinical state or change in medication regime. Negative changes observed in serum
creatinine or eGFR even if not diagnostic can be indicative of a lack of renal reserve as it is
known serum creatinine only increases in the advanced stages of renal dysfunction (Carubelli
et al. 2012). The monitoring of renal biomarkers is an important management observation as it
may help identify those at risk of progressing to AKI, CKD and adverse outcomes. Renal
dysfunction also signals the need for caution regarding medication management. Such insights
could be the rationale informing the approach taken by the cardiology international guideline

groups with respect to drug therapy advice (McMurray et al. 2012b; Yancy et al. 2013).

2.7 Outcomes
No matter the outcome of interest, the literature demonstrates worsening renal function is
associated with adverse outcomes in HF (Heywood et al. 2007; Hillege et al. 2000; Jose et al.
2006; Krumholz et al. 2000; Smith et al. 2003). All-cause mortality (Hillege et al. 2000;
Krumholz et al. 2000), including cardiovascular death (Hillege et al. 2006; Jose et al. 2006;
Smith et al. 2006), in-hospital mortality (Amsalem et al. 2008), 30-day mortality (Coca et al.
2007), community-based mortality (Bibbins-Domingo et al. 2004), hospitalisation rates
(Damman et al. 2009) and hospital length of stay (Forman et al. 2004) are negatively impacted
when renal dysfunction is present in HF. Even small acute increments in serum creatinine in
the order of 10-24% or 0.3 to 0.4mg/dl [26 - 35umol/L] in a diverse group of hospitalised
cardiovascular and critically ill patients resulted in a 30-day mortality RR of 1.8 and 2.3
respectively (Coca et al. 2007). HF patients with CKD or acute kidney injury are also at risk of

progression to end-stage renal failure (Levey et al. 2011; Singbart| & Kellum 2012).

The reported morbidity and mortality outcomes are influenced by the definition for renal
dysfunction. Worsening renal function defined as a serum creatinine (sCr) increase of
>26.5umol/L (20.03mg/dl) as compared to >44.2umol/L (=0.05mg/dl) will result in different
sensitivity and specificity for predicting mortality; a more restrictive definition (i.e. the higher
serum creatinine cut-off) sees sensitivity decreased while specificity is increased (Butler et al.
2010; Smith et al. 2003). As shown in the summary table of key references for renal function in
heart failure (Table 2.4) authors have used multiple definitions for WRF. Definitions have been
based on serum creatinine, creatinine clearance, various eGFR grouping ranges and cystatin-C
to quantify morbidity and mortality outcomes. Where authors have provided groups based on

increments in the biomarker for the degree of severity it can be seen that the greater the
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severity of renal dysfunction the greater the negative impact on the outcomes of interest

(Bibbins-Domingo et al. 2004; Heywood et al. 2007; Klein et al. 2008; Maeder et al. 2012).

Hospital re-admissions and length of hospital stay are common morbidity outcomes for WRF in
HF (Akhter et al. 2004; Cowie et al. 2006; Damman et al. 2009; Gottlieb et al. 2002; Smith et al.
2003; Verdiani, Lastrucci & Nozzoli 2010). Generally, such studies find a significant relationship
between WRF in HF and the outcome of interest. However, several studies have questioned
this relationship. Verdiani and colleagues (Verdiani, Lastrucci & Nozzoli 2010) found no
difference for rehospitalisation, length of stay or mortality for WRF in HF. Cowie et al. (Cowie
et al. 2006) studied the prevalence and outcomes associated with WRF in acute
decompensated heart failure with reduced ejection fraction (HFrEF). They observed WRF was
common in ADHF yet only those who experience major in-hospital complications (sepsis, acute
coronary syndrome, cardiac arrest, hypotension or circulatory shock) and develop WRF
experience significant increased length of stay, but similar mortality and re-hospitalisation

rates compared to those without WRF.

A central linking factor for the Cowie and Verdiani studies is their WRF definitions. Both studies
defined WRF as an increase in serum creatinine of more than 26pmol/L (>0.3mg/dl) from
baseline during hospitalisation. This definition allowed for a variety of time intervals to
determine WRF as it was dependent on the duration of hospitalisation for the increase in the
biomarker. This raises the question of ‘transient’ renal dysfunction as Verdiani notes or the
potential of acute on chronic renal decline and the importance of the WRF definition for
interpreting the data. Metra and colleagues (Metra et al. 2011) question the role of congestion
with the development of hospital stay WRF. They and others (Nufiez et al. 2014) suggest
worsening renal function in hospitalised HF only becomes significant for mortality outcomes

when congestion persists or where renal impairment is present on admission.

The systematic review by Butler et al. (Butler et al. 2010) continues the theme for
characterisation of WRF. They examined the effect of renal impairment (Rl) and WRF in ADHF
patients for a range of definitions and the association with short and long term health
outcomes and resource expenditure. They grouped the studies by definition biomarker and by
study design. Reporting renal insufficiency (chronic kidney dysfunction/ renal impairment),
they found the majority of studies described increased readmissions, were as for WRF the
finding was inconsistent. However, for both Rl and WRF they found significant increases in

length of stay. They note the need to establish consensus definitions for Rl and WRF in heart
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failure in order to strengthen the research into the cardio-renal relationship and its

characterisation.

2.8 Demographics
Demographic information is frequently used to characterise the cohort under investigation
contextualising the findings. Quantifying the extent of both acute WRF and CKD in HHF or
community-based CHF patients is difficult when cardiology clinical practice guidelines have not
recommended CKD and AKI classification and staging criteria. Multiple definitions for chronic
or acute WRF results in significant variability for the outcomes as already noted in the
preceding discussion. Accurate depiction for the WRF demographic is as a consequence
limited. To address what is known of the demographic for worsening renal function in HF the
discussion begins with the evidence for CKD in HF in the hospital and community settings.
Acute WREF in hospitalised HF is then addressed. Where the information is available, reference
is made to the type of HF as either HF with preserved ejection function (HFpEF) or with
reduced ejection fraction (HFrEF). Other demographic variables are discussed under predictors

due to their cardio-renal impact.

2.8.1 Chronic kidney disease/ renal impairment in hospitalised heart
failure

Chronic kidney disease in hospitalised HF (HHF) is common (Blair et al. 2011; Damman et al.
2007; Heywood et al. 2007). Reports frequently suggest more than fifty percent of HHF
patients will have a level of renal dysfunction (eGFR <60ml.min.1.73m? ) consistent with a
diagnosis of CKD (Heywood et al. 2007; Khan et al. 2006). This statistic highlights CKD as
comorbidity and prognostic indicator in chronic heart failure (CHF). However, some of the
study data infer CKD; reporting a single eGFR admission or baseline value as renal impairment/
chronic renal insufficiency (Chew et al. 2006; Damman et al. 2009; Khan et al. 2006). This
occurred most recently in and up-dated meta-analysis by Damman et al (Damman, Valente, et
al. 2014) resulting in several definitions for baseline renal function tabulated in summaries
labelled chronic kidney disease. The trend has seen these types of studies reporting eGFR
against CKD criteria for CKD stage but there is no assurance the timeframe metric for
chronicity has been met. Such reporting of renal dysfunction leaves the status as acute or
chronic ambiguous making it difficult to correctly characterise the renal impairment and
interpret the findings. Once again, attention is drawn to the need to standardise definitions

and the nomenclature. Nevertheless, it has been demonstrated HHF patients with reduced
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renal function on admission are at greater risk for in-hospital WRF and its associated outcomes

(Chew et al. 2006; Damman, Tang, et al. 2014; Nufez et al. 2014).

2.8.2 Chronic kidney disease in heart failure: the community setting
The recognition of CKD in community managed HF patients is an important quality, safety and
outcome issue. Renal function status can influence choice and dose of drug therapies and
identify HF patients at increased risk of adverse outcomes, including in-hospital WRF. The
prevalence, incidence and relationship of renal impairment (RI) or worsening renal function
and outcomes from registries (Heywood et al. 2007; Heywood et al. 2010) and in community
managed CHF have been reported (Bibbins-Domingo et al. 2004; Damman et al. 2009; de Silva
et al. 2006; Khan et al. 2006; Maeder et al. 2012; McAlister et al. 2004). In all of these studies,
there was a consistent finding of increased mortality risk with increasing severity of renal
dysfunction. A baseline eGFR of <60mls.min by any eGFR equation signals an increased risk for
in-hospital WRF (Damman et al. 2009). Authors (Butler et al. 2010; Chew et al. 2006; Dries et
al. 2000; Hillege et al. 2000; Owan et al. 2006) who reported outcomes against the baseline
eGFR metric consistently observe adverse outcomes and increased costs associated with

hospitalisation.

Nevertheless, the extrapolation of clinical trial data to real world management is problematic.
As a consequence, there is an increasing emphasis on registry studies and community
managed CHF patients with renal impairment. Analysis of the Acute Decompensated Heart
Failure National Registry (ADHERE) (Heywood et al. 2007) using the abbreviated Modification
of Diet in Renal Disease eGFR formula found only 9.0 % of the 118,465 HHF patients had
normal renal function (GFR 290 mL.min.1.73 m?) at the time of admission. In this cohort,
approximately 64% were recognized as having CKD when defined as a baseline eGFR of
<60ml.min.1.73m2. It is not unreasonable to credit the outcomes in these HHF patients to
chronic renal dysfunction rather than to acute worsening of renal function during
hospitalisation as Rl is not an outcome of the admission. Such patients are known to be at
greater risk of acute WRF (Akhter et al. 2004; Damman et al. 2007). The Achilles’ heel of this
statistic is the inability to confirm the chronic or acute nature of the renal dysfunction if

determined solely on a baseline or admission eGFR value.

The post hoc analysis of the Studies of Left Ventricular Dysfunction (SOLVD) trial by Khan and
colleagues (Khan et al. 2006) is no exception to these findings even with its stringent exclusion
criteria of SCr >2.5mg/d| (>177mmol/L). In this cohort, 33% of the participants had baseline RI
when defined as an eGFR <60ml.min.1.73m?; 86% were male and their mean age was 60 (+10)
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years. A unique feature of this study was the use of the Kidney Disease Outcomes Quality
Initiative (K/DOQI) (Eknoyan & Levin 2002) classification system for categorizing kidney
impairment in HF. The study findings support the use of eGFR as a potent predictor of
mortality in an independent, high-risk population. They found that approximately one third of
their cohort experienced a significant decline in eGFR at 1-year follow-up where a rapid rate of
decline of >15ml.min eGFR for the 12-month period was a strong prognostic marker for

mortality risk resulting in an adjusted HR 5.63 (Cl 4.90 — 5.46) P<0.0001.

In women with either HFrEF or HFpEF, there appears to be an equal likelihood for developing
significant renal dysfunction (Bibbins-Domingo et al. 2004). Secondary analysis of a subset of
women from the Heart and Estrogen/progestin Replacement Study (HERS)(Bibbins-Domingo et
al. 2004) informs our understanding of the independent association of renal insufficiency and
mortality risk in 702 women with HF in community settings. Bibbins-Domingo etal defined
renal insufficiency (RI) using the Cockcroft-Gault equation to estimate creatinine clearance
(CrCl) and calculated mortality in these women mean age 66.7 (+6.7) years stratified by
preserved (HFpEF) or depressed (HFrEF) systolic function (EF<50%). They found CKD was
common in these women and the severity of CKD increased the mortality risk. HF with reduced
or preserved ejection fraction was equally impacted; mortality risk independent of a history of

diabetes or hypertension.

A prospective observational study by McAlister and colleagues (McAlister et al. 2004)
investigated the prevalence, prognostic importance, and impact of renal insufficiency and the
benefits of ACE inhibitors and B-blockers in community-dwelling patients with HF. In this
predominately male cohort of 754 CHF patients with a median age 69-years baseline CKD was
determined using the Cockcroft-Gault equation (CrCl <60mL.min). They found CKD was
common being present in more than half the cohort. This non-trial study which included
patients with either systolic or diastolic dysfunction confirmed survival was significantly
associated with creatinine clearance (log rank 27.98, P<0.0001), even after adjusting for other
risk factors. They also confirmed in patients with and without mild to moderate renal

insufficiency ACE inhibitors and B-blockers are safe, and have a survival benefit.

In community-managed elderly CHF patients with advanced HF and a significant co-morbidity
burden renal dysfunction is less well characterised (Maeder et al. 2012). Maeder et al. (Maeder
et al. 2012) in a post hoc analysis of the Trial of Intensified Medical therapy in Elderly patients
with Congestive Heart Failure (TIME-CHF) investigated such a cohort. A feature of this study
was the average age of the participants 77 (£8) years. The primary outcome of interest was all-
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cause mortality at 18-months follow-up. Baseline analysis identified 64% of the cohort to have
at least stage 3 CKD. To define WRF they classified WRF by serum creatinine increases of
>0.2mg/dl (WRFI), >0.3 mg/dl (WRFII), or >0.5 mg/dl (WRFIII) occurring within the first 6
months. This definition resulted in an incidence of 12%, 19%, and 22%, respectively for the 3
classifications. Outcome events assessed at 18-months found only HF patients with WRF Il had

a significant mortality risk, hazard ratio 1.98 [95% Cl 1.27-3.07, P < .002] versus no WRF.

Conclusions drawn from the examination of the scientific literature addressing CKD in

community-managed CHF are:

it is common
effects both men and women

it is prevalent in both HFrEF or HFpEF, and

vV V V V

it is a powerful prognostic indicator.

The utility of KDIGO criteria for defining and classifying CKD in this population is supported.
The need for clinical practice guideline development groups to endorse and reference KDIGO
chronic kidney disease definition and staging criteria is an important step for raising awareness

of this significant condition in CHF.

2.8.3 Worsening renal function in hospitalised heart failure
A limitation in characterising renal dysfunction in hospitalised HF as with community patients
is the investigator determined definitions and severity grading criteria. This situation may have
come about as much of the published cardio-renal research is founded on the analysis of data
collected for other purposes. Retrospective analysis of observational studies (Heywood et al.
2007; Krumholz et al. 2000; Owan et al. 2006), post hoc (Akhter et al. 2004; Klein et al. 2008)
or secondary analysis of randomised control trials (RCTs) (Aronson, Mittleman & Burger 2004;
Hillege et al. 2000) or data from HF registries (Atherton et al. 2012; Heywood et al. 2007;
Heywood et al. 2010) have been the major sources for the cardio-renal research literature. A
feature of many of these studies is that they are hospital based, focus of HF with reduced
ejection fraction (HFrEF), set stringent inclusion and exclusion criterion eliminating many
potential cardio-renal patients. Subsequently the data for acute WRF is limited by what
information is available to the WRF definition. This has led to variation in biomarkers and
duration for defining the condition compounding the difficulties when characterising acute

kidney injury in hospitalised HF.
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Variations in determining WRF have the potential to introduce bias and misclassification. To
help identify appropriate definitional criteria several researchers have tested the comparative
sensitivity and specificity of various definitions of WRF in heart failure (Gottlieb et al. 2002;
Smith et al. 2003). These studies and the acute kidney injury definitions used by nephrologists
and intensivists (Kidney Disease Improving Global Outcomes (KDIGO) Acute Kidney Injury Work
Group 2012) inform the following discussion and highlight the potential for AKI/ hospital WRF

definitional synergy.

The most common duration metric for defining WRF has been any time within the hospital
admission (Akhter et al. 2004; Gottlieb et al. 2002; Krumholz et al. 2000; Owan et al. 2006;
Smith et al. 2003). Yet data have shown that the vast majority of WRF (increase in the renal
biomarker) occurs early after hospital admission, within the first few days (Forman et al. 2004;
Gottlieb et al. 2002; Smith et al. 2003). Gottlieb et al. (Gottlieb et al. 2002) studied the
prognostic importance of various definitions of WRF in hospitalized congestive heart failure
(CHF) patients. Fifty one percent of their cohort was male and the mean age was 67 (+15)
years. Gottlieb’s group evaluated definitions determined during hospitalisation by either
absolute (0.1 to 0.5mg/dl) or percentage (10% to 50%) increments in serum creatinine alone or
in combination with renal impairment which was identified as a baseline serum creatinine of
1.5mg/dl (>133umol/L) or 2.0mg/dl (177umol/L). Their research predicted both in-hospital
mortality and length of stay > 10 days. The threshold of 0.3mg/dl (26.5umol/L) SCr increase
had a sensitivity of 81% and specificity of 62% for death and 64% and 65% for length of stay
greater than 10 days. They also observed WRF frequently occurred by day 3 with very few

patients subsequently developed renal decline.

The investigation by Smith and associates (Smith et al. 2003) was to determine the optimal
definition of clinically significant WRF in hospitalised heart failure patients. Fifty one percent of
their cohort was male and the mean age was 72 (x11) years. They studied various creatinine
definitions for WRF and their association with mortality, re-admissions and functional decline
at 6-months post discharge. Serum creatinine values at discharge, admission and peak value
were considered against increases of 0.1, 0.2, 20.3, 20.4 and 20.5. A percentage increase in
serum creatinine of 25% from admission value to a peak value of less than 2.0mg/dl
(176.8umol/L) was also used to define WRF. As expected the frequency of WRF varied by
definition. When defined as a SCr increase of >0.5mg/dl (44.2umol/L), the most restrictive
definition, 24% developed WRF compared to 75% with the most inclusive definition 20.1mg/dI

(8.8umol/L). They found the more restrictive the WRF definition in terms of absolute increase

63



in serum creatinine the stronger the association with death. Irrespective of the SCr value used,
admission, peak or discharge value independently predicted mortality in unadjusted analysis
but disappeared when WRF was added. The threshold of >0.3mg/dl (>26.5umol/L) was
supported as sufficiently inclusive to be of value in detecting adverse outcomes. They suggest

WRF could be considered as a continuous variable with a continuous spectrum of risk.

The studies by Gottlieb et al. and Smith et al. investigated the optimal or clinically significant
WREF definition using absolute and relative increments in serum creatinine for hospitalised HF
against several outcomes including length of stay, in-hospital and 6-month mortality. Both
studies reported the severity of the renal dysfunction effect outcomes. Yet without testing
severity staging as such, their results demonstrated the significance for various stratification
models for WRF definitions in predicting outcomes. These findings highlight the similarities

with the KDIGO acute kidney injury definition and staging criteria.

The KDIGO have published acute kidney injury guidelines which provide definition and
classification criteria for acute kidney injury (Kidney Disease Improving Global Outcomes
(KDIGO) Acute Kidney Injury Work Group 2012). Their definition for the diagnosis of AKI
includes an increase in SCr by 20.3 mg/dl (=26.5 umol/L) within 48 hours. In addition, there are
staging criteria for AKI severity based on absolute or percentage increase in serum creatinine.
All these criteria are very similar to those identified and discussed above regarding the
comparative sensitivity and specificity of various definitions of WRF in heart failure and flag
the potential for cardiology, specifically HF to adopt the HDIGO definition. AKI definition could
be modified to allow a slightly longer timeframe of a 72 hour informed by the WRF heart
failure literature (Gottlieb et al. 2002; Smith et al. 2003). Acute kidney injury would be
diagnosed, graded by the SCr increment, and defined according to CKD criteria where it
persisted for more than 3 months. These are relevant considerations as unrecognised renal

impairment and its significance threatens HF patient outcomes.

Unidentified and unmonitored CKD in HF is prevalent. As significant as the ADHERE data for
renal impairment are, Heywood (Heywood et al. 2007) reported Rl went un-diagnosed in
approximately 26% of men and 40% of women. This situation has been confirmed in a study by
Amsalem and colleagues (Amsalem et al. 2008). Their analyses of a prospective survey
engaging 25 public hospitals in Israel found Rl was not diagnosed in 41% of the 57% of HF
patients with criteria for CKD. Unrecognized Rl was most common in women, the elderly, and
those with better New York Heart Association (NYHA) functional class, compared with patients
with recognized RI. The extent of undiagnosed renal dysfunction in either community or
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hospitalised HF draws attention to the need to interpret prevalence and predictors data with

caution.

2.9 Prevalence

The prevalence of WRF in heart failure is primarily dependent on the definition of worsening
renal function. Where the definition has a low diagnostic threshold for acute WRF prevalence
will be higher compared to those requiring a greater change in the renal biomarker (Gottlieb et
al. 2002; Smith et al. 2003). Diversity in patient populations, settings and timeframes for the
diagnosis will likewise contribute to variability in prevalence. Given these circumstances
worsening renal function and chronic kidney disease prevalence are variously estimated to be
11% to 45% (Damman et al. 2009; Smith et al. 2003; Verdiani, Lastrucci & Nozzoli 2010) and
33% to 64% (Heywood et al. 2007; Khan et al. 2006) respectively.

2.9.1 Acute worsening renal function in hospitalised heart failure
Examining the studies for WRF in hospitalised HF patients at the prevalence continuum
extremes reveals some interesting findings. Verdiani et al. (Verdiani, Lastrucci & Nozzoli 2010)
using a serum creatinine increase of >0.03mg/dl (>26.5umol/L) reports a WRF prevalence of
11%, while Smith et al. (Smith et al. 2003) using the same serum creatinine increase reports
prevalence of 45%. In terms of the WRF definition, the serum creatinine threshold is their only
common metric. Variation occurs for the time-at-risk in which the biomarker change is used
for determining WRF. Verdiani use the baseline (admission) and discharge serum creatinine
values whereas Smith’s team compare baseline, discharge and peak serum creatinine. Verdiani
et al. (Verdiani, Lastrucci & Nozzoli 2010) suggest that “...transitory increase in serum
creatinine (or eGFR) which did not persist till the moment of discharge were not classified as

WRF” hence the relative low prevalence.

2.9.2 Chronic kidney disease in hospitalised heart failure
The prevalence of chronic kidney disease in HF varies from 33% (Khan et al. 2006) to 64%
(Heywood et al. 2007). The Khan et al. study with a 33% prevalence of CKD was a post hoc
analysis of the previously mentioned the SOLVD trial. This trial had stringent exclusion criteria
for baseline ‘SCr >2.5mg/dl (>177mmol/L)’ which can explain the low CKD prevalence. The
Australian study by Chew and colleagues (Chew et al. 2006) investigated the relationship
between renal impairment defined as baseline eGFR <60ml.min.1.73m? and morbidity,
mortality and economic outcomes in patients admitted to a cardiac intensive care. They also
found a CKD prevalence of 33%, these patients notable in carrying the greater portion of the

mortality and morbidity burden.
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2.9.3 Chronic kidney disease in community-managed heart failure
Registry data has become an important source of data to inform our understanding of the
prevalence of chronic kidney disease in community-managed HF. An outpatient HF registry
study from Norway reported a CKD prevalence of 44.9% (Waldum et al. 2010). For this cohort
there were 3,605 participants of which 70.1% were male with a median age 73-years. Other
large CKD in HF prevalence studies have accessed data from the Registry to Improve the Use of
Evidence-Based Heart Failure Therapies in the Outpatient Setting (IMPROVE-HF) (Heywood et
al. 2010) and ADHERE HF (Heywood et al. 2007) registry. The IMPROVE HF (Heywood et al.
2010) registry is a United States based registry from which Heywood extracted data collected
between 2005 and 2007 to quantify the degree of renal dysfunction in CHF. Of the 13,164
participants eligible from IMPROVE data 52.2% were classified as having at least CKD stage Il
(eGFR<60mI.min.1.73m?3). Finally, the ADHERE (Heywood et al. 2007) database with data for
118,465 HF participants revealed 64% of its registrants met criteria to classify them as having
CKD. These are staggering statistics and underscore the importance of renal dysfunction in HF

and the importance of identifying the predictors for this complication.

2.10 Predictors of worsening of renal function in hospitalised
heart failure

Since the study of Hillege etal (Hillege et al. 2000) which established renal function as a
predictor of mortality in HF there has been a resurgence of interest in the cardio-renal
relationship. Krumholz and colleagues (Krumholz et al. 2000) were among the first to look for
predictors for WRF in hospitalised HF patients. Their retrospective medical record audit
identified women, systemic hypertension, admission rales >basilar, pulse rate >100bpm,
systolic blood pressure (SBP)>200mmHg and admission serum creatinine >1.5mg/dl
(>133umol/L) as predictors for in-hospital WRF. Other investigators have identified additional
WRF predictors or risk factors. Butler et al (Butler et al. 2004) found a history of diabetes and
heart failure were predictors while Maeder et al (Maeder et al. 2012) observed patients on
high dose loop diuretics and/ or aldosterone antagonists at the time of hospitalisation were

more likely to develop WRF defined as a serum creatinine increase of 20.5mg/dl.

Hospital presentation examination findings can assist in identifying HF patients at increased
risk of adverse outcomes including WRF. Among the most important are advanced age and
renal function at the time of presentation. In females the retrospective analysis of the HERS
(Bibbins-Domingo et al. 2004) data revealed women with more severe renal dysfunction were
older, more likely to have elevated systolic blood pressure, a history of coronary artery bypass

grafting, more likely to be taking digoxin and diuretics, and less likely to be taking beta-
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blockers, and had a lower body mass index. Women with preserved or depressed ejection
fraction were equally at risk. McAlister et al. (McAlister et al. 2004) in a mixed gender cohort
has confirmed WREF is an independent prognostic factor in diastolic and systolic dysfunction
and more recently using the CKD-EPI equation more accurately categorises mortality risk
where renal function is more closely related to outcomes in HFrEF than in HFpEF (McAlister et

al. 2012).

Studies where males dominated the cohort show similar predictor relationships to HERS
findings. Breidthardt et al. (Breidthardt et al. 2011) reported CKD on admission to be the only
independent predictor of WRF. Forman et al. (Forman et al. 2004) identified several factors
strongly associated WRF including elevated serum creatinine (>1.5mg/dl [133umol/L]) , SBP
>160mmHg; and a history of HF and medication managed diabetes. Anaemia and serum

sodium levels have also been implicated in the development of WRF (Klein et al. 2008).

When examining the characteristics for the Smith and Verdiani study cohorts it is difficult to
identify why they should differ regarding mortality outcomes for WRF when they defined WRF
as SCr>0.3mg/dl (=26.5umol/L). For this threshold, Smith reported an adjusted HR of 1.67 at 6-
months follow-up yet Verdiani found no significant difference for 1, 6 or 12 months of follow-
up. In terms of comorbidity burden, the cohorts are similar. Smith and Verdiani report a
history of HF and diabetes of 72% versus 62%, 47%, and 33% respectively; the mean ejection
fraction (EF) 39% versus 39.6% and admission renal impairment in 25% and 28% respectively
when defined as an admission serum creatinine of >2.0mg/dl (2177umol/L) and >1.5mg/dI
(=2133umol/L) in turn. Differences occur regarding when data was collected and the mean age
for the cohorts. Smith’s team initiated data collection in 1998, the cohort having an average
age of 72 (+11) years. Verdiani et al began patient recruitment in 2002; the average age of
their participants was 77.9 (+10.1) years. The supposition could be made that the more recent
cohort may have benefited from improved comorbidity management or that those with more

advanced HF had already died reducing the number susceptible to WRF.

Consistent findings from the individual studies (Breidthardt et al. 2011; Butler et al. 2004;
Cowie et al. 2006; Hillege et al. 2000; Smith et al. 2003) and meta-analyses (Damman et al.
2007; Smith et al. 2006) is the robust relationship between baseline creatinine, in-hospital
WRF and adverse outcomes. This observation highlights the importance of routine monitoring
of serum creatinine and underscores the significance of recognising CKD in community-based

CHF management.
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Many of the above predictors or risk factors for acute WRF are also known risk factors for
cardiovascular disease and CKD. A history of hypertension, diabetes, dyslipidaemia and obesity
increase the risk to develop either or both CKD and CVD. Albuminuria, ethnicity and exposure
to nephrotoxic agents such as angiotensin-converting enzyme inhibitors (ACE-1), angiotensin Il
receptor blocker (ARBs) and to a lesser extent diuretics and mineralocorticoid receptor
antagonists (MRAs) have been associated with the progression of renal dysfunction (Kidney
Disease Improving Global Outcomes (KDIGO) CKD Work Group 2013) and have been previously

discussion.

2.11 Summary
The worsening of renal function, whether a new finding or superimposed on already diagnosed
chronic kidney disease (CKD), requires definitive monitoring and treatment as it portends
adverse outcomes. In this literature review under the outcome and preceptor themes
confirmation of renal dysfunction as a prognostic indicator in HF has been established. The lack
of a standardised definition for WRF and the degree of dissonance across medical specialty
guidelines is problematic. Without international consensus for defining the various
manifestations of WRF in HF, (chronic, acute and transient) interpreting data is challenging as
it may lead to inappropriate management strategies and risk patient outcomes. The biomarker
and eGFR equation to define WRF in HF is dependent on the preference of the investigator
limiting comparison of data. This choice influences predictor and prevalence findings and our

understanding of WRF.

Specialty based issues and the compartmentalisation of knowledge challenge comprehensive
care, particularly in clinical conditions, such as HF where comorbidities are common. The
review has enabled the analysis of the concept of WRF in HF and its predictors and relationship

to health outcomes across various settings.

The findings from this review have informed the decision to consider adopting the AKIN
definition for acute kidney injury, extending the 48-hour timeframe to 72-hours for HHF
patients. Classification and staging criteria recommended by the KDIGOs will be referenced for

CKD.

Importantly this review has identified numerous factors with the potential to influence cardio-

renal relationships and outcomes.

The following chapter details the methodological approach taken for the ‘Renal function in

heart failure: a cohort study’ (ReFinH Study).
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3.1 Introduction
This chapter presents an overview of the methodology for the ‘Renal function in chronic heart

failure: cohort (ReFinH)’ study.

The chapter outlines the rationale for the study design, describes the piloting process for the
study and puts forward the hypotheses. Detailed information describing participants, study
setting, sample size, sampling process, exclusion criteria, definitions and data processes,
including the structure of the case record form are presented. Study measurements for the
research variables contained in the case record form (CRF) and study endpoints are then
provided. Finally, analysis procedures including re-coding of select variables and ethical issues

are presented.

3.2 Rationale for the study design
The literature review chapter (Table 2.3) has provided numerous examples for the efficacy of a
retrospective observational medical record review or chart audit (Forman et al. 2004;
Krumholz et al. 2000; Owan et al. 2006) as a sound method to investigate incidence,
prevalence, predictors and outcomes for independent group analyses for HF and renal function
study endpoints. Informed by this finding and given the intentions of the study to characterise
and determine the cardio-renal relationships for hospitalised HF patients with renal
dysfunction at a single site, retrospective chart audit was deemed to be the most appropriate

design.
3.3 Chart audit as the research methodology

3.3.1 Introduction
A feature of the chart audit or medical record review is it reflects the ‘real world’ every day
clinical practice of an inclusive cohort. In a chart audit the daily electronic or hard-copy
medical, nursing, allied health professional notes and laboratory, procedural and investigative
test results are used as the primary source for patient data to answer research questions
(Worster & Haines 2004). Although the approach has several limitations including the potential
for inter-observer inconsistency for identifying information correctly and the issue of validity of
the data recorded in the medical record (Boyd et al. 1979), data collection processes can

minimise these limitations.

The term “medical record review” and “chart audit’ can be used interchangeably and are

defined as any study that makes use of “pre-recorded, patient focused data as a primary
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source of information to answer a research question” (Worster & Haines 2004). The use of the
chart audit as a method of research has been in use for decades (Butler & Quinlan 1958) and
continues to be frequently used in the clinical setting as part of reviewing processes and
outcomes to improve safety, protocol adherence and patient care (Hajjar et al. 2005). In
epidemiological investigations, the chart audit enables questions on prevalence, practice
patterns and quality of care to be answered while informing prospective study design (Hess

2004; Worster & Haines 2004).

3.3.2 Limitations of the chart audit
Selection bias, variability in interpretation and handling of uncertain or missing data, errors in
transcription and chart availability (Taylor & Bogdan 1984) are potential limitations for a chart
audit investigative study. The quality of the individual medical record itself can be a limiting
factor as errors, inconsistencies, and omissions are commonly identified in medical records
during the data extraction process (Feinstein, Pritchett & Schimpff 1969; Gilbert et al. 1996;
Johnson et al. 2009). Yet many of these limitations can be overcome with proper planning,
organization and consistency (Jansen et al. 2005; White 2005) when implementing medical

record review study.

3.3.3 Pilot study
Informed by the preceding discussion for the potential limitations of a chart audit study, a pilot
study was planned and conducted to test both resources and process. A case record form
(CRF) and data dictionary were developed to standardise data collection and address the
situation where data variables are open to subjective interpretation and tested in the pilot
study (Jansen et al. 2005). The first 25 cases generated in the sampling process constituted the
sample for testing. Conducting the pilot study provided the opportunity to assess the
effectiveness of the cohort generating process and all aspects of data extraction. Specifically, it
tested data availability, appropriateness of the procedures for securing and accessing medical

records and data collector performance.

Through performing a pilot study, ambiguities and inconsistencies in the case record form
(CRF) layout and data items were identified. There was also the problem of unforeseen
conflicts or ambiguities with respect to certain data items and helpful information on the time
required to complete a specific number of case reports. An example of conflict was the
situation were haematocrit had been identified in the literature review as a variable that could
be used to help identify hospitalised heart failure patients at risk of acute WRF. The pilot
process discovered haematocrit was not reported by the study site pathology services and
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instead red cell distribution width (RDW) and mean cell volume (MCV) would need to replace

haematocrit in the CRF.

Piloting also provided the opportunity to assess the set-up of the study database. The database
format followed the CRF to aid the flow of data entry, minimise time requirements and the
potential for data entry errors. This aspect of the pilot study facilitated testing of data entry,
the practicality of the coding and analysis processes. Twenty five patients had their medical
record accessed to complete the CRF. The information was entered into SPSS and basic
descriptive analyses were run including frequencies to check for missing, inconsistent, or

conflicting data. The CRF was then revised informed by the outcomes from the pilot study.

The problem of inter-observer error was avoided by having all the data collected by the same
trained nurse researcher using a standardised protocol and definitions. Validity of the data
recorded for the index admission, if inconsistent with other comments within the medical
record for the admission, were crossed-checked against other summary data such as discharge
summaries, specialist referral letters or the historic electronic medical record to maximise data
validity. These strategies were actioned to address the potential limitations of the chart audit
design. Following completion of the pilot study, the data from the 25 patients involved in the
pilot was quarantined from the study cohort and was not included in the final analysis for the

study outcomes.

3.4Study hypotheses
The ReFinH Study examined the cardio-renal relationship in patients hospitalised with HF.
Specifically the study investigated the prevalence and impact of worsening renal function
present as acute kidney injury defined using a modified AKIN definition, in patients with a
principal discharge diagnosis of heart failure as coded by using the International Classification

of Diseases 10th revision Australian Modification (ICD-10-AM) codes.
The study null hypotheses were:

1. There is no difference in the composite outcome all-cause mortality and major acute
cardiovascular events (non-ST elevation myocardial infarction; ST elevation myocardial
infarction, cardiac arrest and stroke) at 12-months follow-up between participants
who develop in-hospital worsening renal function within 72-hours of their index

admission presenting as acute kidney injury and participants who did not.
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2. There is no difference at 12-months follow-up in hospital re-admissions; emergency
department presentations, or total hospital beds days between participants who
develop in-hospital worsening renal function within 72-hours of their index admission

presenting as acute kidney injury and participants who did not.

3.5 Participants

3.5.1 Setting
A New South Wales metropolitan, tertiary level hospital with a capacity in excess of 500 beds
and servicing nearly a million people was the setting for the study. The South Western Sydney
Local Health Network (SWSLHN) is one of fifteen local health districts or networks for the State

of New South Wales, Australia.

SWSLHN is an area that is socially, economically, culturally and linguistically diverse. The local
government areas that constitute this health network jurisdiction are characterised by a high
proportion of citizens born overseas (52%); and where 72% of people in this area speak a
language other than English at home (South Western Sydney Local Health Network 2012). Its
diversity extends to the socio-economic and age-range demographic. Several suburbs within
the SWSLHN experience high rates of un-employment and are among some of the poorest
communities in NSW as measured by the Socio-Economic Indexes for Areas (SIEFA), data
formulated and provided by the Australian Bureau of Statistics (ABS) (Australian Bureau of
Statistics (ABS) 2006). Such a demographic profile is consistent with high rates of CVD so it is
not surprising that cardiovascular diseases were the number one cause of death for the health
network area in the period 2003 to 2007; CVD accounting for 35% of deaths (South Western
Sydney Local Health Network 2012). Given the high mortality rate from CVD for the area and
the evidence survivors of cardiovascular events are at increased risk of heart failure especially
in those over 65-years (Krumholz et al. 2000), heart failure morbidity and mortality are

important health issues for the health network and its communities.

Although the SWSLHN has a relative young demographic, population projections over the next
decade suggest the most significant change will occur in the population aged 65 years and
over. The growth estimate for this group is 48% which is an increase from “98,089 (2011) to
145,538 people (2021)” while there will be a 48% increase in those aged 85-years and over for
the same period (South Western Sydney Local Health Network 2012). The following figure

(Figure 3.1) highlights the age group projections for the SWSLHN.
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Figure 3.1 South Western Sydney Local Health Network Projected Population Growth 2011-
2026

Source: Department of Planning and Statewide Services Branch NSW Health, March 2009 Accessed
30/01/2014 http://www.swslhd.nsw.gov.au/planning/content/pdf/CommunityProfileSummary.pdf

3.5.2 Sample size
We expected the frequency of worsening renal function during hospitalisation (i.e. AKI) in
HF to be 25% (Breidthardt et al. 2011; Cowie et al. 2006; Damman et al. 2007; Krumholz et
al. 2000) based on international studies which used a WRF definition of a serum creatinine
increase of 226.5pmol/1 (20.3mg/dl). 288 participants would be required to give a two-
sided 95% confidence level for the frequency of WRF extending 5% from the observed

proportion.

3.5.3 Cohort sampling
The study participants were identified by running a SWSLHN, Health Information Department,
data query. Adults sequentially admitted to the study site for the six month period July 1% to
31* December 2010 and discharged with a primary discharge diagnosis of heart failure defined
using the International Classification of Diseases 10th revision Australian Modification (ICD-10-
AM) codes in Table 3.1. The rationale for selecting the participant recruitment timeframe July
to December 2010 was to ensure participants’ medical records would only be accessed on one
occasion to collect all relevant data for the index admission and outcomes of interest for the

12-month follow-up period.
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Table 3.1 Cohort - Heart Failure Principal Discharge Diagnosis ICD-10-AM Codes

ICD-10AM-Code Condition
150.0 Congestive heart failure
150.1 Left ventricular failure
150.9 Heart failure, unspecified
142.0 Dilated cardiomyopathy
142.6 Alcoholic cardiomyopathy
142.7 Cardiomyopathy due to drugs or other external agent
142.9 Cardiomyopathy, unspecified

(National Centre for Classification in Health 2010)
The health data linkage query generated the cohort from a database which comprises
administrative electronic patient records (EPRs). EPR databases focus on information gathered
by a provider relevant only to services provided by the health network for patients attending
its services. The EPR is an administrative health care database. It does not contain or access
lifetime health records, nor include medication, dental, behavioural, or medical care

information.

To maximise accuracy for the site of hospitalisation and patient identification the following
search variables were included in generating the study cohort: facility identifier, stay number,
episode sequence number; days sequence number, medical record number, surname, given
names, birth date, patient suburb, patient postcode, episode start date, episode end date,
diagnostic type, diagnostic code, description-3-digit and length of stay. The data query
produced a chronologically sequenced list of adult admissions for the study site for the
condition of interest, and minimised recruiter bias. For the six-month study period two-
hundred and sixty-five admissions were retrieved representing two hundred and eighteen

individual participants. Application of the exclusion criteria resulted in 176 cases for analysis.

3.5.4 Selection of the cohort
All patients aged 18-years and older discharged with principal discharge diagnoses of HF
defined by the ICD-10AM-Codes 150.0, 150.1; 142.0; 142.6; 142.7 or 142.9 for the period 1** July

to the 31% December 2010 inclusive were included (Table 3.1).
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3.5.5 Exclusion criteria

Exclusion criteria were applied once the data collection process had been completed for the

218 cases. This approach ensured the ability to describe the clinical features of those excluded

and kept the recruiting process transparent thereby avoiding bias in cohort selection and

reporting. Cases identified as having a history of renal replacement therapy, chemotherapy,

organ transplant, a ventricular assist device or if they were a hospital transfer or lacking at

least two blood test results (i.e. short stay less than 2-days) for the index admission, younger

than 18 years were excluded from the analyses (Gottlieb et al. 2002) (Table 3.2). These criteria

were applied due to their potential to impact on renal function or the ability to assess renal

function. Hospital transfers were excluded as initial patient baseline blood results and clinical

assessment may not have been available.

Table 3.2 Study inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

3.6

Adult > 18years

Admitted to the study site between
1" July & 31" December 2010
inclusive

HF ICD-10-AM Codes 150.0; 150.1;
150.9; 142.0; 142.6; 142.7 & 142.9

Medical record available for audit
including index discharge summary

At least 1 Heart Failure Sign
( increased jugular venous pressure;
S3 gallop; peripheral oedema;
respiratory rate > 24 & bilateral
pulmonary rales or crackles >
basilar)

At least 1 Heart Failure Symptom

(Dyspnoea at rest or with exertion;
Orthopnoea or Fatigue)

Definitions

< 18-years of age

Receiving renal replacement therapy

History of chemotherapy

Organ transplant recipient

Recipient of a ventricular assist device

Hospital transfer

< two blood test results - index admission

(i.e. short stay less than 2 days)

A definition enables the clinician to determine the presence or absence of a disease or

condition and the degree of severity thereby facilitating and ensuring a shared understanding

(Cruz, Ricci & Ronco 2009) and effective communication. Key definitions for this study are
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relevant to the primary and secondary endpoints of the study. Definitions for the conditions
acute kidney injury (AKI) and chronic kidney disease (CKD) were referenced against the Acute
Kidney Injury Network criteria (Mehta et al. 2007) and the appropriate international practice
management guidelines (Kidney Disease Improving Global Outcomes (KDIGO) Acute Kidney
Injury Work Group 2012; Kidney Disease Improving Global Outcomes (KDIGO) CKD Work Group
2013). The definition of heart failure was determined by ICD-10-AM coding classifications
(National Centre for Classification in Health 2010) (Table 3.1). All independent variable
definitions are documented in the following section or under the sub-headings 3.8 Study

measurements or 3.10 Study outcomes.

3.6.1 Heart failure
The participants’ hospital discharge summary with the principal diagnosis was the data source
for defining heart failure. The study’s sampling method used the HF ICD-10-AM Codes 150.0,
150.1, 150.9, 142.0, 142.6, 142.7 and 142.9 (Table 3.1) to define and identify these participants.

Recent European heart failure guidelines (McMurray et al. 2012) define heart failure as an
abnormality of cardiac structure or function that results in inadequate oxygen delivery at a
rate required for metabolizing tissues, and where the typical clinical syndrome presentation is
one of patient symptoms (e.g. breathlessness, ankle swelling, and fatigue) and signs (e.g.
elevated jugular venous pressure, pulmonary crackles, and displaced apex beat) that result due
to underlying cardiac structure or function abnormalities. These signs and symptoms were
collected as dichotomous variables except for ‘displaced apex beat’ which was not collected as
it is infrequently documented in the medical record. However, the signs and symptoms were

not used to substantiate the diagnosis of heart failure, only to characterise the admission.

3.6.2 Chronic kidney disease and renal impairment
A confirmed eGFR of <60ml/min/1.73m? for at least 3-months was the definition adopted for
chronic kidney disease (CKD) (Kidney Disease Improving Global Outcomes (KDIGO) CKD Work
Group 2013). The diagnosis of CKD is made at stage 3a when eGFR has fallen to
<60ml/min/1.73m?. It is at this point there is a reduction in kidney function of up to 70%, and
where relative risk for all-cause mortality and cardiovascular mortality steadily increase (van
der Velde et al. 2011). Renal impairment is most commonly defined as an admission eGFR of

less than 60mls.minute (Damman et al. 2014).

Chronic kidney disease (CKD) and its stages were classified using the Kidney Disease: Improving

Global Outcomes (KDIGO) 2012 Clinical Practice Guideline for the Evaluation and Management
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of Chronic Kidney Disease (CKD) (Kidney Disease Improving Global Outcomes (KDIGO) CKD
Work Group 2013). In these guidelines CKD is defined as all kidney conditions where a person
has evidence of kidney damage and/or reduced kidney function, lasting at least 3 months,
regardless of the specific condition causing the disease (Kidney Disease Improving Global
Outcomes (KDIGO) CKD Work Group 2013). CKD is composed of a heterogeneous group of
disorders characterized by alterations in kidney structure and function, and is classified based
on glomerular filtration rate (GFR) (Table 3.3) and albuminuria category, and cause.
Glomerular filtration rate as the name implies is the amount of blood the kidneys clear of
waste products in one minute. Standard practice is to estimate GFR (eGFR) using a validated
formula such as the Modification Diet in Renal Disease (Levey et al. 1999) or the Chronic

Kidney Disease Epidemiology Collaboration (CKD-EPI) (Levey, Stevens & Coresh 2009) formula.

Table 3.3 Chronic kidney disease stages categorised by glomerular filtration rate

Stage Glomerular filtration rate (GFR) Description

GFR mls.min.1.73m?
1 GFR > 90ml/min/1.73m> normal or high GFR

2 GFR 60 - 89m|/min/1.73m2 kidney damage - mild
decreased GFR

3a GFR 45 - 59ml/min/1.73m" kidney damage - mild-
moderate decreased GFR

3b GFR 30 - 44ml/min/1.73m’ kidney damage -
moderately-severely
decreased GFR

4 GFR 15 - 29ml/min/1.73m2 kidney damage - severe
decrease in eGFR
5 GFR <15ml/min/1.73m’ or kidney failure end stage
On dialysis kidney disease

Adapted with permission from Kidney Disease: Improving Global Outcomes (KDIGO) 2012 Clinical
Practice Guideline for the Evaluation and Management of Chronic Kidney Disease (CKD).
Verification of the CKD diagnosis was made by electronic medical record (EMR) review for the

eGFR biochemistry results. CKD status was confirmed if the EMR showed a minimum of 3-
months where the eGFR was <60ml.min.1.73 m? prior to the index admission. The
Modification of Diet in Renal Disease (MDRD) formula was used to estimate the GFR as this
formula was the method employed by the pathology services at the study site. The MDRD
formula requires values for age, gender and serum creatinine with the eGFR value being
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standardised to a population mean body surface area of 1.73m2. The MDRD formula is
appropriate as it has been validated in HF patients (Smilde et al. 2006). The limitations of the
equation (Earley et al. 2012) and the data elements that it consists of have been presented in

the literature review chapter.

3.6.3 Worsening renal function
As discussed in Chapters 1 and 2, there is no international consensus definition for worsening
renal function in heart failure (Sheerin et al. 2014). This lack of consistency potentially
challenges clinical management. Ronco and colleagues (Ronco & Ronco 2012) have described
the cardio-renal interaction as a syndrome with five sub-types. Their diagnostic criteria for the
cardio-renal syndrome (CRS) sub-type have been presented in the Introduction Chapter (Table
1.1) and are based on AKI and CKD guideline recommendations. However, within cardiology,
international HF practice management guidelines are yet to recommend a WRF definition
despite the substantial volume of literature published on the topic (Butler et al. 2010; Coca et

al. 2007; Damman et al. 2007; Smith et al. 2006).

Due to the absence of a consensus definition for WRF in heart failure, and as WRF was a key
dependent variable in the study, attention turned to other medical professional genre for a
definition. The literature review chapter has noted criteria to defining acute kidney injury (AKI)
evolved over the last decade in response to a need to define and describe acute or abrupt
deterioration of renal function emanating from a broad range of aetiologies in the critically ill.
Critical care specialists and nephrologists were leaders in recognising the need for and

developing a definition.

The Acute Dialysis Quality Initiative (ADQI) group (Bellomo et al. 2004) was the first to produce
a definition and staging criteria for worsening renal function in the critically ill. The ADQI group
published the Risk-Injury-Failure-Loss-Endstage Kidney Disease (RIFLE) criteria in 2004 while
the Acute Kidney Injury Network (AKIN) modification of this definition was published in 2007
(Mehta et al. 2007). The ADQI and AKIN held in common the renal biomarkers serum
creatinine and urinary output with eGFR an option in the ADQI criteria. As mentioned
elsewhere in this thesis, the advantage of the RIFLE and AKIN definitions over commonly use
heart failure worsening renal function definitions is that they incorporate stages for the degree
of severity. The nuances of the acute kidney injury definition discussion are covered

extensively in the literature review chapter.
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Worsening renal function for the study’s cohort was defined as an increase in serum creatinine
of >26.5umol/l (>0.3mg/dl) occurring in <72hrs of the admission value. This modified AKIN
acute kidney injury definition was based on the findings from the heart failure WRF literature.
The serum creatinine cut-point of >26.5umol/l (>0.3mg/dl) is commonly used in HF worsening
renal function studies (Forman et al. 2004; Krumholz et al. 2000) and has been shown to be
significant in terms of morbidity and mortality outcomes (Butler et al. 2010; Damman et al.
2007). This serum creatinine increase is also the threshold for AKI using the AKIN definition
(Mehta et al. 2007) with the increase to occur within 48-hours. The evidence for extending the
time-frame to 72-hours for the creatinine increase is also informed by HF the literature
(Brandimarte et al. 2012; Forman et al. 2004; Gottlieb et al. 2002). Heart failure studies
documenting the elapsed time for the diagnosis of WRF in hospitalised HF patients observed
the majority of patients who develop WRF did so within 72hrs of admission (Brandimarte et al.

2012; Forman et al. 2004; Gottlieb et al. 2002).

1.1.1 Blood pressure

METeOR the Australian Institute of Health and Welfare (AIHW) metadata online registry2
describes systolic blood pressure (SBP) as reflecting the maximum pressure to which the
arteries are exposed, while diastolic blood pressure (DBP) reflects the minimum pressure to
which the arteries are exposed. Systolic and Diastolic BP are measured in millimetres of
mercury (mmHg). Episodes of severe hypotension were defined as a mean arterial pressure

(MAP) of <80mmHg.

3.7 Data collection
A broad range of cardio-renal data elements associated with hospitalised heart failure,
worsening renal function and its outcomes were identified through the literature review as
described in Chapter 2. Informed by the literature review, 553 variables were incorporated
into the case record form (CRF). Many of the variables were repeat measures for
haemodynamic items (n=38), blood pathology results (n=120) and medication management
information (n=120). The data from the CRF enabled a comprehensive description of the
patient’s clinical and biological status during the course of the index admission, and provided

the basis for relationship analyses.

2 Australian Institute of Health and Welfare METeOR website METeOR

http://meteor.aihw.gov.au/content/index.phtml/itemld/181162 last accessed 15/09/2014.
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3.7.1 Case record form (CRF)

A design feature of the CRF (Appendix 2) was it mirrored the medical record structure as
closely as possible in order to minimise data errors. The architecture of the medical record at
the study site was a problem-orientated medical record which provided a systematic method
for documentation by the admitting medical officer. It followed a process of defining the
clinical problems and organising them in a way that priorities for solutions organised in
chronological order. For example, the format of documentation was presenting
complaint/illness including the nature duration and symptoms (CRF acute precipitating factors,
admission examination); past medical history; family history and review of bodily systems. A
provisional diagnosis completed the admission medical history and informed patient
management. By ordering the CRF in this way, data collection efficiencies were maximised. The
CRF was divided into 18 sections to follow the medical record format. The CRF sections are
outlined below in Table 3.4. The study CRF document is available in the appendices (Appendix
2).

Table 3.4 Case record form (CRF) section headings

Sections Sections Sections Sections
Participant details Current medications Complications Medications
Acute precipitating Cardiac  imaging & Procedures Peak, nadir blood results
catheter results
factors
Admission examination  Charlson Index Pre-discharge planning Series results: Blood &
haemodynamic
measures
Admission Troponin & Medical history & On discharge fluid status
Other comorbidities
CKMB results
HF Aetiology Index admission Discharge  status &

management destination

Abbreviations: CKMB: Creatine kinase myocardial band isoenzyme; HF: heart failure
3.8 Study Measurements

3.8.1 Demographics - participant details
Section 1 of the CRF accounted for the participant’s demographic information, medical
administration details, exclusion criteria, and additional presentations data for the 12-month

follow-up period as represented in table 3.5. Participant identifying information was not
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included in the analysis database to ensure cases were de-identified to protect the privacy of
participants. Additional hospital admissions or emergency department presentations for the
12-month follow-up period were also collected. These data covered the date of the episode,
length of stay, precipitating factors and discharge destination. The participant’s survival status

at 12-month follow-up was also documented.

Table 3.5 Case report form: demographic & medical administration details

Age, gender, primary health care doctor, ethnicity, need for interpreter
Demographics
and 12-month census date status: alive, dead or unknown.

Admission & discharge date, length of stay, ICD-10-AM code principal

and secondary diagnosis, and the availability of the discharge summary.
Medical administrative detail
Type of admission: elective, admitted, hospital transfer, residential care

transfer or dead on arrival.

History of: renal replacement therapy, chemotherapy, ventricular assist
Exclusion criteria
device, organ transplant or hospital transfer.

Prior HF and/ or CKD Documented history for a prior HF admission and/or confirmed CKD

Index admission discharge
Home or relative; residential care; hospital transfer or died
destination

Documentation of subsequent hospital or emergency department
Additional presentations for the presentations, precipitating cause and type of admission: elective,
12-month study period emergency department only, admitted, transferred hospital, transferred

rehabilitation or dead on arrival.

3.8.2 Admission examination
Items for the patient’s index admission examination focused on the signs and symptoms of HF
and its management. Variables include the baseline haemodynamic measures, signs and
symptoms of fluid overload (e.g. peripheral oedema, rales, raised jugular venous pressure,
ascites) and the diagnosis and management of heart failure as listed in table 3.6. Admission
heart rate, systolic and diastolic blood pressure, peak troponin or creatine kinase myocardial
band isoenzyme (CKMB) value and arterial oxygen saturation (Sa02) percent were the physical
examination continuous variables. The remaining categorical variables were the New York

Heart Association (NYHA) functional class, heart rhythm, heart sounds, primary acute
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precipitating factor, weight monitoring and tobacco use status, and the admission/ discharge

ward. Index admission examination variables are listed in the following Table 3.6.

Table 3.6 Index admission clinical examination variables

Clinical status (ordinal or
dichotomous variables:

yes/no)

Haemodynamic variables

(scale variables)

Ward: on admission/ at
discharge (dichotomous

variables: yes/no)

Cardiac enzyme results (scale

variables)

Acute precipitating factor

(dichotomous variables:

yes/no)

NYHA functional class; infection; pacemaker; implanted cardiac defibrillator;
ascites; raised jugular venous pressure; lung crepitations; orthopnoea;
peripheral oedema; heart sounds S1/S2 or S3 or S4; systolic or diastolic

murmur; weight monitored daily; tobacco use category

First recorded: systolic & diastolic blood pressure; heart rate; percent

oxygen saturation and respiratory rate

Cardiology; intensive care or high dependency unit; respiratory; aged care;

other; no data

Peak Troponin & CKMB (Creatine kinase myocardial band isoenzyme)

Dyspnoea; Angina (Canadian Cardiovascular Society functional class |, 11,1l or
IV); Chest pain; Arrhythmia; Recent (<1-month) myocardial infract (Ml);
Acute MI; Respiratory infection; Fatigue; Iron infusion; Fever; Fall; Cough;
Oedema; Confusion; Vomiting; Anaemia; Loss of consciousness; Elective
admission; Thyroid disease; Change of cardiac drugs < 7-days; Non-
compliance; NSAIDs induced; Acute renal failure; Bacterial endocarditis;
Exacerbation or new on-set non-cardiac disease; Acute cardiac mechanical

complication.

3.8.3 Aetiology of heart failure, management and co-morbidity burden

These CRF variables detailed the nature of the heart failure and if there was documentation to

support the diagnosis. Echocardiography and cardiac catheter results were recorded when

available; the Charlson Index results completing this component of the patient’s profile. These

variables are shown in table 3.7. These variables were either dichotomous (yes/ no) or ordinal.
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Table 3.7 Heart failure aetiology

HF Aetiology
(Dichotomous: yes/no)

Current medications -
(Dichotomous: yes/no)

Cardiac imaging or catheter
(mix of Dichotomous: yes/no
and ordinal variables)

Charlson Index
(mix of Dichotomous: yes/no
and ordinal variables)

Ischaemic; dilated; idiopathic; valvular; hypertension; familiar; congenital;
endocarditis; pulmonary hypertension; sarcoidosis; viral; chemotherapy;
alcoholic; amyloidosis.

Angiotensin converting enzyme inhibitor; angiotensin receptor blocker;
Beta blockers; diuretics; aldosterone antagonist; anticoagulant;
antiplatelet; digitalis; lipid lowering agent; nitrate; anti-arrhythmic;
calcium channel blocker, Non-Steroidal Anti-inflammatory Drugs (NSAIDs);
other vasodilator

Test type — echocardiography, gated heart-pool scan, angiography; aortic
stenosis; mitral stenosis; right atrial pressure; aortic regurgitation; mitral
regurgitation; ejection fraction percent; fractional shortening; left
ventricle function; right ventricle function; pulmonary hypertension; date
of latest test

AIDS; cerebrovascular disease; chronic obstructive pulmonary disease;
chronic heart failure; connective tissue disease; peripheral vascular
disease; dementia; hemiplegia; leukaemia; malignant Iymphoma;
myocardial infarction; peptic ulcer disease; lymphoma; diabetes mellitus;
liver disease; renal disease; malignant solid tumour.

3.8.4 Medical history

Not all co-morbidities were covered by the Charlson Index. Other health conditions such as

depression and atrial fibrillation were documented for their potential relevance when

investigating the cardio-renal relationship as depression and atrial fibrillation are known

cardiovascular risk factors (Mendis, Puska & Norrving 2011). As such, other medical history

events or conditions were recorded as dichotomous yes/no variables in table 3.8.

Table 3.8 Medical history: comorbidities

Cardiac arrest Diabetes —insulin Heart valve disease Cancer treatment
Hypertension Atrial fibrillation Depression Nursing home care
High cholesterol Coronary artery disease Thyroid disease Other serious condition
Type 1 Diabetes History arrhythmia Sleep apnoea Other chronic condition
Diabetes non-insulin Aneurysm (abdominal) Recent major bleed

3.8.5 Index event management

Management variables address intermittent and / or continuous use of intravenous (IV)

diuretics and the need for support therapies such as IV inotropes or Glyceryl Trinitrate (GTN);

percutaneous cardiac interventions (PCl), pacing devices and the need for oxygen therapy or

ventilation and intubation. These data items help describe the severity of the patient’s
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condition during the admission. The diuretics dose may be used to help interpret changes in
renal function. Again, these items were in the main dichotomous, yes/no, except for diuretics

days and dose variables in table 3.9.

Table 3.9 Index admission clinical management options

IV Diuretics >24-hours Intra-aortic balloon pump

IV Diuretic infusion > 24-hours Oxygen therapy

IV Glyceryl Trinitrate (GTN) infusion Continuous or Biphasic positive airway pressure therapy
(CPAP or BiPAP)

IV inotrope infusion Mechanical ventilation

Referred for VAD/ Heart transplant Intubation

Percutaneous coronary intervention (PCl) IV diuretics total number of days

Insertion of pacemaker IV diuretics infusion total number of days

Insertion internal cardiac defibrillator Highest total daily IV and/or infusion diuretic dose

Abbreviations: IV: intravenous; BiPAP: Biphasic intermittent positive airway pressure; CPAP:
Continuous positive airway pressure; VAD: ventricular assist device.

3.8.6 Complications
Complications during the course of an admission have been linked with worsening renal
function in heart failure patients (Cowie et al. 2006). For this reason, it was considered
important to include items on cardiac arrest, S-T elevation myocardial infarction (STEMI), Non-
STEMI, stroke, pulmonary embolus, deep vein thrombosis, respiratory tract infection, urinary
tract infection, cardiogenic or septic shock, the need for renal replacement therapy, un-
planned admission to intensive care, coronary care or general operation theatres and death.
These variables were recorded as dichotomous yes/ no variables. Table 3.10 lists these

variables.
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Table 3.10 Index admission complications variable list

Cardiac arrest Trans ischaemic attack Unplanned admission Pulmonary embolus
(TIA) Coronary Care Unit (PE)
STEMI Deep vein thrombosis Unplanned admission Cardiogenic shock
(DVT) Intensive Care Unit
Non-STEMI Respiratory tract infection (RTI) Unplanned visit to Septic shock
operating theatre
Stroke Urinary tract infection (UTI) Renal replacement therapy Died

Abbreviations: STEMI, S-T elevation myocardial infarction

3.8.7 Procedures
Information on coronary angiography for the index admission or a history of this procedure
and the result was also collected to help identify those cases with documented coronary artery
disease and the use of contrast medium a potential cause of renal damage. The variables were
either dichotomous or ordinal except for one date variable (Table 3.11). Information from
these data items help informs the context for the study outcomes. Unfortunately, the
information for these items was minimal with much of the potential data missing due to lack of
documentation. For example, left ventricular ejection fraction percentage was often not
recorded; instead, there was .a description of left ventricular function as normal or mildly,

moderately or severely impaired.

Table 3.11 Coronary angiography status, management and result variables

Coronary angiography Pre-hydration Coronary angiography result
Date angiography Ultra-filtration Coronary disease extent
Contrast used N-acetylcysteine used

3.8.8 Discharge planning
Readmission and emergency department presentations are secondary study outcomes. It was
therefore thought relevant for pre-discharge planning and post discharge management be
documented (Table 3.12). This section of the CRF notes allied health assessments and

interventions, access and appointments for outpatient services such as cardiac rehabilitation
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and documentation of follow-up arrangements with the patient’s general practitioner and/ or

cardiologist. All variables were dichotomous yes/ no responses.

Table 3.12 Discharge planning variables

Discharge medication Dietician review Aged care assessment  Qutpatient HF clinic
list team (ACAT) review appointment noted
Physiotherapy Pharmacist review General Practitioner Cardiologist follow-up
assessment (GP) appointment documented
Occupation therapy Social worker Discharge summary

assessment consult to GP

3.8.9 Fluid status on discharge
There is some evidence in the scientific literature that only HF patients who have experienced
WRF during the admission and continue to have signs of fluid overload on discharge have
worse outcomes (Metra et al. 2011; Nufez et al. 2014). Hence, the ability to collect this
information was included in the CRF (Table 3.13). These variables listed in the following table
were dichotomous yes/ no (included not recorded). Unfortunately, these variables are again

not frequently documented in the EMR.

Table 3.13 Discharge fluid overload status variables

Ascites Raised JVP
Peripheral oedema Lung Crepitations
3.8.10 Participant discharge destination status
The destination at discharge was recorded to identify carer support as living alone is a risk

factor for further CVD events. These variables were dichotomous yes/ no response options

(Table 3.14).

Table 3.14 Participant discharge destination variables
Discharge home or to relative Transferred to rehabilitation facility
Discharged to residential care Died during admission
Transferred to another hospital
3.8.11 Medications
The patient’s medication regime at the time of admission and discharge was recorded. For

both time-points the name of the drug, the route of administration, the daily dose and

international units were collected. In addition, it was noted at discharge whether the drug
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remained unchanged, increased, decreased or was new. There was the capacity to record up
to 20 medications per patient. If medications exceeded this capacity, medications not included
in order were aperients, eye drops, topical creams, and analgesics. The generic name for each
drug was a string variable, route of administration, international units name and drug statuses

on discharge were categorical nominal variables. The dose was a scale variable.

3.8.12 Biochemistry and haematology results
Baseline, peak, nadir and final values for the variables serum sodium, urea, creatinine,
albumin, haemoglobin, mean cell volume, red cell diameter width, C-reactive protein and
calculated eGFR were recorded. These data were collected for the first five days of admission if
available. Additional biochemistry and haematology values recorded for admission or first
blood result and final blood result in addition to above values included serum potassium,
corrected calcium, phosphate, parathyroid hormone, alkaline phosphate, iron, white cell
count, platelets, thyroid stimulating hormone and total cholesterol. These values as
continuous variables were measures classified as a scale in IBM’s SPSS version 21 (IBM Corp,

Armonk, NY).

3.8.13 Haemodynamic clinical series
Documentation was made for the highest and lowest daily values for systolic and diastolic
blood pressure and heart rate. These haemodynamic variables were collected for the first 5-
days of the index admission where available. Episodes of severe hypotension defined as a
mean arterial pressure (MAP) of <80mmHg could be identified. As continuous variables, they

were classified as a scale in SPSS.
3.9 Instruments and reliability

3.9.1 Modification of Diet in Renal Disease (MDRD) eGFR formula
Estimated glomerular filtration rate was calculated using the Modification of Diet in Renal
Disease (MDRD) equation as this was the standard used by the pathology services at the study
site. The MDRD equation has been validated in hospitalised HF patients and shown to be an
appropriate method for the indirect assessment of renal function in these patients (O'Meara et
al. 2006; Smilde et al. 2006). The limitations of the MDRD equation have been presented in the
literature review where it was noted that the CKD-EPI equation is now the preferred formula

for estimating GFR in HF.
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3.9.2 Acute kidney injury network (modified) acute kidney injury metric
Worsening renal function was defined as an increase in serum creatinine of >26.5umol/I
(>0.3mg/dl) from baseline in the period of < 72-hours from the admission value. This value and
timeframe have been previously discussed in this chapter under the sub-heading of definitions
and again extensively in the literature review chapter. Importantly the >26.5umol/I
(>0.3mg/dl) threshold in hospitalised HF patients has been demonstrated to have the
maximum specificity and sensitivity for prognostic outcomes (Gottlieb et al. 2002) and is the
AKIN acute kidney injury threshold. The extension of the timeframe for AKIN acute kidney
injury diagnosis from <48-hours to <72-hours is based on the results from several HF studies
which investigated the incidence and outcomes associated with its occurrence (Brandimarte et
al. 2012; Forman et al. 2004; Gottlieb et al. 2002). These studies found that the majority of HF

patients who developed acute WRF did so with the first 3-days (72-hours) of hospitalisation.

3.9.3 Haemodynamic measures
Systolic and diastolic blood pressure and heart rate are bed-side measures for which the
electronic equipment calibration and technique used by the health professional to determine
these metrics cannot be checked or verified respectively. The data for these variables were a
direct transcription from the medical record to the CRF. METeOR the Australian Institute of
Health and Welfare (AIHW) metadata online registry3 describes systolic blood pressure (SBP)
as reflecting the maximum pressure to which the arteries are exposed, while diastolic blood
pressure (DBP) reflects the minimum pressure to which the arteries are exposed. Systolic and
Diastolic BP are measured in millimetres of mercury (mmHg). The measurement of heart rate

is defined as the person’s heart rate measured in beats per minute (bpm).

3.10 Study outcome measures

3.10.1 Primary endpoint
The primary endpoints for the study were the incidence of acute worsening of renal function
present as acute kidney injury (AKI) during the index admission and the composite outcome of
all-cause mortality or major acute cardiovascular or cerebrovascular (MACE) event at 12-
months follow-up from the date of discharge for the index admission. Acute worsening renal
function was defined using a modified AKIN acute kidney injury definition. This definition

required a serum creatinine increase of >26.5umom/| over the baseline value within 72-hours

3 Australian Institute of Health and Welfare METeOR website METeOR

http://meteor.aihw.gov.au/content/index.phtml/itemld/181162 last accessed 15/09/2014.
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of admission. MACE was defined as ST elevation myocardial infarction (STEMI), non-STEMI,

cardiac arrest or a stroke.

For worsening renal function, the scale of measure was serum creatinine which is a
participant’s serum creatinine (SCr) level measured in micromoles per litre (umol/L). The point
of comparison was between the admission baseline SCr value and the first value within the 72-
hour time window that resulted in an increase of >26.5umol/l (0.3mg/dl) in this renal
biomarker (Forman et al. 2004; Gottlieb et al. 2002). All-cause mortality at 12-months follow-
up was determined using both the electronic medical record and the hardcopy medical record
of participants. If status as alive or dead could not be verified ‘unknown’ was recorded. For the
outcome analyses participants with and ‘unknown’ census date status were included in the

‘Alive’ category.
3.10.2 Secondary endpoints

Secondary endpoints for the study were the number of hospital re-admissions, emergency
department presentations, and total bed days at 12-month follow-up for group comparisons
for those with AKI and no AKI. To complete the characterisation of renal dysfunction in
hospitalised heart failure patients secondary study endpoints were also assessed: patients with
renal impairment (RI) or confirmed chronic kidney disease (CKD) on admission compared to
those without Rl or CKD. Data for these analyses were collected by access to the electronic
medical record for each participant. This process enabled documentation for a count of
hospital or emergency department presentations, date of presentation, precipitating factors
and discharge date for all hospitals within the area serviced by the SWSLHN. A limitation of this
data is the inability to identify private hospital admissions and out-of-area admissions or

emergency department (ED) presentations.

3.11 Data analysis
Data analyses were supervised by Professor David Sibbritt, University of Technology, Sydney
and Dr Chakra Budhathoki, Johns Hopkins University, Baltimore. All statistical analyses were
performed using IBM’s SPSS for Windows, version 21.0 (IBM Corp, Armonk, NY). A significance
level of .05 was set to indicate statistical significance. The literature review informed definition
for AKI to describe in-hospital worsening renal function was as a serum creatinine increase of
>26.5umol/l above admission value within 72-hours of admission. This definition was used to
categorise patients into no-AKIl and AKI groups. To examine differences between AKI and non-
AKI and clinical characteristic variables for AKI groups’ the Pearson’s chi-square test or Fisher’s

exact test for categorical variables and the independent-sample t-test for continuous variables
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if normally distributed or the Mann-Whitney U (Dinneen & Blakesley 1973) test if not normally
distributed were used. To provide additional detail for characterising renal dysfunction in
hospitalised HF patients differences between patients with renal impairment and no-renal
impairment at baseline; and confirmed chronic kidney disease and no chronic kidney disease
and the cohort variables age, gender and development of AKI were also analysed. Again the
between group associations and differences between groups were analysed using the
Pearson’s chi-square test or Fisher’s exact test for categorical variables and the independent-
sample t-test for continuous variables if normally distributed or the Mann-Whitney U test if

not normally distributed.
Table 3.15 Key study variables: type

Dichotomous Nominal Ordinal Continuous (interval/ ratio)

New York Heart
Association
functional class

Worsening renal Gender

function in 72hrs

Age calculated

ICD-10AM-Codes for Index admission date

Renal impairment
status

Confirmed chronic
kidney disease status

Hospital transfer

Chemotherapy
history

Ventricular assist
device

Additional
admissions

Emergency
department

heart failure

Patient discharge
status

Census date status

Patient discharge
destination

ECG rhythm
Admission type

Admission primary
precipitating factor

Admission type

Index death cause

Chronic kidney
disease stage

Charlson Index
renal function
status

Charlson Index
diabetes status

Charlson Index liver
function status

Tobacco use

Left ventricular
function

Index admission discharge
date

Length of stay

First recorded systolic blood
pressure

First recorded heart rate

First recorded respiratory
rate

First recorded oxygen
saturation percent

Admission values for all
biochemistry and
haematology results

presentations

Final values for all
biochemistry and
haematology results

ACE on admission

B.blockers on

admission . N
Left ventricular ejection

Diuretics on fraction

admission

The list of key study variables by type is provided in the above table 3.15. The majority of the
variables were quantitative, and either nominal or dichotomous. For example, variables for the
presence of co-morbidities, tests performed, complications or heart failure aetiology fell into
the nominal, dichotomous category. Other categorical variables were ordinal. The NYHA
functional class, tobacco use, left ventricular function and CKD stage are some of the ordinal

variables in the dataset. Continuous, quantitative variables included all the blood result items
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and SBP, DBP and heart rate. Each variable was explored using univariate analysis to determine
its range and the measures of central tendency. For categorical variables frequency
distributions were run, and median and interquartile range recorded, while for continuous
variables histograms with normal distribution curves super-impose were generated to guide
further analyses with mean and standard deviation noted if distribution was symmetric,

otherwise median and interquartile range were reported.
3.11.1 Data checking

Prior to any analyses, the raw data for each case was checked for missing information and
frequency analysis for outliers. On the few occasions missing or conflicting data were
identified, the original CRF was referred to and if this did not resolve the issue the original
medical record was consulted. Syntax was then written to remove from the analyses those
cases who recorded one or more exclusion criteria. Excluded cases, their identification code
and reason for exclusion were documented. This aspect of the analysis was completed under
the leadership of a senior statistician. The next phase involved running frequency tables for all
the variables to ensure data for included cases was consistent with the count, that is 176 cases
and the case count correct once excluded cases were removed. When certainty for the raw
data was established by the preceding processes descriptive, then inferential statistical tests

were run to answer the study questions and test the study hypotheses.
3.11.2 Descriptive analyses

Descriptive analyses were applied to generate the baseline index admission characteristics for
the cohort stratified by WRF status. Categorical data were presented as a count and
percentage. Continuous data were summarised by mean and standard deviation or by median
and inter-quartile range if skewed. To check variable data distribution, frequency distributions
(histograms) for continuous variables were generated to help define the appropriate analysis
procedure. As noted above, the independent-sample t-test or Mann-Whitney U test was used
to compare the differences between the two groups (worsening renal failure status, yes/no)
using the mean or median for outcomes of interest, while the Pearson’s chi-squared test or
Fisher’s exact test was used to determine if there were significant differences between the two
groups for a categorical variable. The study’s independent variable was the participants’ status

for index admission worsening renal function (WRF_72) presenting as AKI.
3.11.3 Recoding and formulation of new variables

Several original variables were recoded for analysis purposes. One of the issues with medical

record audit is that the detail available in the medical record can be dependent on the author,
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the situation regarding the patient’s admission as either a new heart failure presentation or as
a chronic re-presenter or admission status as either acute or elective (Jamrozik K et al. 2001).
In such situations, it is often prudent to recode data items to represent the patient status
rather than detail its components. For example when ‘Admission examination’ items for signs
and symptoms of fluid status (‘raised jugular venous pressure’, ‘crepitations’, orthopnoea,
ascites and ‘peripheral oedema’) were analysed for frequencies variously data for one or other
of the items was missing we therefore recoded these data elements into the variable ‘Fluid
status’ for analyses. This approach was followed for electrocardiograph rhythm (sinus or other;
atrial fibrillation or other); heart failure aetiology (ischaemic or other; Idiopathic or other;
hypertension or other or Dilated or other); left ventricular function (normal/mild or moderate/
severe dysfunction); and New York Heart Association (NYHA) classification (NHYA | & Il or

NYHA 11l & 1V) and CKD stage (No CKD = Stage | & Il or CKD = Stage llla, lllb, IV or V).
3.11.4 Survival analysis

The time-to-composite endpoint was compared between in-hospital worsening renal function
status (yes/no) presenting as acute kidney injury (AKI) using a log-rank test. Survival curves
were estimated using Kaplan-Meier method (Collett 2002). As an additional analysis, a Chi-
square test was used to investigate associate between number of composite endpoints and

WREF status.

The Kaplan-Meier (Collett 2002) and log-rank tests were used to compare the time to
composite endpoint all-cause mortality and major cardiovascular event (ST elevation
myocardial infarction [STEMI], non-STEMI, Cardiac arrest or Stroke) survival: 1) between
patients who developed in-hospital worsening of renal function presenting as AKI and non-AKI

patient groups a and represented in the SPSS database as WRF_72 a dichotomous variable.

To understand the relationship between renal dysfunction in hospitalised HF patients Kaplan-
Meier log-rank tests were also used to compare the time to composite endpoint all-cause
mortality and major cardiovascular event (ST elevation myocardial infarction [STEMI], non-
STEMI, Cardiac arrest or Stroke) survival: 1) between patients with renal impairment (RI) and

no-RI groups and 2) in the presence or absence chronic kidney disease (CKD).

In addition to primary outcome (time to composite endpoint and number of composite
endpoints), three secondary outcomes (hospital readmissions, emergency department
presentations and total hospital bed days) were compared between WRF status presenting as

AKI using a Mann-Whitney U test.
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3.11.5 Regression modelling

Binary logistic regression modelling (Hosmer, Lemeshow & Sturdivant 2000) was used to find a
set of explanatory variables to predict an outcome of acute kidney injury (AKI) for the cohort.
AKI represented by the variable worsening renal function in 72-hours (WRF 72). The method
used was backward stepwise logistic regression a sequential method. Variables included in the
first modelling step had a p-value <0.1 in the baseline cohort characteristics table stratified by
AKI; or had previously been identified as AKI predictors in the scientific literature. The eight
variables eligible for step 1 of the analysis were: age, confirmed chronic kidney disease (stage
3a to 5 end-stage), first recorded systolic blood pressure, beta blocker use at the time of
admission, admission values for serum creatinine, eGFR, haemoglobin and a history of
diabetes. The number of variables in the initial equation was reduced to 6 to ensure a
minimum of ten participants per variable (Hayat 2013; Vittinghoff & McCulloch 2007). A
confirmed history of chronic kidney disease >Stage 3a at the time of admission was used as the
renal variable to reduce the potential for multicollinearity. Four steps were required to

complete the regression analysis.

3.12 Ethics procedures
Ethics approval for the study was granted in November 2011 by the Human Research Ethics
Committees for the South Western Sydney Local Health District (SWSLHD) and by University of
Technology Sydney in late December 2011 prior to cohort generation and data collection. The
HRECs agreed that patient consent was not required as the study investigated relationships
and patterns arising from the patients’ clinical profile, care, test results and subsequent health
outcomes of interest. The analysis could therefore be derived from the documentation evident
in the patient’s medical record and no intervention took place. Key ethical issues in this
research were maintaining patient confidentiality. This was achieved by data management

strategies described below.

The rationale for starting case recruitment and data collection from 1* July 2010 was to ensure
outcomes data would be available for the 12-month follow-up period from the date of the
index hospital admission. Data sources were both electronic and paper-based medical records.
Both medical record systems permitted pre index event confirmation for the diagnosis of heart

failure and the case status regarding chronic kidney disease.
3.12.1 Informed consent

Informed consent requirements were waivered by the Ethic Committees. The wavier was given
as the study was low-risk as it did not interventional and patient privacy and identity would be
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safeguarded. All data would be coded to de-identify cases and results would be published as

group data.
3.12.2 Data management

Patient confidentiality and privacy was maintained by de-identifying the data and grouping for
analysis and publication. Participant data collection forms and electronic data records were
numerically coded. For data linkage purposes, a data linkage document was kept that detailed
participants’ personal identification information with their study numeric code; this document
has been kept separate from the data collection and has been only accessible to authorized
study staff. All computer based data storage was and remains password protected and
accessed only by the chief investigator and authorized study personnel. Paper-based clinical
research forms have and continue to be secured in a locked filing cabinet within a locked
restricted access research studies storage area at the study site and will be kept at least for 5-

years.
3.12.3 Governance

Co-investigators for this study included the supervisory team and a senior cardiologist and
nephrologist at the study site. To ensure the ethics study requirements were met and the
study remained on schedule, regular meetings were held with the supervisory team. These
meetings would also address data collection issues or data definition queries. Annual HREC
progress reports were forwarded to the SWSLHN and the UTS committees. Confirmation of

continuing ethics approval was an outcome form the provision of these reports.

3.13 Conclusions
This chapter has provided a discussion of the methodological issues and considerations of the
ReFinH: cohort study. Baseline biochemistry and haematology results, specifically creatinine,
estimated glomerular filtration rate, urea and haemoglobin levels were assessed in all patients.
Data for the index admission initial medical assessment, precipitating symptoms and signs,
heart failure aetiology, medications, complications during the index admission, discharge
planning and haemodynamic and blood results for a maximum of 5-days if available were
collected. Emergency department presentations, hospital re-admissions, length of stay for the
index admission, total number of bed days and mortality status for the 12-month follow-up
period after discharge were also documented. Data were extracted for 265 events
representing 218 individuals generating a baseline cohort of 176 and a follow-up cohort of 166

for analysis. The following chapter will present the results of the study using these data.
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4.1 Introduction

In the setting of patients hospitalised with heart failure, renal function status has been
established as a strong prognostic marker. Acute worsening of renal function during
hospitalisation is associated with adverse outcomes. The ‘Renal function in chronic heart
failure cohort study’ sought to investigate relationships regarding the prevalence, predictors
and prognostic importance of acute and chronic renal dysfunction in an Australian cohort of

hospitalised heart failure patients. The chapter presents the study results.

In this single centre, retrospective chart audit, study participants were identified for inclusion
in the cohort a priori. Data were collected for the index admission and the follow-up period for
the outcomes of interest. The medical record audit enabled the identification of individuals
who developed in-hospital worsening renal function (WRF) described in this thesis as acute
kidney injury (AKI) during the index admission. These data facilitated the analyses to
characterise HF patients with renal dysfunction, detect the risk factors associated with acute
kidney injury and the relationship it had with the study primary and secondary outcomes. The
prevalence of renal dysfunction as renal impairment (RI) and chronic kidney disease (CKD) are

also reported.
The study null hypotheses were:

1. There is no difference in the composite outcome all-cause mortality and major acute
cardiovascular events (ST elevation myocardial infarction (STEMI), non-STEMI; cardiac
arrest and stroke) at 12-months follow-up between participants who develop in-
hospital worsening renal function within 72-hours of their index admission presenting

as acute kidney injury and participants who did not.

2. There is no difference at 12-months follow-up in hospital re-admissions; emergency
department presentations, or total hospital beds days between participants who
develop in-hospital worsening renal function within 72-hours of their index admission
presenting as acute kidney injury and participants who did not.

To address the study hypotheses and to characterise the HF cohort the following objectives

were addressed:

i Determine the incidence of AKI
ii. Determine the survival for hospitalised HF patients discharged with an index admission

episode of AKI
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iii. Determine the relationship between hospitalised HF patients discharged with an
episode of AKI and secondary outcomes for the study

iv. Identify the risk factors (predictors) associated with the development of AKIl in the
study cohort

V. Determine the prevalence of renal impairment and confirmed chronic kidney disease

vi. Describe the survival for hospitalised HF patients discharged with an index admission
history of renal impairment and confirmed chronic kidney disease, and

vii. Describe the relationship between hospitalised HF patients discharged with an index
admission history of renal impairment and confirmed chronic kidney disease and

secondary outcomes for the study.

Participant recruitment results are presented first followed by baseline demographic and
characteristics for the participants stratified by the main outcome of interest in-hospital
worsening renal function categorised using a modified AKIN acute kidney injury (AKI) definition
(Sheerin et al. 2014). AKl incidence is presented and defined as an increase in serum creatinine
of greater than 26umol/l over the admission value within the first 72-hours of admission. This
definition has been informed by the literature review reported in chapter 2. This baseline
characteristics table 4.1 highlights statistically significant differences for each variable for the

WRF group.

The primary outcome, the impact AKI for the composite endpoint all-cause mortality and
major acute cardiovascular event (ST elevation myocardial infarction (STEMI), non-STEMI;
cardiac arrest and stroke) at 12-months follow-up post index hospitalisation is then presented.
The 12-months follow-up outcomes for AKI and the secondary endpoints, number of hospital
re-admissions; emergency department presentations and total hospital bed days follows. The
Binary logistic regression modelling results for predictors or risk factors for acute kidney injury
in the study cohort are then presented. The remainder of the chapter addresses

characterisation of the cohort.

Characterisation of renal function in HF continues with data for the prevalence of renal
impairment, determined by admission eGFR and the severity of Rl at the time of index
hospitalisation. Confirmed chronic kidney disease prevalence established at the time of
admission by historic review of the electronic medical record is documented for the cohort. To
complete the illustration of renal function in hospitalised HF patients, a brief report of Rl and
confirmed CKD on survival and their relationship to the secondary outcomes is given. Finally,

attention other variables that enhances the characterisation of renal dysfunction in
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hospitalised HF is presenting in data for gender, age groups, medication and comorbidities

against the principal outcome of interest AKI.
4.2 Participant recruitment

For the 6 months of the clinical audit period (July 1°* — December 31* 2010), there were 265
heart failure admissions representing 218 patients. All 218 patients were identified as
potentially eligible for the study and had data extracted from their medical record. Exclusion
criteria, conditions or situations which could potentially influence renal function or prevent
baseline assessment of renal function were applied (Figure 4.1) resulting in a cohort for
investigation of 176 patients. There were 10 deaths during the index admission reducing the
cohort to 166 patients for the 12-month follow-up analysis. The patient recruitment results are

presented in the following figure 4.1.

4 )

COHORT

Generated using discharge summary
ICD-10AM-Codes for Heart Failure
(150.0, 150.1, 150.9, 142.1, 142.6, 142.7 &
142.9)

\ 265 Admissions )

MEDICAL RECORD AUDIT

218 patients / \

EXCLUDED FROM ANALYSIS

e Organ transplant recipients = 2
e Had a ventricle assist device =
Nil
e Chemotherapy treatment = 10
e Renal replacement therapy = 6
e Younger than 18 years = Nil
<1 blood result index admissioy

[ ]
AVAILABLE FOR ANALYSIS \

176 patients

Figure 4.1 Cohort recruitment process
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4.3 Baseline cohort characteristics stratified by in-hospital

worsening renal function defined as acute kidney injury

Baseline characteristics for the cohort are presented stratified by patients’ in-hospital
worsening renal function (WRF) presenting as acute kidney injury (AKI). As discussed above,
the AKI definition is a modification of the Acute Kidney Injury Network (AKIN) definition for AKI
(Mehta et al. 2007). Categorical variables were summarized as frequency and percentage; and
continuous variables were described using median and interquartile range (25th and 75") or
mean with standard deviation depending on distribution. Group comparisons were run using
either x* test or Fisher’s exact test for categorical variables and a t test or Mann-Whitney U
test for continuous variables depending on distribution. For a few variables, the cohort
number was reduced owing to missing documentation in the medical record. This was the case
for variables linked to the electrocardiogram (n=153) and echocardiogram (n=148). The lack of
data in the medical record for these variables prevented the reporting for the cohort of left

ventricular ejection fraction (EF %).

Renal impairment was specified as an admission eGFR of <60ml.min.1.73m> The baseline
characteristics for the 176 participants eligible for inclusion in the analysis are summarised by

in-hospital worsening renal function (acute kidney injury) group in the following Table 4.1.
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Table 4.1 Baseline characteristics for cohort stratified by worsening renal function

Admission Cohort WRF& No WRF P value
Characteristics ANSCr>26pmol/I

Cohort n=176 42 (24%) 134 (76%) <0.001
Age, years (Median, IQR) 76 (68, 83) 78(69, 83) 76 (68, 83) 0.505
Female (n, %) 79 (45) 19 (45) 60 (45) 0.958
HF Aetiology n=176
Ischaemic (n, %) 66 (38) 13 (31) 53 (40) 0.315
Hypertensive (n, %) 19 (11) 5(12) 14 (10) 0.791
Primary precipitating factor n=174
Dyspnoea (n, %) 79 (45) 19 (46) 60 (45) 0.890
Oedema (n, %) 17 (10) 5(12) 12 (9) 0.550
Chest pain (n, %) 21(12) 2(5) 19 (14) 0.168
Heart rate (b.p.m.) Median (IQR) 88 (72, 106) 91 (79, 104) 85 (70, 106) 0.368
Systolic BP (mmHg) Mean (+SD) 141430 148435 139428 0.103
Diastolic BP (mmHg) Mean (+SD) 78420 79124 78+18 0.754
Evidence of fluid overload ¢ ¢ (n, %) 170 (97) 41 (98) 129 (96) 0.674
NYHA Class I, IV (n, %) (n=166) 100 (60) 25 (66) 75 (59) 0.426
Rhythm n=153
Sinus (n, %) 85 (56) 20 (56) 60 (56) >0.99
Atrial fibrillation (n, %) 41 (27) 9(25) 32(27) 0.781
History Acute Ml (n, %) 101 (57) 24 (57) 77 (58) 0.971
Left ventricular function n=148
Moderate/ severe (n, %) 90 (61) 23 (61) 67 (61) 0.967
Co-morbidities n=176
CHF (n, %) 167 (95) 41(98) 126 (94) 0.688
CKD 2 Stage 3a (n, %) 91 (52) 29 (69) 62 (46) 0.010
CVD (n, %) 43 (24) 10 (24) 33 (25) 0.914
Hypertension (n, %) 152 (86) 38(91) 114 (85) 0.373
Diabetes (n, %) 89 (51) 30(71) 59 (44) 0.002
COPD (n, %) 80 (46) 21(50) 59 (44) 0.498
IV Diuretics Max daily (Median, IQR) 80 (0, 80) 80 (0, 102) 80 (0, 80) 0.353
Charlson Index score Mean (+SD) 4.0+1.7 4.5+1.9 3.9+1.6 0.025
Index admission LOS (Median, IQR) 6(3,11) 6(3,12) 5(3,10) 0.319
History smoking0 (n, %) 103 (59) 25 (60) 78 (58) 0.880
Medications on admission n=176 n=42 n=134
ACE inhibitor (n, %) 89 (51) 25 (60) 64 (48) 0.183
ARB (n, %) 45 (26) 11 (26) 34 (25) 0.916
Diuretics (n, %) 136 (77) 31(74) 105 (78) 0.539
Aldosterone antagonist (n, %) 32 (18) 9(21) 23 (17) 0.532
Beta blocker (n, %) 103 (59) 19 (45) 84 (63) 0.045
Digoxin (n, %) 6 (3) 0 (0) 6 (4) 0.338*
Blood tests n=176 n=42 =134
Sodium (mmol/L) Median (IQR) 140 (137, 142) 140(137, 142) 140 (137, 143) 0.841
SCr (umol/L)** Median (IQR) 110 (86, 153) 135 (91, 200) 108 (85, 148) 0.036
:—I‘é:';@ (mls.min.1.73m?) Median 5 (35, 71) 39 (26, 69) 55 (39, 71) 0.052
Urea (mmol/L) Median (IQR) 10.0 (7.6,15.9) 10.1 (7.7,17.0) 9.9 (7.5, 15.4) 0.515
Haemoglobin (g/dL) Mean (tSD) 124418 118418 126418 0.023
MCV (fl) Mean (+SD) 89.547.5 88.7+8.3 89.7+7.3 0.471
RDW Median (IQR) 13.8(12.9,15.6) 14.4(12.9,15.6) 13.7(13.0,15.6)  0.262

eGFR? estimated glomerular filtration rate admission value. HF, heart failure; CKD, chronic kidney disease; Left ventricular
dysfunction moderate or severe dysfunction on Echocardiography or cardiac angiography; COPD, chronic obstructive
pulmonary disease; NYHA, New York Heart Association. Evidence of fluid overload®® includes raised JVP, Crepitations,
Orthopnoea or ascites; Smoker® includes current and former. ** In the cohort, there were 12 cases with significant renal
dysfunction on admission serum creatinine range 260 - 370mmol/L and not on renal replacement therapy; eGFR®
estimated using the Modification Diet in Renal Disease simplified (MDRDs) formula.
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4.4 Incidence of acute kidney injury

In the 176 patients eligible for the cohort baseline analyses, 42 (24%) developed acute kidney
injury during the index admission. AKl was more likely to develop in patients with a history of
diabetes (P=.002), confirmed chronic kidney disease (P=.010), or on admission with an
elevated serum creatinine (P=.036), reduced eGFR (P=.052) or anaemia (P=.023) or not on R-

blocker medication (P=.045). These findings are highlighted in the above Table 4.1.

4.5 Primary outcome for AKI by the composite endpoint all-

cause mortality or major acute cardiovascular event (MACE)

The primary outcome for the study was the composite endpoint time to all-cause mortality or
major cardiovascular event (MACE) at 12 months follow-up from the time of discharge. MACE
was defined as a ST elevation myocardial infarction (STEMI) or Non-STEMI, cardiac arrest or
stroke. The condition in-hospital acute kidney injury, for patients surviving the index admission

was analysed for its relationship to the study primary and secondary endpoints.

A total of 166 patients were available for survival analysis, ten patients having died during the
index admission. There were 93 (56%) males and 73 (44%) females in the remaining cohort.
Kaplan-Meier survival analysis illustrates the group survival curves for patients who did or did
not develop AKI during the index admission for the 12-months follow-up period post index

hospitalisation (Figure 4.2).

4.5.1 Kaplan-Meier survival analysis for AKI (WRF_72) status and the
composite outcome all-cause mortality and MACE

During the 12-month post index admission follow-up period, 43 patients (25%) experienced an

event; of these 8 (21%) had developed AKI during the index hospitalisation and 35 (27%) did

not develop AKI. For the log-rank test for AKI groups for time to the composite endpoint there

was no statistically significant difference between the survival functions (p=0.471). The Kaplan-

Meier survival curve for the comparison is presented in the following figure (Figure 4.2).
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Figure 4.2 Kaplan-Meier survival curve acute kidney injury group status
The null hypothesis was retained, there being no statistically significant difference between
AKI groups for the composite endpoint all-cause mortality and MACE. This result is examined in

the discussion.

To determine if there was a statistically significant difference between groups for the number
of events during the 12-month follow-up period a Chi Square analyse was performed. Again
the Chi Square result showed no statistically significant difference between AKI groups, x> (1) =

0.6042, p=0.437 (Table 4.2).

When comparing those without AKI to those with AKI the risk was 27% vs 21% (Table 4.3), for
the composite event respectively, the difference is statistically non-significant (p=0.437) (Table

4.2).

Table 4.2 Statistic for composite outcome by AKI (WRF_72)

Statistic DF Value Probability

Chi-Square 1 0.6042 0.4370
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Table 4.3 Composite events by AKI (WRF_72)
Composite AKI (WRF_72)

(Composite events)

Frequency No AKI (WRF) AKI Total

(WRF)
Yes 35 8 43

(27%) (21%)

No 93 30 123
(73%) (79%)

Total 128 38 166

4.6 Secondary outcomes for acute Kidney injury

The secondary outcomes of interest for the study cohort were again stratified by index
admission AKI status. The intension was to determine if there was a significant difference
between AKI groups for the total number of hospital re-admissions, emergency department
presentations or total hospital bed days for the 12-month follow-up period from the time of
index hospitalisation discharge. The index admission surviving cohort numbered 166 patients
of which 38 (23%) had had an episode of AKI during the index admission leaving the remaining
128 (77%) patients AKI event free.

Table 4.4 summarises the test results for the Mann-Whitney U test for the independent
variable acute kidney injury (AKl) defined in the database as WRF_72 for each of the
dependent variables total re-admissions (Total_Hosp), total hospital bed days (TotalLOS) and
emergency department presentations (TotalED_Presents). The statistical significance level was
set at 0.05. Distributions of the dependent variables for AKI and no AKI were similar, as
assessed by visual inspection. The following table (table 4.4) summary provides the medians
and interquartile range (25" and 75") for each outcome as well as the Mann-Whitney U value

and p-value.
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Table 4.4 Summary secondary endpoints for AKI group at 12-month follow-up

Outcome variable AKI (WRF), Yes AKI (WRF), No Mann-Whitney U P-value
n=38 n=128 (z-score)
(Median, IQR) (Median, IQR)
Number of hospital 00(0, 1) 0(0,1) 2596.5 .513
readmissions (z=.654)

Number of emergency

1(0.75, 2.0), 1(0.0, 2.0) 2677 223
department (2=1.219)
presentations
Total hospital bed 13.5(1, 26) 5.5 (0.0, 21.0) 2813 139
days (z=1.480)

For secondary endpoint ‘Total re-admissions’ there was no statistically significantly different
between AKI status groups. Those with AKI median 0(0, 1), and those without AKI median 0(0,
1), U=2596.5, z=.654, p=.513. The mean ranks were AKI 87.83, no AKI 82.21. Again, for the
endpoint ‘Total emergency department presentations’ AKl groups were not statistically
significantly different: with AKI median 0 1(.75, 2.0), and those without AKI median 0 1(0.0,
2.0) U=2677, z=1.219, p=.223. The mean ranks were AKI 89.95, no AKI 81.59. Total hospital bed
days were not statistically significantly different between those with AKI median 13.5(1, 26),
and those without AKI median 5.5(0.0, 21.0) U=2813, z=1.480, p=.139. The mean ranks were
AKI 93.53, no AKI 80.52. For each of the secondary outcomes measures at 12-months follow-

up for an index admission of AKI the null hypothesis was retained.
4.7 Predictors for acute Kidney injury

4.7.1 Introduction binary logistic regression modelling for predictors of
AKI

Binary backward-step logistic regression was conducted to determine which variables were
predictors for the development of worsening renal function (WRF) present as acute kidney
injury. From the cohort characteristics Table 4.1, variables with a p value <0.1 were selected
for inclusion in the modelling. Eight variables met this criteria, they were admission first
systolic blood pressure (p=0.1), diabetes mellitus (p=0.002), Charlson Index (p=0.025),
confirmed chronic kidney disease >Stage 3a (p=0.01), admission medication R-blockers
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(p=0.05), admission serum creatinine (p=0.04), estimated glomerular filtration rate (p=0.05),
and haemoglobin (p=0.02). To address the possibility of multicollinearity and the impact this
could have on the analysis and implications of the findings the renal function variables and the
Charlson Index which includes renal and diabetes components were reviewed. The renal
function variable ‘confirmed chronic kidney disease >Stage 3a on admission’ (p=0.01) was
selected to represent renal function. Diabetes mellitus was included. The Charlson Index (Cl)
was not included in the regression analysis as renal disease and diabetes are components of
the Index. Age was added giving a total of 6 independent variables for the regression analysis
(admission first systolic blood pressure, diabetes mellitus, and confirmed chronic kidney
disease >Stage 3a on admission, admission medication R-blockers, haemoglobin and age
calculated). With only six variables included in the regression analysis the rule of at least 10

participants per variable (Hayat 2013; Vittinghoff & McCulloch 2007) was satisfied.

One hundred and seventy five cases were included in the analysis, one case was missing due to
the lack of haematology result and there were no unselected cases. The dependent variable
worsening renal function was coded 0=no WRF, 1=WRF. All categorical variables were

dichotomous (0=No; 1=Yes).

4.7.2 Regression modelling results for predictors of AKI
The overall model was statistically reliable in distinguishing between WRF status (i.e. acute
kidney injury), x? (3) = 18.691, p<.0001. In Table 4.5, the results for Cox & Snell R square and
Nagelkerke R square which are considered pseudo-R? as this analysis was not a multiple
regression explained 10.1% to 15.3% of the variance respectively. These values are relative

low.
Table 4.5 Model summary

-2 Log likelihood Cox & Snell R Square Nagelkerke R Square

171.850 101 153

The final model correctly classified 77.7% of cases. The specificity was 91.8%, the sensitivity
31.7% (Table 4.6), positive predictive value was 54.2%, and the negative predictive value was

81.5%.
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Table 4.6 Model specificity and sensitivity

PREDICTED WRF_72 (AKI)

WRF_72 (AKI) NO AKI AKI PERCENTAGE CORRECT
NO AKI 123 11 91.8%
AKI 28 13 31.7%
OVERALL PERCENTAGE 77.7%

For the final step, step 4, three variables remained; two were statistically significant.
Regression coefficients are presented in Table 4.7 together with odds ratios and their 95%

confidence intervals.

Table 4.7 Regression analysis results for predictors of AKI

Variable df Odds Ratio 95% Cl P-value

Diabetes 1 2.63 1.21,5.71 0.02

(Composite Charlson Index — without & with

end organ damage)

Beta Blocker medication on 1 0.49 0.23,1.03 0.06
admission
CKD_Hx_Stage_lll 1 2.63 1.21,5.73 0.02

4.7.3 Summary: Predictors for AKI
The backward-step binary logistic regression was performed to determine the effect of
diabetes mellitus (Type | & Il), an admission history of chronic kidney disease, admission
systolic blood pressure, age calculated, admission medication R-blockers and admission
haemoglobin on the likelihood of participants developing worsening renal function present as
acute kidney injury. The logistic regression model was statistically significant, x> (3) = 18.691,

p< .0001.

Of the variables included, only two were statistically significant. Heart failure patients with the
comorbidity diabetes at the time of admission were 2.63 (95% Cl: 1.21, 5.71) times more likely
to develop in-hospital worsening renal function present as AKI than patients without diabetes.

Confirmed CKD at the time of admission was also identified as a predictor of AKI, Odds Ratio
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2.63 (95%Cl: 1.20, 5.73). Heart failure patients on R-blockers at the time of admission were less
likely to develop AKI (OR=0.48; 95%Cl: 0.23, 1.03).

4.8 Characterisation of renal dysfunction in hospitalised heart

failure patients

4.8.1 Prevalence of renal impairment, chronic kidney disease and severity
by gender

From a total of 176 patients 104 (59%) were identified as having renal impairment (RI) at the
time of the index hospital admission. Rl determined by an admission estimated glomerular
filtration rate (eGFR) of <60ml.min.1.73m? using the Modification of Diet in Renal Disease
(MDRD) equation (O'Meara et al. 2006). Renal impairment (RI) is often reported as chronic
kidney disease (CKD) (Damman et al. 2014) without necessarily confirming chronicity for the
diagnosis. In the ReFinH Study, CKD was verified by historic review of the electronic medical
record identifying 91 (52%) patients with confirmed chronic kidney disease. Figure 4.3 presents
a breakdown of the cohort by gender and severity of renal dysfunction (Kidney Disease

Improving Global Outcomes (KDIGO) CKD Work Group 2013) based on the admission eGFR.

Renal impairment grouped by severity stage using admission eGFR
70 +
. . . 2
Renal Impairment (Admission eGFR<60ml.min.1.73m") = 104 (59%)
60 —
50 + —+=Males =—Females Cohort
40 +
30 +—
20 +
10 + v
0 »
Stage 1 Stage 2 Stage 3a, Stage 3b Stage 4 Stage 5
>90mL 60 - 89mL 45 - 59mL 30-44mL 29-15mL <15mL
Severity classification stages using eGFR (ml.min.1.73m?

Figure 4.3 Renal impairment count for the cohort by gender and severity
A Chi-square test was run to test for an association between gender and chronic kidney
disease. As women are considered to be more vulnerable to renal dysfunction table 4.8 shows

the admission CKD stage, gender Chi-square crosstabulation.
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Table 4.8 Admission chronic kidney disease stage by gender

Chronic Kidney Disease -

Stage

Stage 1: >90 mL

Stage 2: 60 to 89 mL

Stage 3a: 45 to 59 mL

Stage 3b:30to 44 mL

Stage 4:15t0 29 mL

Stage 5: <15mL or RRT

Total

Male

(n=97)

12 (12.4%)

37 (38.1%)

12 (12.4%)

20 (20.6%)

16 (16.5%)

0 (0%)

97 (100%)

Female

(n=79)

1(1.3%)

22 (27.8%)

19 (24.1%)

24 (30.4%)

10 (12.7%)

3(3.8%)

79 (100%)

Total

(n=176)

13 (7.4%)

59 (33.5%)

31(17.6%)

44 (25.0%)

26 (14.8%)

3(1.7%)

176 (100%)

Association between gender and admission CKD stage x? (5) = 17.759, p <0.003

In the cohort, just over half (55%) of all patients were male (Table 4.1). However, for stages

representing chronic kidney disease that is stages where the estimated glomerular filtration

rate (eGFR) was <60mL, 71% of female and 51% of males can be classified as having CKD.

Males (49%) were more likely to have normal or a mild decrease in renal function while in

females this was only 29% (Table 4.8). A chi-square test for association was conducted

between gender and confirmed chronic kidney disease (CKD). There was a statistically

significant association between gender and CKD stage determined using admission eGFR, x? (5)

=17.759, p <0.003.
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4.8.2 Percent acute Kidney injury (AKI) for confirmed CKD group and
cohort

Figure 4.4 shows the association between chronic kidney disease and acute kidney injury.

Percent acute kidney injury by chronic kidney disease & cohort

AKI % No AKI % = Total %
100 -

80 -

Percent

40 -

20 -

No CKD CKD Total
7 % AKI in NoCKD 17 % AKlin CKD 24% AKI in Cohort

Figure 4.4 Percent acute kidney injury by chronic kidney disease and cohort

Patients with HF and CKD (eGFR<60ml.min.1.73m?) are at greater risk for in-hospital worsening
renal function (Cleland et al. 2012). For the cohort of 176 HF patients, 42 (24%) developed
acute kidney injury (AKI) of which 91 (52%) had verified CKD. For those with CKD 17%

developed AKI compared to only 7% in those without CKD.

A Chi-square test for association was run between confirmed chronic kidney disease (CKD) and
development of acute kidney injury (AKI) represented by the variable WRF_72. There was a
statistically significant association between confirmed CKD on admission and acute kidney
injury x2 (1), 6.645, p<0.01. Of the 42 patients who developed AKI, 69% had confirmed CKD at
the time of admission compared to 31% of AKI patients who did not have confirmed CKD

(Table 4.9).
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Table 4.9 Chronic kidney disease by AKI (WRF_72)

CKD (confirmed)
Frequency

Yes

No

Total

No AKI (WRF)

46.3%

53.7%
134 (100%)

AKI (WRF_72)

AKI (WRF)

69.0%

31.0%
42 (100%)

Total

91
51.7%
85
48.3%

176 (100%)

Association between CKD on admission and AKI: x? (1), 6.645, p<0.01

4.8.3 Age, gender and acute Kidney injury

To explore the relationship between age group and acute kidney injury the file was split for

gender (Table 4.10).

Table 4.10 Age group and acute kidney injury split for gender

Gender Age groups AKI (WRF_72) Total
(years) No-AKI AKI
Male <39 4 (5.4%) 1(4.3%) 5 (5.2%)
40-64 14 (18.9%) 6 (26.1%) 20 (20.6%)
65— 80 44 (59.5%) 13 (56.6%) 57 (58.8%)
>80 12 (16.2%) 3 (13.0%) 15 (15.5%)
Total (133%) (133%) (133%)
Female <39 0 (0.0%) 1(5.3%) 1(1.3%)
40-64 9 (15.0%) 0(0.0%) 9 (11.4%)
65— 80 25 (41.7%) 6 (31.6%) 31 (39.2%)
>80 26 (43.3%) 12 (63.2%) 38 (48.1%)
Total (188%) (138%) (1(33%)

123



Several cells for males and females had cell counts less than five. The less than 5 value for
some cells violates one of the assumptions for running Chi-square test and the results are not
reliable. However, it can be seen from the age group percentages by gender for AKI, there is a
trend in females for acute kidney injury to occur in the older age groups with approximately
two-thirds (63%) of those aged over 80-years experiencing AKI compared to only 13% for

males. This observation is represented in the following figure 4.5.

Percentages for acute kidney injury group by gender & age category
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Figure 4.5 Cohort by age group, gender and acute kidney injury

A chi-square test for association was conducted between gender and age group. All expected
cell frequencies were greater than five. There was a statistically significant association
between gender and age group, ¥? (3), 22.901, p<0.001. 87% of females were 65-years or over;

while for men the percentage for over 65-years was 74%. For the entire cohort 50% were in
the age category 65 to 80 years (Table 4.11).
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Table 4.11 Age groups by gender

Age groups In years Gender Total
Male Female
<39 5(5.2%) 1(3.1%) 6 (3.4%)
40-64 20 (20.6%) 9 (11.4%) 29 (16.5%)
65-80 57 (58.8%) 31 (39.2%) 88 (50.0%)
>80 15 (15.5%) 38 (48.1%) 53 (30.1%)
Total 97 (100%) 79 (100%) 176 (100%)

4.8.4 Cohort comorbidities and acute kidney injury (AKI) group
Multiple comorbidities have become a clinical feature in chronic heart failure patients. They
are an important aspect for characterising these patients as multiple comorbidities can
complicate management and may influence renal function (Damman et al. 2014). Figure 4.6

highlights patient comorbidities and association with the incidence of AKI.

AKI by comorbidity
80%

= No AKI n AKI

70%
60%
50%
40%
30%
20%
10%

0%
CvD IHD CKD DM

Figure 4.6 Prevalence of comorbidities by AKI status
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Abbreviations: CVD: cerebrovascular disease; IHD: Ischaemic heart disease; CKD: Chronic kidney disease

& DM: Diabetes mellitus. Percentages for comorbidities are based on Charlson Index results.

To determine if there was an association between the development of AKI and the most
prevalent comorbidities (Figure 4.6) for the cohort Chi-square tests were used. Tables 4.12 to

4.16 summarise the results.

For cerebrovascular disease (CVD), the assumptions for Chi-square test were met. For the

cohort 24% had a history of CVD and of those patients a quarter developed AKI (Table 4.12).

Table 4.12 AKI by Cerebrovascular disease (CVD)

CVvD AKI (WRF_72)
Frequency No AKI (WRF) AKI (WRF) Total
Yes 33 10 43
(24.6%) (23.8%) (24.4%)
No 101 32 133
(75.4%) (76.2%) (75.6%)
Total 134 (100%) 42 (100%) 176 (100%)

Association between CVD and the development of AKI: x? (1), 0.012, p=.914

A chi-square test for association was conducted between worsening renal function present as
AKl and the presence of cerebrovascular disease (CVD). There was no statistically significant

association between CVD and the development of AKI x? (1), 0.012, p=.914.

For ischaemic heart disease (IHD), 101 patients (57%) in the cohort had a confirmed history of
IHD. In patients with ischaemic heart disease, approximately 50% developed AKI compared to
43% of those without IHD (Table 4.13). A chi-square test for association was conducted
between worsening renal function present as AKI and the presence of ischaemic heart disease

(IHD). All expected cell frequencies were greater than five.
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Table 4.13 AKI by Ischaemic heart disease (IHD)

IHD AKI (WRF_72)
Frequency No AKI (WRF) AKI (WRF) Total
Yes 77 24 101
(57.5%) (57.1%) (57.4%)
No 57 18 75
(42.5%) (42.9%) (42.6%)
Total 134 (100%) 42 (100%) 176 (100%)

Association between AKI and IHD: x? (1), 0.001, p=0.971

There was no statistically significant association between AKI and IHD ¥? (1), 0.001, p=0.971.

Patients with CKD were more likely to developed AKI compared to those without CKD (Table
4.14).

Table 4.14 AKI by chronic kidney disease (CKD)
CKD AKI (WRF_72)

(confirmed)

Frequency No AKI (WRF) AKI (WRF) Total
Yes 62 29 91
(46.3%) (69.0%) (51.7%)
No 72 13 85
(53.7%) (31.0%) (48.3%)
Total 134 (100%) 42 (100%) 176 (100%)

Association between AKI and confirmed CKD: x> (1) 6.645, p< 0.01

For patients with HF and confirmed CKD it has already been reported the prevalence was 52%.
A chi-square test for association was conducted between worsening renal function present as
AKI and the presence of confirmed chronic kidney disease (CKD). All expected cell frequencies
were greater than five. There was a statistically significant association between AKI and

confirmed CKD, x> (1) 6.645, p< 0.01.
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Table 4.15 AKI by diabetes mellitus

Diabetes AKI (WRF_72)
Frequency No AKI (WRF) AKI (WRF) Total
Yes 59 30 89
(44.0%) (71.4%) (50.6%)
No 75 12 87
(56.0%) (28.6%) (49.4%)
Total 134 (100%) 42 (100%) 176 (100%)

Association between AKI and diabetes: x? (1), 9.603, p<0.002

Diabetes mellitus (DM) is a composite for Type | and Type Il, with a prevalence of 51% for the
cohort. Of the HF patients with diabetes, 71% developed AKI compared to 29% (Table 4.15)
without the condition. A chi-square test for association was conducted between worsening
renal function present as AKI and the presence of diabetes. All expected cell frequencies were
greater than five. There was a statistically significant association between AKI and diabetes, x>

(1), 9.603, p<0.002.

4.8.5 Admission haemoglobin by gender and AKI

The minimal normal haemoglobin (Hb) value for males is <130g/L and for females <120g/L
(World Health Organization (WHO) 2011). For the cohort the mean Hb was 124g/L; Hb for
those with AKI 118g/L (+18) compared to those without AKI 126g/L (+18) p=0.023. When Hb
results were split by gender, the data no longer were normally distributed as a consequence a
Mann-Whitney U Test was used to assess the Hb distribution for gender and AKI. The
distribution for haemoglobin (Hb) for AKI and no AKI were similar for females but not for
males, as assessed by visual inspection. Hence, for males the mean ranks are provided. The
results are summarised in the following Table 4.16 which include the medians and interquartile

range (25th and 75‘“) for each outcome as well as the mean ranks for the results.
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Table 4.16 AKI by haemoglobin (Hb) and gender

Outcome variable AKI (WRF), Yes AKI (WRF), No Mann-Whitney U P-value
n=42 n=134 (z-score)
(Median, IQR) (Median, IQR)
Male Mean rank 44.98 Mean rank 50.20
haemoglobin (Hb) 124g/L (105,140) 126g/L (114,145) 758.5 0.433

Female haemoglobin

(Hb)

112g/L (97,129) 122g/L (111,137) 350.5 0.025
(z=2.248)

Table 4.16 summarises the test results for the Mann-Whitney U test for acute kidney injury
(AKI) defined in the database as WRF_72 admission haemoglobin by gender. The statistical
significance level was set at 0.05. The table 4.16 summary provides the medians and
interquartile range (25th and 75”‘) for each outcome as well as the Mann-Whitney U value and
p-value. Haemoglobin was statistically significantly different in females between those with
AKI median 112(97,129), and those without AKI median 122(111,137) U=350.5, z=-2.248,
p=0.025. The mean ranks were lower for AKI 28.97 compared to no AKI 42.66. Haemoglobin
was not statistically significantly different in males between those with AKI median
124(105,140), and those without AKI median 126(114,145) U=758.5, z=-0.785, p=.433 (Table
4.16) but as the distributions were no similar for males the presented; mean rank was lower in

AKI 44.98 than for no AKI 50.25.

4.8.6 Admission medication management by AKI group
Characterisation of the cohort also involves a review of medications on admission. Figure 4.7

summarises baseline medication categories in the case report for acute kidney injury group.
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Baseline Medications as percentage for AKI status

Anti-arrhythmiac

Other vasodilator } P<0.03
Digitalis

Aldosterone antagonist
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Nitrates } P<0.05

Beta blocker } 5<0.05
Anti-platelet
Lipid Lowering agent No AKI %
ACE-i AKI %
Diuretics
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Figure 4.7 Admission medications by percent for AKI group

Chi-square tests were run to test for an association for each medication group with acute
kidney injury. Test results showed only the drug categories R-blockers (Table 4.17), Nitrates
(Table 4.18) and ‘Other vasodilators’ (Table 4.19) had a statistically significant association with
AKI.

4.8.7 Beta Blocker medication by AKI (WRF_72)
Table 4.17 depicts the chi-square output for acute kidney injury and B-blocker medication on
admission. For HF patients not taking R-blocker 55% develop AKI compared to 45% taking the

medication.
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Table 4.17 AKI by B-blockers medication on admission

Beta Blocker AKI (WRF_72)
Frequency No AKI (WRF) AKI (WRF) Total
Yes 84 19 103
(62.7%) (45.2%) (58.5%)
No 50 23 73
(37.3%) (54.8%) (41.5%)
Total 134 (100%) 42 (100%) 176 (100%)

Association between AKI and B-blocker medication on admission: x? (1), 4.011, p<0.05

A chi-square test for association was conducted between worsening renal function present as
AKl and the R-blockers medication on admission. There was a statistically significant

association between AKI and B-blockers medication on admission, x2 (1), 4.011, p<0.05.

4.8.8 Nitrate medications and acute kidney injury
Chi-square test was run to determine if there was an association between nitrate medication

use on admission and acute kidney injury (Table 4.18).

Table 4.18 AKI by Nitrate medication on admission

Nitrates AKI (WRF_72)
Frequency No AKI (WRF) AKI (WRF) Total
Yes 28 15 43
(20.9%) (35.7%) (24.4%)
No 106 27 133
(79.1%) (64.3%) (75.6%)
Total 134 (100%) 42 (100%) 176 (100%)

Association between AKI and nitrates on admission: x? (1) 3.803, p = 0.05
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An association between nitrate medication use and acute kidney injury was evident. The
percentage for those not taking nitrates and developing AKI was 64% compared to 36% in
those on nitrates at the time of admission. There was a statistically significant association

between AKI and nitrates on admission, x> (1) 3.803, p = 0.05.

4.8.9 Other vasodilator medication on admission and acute Kidney injury
A chi-square test for association was conducted between worsening renal function present as

AKI and other vasodilator medication on admission (Table 4.19).

Table 4.19 AKI by Other vasodilator medications

Other Vasodilator AKI (WRF_72)
Frequency No AKI (WRF) AKI (WRF) Total
Yes 10 8 18
(7.5%) (19.0%) (10.2%)
No 124 34 158
(92.5%) (81.0%) (89.8%)
Total 134 (100%) 42 (100%) 176 (100%)

Association: AKI and other vasodilator medication on admission: x* (1), 4.674, p<0.03

The variable ‘Other vasodilator’ was a composite variable consisting of medications that were
not already covered by the medication categories identified in Figure 4.7. An example of the
medications fall into the category ‘Other vasodilator’ are combination drugs such as Karvezide
which is a combination of s diuretic and an angiotensin Il receptor antagonist. There was a
statistically significant association between AKI and other vasodilator medication on

admission, x2 (1), 4.674, p<0.03.

4.8.10 Maximum intravenous diuretics daily dose and AKI status
Large doses of diuretics during HF hospitalisation have been identified as a potential predictor
for worsening renal function (Butler et al. 2004). The variable Intravenous diuretics maximum
daily dose (IV Diuretic MaxDD) failed the critical assumption of normality needed for a t-test.
As a consequence, the Mann-Whitney U test was used to determine if there was a statistically
significant difference in maximum intravenous (1V) diuretics daily dose for acute kidney injury
groups (Figure 4.7). Distributions of the maximum IV diuretics daily dose for AKI groups were

not similar as assessed by visual inspection. Maximum IV daily dose was not statistically
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significantly different between the two AKI groups for the mean ranks. There was no statistical
significant difference in the maximum daily dose of intravenous diuretics for the AKI group
(mean rank 94.89) and for the group without AKI (mean rank 85.82), U= 2503.5, Z = -1.067, P
=.286. The null hypothesis was retained. For this reason, the maximum IV diuretics daily dose

variable was not included in binary logistic regression modelling.

4.8.11 Renal impairment status and the composite outcome all-cause
mortality and MACE

The Kaplan-Meier survival curve for the composite outcome all-cause mortality and major

acute cardiovascular event comparison for those with renal impairment is shown in Figure 4.8.

This analysis enhances the characterisation of the cohort.
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Figure 4.8 Kaplan-Meier survival analysis for renal impairment

A total of 166 patients survived the index hospitalisation; 96 (58%) patients were classified as
having renal dysfunction. During the 12-month post index admission follow-up period of the
43 events, 30 (31%) had renal impairment while 13 (19%) did not. .The log-rank test for Rl
groups for time to the composite endpoint, there was no statistically significant difference
between the survival functions (p=0.0579). However, it was trending towards significance, with
Rl patients at increasing risk. The null hypothesis was retained, there being no statistically
significant difference between Rl groups for the composite endpoint all-cause mortality and

MACE.
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To determine if there was a statistically significant difference between RI groups for the
number of events during the 12-month follow-up period a Chi Square analyse was performed.
When comparing those without Rl to those with Rl the risk was 15.6% vs 31.2% for the
composite event respectively, there was no statistical significant difference, x* (1) = 3.39,

p=0.066.

4.8.12 Chronic kidney disease (CKD) status and the composite outcome all-

cause mortality and MACE

Chronic kidney disease has been identified as a significant comorbidity in heart failure patients.
Figure 4.9 represents the Kaplan-Meier survival curve for the two cohort groups defined as

those with confirmed CKD on index hospitalisation and those free of CKD.

The Figure 4.9 highlights the finding of no statistically significant difference between groups for
survival at 12-months follow-up from index discharged. For patients who were discharged

from the index admission alive, 51% had CKD.
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Figure 4.9 Kaplan-Meier survival analysis for confirmed chronic kidney disease
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To determine if there was a statistically significant difference between CKD groups for the
number of events during the 12-month follow-up period a Chi Square analysis was performed.
When comparing those without CKD to those with CKD the risk was 19.8% vs 31.8% for the

composite event respectively, there was no statistical difference, ¥? (1) = 3.12, p=0.077

4.8.13 Renal impairment and chronic kidney disease secondary outcomes at
12-months follow-up

To complete the characterisation of renal dysfunction in hospitalised HF patients, features of
the cohort by the presence of Rl or CKD are described for the secondary outcomes of interest.
Secondary outcomes for the cohort were the total number of hospital re-admissions,
emergency department presentations and total hospital bed days for the 12-month follow-up
period from the time of discharge from the index hospitalisation. The index admission
surviving cohort numbered 166 patients, of which 96 (58%) had an Rl while the remaining 70

(42%) were Rl free on index admission.

Table 4.20 Secondary outcomes — renal impairment

Outcome variable RI, Yes RI, No Mann-Whitney U P-value
n=96 n=70 @
(Median, IQR) (Median, IQR)
Number of hospital 1(0,2) 1(0,1) 3774.5 0.161
readmissions (1.402)

Number of emergency

department 0(.00,1.0) 0(.00,1.0) 3370 0.966

presentations (0.42)

Total hospital bed days 9 (1.0, 27.5) 4 (0.0, 20.3) 3925 0.062
(1.867)

To test if there was a statistically significant difference in distribution for the dependent
variables total readmissions, emergency department presentations and hospital bed days at
12-month follow-up between independent group variables Rl and CKD the Mann-Whitney U
test was run. The non-parametric test was used as all the dependent variables failed the
critical assumption for normality for a t-test. All dependent variables met the assumption of a
similar shape distribution for each independent variable (Rl and CKD). Table 4.20 is the Rl
summary for the medians and interquartile range (25th and 75”‘) and Mann-Whitney U and z-

score for each outcome.
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4.8.14 Chronic kidney disease and secondary outcomes
The non-parametric Mann-Whitney U test was used to determine the impact of confirmed
chronic kidney disease (CKD) on the secondary endpoints for the study; total hospital bed-
days, emergency department presentations and hospital readmissions for the 12-month

follow-up period. The results are summarised in the following table 4.21.

Table 4.21 Secondary outcomes — chronic kidney disease

Outcome variable CKD, Yes CKD, No Mann-Whitney U P-value
n=85 n=81 @
(Median, IQR) (Median, IQR)

Number of hospital 1 (0.0, 2.0) 1 (0.0, 2.0) 4020.5 .053

readmissions (1.931)

Number of emergency

0(0.0,1.0) 0(0.0,1.0) 3445 .992

department
(.010)

presentations

Total hospital bed days 14 (1, 30) 3(0.0,17.0) 4372.5 .002
(3.036)

Table 4.21 summarises the hypothesis test results for the Mann-Whitney U test for the
independent variable confirmed chronic kidney disease (CKD) for the database variable
labelled CKD_llIl_ADM_Status for each of the dependent variables total re-admissions
(Total_Hosp), total hospital bed days (TotalLOS) and emergency department presentations
(TotalED_Presents). Distributions of the dependent variables for CKD and no CKD were similar,
as assessed by visual inspection. Table 4.21 is a summary for the medians and interquartile

range (25" and 75") and Mann-Whitney U and z-score for each outcome.

4.9 Conclusions

The ReFinH study has shown every second patient had CKD, one in four developed acute
kidney injury and this was associated with a history of CKD, diabetes, abnormal admission
serum creatinine and eGFR, anaemia and the taking of R-blocker medications. For the
combined endpoint all-cause mortality and MACE for patients with and without WRF (i.e. AKI)
the Kaplan-Meier survival analysis was not statistically different for WRF (AKI) groups (log-rank

test: P=.471). There were no statistically significant differences between the AKI groups for the
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secondary outcomes for the 12-month follow-up period for total hospital bed days, emergency
department presentations or hospital readmissions. Potential predictors for in-hospital
worsening of renal function present as acute kidney injury were a history of CKD, diabetes
mellitus (Type | & II), admission systolic blood pressure, an elevated serum creatinine on
admission and renal impairment defined as an eGFR<60ml.min.1.73m?, B-blockers medication
and haemoglobin. The only statistically significant variables in the regression modelling were

diabetes mellitus (Type | & Il) and a confirmed history of CKD.

Investigation of characteristics associated with renal dysfunction in this cohort of hospitalised
HF patients identified age, gender, and the association of incidence of AKI which was 24% and
the prevalence of Rl (59%) and confirmed CKD (52%). The only statistically significant
difference for either the primary or secondary outcomes was for total hospital bed days for the

12-month follow-up period for HF patients identified with CKD.

In the following chapter, these results are discussed and the implications of the findings

considered.
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51 Introduction

The main findings for this Australian ‘Renal function in chronic heart failure cohort study’
(ReFinH) were as follows. First, the composite outcome all-cause mortality and major acute
cardiovascular event (MACE) for hospitalised heart failure patients who developed worsening
renal function (WRF) present as acute kidney injury (AKI) compared to those who did not was
not statistically significantly different. Second, there was no statistically significant difference
between HF patients with AKI compared to no AKI for the secondary endpoints total re-
admissions, emergency department presentations and total hospital bed days for the 12-
month follow-up period. Third, several predictors for acute kidney injury in hospitalised heart

failure were identified.

The study added support for the utility of a modified Acute Kidney Injury Network AKI
definition for use in hospitalised heart failure patients by its incidence result and highlighted
the need to differentiate renal impairment (RI) from confirmed chronic kidney disease (CKD).
The analysis has provided insights into renal dysfunction in HF, an increasingly important
clinical aspect of HF management and prognosis from an Australian perspective for which
there has been a paucity of data. The ReFinH study has extended the characterisation of
Australian hospitalised HF patients with renal dysfunction and exposed the importance of

definitions and nomenclature for this clinical entity in HF.

The characterisation of the ReFinH cohort was facilitated by Kaplan-Meier survival analysis
(Collett 2002) for the study’s composite outcome all-cause mortality and MACE for HF patients
with renal impairment (RI) versus those with normal renal function on admission and for HF
patients with confirmed chronic kidney disease (CKD) against those patients without this
condition. These analyses demonstrated no statistically significant difference between groups
for RI/ no RI; or CKD/ no CKD respectively by demonstration of separation of the curves. HF
patients who presented with an estimated glomerular filtration rate (eGFR) of
<60ml.min.1.73m? defining renal impairment (RI) compared to HF patients with normal renal
function also showed no statistically significant difference for the secondary outcomes for the
12-month follow-up period. The secondary outcomes for HF patients with a confirmed history
of chronic kidney disease (CKD) compared to HF patients without CKD were similar except for
total hospital bed days. In patients with CKD, ‘total hospital bed days’ were statistically
significant, greater than for HF patients free of CKD. An important caveat when interpreting
the above results is the limitation of the study in not achieving the required sample size of 288

participants.
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Yet paradoxically a number of baseline characteristics were statistically significantly different
for the cohort when stratified by the presences of acute kidney injury (AKIl). The clinical
variables of a history of diabetes or chronic kidney disease or anaemia on admission, or the
use of B-blocker medication at the time of admission were among these variables. This trend
was continued for AKI versus no AKI for admission serum creatinine and estimated glomerular
filtration rate (eGFR). Potentially the most interesting clinical variable with a statistical
significant difference for AKI versus no AKI was the weighted Charlson Index which highlighted

the increased comorbidity burden in patients who developed AKI.

Incidence and prevalence rates for AKI, and Rl and CKD respectively were at the upper margins
found in the published literature (Akhter et al. 2004; Breidthardt et al. 2011; Damman,
Valente, Voors, O'Connor, et al. 2014; Forman et al. 2004). In ReFinH the incidence of acute
kidney injury was 24% while the prevalence of renal impairment was 59%, and for confirmed
chronic kidney disease 52%. In such a setting of high incidence and prevalence rates for the
various manifestations of renal dysfunction in this HF cohort the non-significant mortality and
morbidity findings are not what may have been expected, especially given the weight of the
contemporary cardio-renal literature for the prognostic importance of renal dysfunction in
hospitalised HF patients (Coca et al. 2007; Damman, Valente, Voors, O'Connor, et al. 2014).
The findings may be the result of the study not achieving the projected sample size of 288

participants required for endpoint analyses.

In previous chapters, the importance of renal dysfunction as a prognostic marker in heart
failure (HF) for adverse events has been established. The literature review which presented
numerous studies and several meta-analyses (Coca et al. 2007, Damman, Valente, Voors,
O'Connor, et al. 2014; Smith et al. 2006) were unequivocal in their finding that renal
dysfunction described as renal impairment or in-hospital worsening renal function carried a

substantial prognostic influence.

This chapter considers the findings from the ReFinH Study in the context of the published

studies and meta-analyses. The implications of the findings are then presented.

The structure of the chapter begins with an examination of the incidence of AKI (section 5.2),
and the prevalence findings for Rl (5.3)) and CKD (5.4) against the international literature, and
the influence definitions can have for these findings. Characterisation of the ReFinH cohort
continues in sections 5.5 where age, gender, comorbidity burden and pre-existing renal
disease for the cohort are discussed. In 5.6, the predictors of AKI for the ReFinH cohort are

reviewed for their consistency with the published literature. Here again definitions for WRF are
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woven into the discussion as they influence outcomes and hence the defining features for
those who develop AKI. With the portrait of the cohort completed and the context established,
section 5.7 examines the ReFinH survival analysis for the primary composite endpoint
specifically for AKI status while in 5.8 the secondary outcomes with a morbidity focus are
considered. In 5.9, the implications of the study findings are examined with an emphasis on
the key contribution these results have for Australian clinical practice and more generally.

Finally, in 5.10, the summary completes the chapter with closing remarks.

5.2 Incidence of acute kidney injury
Approximately one in four ReFinH patients developed acute kidney injury. This incidence rate
of 24% AKI is comparable with previous published studies where the prevalence of worsening
renal function in HF has been variously estimated to be 11% to 45% (Damman et al. 2009;
Smith et al. 2003; Verdiani, Lastrucci & Nozzoli 2010). These variations have been attributed to
the absence of a consensus definition and to the diversity in patient populations and settings
(Atherton et al. 2012; Coca et al. 2007; Damman et al. 2009; Heywood et al. 2007; Smith et al.

2006). Informed by this caveat attention is given to the definitions, populations and settings.

5.2.1 Definitions and acute kidney injury in heart failure
In the literature review, it was noted definitions support shared understanding and knowledge
development. In the absence of definitions, ambiguity hinders our ability to interpret the data.
Mindful of the need for clarity the WRF criteria for the ReFinH Study necessitated consistency
with the HF cardio-renal literature as well as ensuring definitive criteria that maintained
continuity with established nephrology AKI metrics. Taking this position placed the concept of
acute kidney injury alongside that or WRF and enabled the testing of the definition and its
utility in a generalised population of hospitalised HF patients. For this reason, the ReFinH Study
definition for worsening renal function incorporated the most commonly used cardiology
increment in serum creatinine, an increase of >26.5umol/l (20.3mg/dl) (Damman et al. 2007;
Damman, Valente, Voors, O'Connor, et al. 2014; Gottlieb et al. 2002; Krumholz et al. 2000),
which is also the diagnostic level for the Acute Kidney Injury Network (AKIN) definition (Mehta
et al. 2007) which ReFinH modified by extending the timeframe for renal biomarker change to
72-hrs. The time modification having been informed by the studies of Gottlieb et al (Gottlieb et
al. 2002) and Forman et al (Forman et al. 2004) who had observed the vast majority of
hospitalised HF patients who developed in-hospital WRF did so within the first 3-days of

admission.
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The ReFinH cohort was a generalised population in a hospitalised setting. No distinction was
made with regards to heart failure with preserved ejection fraction (HFpEF) versus HF with
reduced ejection fraction (HFrEF). The available clinical data for the ReFinH cohort restricted
the ability to make this differentiation as reference to the type of HF was rarely documented in
the clinical notes nor were left ventricle ejection fraction or fractional shorting values
consistently recorded. With these conventions in place, it facilitates meaningful comparisons
of the ReFinH data against existing studies. Studies with similar definitions, populations and
settings include those of Gottlieb et al (Gottlieb et al. 2002), Forman et al (Forman et al. 2004)
Verdiani et al (Verdiani, Lastrucci & Nozzoli 2010), Breidthardt et al (Breidthardt et al. 2011),
and the heart failure registry study, by Heywood et al (Heywood et al. 2007). It is these studies
against which much of the discussion has been referenced. However, where relevant a broader

approach has been adopted to reflect the scope of the cardio-renal published literature.

5.2.2 ReFinH with the context of published literature
Contemporary HF studies investigating the influence of renal function have focused on
incidence, predictors and the relationship of worsening renal function with mortality. Hillege
et al (Hillege et al. 2000) Krumholz et al (Krumholz et al. 2000) and Gottlieb et al (Gottlieb et al.
2002) were among the first investigators to establish the prognostic importance of in-hospital

WREF.

Krumholz et al (Krumholz et al. 2000) defined WRF as an increase in serum creatinine of
>0.3mg/dl (>26.5umol/l) over the admission value which occurred during hospitalisation. They
found 28% incidence of WRF for their cohort which after adjusting for confounders was
associated with statistically significant hospital length of stay (2.3 days), higher admission
costs, and an increased risk of in-hospital mortality with the odds ratio 2.72; (95% Cl 1.62,
4.58).

In 2002 the prognostic importance of different definitions of WRF in hospitalised CHF patients
were investigated by Gottlieb and colleagues (Gottlieb et al. 2002). Their method was a chart
audit of patients who had a principle discharge diagnosis of HF using ICD-9-Codes, and
confirmed by the documentation of at least one HF sign and symptom. The study criteria
enabled the evaluation of the importance of various WRF definitions in a typical adult HF
patient population for incidence, length of hospital stay and in-hospital mortality. ReFinH

followed this methodology of patient identification and HF confirmation.

In the study by Gottlieb et al (Gottlieb et al. 2002) the incidence of WRF was depended on the

definitional threshold and the timeframe. As the serum creatinine required for the definition
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of WRF increased from 0.1mg/dl by 0.1mg/dl increments to 0.5mg/dl over a timeframe of up
to 15 days, the incidence of WRF decreased from 72% to 20% respectively where the majority
of patients developing WRF within 3-days. Although an increase, of >0.3mg/dl (>26.5umol/I)
demonstrated the best overall specificity (62%) and sensitivity (81%) for mortality; as the
threshold for WRF increased, the mortality specificity also increased. In Gottlieb’s study, the
incidence of WRF reflected the definitional threshold. Smith et al (Smith et al. 2003) conducted
a very similar study confirming the findings by Gottlieb (Gottlieb et al. 2002) and noted a linear
trend as the severity of WRF increased so also the mortality rate. Other investigators have also
used the in-hospital WRF definition threshold of an increase in serum creatinine of >3mg/dl
(26.5umom/I) has been found to be relevant in terms of incidence and outcomes. Forman etal
(Forman et al. 2004) and Belziti et al (Belziti et al. 2010) in their hospitalised HF cohorts also
reported WRF prevalence as 27% and 23% respectively. The ReFinH Study in terms of the
incidence of AKI (WRF) is consistent with these findings but did not support the increased

mortality findings.

However, not all cardio-renal HF studies have found 20% plus incident rates for HF in-hospital
WRF. A study by Verdiani, Lastrucci and Nozzoli (Verdiani, Lastrucci & Nozzoli 2010) used the
common WRF criteria of an increase in serum creatinine of 20.3mg/dl (26.6umom/I) from over
admission value which need to be maintained until discharge. To account for the lower
prevalence of WRF they suggested the biomarker was only transitorily affected hence the 11%

prevalence.

5.3 Prevalence of renal impairment
Renal impairment is generally defined as a baseline (admission) estimated glomerular filtration
rate (eGFR) of <60ml.min.1.73m? (Brandimarte et al. 2012; Damman, Valente, Voors,
O'Connor, et al. 2014). The term renal impairment is sometimes incorrectly used to refer to
chronic kidney disease as Rl does not take into account the 3-month duration criteria required
for a CKD diagnosis. This may help explain why the prevalence of renal impairment, or as it is
sometime referenced, chronic kidney disease in HF varies from 33% (Khan et al. 2006) to 64%
(Heywood et al. 2007). Here again settings and populations may affect these results. In the
ReFinH Study RI prevalence was 59% which is towards the upper margins for Rl in HF (de Silva

et al. 2006; Heywood et al. 2007).

Numerous studies had investigated the relationship between hospitalised HF and renal
impairment (Damman et al. 2009; Heywood et al. 2007; Hillege et al. 2000; Khan et al. 2006). A

retrospective analysis of the randomised control trials (RCT) Second Prospective Randomized
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study of Ibopamine on Mortality and Efficacy (PRIME-II) by Hillege et al. (Hillege et al. 2000)
investigated the frequency and impact of Rl in HF. Hillege calculated GFR using the Cockcroft-
Gault (GFRc) equation (Cockcroft & Gault 1976) to determine study outcomes. They assessed
GFRc at baseline and at various intervals over 1091-days of follow-up. Baseline GFRc of
<59mL.min was present in approximately 50% of patients. The study reported a stepwise

increase in mortality risk with decreasing GFRc quartiles.

In ReFinH, the GFRc equation was not used. Instead, the Modification of Diet in Renal Disease
(MDRD) formula was used to determine the estimated GFR as this was the equation routinely
used by the study site pathology laboratory. Other formulae can also be used to determine the
estimates for GFR. The Cockcroft-Gault equation (Cockcroft & Gault 1976), or the MDRD
(O'Meara et al. 2006) or the simplified MDRD equation have been validated in HF populations
and shown to produce very similar values for eGFR (Smilde et al. 2006). The similarity in
prevalence with the Hillege et al. (Hillege et al. 2000) study of at least 1 in 2 patients with RI

confirms the ReFinH Study Rl prevalence of 59% as a realistic finding.

Damman and colleagues (Damman et al. 2009), used the COACH Study (Jaarsma et al. 2004)
data in a retrospective analysis to determine the effects of renal impairment and WRF by WRF
post discharge care as either intensive or standard. COACH which was a multicentre RCT
defined in-hospital WRF as a serum creatinine increase of >26.5umom/| (>0.3mg/dl) or a >25%
increase between two time points and renal impairment described as CKD as an
eGFR<60mI.min.1.73m? has several relevant findings. The salient features to take from the
COACH study results for ReFinH is the average eGFR and prevalence of Rl. For COACH the
mean eGFR was 55+21ml.min.1.73m? and renal impairment prevalence 59%, while for ReFinH
the cohort had mean eGFR 54+24ml.min.1.73m? and Rl of 59%. The results of the two studies

were similar.

Another important source of data for studying the prevalence and impact of renal dysfunction
in HF has been HF registries. Heywood and colleagues (Heywood et al. 2007) accessed data for
the time period October 2001 to July 2004 from the multicentre database known as the ‘Acute
Decompensated Heart Failure National Registry (ADHERE) to investigate the prevalence of
renal dysfunction and its impact on outcomes in 118, 465 patients who had data available for
the analysis. The sMDRD formula was used to calculate eGFR. The ADHERE based study
detected in-hospital clinical outcomes worsened with increasing severity of renal dysfunction.
At admission, eGFR was normal in only 9.0% (eGFR >=90ml.min.1.73m?) of the patients, the

remaining 91% had varying degrees of renal dysfunction. In the ADHERE study when renal
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dysfunction was defined as an eGFR of < 60ml.min.1.73m? 63.6% of the cohort had renal
impairment. Yet only 33.4% of men and 27.3% of women were diagnosed with Rl. Once more,
these results highlight the significance of renal dysfunction in HF, confirming high prevalence

which is compatible with the ReFinH result.

The inference from the studies presented on renal impairment and HF irrespective of setting is
renal impairment at the time of admission in HF patients is exceedingly common and usually
associated with increased mortality. The ReFinH Study found a high prevalence for Rl but did

not confirm the mortality relationship.

5.4 Chronic Kkidney disease prevalence

One of the confounding issues in the HF renal dysfunction literature involves the lack of
reporting regarding the chronicity of renal impairment. This lack of confirmation makes it
difficult to clearly determine prevalence of CKD in HF. In much of the literature an abnormal
admission serum creatinine >1.5mg/dl (133umol/l) or eGFR < 60 mL.min carries the implicit
assumption that this single result can determine chronic kidney disease (Damman et al. 2009).
As the ReFinH Study results show, renal impairment prevalence of 59% does not necessarily
translate to CKD prevalence which for ReFinH was 52%. The CKD diagnosis for the ReFinH
cohort was verified by historic review of the electronic medical record for an estimated
glomerular filtration rate (eGFR) <60ml.min.1.73m? for at least 3-months prior to the index
admission. If this information was not available the patient was not attributed the comorbidity
CKD. Notwithstanding these limitations, there are a number of community-based cardio-renal
studies (de Silva et al. 2006; Khan et al. 2006; Maeder et al. 2012) that have investigated the
link between HF and renal dysfunction as CKD establishing its prevalence and effect on

outcomes.

The Khan group (Khan et al. 2006) in a post hoc analysis of the Studies of Left Ventricular
Dysfunction trial (SOLVD) investigated the rate of decline in kidney function and its
consequences for HF patients. They referenced renal decline against the National Kidney
Foundation, Kidney Disease Outcomes Quality Initiative (K/DOQI) (Levey et al. 2003)
classification and staging system for CKD which has as its metric eGFR defined categories. The
SOLVD trial had stringent renal criteria where a baseline serum creatinine >2.5mg/dl
(>177mmol/L) meant exclusion. However when the K/DOQI stages were applied 33% of the
cohort had an eGFR <60ml.min.1.73m?2 enabling the classification of CKD. Serial eGFR
measurements were collected for up to 34.2 (+14) months to monitor eGFR rate of decline.

Relevant outcomes from this study for ReFinH are that the K/DOQI CKD classifications were
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shown to be associated with mortality in a well-characterised HF population, and that the rate
of decline was a strong mortality predictor irrespective of baseline renal function, heart failure
type or change in HF. These findings suggest the approach taken by ReFinH to differentiate Rl
from CKD is justified, and confirms the utility of the K/DOQI CKD metric in HF.

The most recently published meta-analysis by Damman and colleagues (Damman, Valente,
Voors, O'Connor, et al. 2014) reported an overall CKD prevalence 32% of CKD as defined in the
individual studies. In further selective analysis which excluded a study with an unusually lower
CKD prevalence, they reported an overall CKD prevalence of 49%, which translated into 53% in
acute HF and 42% in chronic HF. There is no doubt the various manifestations of renal
dysfunction are prevalent in HF. Given the prognostic significance or acute and chronic renal
dysfunction in HF, the ReFinH Study has attempted to differentiate and establish for the cohort
the true incidence of AKI, and prevalence of CKD and renal impairment. These are important
considerations as the ability to correctly identify which patients are at risk of acute
deterioration in renal function may hold benefits for improving patients’ outcomes and better

inform future research.

5.5 Characterisation of renal dysfunction in heart failure

Heterogeneity is a feature of HF renal dysfunction cohort studies (Damman, Valente, Voors,
O'Connor, et al. 2014). This limits comparisons and the conclusions that can be drawn from
individual studies and meta-analyses. Nevertheless, the baseline characteristics table for the
cohort is often useful to contextualise results. These tables usually include demographics,
cardiovascular and medical history, admission signs, symptoms, haemodynamic, and blood
chemistry variables, and medications at the time of admission. It is also common practice to
give the setting, hospitalised or community; and where possible details of the type of HF
population being investigated. It is from this suite of variables investigators characterise their
study cohort. The presentation of the data typically follows the convention of stratifying by the
outcome of interest such as WRF / no-WRF and includes the result of the univariate and
bivariate analysis for the cohort and by group outcome respectively. The detailing data can be
useful when collated in meta-analyses summary tables which make possible general
comparisons across studies and help reference a study’s results for similarities and disparities,

characterisation of prevalence and severity for variables and their relationship to outcomes.

In the ReFinH study participants were a generalised population of hospitalised HF patients, the

majority were male (55%) and cohort median age was 76-years (IQR 68, 83). Approximately
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two-thirds (62%) of the cohort had had a previous documented HF admission. When the
ReFinH cohort was stratified by the presence of AKI, there was neither a statistically significant
dominant gender nor age difference; the median age for those with AKI was 78-years (IQR 69,
83) and without AKI 76-years (68, 83). Only eight (8) variables demonstrate a statistically
significant difference by AKI group for the cohort of 176 patients in which 42 developed AKI.
AKl was characterised by admission haemoglobin (Hb) 118g/dl (p=0.02), serum creatinine
135umol/I (p=0.04), and R-blocker medication being taken at the time of admission (p=0.05);
Charlson Index weighted score (p=0.03), idiopathic aetiology for HF (p=0.03), RI that is and
admission eGFR <60ml.min.1.73m? (p=0.05), confirmed CKD (p=0.01) and diabetes (p=0.002).

The remaining 41 descriptive clinical variables were not significantly different for AKI groups.

The median age of 76-years (IQR 68, 83) places the ReFinH cohort in an age demographic for
developed countries experiencing significant growth in terms of the proportion of the general
population and prevalence of HF (Jugdutt 2012). In fact, HF patients over 75 years have been
classified as the old elderly and those over 85-years as very old elderly (Jugdutt 2012). Studies
investigating renal dysfunction and outcomes which are not retrospective analysis of RCTs
tend to have older cohorts. For example the Krumholz and colleague’s (Krumholz et al. 2000)
retrospective chart audit inclusion criteria was 265years with a mean age of 79.1 (+7.7). The
studies by Verdiani et al. (Verdiani, Lastrucci & Nozzoli 2010) and Breidthardt et al.
(Breidthardt et al. 2011) were prospective observational studies, where participants’ mean and
median age were 77.9 (+10.1), and 79.0 (71, 85) respectively. These studies shared the WRF
definition serum creatinine threshold of >26.5umol/l used in ReFinH. Other characteristics
these study cohorts share with ReFinH are similarities in terms of the incidence of in-hospital
WRF, the presents of comorbidities and for the Breidthardt et al. study (Breidthardt et al.

2011) the definition for CKD.

WREF incidence for ReFinH, the Krumholz et al. (Krumholz et al. 2000) and Breidthardt et al.
(Breidthardt et al. 2011) studies were 24%, 28% and 21% respectively. The 11% WRF incidence
reported by Verdiani et al (Verdiani, Lastrucci & Nozzoli 2010) as noted earlier was attributed
to their definition requiring the serum creatinine increase of >26.5umol/l to persist till
discharge, suggesting a transitory biomarker change. The similarity in comorbidity burden in
the preceding studies is a characteristic of HF that is becoming more common, the presence of
multiplemorbidity posing management challenges and impacting outcomes (Damman,

Valente, Voors, O'Connor, et al. 2014; Owan et al. 2006).
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Table 5.1 highlights the comorbidity prevalence for diabetes, ischaemic heart disease (IHD),
chronic kidney disease (CKD) and renal impairment (RI) at admission for the ReFinH, Krumholz
et al (Krumholz et al. 2000), Verdiani et al (Verdiani, Lastrucci & Nozzoli 2010) and Breidthardt
et al (Breidthardt et al. 2011) studies.

Table 5.1 Study Cohort and WRF comorbidity percentages

Study Diabetes IHD CKD RI

Cohort / WRF Cohort / WRF Cohort / WRF Cohort / WRF

ReFinH 51% 71% 57% 57% 52% 69% 59% 25%

(2012)

Krumholz 38% 44% 37% 34% 21% 34% 41% 49%

(2000)

Verdiani 33% 28% 57% 44% 24% 44% 28% 44%

(2010)

Breidthardt 31% 36% 54% 58% 42% 58% N/A N/A

(2011)

An additional chronic condition with significance in HF is anaemia frequently referred to as
cardio-renal-anaemic syndrome or CRA. CRA has a reported prevalence range of 9% to 79% in
HF (Go et al. 2006). Yet the most significant chronic condition in HF is CKD due to its
pathophysiology role in HF and influence on prognosis (Breidthardt et al. 2011; Damman,
Valente, Voors, O'Connor, et al. 2014; Forman et al. 2004; Khan et al. 2006; Krumholz et al.
2000). As a final point reinforcing the importance of the comorbidity burden in HF, especially
where there is renal dysfunction the ReFinH result is the statistically significance difference for
the Charlson Index (Cl) weighted means for AKI group status: AKI 4.5 (SD+1.9), No-AKI 3.9
(SD+1.6), p=0.025 are indicative of the comorbidity problem associated with AKI incidence.
Once certain cohort characteristics are deemed to have an association with the development
of AKI the next phase is to assess if they are significance predictors for a study’s primary

outcome.

5.6 Predictors for the development of AKI in the study cohort
Although pathophysiological mechanisms responsible for in-hospital WRF are yet to be fully

explained, a number of predictors of worsening renal function have been reported (Cowie et
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al. 2006; Forman et al. 2004; Krumholz et al. 2000; Verdiani, Lastrucci & Nozzoli 2010). Part of
the rationale behind attempts to document the predictors of WRF in HF is to help identify HF
patients at high risk for WRF and to enable the early implementation of strategies with the
potential to protect renal function or minimise renal deterioration and improve HF patients’

outcomes.

Backward stepwise binary logistic regression was used to identify variables predictive of acute
kidney injury presenting as in-hospital worsening renal function. Statistically significant
continuous and categorical variables in the characteristics table (table 4.1) and variables with a
p-value of <0.1 were considered for inclusion in the predictive modelling. The following
variables were used in the regression analysis: age, admission systolic blood pressure, diabetes
mellitus (combined Type | & Il), a history of chronic kidney disease> Stage 3a, R-Blocker
medication on admission and admission haemoglobin. Other baseline variables that met the p-
value of <0.1 criteria were the Charlson Index (Cl) weighted score, the admission serum
creatinine and admission eGFR. These last three variables were left out of the regression
analysis due to the potential for multicollinearity. In the case of the Cl weighted score, the
component variables diabetes and renal disease were already included as independent
variables. For all variables included in the analysis, the basic rule of 10 participants per variable

was satisfied (Hayat 2013; Vittinghoff & McCulloch 2007).

In the final model reached in the 4™ step 3 variables remained a history of CKD, diabetes, and

R-Blocker medication at the time of admission.

5.6.1 Chronickidney disease history as a predictor of AKI
HF patients with a confirmed history of at least stage 3a (eGFR<60mls.min.1.73m?) chronic
kidney disease on admission were 2.63 (95%Cl: 1.21, 5.73; p<0.02) times more likely to
develop AKI than patients with normal renal function. The robust nature of the evidence for
CKD as a predictor of WRF is supported by Damman et al (Damman, Valente, Voors, O’Connor,
et al. 2014) who recently published an updated meta-analysis in which 30 studies had
identified baseline eGFR as either Rl or CKD as a risk factor for worsening renal function. In this
meta-analysis (Damman, Valente, Voors, O’Connor, et al. 2014) baseline CKD in HF patients
was reported as a predictor for WRF with a HR 2.17 (95%Cl: 1.79, 2.63; p<0.001). Further, they
suggest renal impairment to be the most important comorbidity in HF due to its associated

mortality risk. These authors tabled all Rl and CKD results together as CKD.
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A prospective observational cohort study by Breidthardt et al. (Breidthardt et al. 2011) using
similar definitions for CKD and in-hospital WRF as the ReFinH Study reported hazard ratios for
CKD history and incidence of WRF that were similar to the ReFinH results and the Damman and
colleague meta-analysis. Breidthardt’s team identified a hazard ratio (HR) of 2.31 (95%Cl: 1.57,
3.40; p<0.01) for CKD history. Again, CKD was found to be a statistically significant predictor for
in-hospital WRF. The hazard ratios for CKD as a predictor of in-hospital WRF for the Damman
et al. meta-analysis (2014) and Breidthardt et al. (2011) study support the ReFinH results for

CKD history as a significant risk factor for AKI.

Noteworthy is the finding CKD in HF is an strong, negative prognosticator for short and long-
term mortality and morbidity outcomes (Breidthardt et al. 2011; Butler et al. 2010; Damman,
Valente, Voors, O’Connor, et al. 2014; de Silva et al. 2006; Forman et al. 2004; Hillege et al.
2000; Verdiani, Lastrucci & Nozzoli 2010). The sine qua non for AKl is the cause precedes the
event; a history of CKD having been identified as the most important prognostic indicator in HF
(Damman et al. 2009; Damman et al. 2007) provides this temporal sequence and confirms the
need for routine monitoring of renal function in CHF (Remuzzi et al. 2013). Adequate
monitoring of renal function in HF patients may be the opportunity to preserve renal function

and improve outcomes in HF patients.

5.6.2 Diabetes mellitus as a predictor of AKI
In the ReFinH study hospital HF (HHF) patients with diabetes were 2.63 (95%Cl: 1.21, 5.71;
p<0.02) times more likely to develop in-hospital AKI than HHF patients without the
comorbidity diabetes. This finding is consistent with many heart failure studies investigating
WRF predictors such as Breidthardt et al. (Breidthardt et al. 2011), Butler et al. (Butler et al.
2004), Forman et al. (Forman et al. 2004), and others (Cowie et al. 2006; Owan et al. 2006).

One of the most pertinent studies against which to position the ReFinH findings re a history
diabetes is that of Forman et al. (Forman et al. 2004) as both studies share population, setting,
methodology and definitional similarities. Forman et al. (Forman et al. 2004) investigated the
prevalence of WRF in hospitalized heart failure (HF) patients, clinical predictors and hospital
outcomes associated with WRF. The presence of diabetes was confirmed as a factor ‘strongly
and independently’ associated with WRF such that diabetes was one of four parameters
forming a risk prediction score for WRF. The other prediction score variables were renal
dysfunction defined as an admission serum creatinine of >132.6umol/l (=1.5mg/dl); admission

systolic blood pressure >160mmHg and a pre-existing history of HF (Forman et al. 2004).
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Additional evidence to support diabetes as a predictor of WRF comes from a literature review
by Dobre et al. (Dobre et al. 2012). Their intension was to summarise the predictors of renal
dysfunction in CHF and present strategies to prevent or treat RD in chronic heart failure. Dobre
and colleagues confirmed patients with diabetes were at risk of renal complications. They
noted good control of glycaemic levels and treatment with renin-angiotensin aldosterone
system (RAAS) inhibitors was essential to prevent Rl in diabetic HF patients. They stressed the
importance of monitoring urinary albumin concentrations in these patients. The observations
of Dobre et al. (2012) strengthen the importance of the ReFinH study finding of diabetes as a

predictor of WRF and the need for renal function monitoring.

5.7 Survival analysis acute kidney injury
Kaplan-Meier survival curves for the composite endpoint all-cause mortality and major
cardiovascular event (MACE) defined as ST elevation myocardial infarction (STEMI), non-
STEMI, cardiac arrest and stroke) were created for AKI groups. During the 12-month post index
admission follow-up period, 43 patients (25%) experienced an event; of these 8 (21%) had
developed AKI during the index hospitalisation and 35 (27%) did not develop AKI. The log-rank
test was used to assess the significance for AKI groups for time to the composite endpoint. No
statistically significant difference between the survival functions was observed (p=0.471). This

finding is rare but not unique.

In the study by Verdiani et al (Verdiani, Lastrucci & Nozzoli 2010), in which 11% of patients
developed WRF. These authors constructed survival probability curves according to the
Kaplan-Meier method. Their mortality results were not statistically significantly difference for
WREF status (P=947). This study is referenced as its methodology, patient population; setting
and definition for WRF are very similar to the ReFinH study. As with ReFinH it is an appraisal of
a general HF, population admitted to hospital and followed up for 1 year. Where it diverges

from the ReFinH study is its WRF definition timeframe which is extended up to 15-days.

A second study with a primary outcome of all-cause mortality that found no significant
difference for mortality at 18-months follow-up for HF patients developing WRF was that of
Maeder et al. (Maeder et al. 2012). They investigated the incidence, predictors, and prognostic
impact of WRF in elderly community-based heart failure patients. For this investigation,
Maeder’s team carried out a retrospective analysis of data from the trial of Intensified Medical
therapy in the Elderly patients with Congestive Heart Failure (TIME-CHF) which was
community-based. Their defined three levels of WRF to reflect increasing severity using the

serum creatinine increases over baseline value of 0.2mg/dl to 0.3mg/dl (17.7umol/l — 26.5
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umol/l) for WRF-I; >0.3mg/dl to 0.5mg/dl (>26.5 umol/l - 44.2 pmol/l) for WRF-Il and
>0.5mg/dl (>44.2 umol/l) for WRF-IIl during a 6-month period. Only WRF-Ill was associated
with increased mortality hazard ratio 1.98 (95%Cl: 1.27, 3.07, P=.002). Points of difference for
ReFinH were that TIME-CHF was community-based and an extended timeframe for biomarker
increase. Studies by Aronson et al (Aronson & Burger 2010) and Cowie et al (Cowie et al. 2006)
reported increased mortality in WRF when Worsening renal function persisted or when major

complications were associated with the admission respectively.

Even though the ReFinH study had a high prevalence of CKD at 52% and Rl 59% it did not
translate into significance in terms of mortality outcomes as seen in the studies by Breidthardt
etal CKD prevalence of 42% CKD, and the meta-analyses of Damman et al (Damman, Valente,
Voors, O'Connor, et al. 2014), CKD prevalence of 53% in hospitalised HF. For the Breidthardt’s
group (Breidthardt et al. 2011) the only independent predictor of WRF was CKD with a hazard
ratio of 2.07 while for Damman the overall CKD prevalence of 32% was associated with an all-

cause mortality odds ratio of 2.34 (95% CI2.20 — 2.50, p<0.001).

In general in-hospital WRF is associated with increased mortality risk (Damman, Valente,
Voors, O'Connor, et al. 2014), in ReFinH this was not the case. Definitions, HF populations and
settings will impact these findings as is evident from the data already presented. The ReFinH
definition for WRF with its origin in a nephrology/ intensive care medicine; requires a very
specific increase in serum creatinine over a timeframe which can be considered short in
comparison to much of the cardiology literature. The implications are what some may call WRF

may be CKD and hence the impact on mortality (Butler et al. 2010).

Finally, Kaplan-Meier (KM) survival analyses was also assessed for the cohort by renal
impairment and chronic kidney disease status. When stratified by these criteria yet again no
statistical differences between survival distributions for the groups were observed. This is
contrary to results present in the majority of HF renal impairment studies as evident in
Damman and colleagues (Damman, Valente, Voors, O'Connor, et al. 2014) 2014 revised meta-

analysis.

5.8 Secondary endpoints and acute Kidney injury
Secondary endpoints for the ReFinH Study were total hospital re-admissions, emergency
department presentation or total hospital bed days for the 12-month follow-up by acute

kidney injury status. Analysis was by way the Mann-Whitney U test. No statistically significant
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differences for any of these secondary outcomes were detected. As with the survival analysis

results these results are contrary to the majority of the literature (Butler et al. 2010).

When comparisons of the ReFinH secondary results are made against the studies mentioned
previously for their similarity to ReFinH secondary outcomes are also analogous. For Verdiani
et al (Verdiani, Lastrucci & Nozzoli 2010) there were no significant differences for re-
hospitalisation over 1, 6 or 12-months for HF patients with WRF compared to those without
WRF. Maeder et al (Maeder et al. 2012) reported only HF patients with WRF defined as a
serum creatinine increase of >0.5mg/d| experienced increased re-admission rates over the 18-
month follow-up period. Butler et al (Butler et al. 2010) in their systematic review of the
literature also reported studies assessing WRF, defined as a 20.3 mg/dL increase in serum
creatinine after admission appeared to be strongly associated with increased length of stay but
not readmission. For the ReFinH study Rl was not associated with any of the secondary
outcomes and only a confirm history of CKD saw a statistically significant result, HF patients
with CKD experiencing a greater number of total hospital bed days compared to HF patients

without this comorbidity.

5.9 Implications
The ‘Renal function in chronic heart failure cohort study’ has provided insights into renal
dysfunction in HF, from an Australian perspective for which there are limited data. The ReFinH
study has extended the characterisation of Australian hospitalised HF patients with renal
dysfunction and exposed the importance of definitions and nomenclature for this clinical entity
in HF. The findings of Chew et al (Chew et al. 2006) with regards to the prevalence of renal
impairment in hospitalised cardiac patients is confirmed by this cohort analysis. Analysis of
ReFinH data justifies increased surveillance and regular reporting of renal function in HF.
Monitoring and reporting renal function due to its prognostic importance should become a
standard for inclusion in hospital discharge summaries and for on-going outpatient and

community management.

To enable these clinical management changes the definition for in-hospital worsening renal
function needs to be standardised. The ReFinH literature review made this point and the
analysis of the results in the discussion has drawn attention to issues associated with
ambiguous definitions and nomenclature. Definition consensus for in-hospital WRF and the
endorsement of the KDIGOs chronic kidney disease classification and stages would assist with

applications in health information technologies to enable better monitoring and
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communication between health professionals. It would also support improved research and

education.

Future research could test the utility of the modified AKIN, acute kidney injury definition used
in the ReFinH study. Data definitions could be developed to standardise the nomenclature and

informing health informatics applications.
5.10 Summary

Irrespective of whether renal dysfunction is acute or chronic in HF mortality rates trend
towards an inverse relationship (Damman et al. 2007; Smith et al. 2006). The greater the
severity of RD the higher the mortality risk. The seminal paper by Smith and co-authors (Smith
et al. 2006) highlight this association. They found “mortality worsened incrementally across
the range of renal function, with 15% (95% Cl 14% to 17%) increased risk for every 0.5 mg/dl
(44.0 ummol/l) increase in creatinine and 7% (95% Cl 4% to 10%) increased risk for every 10
ml/min decrease in eGFR” (Smith et al. 2006).

Subtle difference in the nomenclature can cause confusion when interpreting study outcomes
and potentially have a negative influence patient management decisions. Professional
communities and bodies (cardiology, nephrology, intensive care, etc.) develop their own renal
impairment, worsening renal function notions. In the practice of empirical WRF definitions, we
see comparisons of apples with oranges. WRF has been used as an umbrella term with many
meanings due to its many definitions giving the impression of inclusiveness which is a barrier
for measuring, analysis and decision making based on results. . Of concern is the continued
selective use of the KDIGO CKD metric for a cut-point for renal dysfunction in the heart failure

cardio-renal literature without the adoption of the nomenclature.

Heart failure and kidney disease are not rare conditions, the presented epidemiological data
highlight their prevalence and the significant impact these conditions have at the individual,
national and global level. Individually they are challenging but when combined as cardio-renal

dysregulation they present new challenges to both clinicians and researchers.

5.10.1 Strengths and weakness of the study design
This study has several limitations. Firstly, as an observational study it is impossible to attribute
causation; secondly, the limitations of administrative data need to be recognised in terms of
coding of the discharge International Classification of Diseases (ICD) HF codes. However a
study by Teng et al (Teng et al. 2008) in Western Australia established the high accuracy for HF

coding using the HF ICD codes. Secondly, the data represent the findings from a single centre
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cohort in an Australian tertiary level hospital and as such may not be representative of the
broader Australian HF population. Thirdly, the study did not achieve its required sample size of
288 participants to adequately power the primary study endpoint of AKI and 12-month follow
up all-cause mortality and MACE. The resulting small sample size has resulted in primary and
secondary endpoints that were not statistically significant and broad confidence intervals for
the AKI predictors. Post-hoc analyses were considered but in practice, it is usually concerned
with finding patterns and/or relationships between variables where relationships are not
previously understood so it was not performed. In contrast, the ReFinH study has increased
the spotlight on renal impairment (acute and chronic) as a well recognised predictor of adverse

outcomes, rather than discovery of a new relationship.

Yet in spite of these limitations, the study has several strengths. The prospective consecutive
recruitment of patients minimised patient selection bias and provided a general hospitalised
HF population. There were no exclusions based on language or nationality as all patients were
included in the data collection, exclusion criteria only applied following completion of the chart
audit. For biomarker results all analysis was conducted at a single facility, the case report form

standardised data collection.

5.11 Conclusion
This chapter has provided a discussion of the ReFinH cohort study within the context of the
existing literature. In addition, it has addressed the strengths and limitations of the study
design. The following chapter will provide the implications of this study for policy, practice,

education and research.
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6.1 Introduction
This thesis has systematically identified factors influencing renal function in HF, including the
assessment of these factors in a cohort study. Baseline glomerular filtration rate (GFR) is a
stronger predictor of mortality in patients with HF than left ventricular ejection fraction or
NYHA functional class (Bock & Gottlieb 2010). Identifying patients at risk of worsening of renal

function and more importantly preserving renal function is an important consideration.

The results of the ReFinH study highlight the complexity of hospitalised HF patient
management. These patients were typical of developed country’s HF population (Jugdutt
2012). They were elderly with an average age of 74-years; had several comorbidities which due
to the instability of their HF were at risk of exacerbation. Over 60% of the patients had 3 or
more comorbidities when defined using the Charlson Index (Sundararajan et al. 2004), chronic
kidney disease and diabetes the most common followed by chronic obstructive airway disease.
The prevalence of confirmed CKD at admission was high at 51%; the incidence of acute
worsening of renal function was also significant with approximately 1 in 4 patients developing

AKI.

The ReFinH study is testament to HF patients requiring more than cardiac care. They need
patient-centred, multi-system care which frequently involves renal, endocrine, respiratory, and
connective tissue management. The challenge of multimorbidity, that is when no reference
condition is considered (van den Akker et al. 2001) is a management concern for clinicians and
health systems which have traditionally been single disease focused. Clinicians, researchers,
health policy developers and health educators are increasingly acknowledging the need to
move away from the single disease paradigm to a more holistic approach to care (Fortin et al.
2012). Comorbidity status has become an important issue in contemporary HF management
(Damman, Valente, et al. 2014). In HF patients, the cardio-renal relationship is at the forefront
of holistic care. This is due to the renal system having a strong prognostic position and
association to medication management. Diuretics target the kidneys to relieve excess venous
congestion in volume-overloaded HF patients. Drugs that focus on the renin-angiotensin-
aldosterone system (RAAS) are also intrinsically involved in HF management as the RAAS is the
endocrine system principally responsible for regulating blood volume and systemic vascular
resistance (Krum, lyngkaran & Lekawanvijit 2009). These drug classes are frequently involved

in managing HF, renal and diabetic patients.

The primary aim of the study was to investigate the cardio-renal relationship in patients

admitted to an Australian tertiary level hospital with a primary discharge diagnosis of heart
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failure. The study design for the investigation was a retrospective single-centre chart audit.

Specific aims of the study were to:

i Investigate the impact of in-hospital worsening renal function (WRF) present as acute
kidney injury (AKl)defined using a modified AKIN definition of AKI (Sheerin et al. 2014)
in hospitalised HF patients for the composite outcome all-cause mortality and major
acute cardiovascular events (Non-STEMI; STEMI Cardiac arrest and Stroke) at 12-
months follow-up

ii. Investigate the impact of in-hospital worsening renal function present as acute kidney
injury (AKI) defined using a modified AKIN definition of AKI (Sheerin et al. 2014) in
hospitalised HF patients for the secondary outcomes at 12-month follow-up for:

- hospital re-admissions
- emergency department presentations
- total hospital bed days

Briefly, the ReFinH study has shown every second patient had CKD, and one in four developed
acute kidney injury. The composite outcome all-cause mortality and major acute
cardiovascular event (MACE) for hospitalised heart failure patients who developed worsening
renal function (WRF) present as acute kidney injury (AKI) compared to those who did not was
not statistically significantly different. Second, there was no statistically significant difference
between HF patients with AKlI compared to no AKI for the secondary endpoints total re-
admissions, emergency department presentations and total hospital bed days for the 12-
month follow-up period. Several predictors for acute kidney injury in hospitalised heart failure
were identified. A history of at least stage 3 chronic kidney, diabetes, anaemia, elevated serum
creatinine or reduced eGFR were predictors for AKlI. CKD and diabetes had a statistical
significant impact as predictors of AKI with OR 2.63 (95% Cl 1.21, 5.73; p<0.02) and 2.63 (95%
Cl 1.21, 5.71; p<0.02) respectively. The taking of a B-blocker at the time of admission protected
against AKI but was not statistically significant OR 0.49 (95% Cl 0.23, 1.03; p=0.59).

The acute worsening of renal function, whether a new finding or superimposed on already
diagnosed chronic kidney disease (CKD), requires definitive monitoring and treatment as it
portends adverse outcomes. The implications of these finding and the obligation to move form
a single disease paradigm to holistic care will be discussed within the context of policy,

practice, education and research.
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6.2 Policy

6.2.1 The Australian context
Healthcare in Australia is a multi-faceted web of public and private providers, settings,
participants and supporting mechanisms. Health policy development and implementation is
also a complex process as the primary jurisdictions delivering health services, public and
private hospitals and primary care providers have different funding sources (Australian
Institute of Health and Welfare 2014). The public hospital system is funded by all levels of
government while primary care receives federal and private support. In addition, there are
currently no Australian national criteria for identifying and prioritising clinical practice
guideline development (personal communication®); documents substantively relied upon to
inform health policy. No national body co-ordinates and prioritises the identification,

development and publication of evidenced-based clinical practice guidelines (CPGs).

The Australian Commission on Safety and Quality in Health Care (ACSQHC) a federal
government agency, by establishing several safety and quality goals in 2012, has become a
proxy organisation for health policy development. One of the ACSQHC goals is ‘people receive
appropriate, evidence-based care’(Australian Commission on Safety and Quality in Healthcare
2012). To fulfil this brief they develop national clinical care standards for specific conditions or
practices, and provide frameworks to develop high quality, safe patient care. The current
ACSQHC focus is acute coronary syndromes and acute stroke. In such a structured goal and
time-frame, driven environment the initial challenge is to have cardio-renal policy on the
agenda and then have the ReFinH Study results and international evidence inform the
development of a clinical standard in a very competitive milieu is monumental but not

impossible.

Linking the results of health research to the economic benefits associated with improved
patient outcomes and cost efficiencies is the key (Fisk et al. 2011) for inclusion in health policy.
ReFinH revealed a CKD prevalence of 59% based on admission eGFR and an AKI incidence of
24% in an Australian cohort of hospitalised HF patients. These results are not inconsistent with
those reported in the international literature (Damman, Valente, et al. 2014) where the
morbidity and mortality consequences associated with this degree of renal dysfunction have
been described. This study is consistent with the international literature in identifying

increased length of hospital stay in HF patients with renal dysfunction as an important cost

4
Guideline International Network (G-I-N) Australia New Zealand Regional Group Inaugural Meeting 22 August 2014 Minutes
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concern (Butler et al. 2010; Chew et al. 2006). Individually, chronic HF and renal disease are
conditions already responsible for a substantial portion of the health budget and personal
burden. The opportunity to identify HF patients at risk for renal deterioration and improve
their management through better monitoring may result in these patients reducing their need

for re-admission and increasing survival or the opportunity for advanced care planning.

Contemporary hospital and primary care, electronic medical records (EMRs) have the capacity
to generate temporal serum creatinine, eGFR and urea graphs. The addition of this type of
graph into the on-going clinical notes and as part of the discharge summary would be a simple
policy step to facilitate greater awareness of renal function in these patients and possibly avert
rapid functional decline. Heart failure guidelines already provide guidance for medication
management while nephrology guidelines highlight CKD and AKI staging, classification and
other management issues. However, the process of guideline and policy development is often
protracted as the quality of evidence needs to be assessed, validated and compared to
information gathered from other data sources. The knowledge gathering process is cyclical
revolving around the research-policy-practice-education model where health consumers and
carers, allied health professionals, clinicians, health bureaucrats and researchers identify and
contribute to, and lobby for evidence-based care. The following figure (Figure 6.1) adapted

from Elliott describes this iterative process.
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Adapted from Dr Julian Elliott’s presentation “Living evidence” at the Guidelines International Network
Conference, Melbourne 2014

6.2.2 Development processes
National health policy relies on national and international incidence, prevalence and outcome

data for conditions of significance to inform public health policy priorities (Australian
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Commission on Safety and Quality in Healthcare 2012). Policy developers also want
information on the availability of effective treatments, their safety, and options for health care
system efficiencies as well as how to engage consumers in policy development and
implementation (Australian Commission on Safety and Quality in Healthcare 2010). Informing
policy development are data from national health surveys, hospitals separation data for
characterising the conditions, admission history (including adverse events) costings, primary
care audits (Britt et al. 2008), death and disease registries and systematic reviews of the
clinical research. Where there are common conditions with life-threating prognoses and the
evidence-base is strong for a specific intervention and/ or management strategy for improve
patient outcomes, safe with potential cost saving benefits then health policy is likely to
embrace it. This approach is seen in policy programs such as screening initiatives for breast
cancer, childhood immunisation programs and management policies for acute coronary

syndromes.

6.2.3 Cardio-renal heart failure policy options

Heart failure and kidney disease are acknowledged as conditions that carry a substantial
personal and health system burden (Braunschweig, Cowie & Auricchio 2011; Eckardt et al.
2013) as previously discussed in the literature review. Both conditions experience increasing
prevalence in an aging population (Bleumink et al. 2004; Eckardt et al. 2013). For westernised
countries this is specifically significant as their population are seeing increases in the over 65-
years (Eckardt et al. 2013; Go et al. 2013; Roger 2008) and 80-year plus age (Dickstein et al.
2008) groups.

In older patients the issue has been raised as to whether they are managed to protect them
from renal dysfunction particularly with regards to community AKI (Hsu et al. 2007). This is an
important matter as HF patients with either acute or chronic kidney dysfunction experience
significantly increased mortality (Shlipak & Massie 2004; Smith et al. 2006). Additional
justification for protecting and persevering renal function in CHF patients is that they are
already known to have a poorer quality of life and be frequent users of health services (Butler
et al. 2010). The opportunity to improve the quality of life, safety and outcomes for these
patients may rest with clinicians and health systems moving from a single disease focus to a
holistic patient management model. A change in management strategy would require policy
changes to drive practice, education and research. A multimorbidity model begins by having a

common language, definitions and nomenclature.
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6.3 Practice

6.3.1 Why we do what we do
Within the cyclic paradigm of research-policy-practice-education, the practice component is
what we do in patient management. The patient management decisions clinicians make is
often informed and directed by national health and institute policy, clinical practice guidelines
(CPGs), CPG implementation strategies and by their graduate medical education (Grimshaw et
al. 2005; Sackett et al. 1996). More recently, the implementation of CPGs is being facilitated by
innovation in health informatics at both the primary and territory level. Health information
technologies (IT) with built-in EMR decision support tools with concordance monitoring
systems are being rolled out to support health professionals in their clinical practice. These IT
applications are often designed for point-of-care use to encourage the health team to engage
with the patient in management planning and decisions. In addition, the IT systems enhance
our ability to review practice concordance with CPGs at the national, local and clinician level to
help determine the impact evidence-based practice has for patients in terms of morbidity and
mortality (National Institute for Cardiovascular Outcomes Research 2012). The National
Institute of Cardiovascular Outcomes Research, National Heart Failure Audit published in the
United Kingdom (UK) in 2012 highlighted areas for improved outcomes such as appropriate
specialist follow-up care, and optimising medical therapy. These were key indicators of
improved mortality, while noting the importance of integrated care beyond hospital admission

(National Institute for Cardiovascular Outcomes Research 2012).

6.3.2 ReFinH results and practice implications
The ReFinH Study draws attention to the prevalence and consequence of renal dysfunction in
patients with HF. Every second patient had CKD, one in four developed acute kidney injury.
The prognostic impact of renal dysfunction in HF (Damman, Tang, et al. 2014) underlines the
need for clinicians to monitor renal function in HF patients just as closely as they monitor
medication management. The literature review described in Chapter 2 also emphasises the
well described ‘silo’ approach to knowledge development and clinical management.

Specifically there were specific bodies of literature in nephrology, cardiology and critical care.

International HF guidelines recommend the monitoring of electrolytes in HF when initiating or
up-titrating medications such as angiotensin-converting enzyme (ACE) or diuretics (McMurray
et al. 2012; Yancy et al. 2013). They also flag caution with the use of other potential
nephrotoxic medications such as non-steroidal anti-inflammatory drugs (NSAIDs). These

recommendations should be extended to include the monitoring of renal function in its own
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right due to its prognostic significance. Irrespective of the effect renal dysfunction has in HF,
the condition CKD is a potent risk factor for cardiovascular events and further deterioration in
kidney function (Levey et al. 2011). The opportunity to protect, and or preserve renal function
in CHF and acute episodes of exacerbated HF would be dependent on introducing clinical care
practice standards addressing renal function monitoring using standard care renal biomarkers.
Informed by the ReFinH Study results and the evidence from the scientific literature the

following recommendations are proposed:

Heart failure renal function practice recommendations are to:

» In all community managed HF patients document baseline renal function status using
the KDIGO chronic kidney disease staging classification system

» Monitor serum creatinine, eGFR and urea and urinary albumin in community HF
patients. Monitoring frequency in accordance with current KDIGOs recommendations
commensurate with CKD stage.

> Increase frequency of renal biomarker monitoring dependent on need; such as in the
immediate post-hospital discharge period, or during introducing or re-titrating of
potentially nephrotoxic drugs, and hydration status,

» In hospitalised HF patients use the modified AKIN acute kidney injury (AKI) definition
for the diagnosis of AKI, (modified by increased timeframe for diagnosis to 72-hours),
within the context of hydration status and urinary tract patency assessment,

» In hospitalised HF patients KDIGO acute kidney injury criteria can be applied to
determine severity of AKI

» HF patients with transient changes in renal function for any reason monitored
frequently until renal function stable and KDIGO classification documented, and

» Include in the patient EMR a chronological graphic produced using the renal

biomarkers serum creatinine, eGFR and urea to monitor trends in renal function.

6.4 Education
Education on renal function in HF should be included in basic and on-going professional
development. The connectivity outlined in Figure 6.1 recognises that clinical practice, research,
concordance monitoring and decision support systems all require an educational component.
The first step in the education process is to gather the evidence associated with the diagnosis,
prevalence, outcomes, and management of the condition. The clinical and health system
significance and characterisation of the condition once established, then lends itself to the

development of education programs to raise awareness of the condition, who is at risk,
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diagnosis, management options and knowledge gaps. Unfortunately, the pathogenesis of renal
dysfunction in HF is yet to be fully explained and this had led to apparent hesitancy by HF
guideline development groups to propose a consensus definition and nomenclature for the
condition. This is in spite of the vast amount of evidence identifying renal dysfunction defined
by delta change in either by eGFR, serum creatinine, urea or other renal biomarkers as a strong
prognostic marker in HF (Damman et al. 2007; Gottlieb et al. 2002; Smith et al. 2003).
Definitional ambiguity in my opinion has stymied education and the development of strategies
to protect and or preserve renal function in HF patients. The educational process will remain
checked until the international HF guideline development groups endorse consensus
definitions and nomenclature for AKl and CKD. This action would remove the ambiguity in the

taxonomy for cardio-renal dysfunction in HF and sets-up the opportunity to test their utility.

Awareness raising of the incidence, prevalence and cost germane to renal dysfunction in heart
failure for the individual and the health system is the next phase of the education process. The
public health threat associated with acute and chronic kidney dysfunction has been promoted
in a recent series of article in the Lancet (Eckardt et al. 2013; Jha et al. 2013; Lameire et al.
2013). In Chapter 1 of this Thesis, the epidemiology data for acute kidney injury, chronic
kidney disease and renal disease as a public health problem has been presented. Damman and
colleagues (Damman, Valente, et al. 2014) have up-dated their renal dysfunction in HF meta-
analysis of 2007 (Damman et al. 2007) regarding the epidemiology and impact of all forms of
renal dysfunction in chronic and acute decompensated HF. Their results reinforce the very
strong role renal dysfunction has for outcomes in HF. They confirm by their multivariate
analysis, moderate renal impairment defined as an admission eGFR of <60mL/min had a
hazard ratio (HR) 1.59, (95% Cl 1.49-1.69), P<0.001, severe renal impairment (dependant on
the published subgroup data, lowest estimated GFR, or highest creatinine/cystatin C
group/quartiles), HR 2.17, (95% CI1.95-2.40), P<0.001, and WRF (defined most commonly as a
serum creatinine increase of >26.5umol/L), HR 1.95, (95% ClI 1.45-2.62), P<0.001 were
independent predictors of mortality (Damman, Valente, et al. 2014). These data leave no
doubt as to the significance of renal dysfunction in HF and the publication of this highest form
of evidence hopefully will raise the profile of this subject sufficiently to ensure its inclusion in

CPGs, health policy and education.

In CHF and in ADHF education addressing renal function is frequently referenced against issue
focused on medication management and the kidneys response to congestion relieving diuretic

therapy. The idea of protecting and preserving renal function requires clinicians to make a
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change in their thinking towards a holistic approach to management. Again, for change to
occur it needs to be preceded by international HF guideline groups producing CPGs with

consensus definitions and nomenclature for CKD and AKI in heart failure.

The education recommendations are:

> Raise awareness of the prevalence and incidence of CKD and AKI in HF respectively by
ensuring this topic is included in professional development activities,

» Endorsement and promotion of the KDIGO CKD and AKIN definitions and staging
criteria,

» Tertiary and primary health services as part of local health policy institute an
electronic medical record (EMR) application to generate temporal renal biomarker
graphs as part of hospital discharge summaries and as part of clinical notes.

» Tertiary and primary health services to deliver education on defining renal

dysfunction in HF and its relevance to HF patients’ outcomes.

6.5 Research

As shown in Figure 6.2 postulated relationships between HF and renal dysfunction are
complex. These relationships are not one-dimensional but rather intricate bio-feedback
mechanisms frequently operating simultaneously and not necessarily in a cause and effect
scenario. Medication used in the management of HF signs and symptoms often modifies these
relationships. As the population ages and the numbers of individuals with comorbidities
increases, the need to understand complex pathophysiological, compensatory issues and
medication interactions used in the treatment of comorbidities in HF patients becomes

increasingly important.
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Consequently, cardio-renal research has many areas requiring investigation. At this time, the
pathogenesis of the syndrome is only partially understood; renal biomarkers for site of injury
with enhanced specificity and sensitivity are needed; the development of an evidence-base for
management and management strategies are just a few of the areas needing investigation. A
timeframe for answering these research questions is difficult to forecast, however, there are

other research opportunities currently available which could be pursued.

The new knowledge acquired from the ReFinH Study results provides the rationale for a
randomised trial to test the utility of the ReFinH AKI definition and recommendations for renal
function surveillance against standard practice. ReFinH has been the first Australian cohort
study to characterised renal dysfunction in hospitalised HF patients’, identify the predictors for
AKI, and test a modified AKIN acute kidney injury definition. This information is foundational
material for future research and offers the opportunity to further raise the profile of the
importance of renal dysfunction in HF and the chance to test policy and practice for improved

HF patient outcomes.
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6.6 Conclusion
Renal dysfunction is one of the most important independent risk factors for adverse
outcomes and all-cause mortality in patients with HF; it is also an area where the cardio-
renal pathogenesis is poorly understood. Many research challenges into the cardio-renal
relationship are yet to be addressed and these challenges will be difficult as this syndrome
often occurs within the context of multimorbidity where diabetes is a significant and
prevalent comorbidity. ReFinH highlighted the complexity of HF patient management,
reporting HF patients frequently present with three or more comorbidities. Diabetes,
vascular disease and connective tissue conditions were among the most common, all of
which can be linked to CKD. Germane to the research challenges will be moving from a

single disease paradigm to holistic care and finding opportunities for synergies across

conditions for diagnosis and management.

Better health starts through the creation of new knowledge through our research activities
(National Health and Medical Research Council 2012). Translating the lessons from research to
clinical practice through education strategies, and knowledge translation into practice and
policy is critical to improve the health care of the growing numbers of individuals living with
CHF and renal dysfunction. ReFinH as a well characterized Australian cohort is a valuable
resource for developing clinical practice guideline recommendations and powering clinical

trials.
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outcomes | 2] Reduced kdney function in HF at any time in the illne s
trajedary carmies an incressed fisk of death | 3] and hespitsl sation 4]
A theareticsl model for the cardio-rens] rels donship has been propased
Iy Rronve and ool leagues | 5| They describe cardiorenal syndrome [RS)
x5 disordersof the et and kidneys, whereby soute or chronic dys-
Tunction in one organ may induce scute or chronic dysfuncrion of the
other. Acute kidney injury [AK) former ly known 25 scute renad faihine
isalo s syndrome which is char arterised by the rapid kes | <48 h) of
Ithe escretony Amation in e kidney. Loss of ldney lmndion i rypically
dizgnosed by an incresse in oestinine and ures, or decrexsed wrinary
outpul, of 2 conbination of tese metrcs [67]

The scute worsening of rensl function, whether & new Tnding o
supeerim posed on J nesdy established chronic lidney disexse [0D), ne-
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M) st el ! el
function in HF is important in effecive trestment. Ensuring com-
munication between health professionals requires consistendy of
nimenclitinge As & conse quend, dath el ements for the definition and
demonstrationofutility in the clinical sevting are critical

HF is & hetermgeneous, complex and progressive syndrome | 8], with
& poof prognieis and i mos common in thise over 65-yesrs |9) The
prevalence of clronickidney disesse (CKD) and worsening renal fune-
tion in HF is variously estimated to be 33% to 65% [ 10,1 ] and 11% o
A5E [ 11-13] respecively. V aristion in the estimate of prevalene can
e attribaed to the alse nee of 2 cnsensus definition and diversity in
patient populations and settings. The increasing burden of CKD in
Teeart fxilure xndd recent maodification to the criter a for classifying and
g ng KD harve iy edsed the focis on the bi-diredional relstionship
berween renal dy sfunction and heart disesse [14] A recent review of
cardio-renal syndrames by Ronco and Ronco |15] has resffirmed the
miadel for five CRS sulbitypes rellecting the § me-frame snd the primacy
of argandys function of the syndrome (Table 1)

Research over the Lest decade hats dvanoed the understanding of the
incidence prevalence, complex pathopinsiol ogy and therspeutic i mpli-
cations of renal dyshunaion in hean {ilure_nd dence and prevale nce
estirnaies for worsening renal undtion and chronic kidney d sexse and
outeomes in HF in 4 varety of settings and populitions have been de-
seribed [14.16.17 ] and 2 fhearetical madel for the sological
mechanismg underpinning the relstonship has been proposed | 18]
Yet an intenstonal consensis definition for worsen ng renal function
in et Tail ure has remained ehusve Agresd de finit ons i nform study
design snd compar son between studies | 19) and raise clinical sware-
neesss anad dlisgnosis for the defined @ndition. Numenically defined Libo-
ratory test thresholdsfor definitional elem ents facilitae the formulation
of electronic evidence-based slgorithms for point of care manegem et
|20) and dats el ements for clinical registries which can support quality
improvement and fiture resesrch | 21| The clinical utility of such defing-
o ek e Dested 2 Crestment modes for HF evalve.

This discussion paper argues e need for 2 consensus delindtion for
worsening rend fiunadionin HF to endurage the definition dehate. We
oo e vy making som e recommend.at onds for defining and disgnoes-
ing worsening renal fundion in HF and the monitoring for CKD in
oormminity-ha sed HF patients,

2. Current heart Caihere guidel nes 2mnd Kidney function

mumeras HF guidelines exitr, the focus on renal dysfine-
tion 8 varishle. The Canadisn Candiovasculsr Society Heart Fail wre
Munagement Guidelines updae published in 2011 [22] specificadly ad-
dressse s exrdin-rend syndrome insdvanoed HF. Their recommend a6 ons
ke referende 1o munegement and deterioration of rensl Rndion not-
g the Matio ] Kidney Founeation Kidney Disee Ouicames Quality
Initistive { MKF-KINQT) 2002 clesification of CKD | 23 | and scute b dney
injuery Risk-1nj ury -Failune- Loss-Endstage rensl dise sie (RIFLE) criteria

ol o Cordbsiggy PR (X0 M) -0 435

|24} Hiowever, ey do not s pecifically sddress these criter afor disgno-
si5or staging of CKD or 2aute lddney injury in HF.

The Eurapesn Saciety of Cardiolagy [ ESC) |25] and the American
Call ege oof Cardiology Foundation with the Americin Heart Association
[ACCF/AHA] |26] have recently published updated guidelines kor the
reunzgement of HE. These eminent guideline development or ganiss-
tions follow intemationally remgnised critera for grading the srength
ol evidende and rating thei r remmmendationa. Unfor iniely, both sets
ol guidelines do notdisars the barmers or ensblers 1o operationalising
the Kidney Disexse Improving G lobal Dutmmes [ KDIGD ) acute kdney
injury definition or chrondc lddney disesss soge clssifications |27]
despite their relevane o HF [Table 2) The Lok of discussion could be
pereli b weon the view that &definition that ondyi ncorsor 5 4 mes-
sure of funet on without refenende o cnise Leks predsion and 5 sudh is
unsccepble However this appraach Gills shot in scknowledging the
clext evidence that any reduction in renal Amdion in HF 5t any tim e con-
veys an incressed mortality risk 3,28 | Concondance scross these HF
guidelines does occur in referende 1o the nesd for serial monitoring of
renal function and elaaralfes in maneging certain drug herapies and
the potential rale of urafiltration

In bath the ACCF/AHA and ESC guidelines sdidre ssing renal dysfunc-
i Hhere i an sleence of @ mpirica definitions and differ ng use of ter-
minology. The documents use terms such a5 Sdeguare” renal fnion
o marginal’ rensl function but there is no consistendy in their defini-
tiand For example the ACCF/AHA reder to sdequate renal hinction 25
& serum aestinine < 2.0 mg/dl (=177 pmol/l) o ‘marginal with an
eGFR 30-49 ml-min-1.73 n; wheness ESC describes renal
Tumction 24 serum creatinine < 25 mg/dl (<221 pmal/1) or «GFR >
30 el -min- 1.73 . The ESC guidelines scknowledge that seaute snd
ar chronic renal dysfundion is an important prognostic ssue in HF but
do notallerfurther guidsnes The ADCF/AHA | 26| do condede significant
£aps in the knowl edgebase for some hundsmental sipeds of HF cre and
acknowiledges limitations of the svailable evidence. They note the
recognition and treastment of crdio-renal syndrome is such an srea

1 Defining & dassifying dwromnic kidney disease and scute
kidney injury

As discissed above, there are intermationally sgresd mondensus
dhesfini fions. and stagi ng for 0D and soute Kidney injury and that these
definitions continue to be refined In 2002 the NCF-KDOGQ |23] pro-
pesed & five stage model for defining and clasifying CKD hased an
GFR and dvronicity. This model, with minor changes, va slaer endorsed
Iy the Kidney Disease: lmproving Global Duteomes | KDIGO) group in
2004 CKD wias defined 5 2 GFR =< 80 mi-min- 173 nf or evidence of
lddney dama ge regardles of anse lor 2 period of ot lexst 3-months
The KDNGOD cateporied kidney function by reducing GFR rang e, clas-
sifbcation extending from nommal through o end-stage lddney fadune.
Recently the definition and staging vere revised following the 2009

Takle 1
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Kidney Diseuse Outcomes Qual ity Initistive Gontroversies Confersndes.
Results from the conference lesd © stage 1 KD (GFR
< 80 ml-min-1.73 m°) being split inte stage W & GFR 45-
59 mil-min-1.73 m® snd stage N1 b 30-44 mi-min-1.73 m* and
the inclusion of Albuminuria [Albumin Creatinine ratio [ACR) =
Elnirminuria = 3.0 mgg) &5 & criteria for CKD (Talle 3 ). To highlight
the cardio-renal relstionship snd the impact of deedorating renal
Tunetion on outawmnes Levey et d. [14] provide a number of matrix that
summariz e pacled relitive risks of vanying level of eGFRand albu-
o rmeris, espresded &5 anabinieous or Cllegonical varishles, e pectively,
for all-cause and cardiovascular mortaling, and for end-stege kdney
Tahure, seube kdmney injury and progresion o 00D,

Acie kidney i mjury. rmerly refermed to &8 scute rensl [xline, hes
Tollowed & similar path to CKD in developing definitions and staging
criteria The RIFLE kidney disexse ol ssificstion scheme for scute rensl
fxilure in the crtically ill was fiest published in 2004 |24). The oni ginsl
RIFLE staging criteris were hased an changes from baseline val ues for
senm creatnine and)or percentage o0 FR of whinary output where the
criterion that resulted in the most severe clssifeation wad used
These criteris weredeveloped o define and desoribe souteorabruptde-
teroration of renal funct on resulting from a broad range of 2etiolog ies
in the aritically ill Since the introduction af the RIFE crieria several
revisions hawve ooour ed

The conve ning of the Acute Kidney Injury Metwaork [AKIN) was a
4172 gy 1o enable internationsl consensus snd endo mement by scientd -
ic societies. and healthcare arganistions for an sdvanced saite kidney
injury definition and oriteria, and &5 2 mesns to feter 2 collabor ative
network |29 AKIN published its revised definition and oriteria for
scute kidney injury in 2007 [29] This evidence-based cless fication
anil stxging definiton maintxined the components serum crestinine,
il urinary output and introduced dhronidty reflecting the sspects of
the fivestzge AFLE aiterdwhile compresing it 1 free 5 g el | mpor-
tantly the initistion of renal repl s ment ther xpy ws now subsumed
into stxgell of the new definition The use aof the AK] disgnoes e system
carries 3 mimber of cave s flagging the need to ises sdequacy of hy-
derstion stats and & iminste wrinary tract obstruct on while considering
the imapac of body muss index, sex and age lor Serum crestinine vahies
resul g in the option jor e of slsolue or peroaiege change lor cre-
atindne. Acute kidney injury is defined | 29] as = an sbougpt | within 48 h)
reductionin kidney function expresed a5 an stsolute increxse in senim
creatinine af =03 mg/dl [=264 pmal /1), 2 percentage ingaxse in
serum areatinine of = 50% [ 15 fold from baseline), or 2 reduction in
wrine output documented oliguris <05 mi'kg per hour for more than
Sik hours™ AKI is s trged lor severity by sither sheohte or percentege in-
crements in o estindne over baseline v alue or by dimindshing urd nary
culpul criteria |7

The st recent revis on of the definit on is informed by 2 systemat-
ic revd ew af relevant irisls pullished prior to February 2011 [7 | Creati-
niine values for the disgnes s of AKD remain unehanged, and the steging
Tor AKI now oocurs ever T-days. It B noteworthy that senmm oesinine
{50r) and equations lor estim2ing glomer s flrston rate (GH) fes-
twrein Choe CHDE A KD definitions snd that the values identified for these
renal biomarkers are the same o very dmilar to the criteria use in HF
worsening renal funetion inddence, prevalence and ouicome studies
13031 In the case of the AR definition, urinary oupa is an sdditionasl
metric RIFIE and AKIN criberia have been validated &5 sysems for the
dizgnesis and sixging of scute kidney injury hrough 2 series of apide-
mialogical studies including many mul ticentre appooadies with over
half a million patients involved |32).

4. Defining renal dysfumnotion in hean Gikere — the evidenes

The definition for worsening rensl function in HF rem xins srbitrary
|33 Gordieb et al |31 |identified 2nin-hospital rise in serum o extnine
of =03 mg/d] {(=26.5 pmal/T) 2 having 2 “semsitivity of 81 and speci-
ficity of 62X for death; 64% and 653 for length of stay grester than

10 ey ™ R et a1 |34 | confirmed that feedeincremses in senum one-
atinine “were clinically consequential in all subgroups af subjects re-
gardless of baseline of peak s nim crestinine level™. lncrements in
senm crestinime of 2= 03 mgil (=265 pmoll) have 2 significant im-
pact on 30-day and lang term mortality where increxsing severity of
ithee renasl dysfunction conveys inoressed sll-cnse mortadity |35-37)

Several meta-anal yses hav e investigated the sssociston of worsening
renal fundtion in HF with preval ence and prognosis |34.38) (Tadile 2).
Duarmruen and ool lesgues (4] 2nd Smith and ool egues | 3 | have reported
prevalence and prognostic outmmes for 4 brasd range of patiens with
resped o the severity of heart Nailure snd settings including loespital,
clindcal trial or comm unity-based Coca et 2l | 38| examined the 30-day
mirtality im pact of soute dney injury charscen sed by small dunges
in serum crestinine { =10 or =03 mgidl |-26 pmal A[] in cardise sair-
gery of angiography patients, acute de@mpensated congestive heart
Taihire patients, scutely ill intensive care patients and & biasd range of
Toes pitalised patients

Smith etal [3 ] analysed 16 high-quality $tudies with over BOLO00 pe-
tients with various degress of HF severity and an sver xge age of 74-
years The prevale noe of renal impairment for all ategories of patients
a1 ] e Wi clesperrn ine d wsing Senum creatinine. creatinine chaxranae
o estim xied glomerular fltration rate of oy statin-C Rensl im pairment
wies classifbed 25 "amy" or “moderate to severe” and additionally x5 wors-
ening renal fundion for hospitalived patients | Table 2 | All-cuse mor-
rality findings suggested 4 linear relatonship for renal fundion and
mortality sk vihen renal impe rment was expressed i 3 continwous
variabie for either serum crextinine or eGFR. Mortadity risk incresxsed ei-
therby 33X per 1 mg'd] ceatinine inoesse in tree studissor by TE per
10 milfmin oGFR decresss in two of the randomised contral trials The
preval ence for any of “moderate bo severs” renal impainm et was BE
aned 293, res pectively.

Duimrsne sl |4 ] sought to dete rraine the propartion of HF patients
with wiorsening rend function and the ssocistion with hos pitalis ations
and mortality. The ydefined worsening renal undion as 2 il in «GFRof
=5ml-min-1.73 m? of increxse in senm crestinine of =02 mgidl
{2177 pmal) 25 these limits identfy normal physiological varibiliny
Severity of WRF was cxtegorised isclestes] 1o lll o enable the assess-
ment of outcome sgains commondy ised threshalds for defining WRF
[Talrle 2] Allcause maortlity and hospitalisation linksd to WRF were
calulated based on a minimum G-month follow-up. The towl all-
cxrte combined mortality odds ratio was 1,682, 95% O 1.45-182,
P = 0000 for patients with worsening renal function increxsing with
severity of WRF, and substantislly increxsing when «GFR lell by
=9 ml-min-173 m” or serum crestinine incressed by 05 maadl
(44 preali). All-cowse hospitslisstion OF ves 1,30, 35% O 104152,
P = Q0Z2. A trend wwards & linear rel stiondhip between baseline
renal fundtion and worsening of renal function was also abserved
sugrponting the findings of Smith et 41 [3]

The met-analysis of Coca and avllexgies | 38] desoribed the impaor-
tasivce of sl soute reduetions in kidney function and 30-day mortality
in a variety of hospitalsed patients. Their abjective wid to determine
the relationship between WRF and short-term morality in study popu-
Ly Bonsand setting s hat were heter ogeneous. Over 78000 prtients with
&n e range of 53 0072 ye ars were included in the 3nalysis A “amall”
serm cre st nine change was defined a5 any change beyomd thar ex-
pecied by normal van gions in horsory mesuements” which is con-
sistent with the approsch of Damman Cocx's |38) results show an
assnciation between small increxses in Serum crestinine and short-
term martality (unsdjusted RR 18, 95% C1 1.3-2.5) and 23 (358 O
1.8-30) when these incresses are in the order of 10-24% or 03 to
0.4 myg/dl | 26-35 prool1] respectively.

lmportantly, the s milarity in dee thresholds wed to define waorsen-
ineg renal function in these mets-anslyseds i closely sligned with the di-
sgnostic ariter s and stxging for AK] presented in the RIFLE and AKIN
criteri s Further these studies confirm that baseline rend function and

the degres of dysfuncion experienced during an scute epiiade ane
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aligned with outmmes_ This suggests the pasa bility for @ntinu iy for
criteria for defining renal dysfundion ol an scue nature in diverse pop-
wlations with multiple s=ticlogies. This premise & confirmed by the in-
vestigation of Roy and ssocistes |39] who compared the outcome
predictive ability of the traditionad definitions for scute kidney i njury
[ FIRLE, AKIN & KTHGO) and the aften used wors ening renal fundion def-
indtion [serumcrestinine rise of =03 mg/dl) ina s nglecentre awhort ol
s pitalised hezrt Grihire patients They found that the predictie abi liry
berween definitions was only marginal but that the AKIN, RIFLE and
KDNGO saute kidney injury dxsification systems haove e sdvantgs
over the commonly wied worsening renal fundion in HF definition 25
they include in their definition criteria a severity scale. This sdditional
leatur e enhanes the shility of the clinician to identify those patents
ot the grestest fdak of adverse events and outonmes with the avest
Mmmmﬂmﬁﬂhﬂﬂﬂ@ﬁimﬂﬂ

5_Biomarkers & oG FRt formulse

Thee rale af the bomarker is to identifynorm d of patvogenic prodess-
&5, oF the responde to a ther peutc intervention; but it does not need 1o
e i monvhved in toe disease process | 40 Both serum o estinine and «GFR
are markers of kidney fnction and remaincentd o the disg nosis snd
strging of CKD, AKI and warseni ng renal function in spite of Hrmitst ons
andl the arrival of several promising new nenal biomarkers |2

The i mportance of Serum oeatindne in defining renal function has
Dseseery vt megenid o Uhee el weith wikich it can be obtxined, the low
oot cllindcian famili arity with is inderpretation and the e vide noeto sup-
peort its use x5 2 renal biomarker. The limitstions of this approsch are
that it is an indicator of renal finction not sive of injury or disesse:
that it is slow 1o respond ampa red o the nev, novel renad b omardke rs
s that it can be effected by xge, gender, rae, baody s, diet and the
patient nat being in a steady physiological state |2 | Never-the-less
the navel fenal biomerkers such 8 Intedeukin-18 and neutrophil
pelatinese-xssociated lipocalin [NGAL), idney injury malecule-1
[KIM-1) and cystatin-C Tave typically not replaced the use af serum
creatinine mainly due to oot and ladk of svailability and sko s leck of
specifcity umder some cirmumstanes such &8 concurrent infection or
inflaramation processes | 2]

Glomenlar filtration rate i not Sl ly meaxsired inclinicsl pradice
e 1o time nequ remens, com pleciny and aosts, butinse s glomerler
filtra tion rate formulxs are spplied to estimate Kdney function. The
moat commonly used formulas are the Cockeroft-Gailt squation |41)
Tior ess timnated creatinine clesrame; the simplified Modificat on of Diet
inFoenal Disease [sMORD ) [42] equat on and the Chronic Kidney Disease
Epidemioiogy Collsbaration (CKI-ER ) |43 | formula for estim sed GRL
The sMDRD and CKD-EP1 form ulse standardise to populstion mean
oy surlsce ares (B5A) of 173 m? Serum creatinine i 4 e lem et
in the «GFR formulee and sithough formulee sdjust for some of the

varrd absles Uhat impact ore o nine, estimates of GFR should be interpreted
with caution &5 well 5 for the Lectthat alder xge groups have not been
represented in the development of the oG FR formul 22 Till recently e
SMDRD equation had been the prefered oF FRte quation in HF 2 it has
Iresen validated in this populstion |44 ], however the CKD-EP formuls
Thzs novw b validated for HF anel s roore sonurate under some dracm-
stames |45]

Bload ures nitrogen (BUN) has been shown to e lite with HF
oulcomes (451 A blood urea nitrogen ingesse over the baseline
I pitalisn tion vahoe of 10 mg/d of mare in & past hoc analysis of
OPTIME-HF registry vas an independent predicinr of 60-day martality
|47 BUN is abo subjedt to certain lim itations snd can be sffected by
dietary protein intake, seroid wee and catabolism 48]

G Patient ouloomes and Seltings

All-cause mormlity [30,49 | ind uding cxrdiovaseul ardesth | 35051 |
iin-hos e tal mortality |52 | 30-day mortality |38 | community -based
mortality |53 |, hospimlisation rates |12] and hospital length of stay
|34] are negatively i mpaded when renal dyshincon i present in HE
Even small scwte i noements in senum oestinine in the onder of 10-
24% or 03 to 04 mg/d] |26-35 pmal/l] ina diverse groupof candiov as-
cular and eritically il patiens resulted in 2 30-day mortality RR of 1.8
and 23 respectively 38 AKD i 2 syndrome with multiple setiol ogies
and i alten the result of multiple inswits [7]. HF patients with CKD o
seute Kidney injury are atrisk of progresson B end-strge renal [xihine
|14.54 | Depending on the definition duesen for worsening renal fune-
tion diflerent aut-points for semnim crea 8 nine [SCr) such &8 increxies
of 2265 pramal (=003 mg/d) & compared o =442 pmmoli
[=005 mg/dl) will result in different sensitivity and specificity for
predicting mortality; a2 mone restrictive definition [ie the higher
senum qestinine aut-oll) sees sentitvity decreated while spediicity is
incressed | 13 33) Renal dyshinctan in HF does not disoriminate hised
onHF setology. Both sexes can be effected 25 can patients with hesr
laihire with preserved e jection fraction [HFpEF) or reduced ejedion
frsction [HFFEF) [5355) To date, the ESC and the ACCF/AHA have not
yet endorsed a prefemed working definition for worsendng nenal func-
o in HF or disaussed the barriers or e nablers 1o sdopting the KINGD
definition and staging eriteria for AKL. This & an imporant debate
in view of mounting evidend for a definition in HF since 2002,/2003
[13.31) and the similarity of the creatinine and eGFR threshalds for
scube kdney injury RIALE/AK] Network orie s which have been vali-
datedin studies invalving more than 500,000 patients|54]

7. Nscwssion

Thee vast m ajori ty of pull ished resesrdy sddressing prevalence or the
prognestic impaa of worsening rensl Rindtion in HF i hised on senm
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creatinime smdfor GFRL Yet there & no intemarional conse nsus for a
working definition of worsening renal function in HE. In sddition,
there sppears to be no @nmrdance of sdaptation of 0D guidelines
for the mansgem ent of chronic kdney disesrse stages in HF. Eckardr
and o-authars |56) have recently alled upon generalist and sped alia
hesl th-care profesionls & collsborate in recognising the challe nges
present to fully address the problem to prevent scute snd chronic
kidney disease which have become major public he alth burdena. HF
patient could benefit from sudy coll sbor stion.

HF is 2nd will continue to be a dhronic conditi on primarily of the
elderly [ 65-70 years), and very elderly (75-85 years) [57] In an ageing
populsdon, multiple mmorbidities such a3 disbetes and connedive
tisue disesies will be 2 common lestire of HF presentation. In HF,
CKD is alresdy estabilished 23 & co-marbidity | 1] Lack of disg nosis and
st ingsystem lor worsening renal hunction in HF has lim ied the utility
of cardio- rend resesrchresults |33] Internationally sgresd defini tions
alkw clinidans, sdentists and others o have 2 shared undersonding
of a condition o @nept A definition endies the cliniclan o determine
the presend of absence of 3 disesse of condition and the degres af
severity thereby [adlitsting and ersuring 2 shared undersanding |58]
I research agreed definitions and wnilorm nomend stire cin Suppon
e La-analy s potent slly i ncreading the strength of the evidence for
O EEainst an intervention

Clinical definitions camnot remain sotic. For example, the definition
Tor rmyocandial inferetion haes evo ved & our understand ng of the @ndi-
o and its bomarke rs his sdvanded RIFLE and AKIN o e ria have been
redimed snd v alidated Englberger et al.|59) report that “the caloulated
predicive ability RIFIE clis a5 well 25 AKIN stage were bund to be
signifiant predictors of inresed morality, prolonged intubation,
perail anged 10U andd hospital sty using multivariste snalysis”_

These definitions and severity dxsilications have bensfits for pa-
e, o indeiand and resexrchers A wilform nomend stur e be Ber xids
patient educton and ssessment, and the txiloning of therapy, and
allows an objective diagnoeis to be made regardles of the cause
wihich s helplul for both diniel snd public health research. Ser um cre-
atinine (SCr) and glomerular i ration rate (GFR) have long been the
standand fior isessing renal functon notwithstand ng their |imitations.
Mg | renal biomar kers have, and re being identified to sddress e
lireritations, but are yet to replyoe them in standsnd cre. Lntl there i
& sirn ilar level of research evidende 1o support Che wse of e mew gemer-
ation rensl Womarkess such 25 neutrophil gelatingese-asocisted
lipocalin (NGAL) for ischemic renal injury, and the Kidmey injury
molecule-1 [KIM- 1) [50) we recommend the AKIN scute kidney injury
definition be adopted with the caveats that patiens are volume
assesged and that serum creatinine, eGFR and BUN are monditored for
trends. The AKIN definition is recommended based on the exse with
wihich it can be applied and interpreted; its senstivity and similsrity
with commonly used semim crestinine threshold for defining worsen-
ing rena fumetion in HF. Gommndty HF patients shoukd slo
e clossi fleed Zgainst the CKD stage criter is and rout nely ssesed for
sy slbimin crestinine rato [ ADR)_ I this spprosdh wassdopted ii-
terna tionaily, particulsrly the monitoring in @mmunity and during
hospital episades, there is the potential to identily HF patients with

progressive renal dysfunction snd the potentisl te
prevent sdverse outcomes |61 ]

8. Oomchesion

Rend dysfunction 5 ammon in HF and rsodated with mlverseou-
oo ldentfying indivichuals s i<k of renal dyshinaion i im portant in
prreventing scute kidney injury, and chronic Kidney disexse, eval uating
therapy monDving rensl fundion, and potentally preventing sdverse
oueomes |62] As such we argue that there is a clexr need for debate
and discussion on defining worsening renal functon These de finitional
e are nat insignificant &5 they allow compir son 3o studies,
indormm clindcal pract e guidelines and it in prognostic modely

9. Recommendations

1. The di xgnovis and staging of worsening renal fundion for hos pitslised
Teeart fxilure presentations sre defined based on the Aoe Fidney
Injury Network [AKIN] |23 definition for scute kidney injury and
the follwing mindr amendments.

&) That the timeframe for dizgnosis be smended from o 48 hour toa
T2 heour peesi o during hospitalisavion [31.34] and that staging then
comnitiniies 1o be 7 days or unt] disdarge whichever omurs fist

b} The wrinary oulpad criterion is wsed judiciously with the cavests
that patients re volume xsessed wsing both dinicsl ssesment
and biochernical and hsem sinlogical markers for volume stitus
Al urinary ract slstnicdion i eliminsed

) Serum cestindne blood urea nitrogen | BUN) and «GFR are maoni-
tared for trends wihil e hospitslised and 45 3 minimum monthly
on discharge witil stble or chionic kidney disese i disgnosed

2. Tramsient worsening renal function is defined 23 worsening renal
function that resol ves by & scharge o in less than 3 months to base-
line level

3. Commenity-hased HF patients to be classified sconrding vo the OKD
stage crieria and monitored in somrdande with the KDIGD recom-
mendationd, of ks indicited with change to medication regime or lal-
lowing hospitalisation and indude ssesment of the sbumin
creatinine ratio (ACRL
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Appendix 2 Case record form

Participant: Episode of Care Details

Subject ID D:l:l:' Collector's Initials D:l

CensusDatE| | L/l | L-’] | | | | Census status {7 Dead ( Alive {7 Unknown

Instructions:  Shade cincles like this: a Mot like this: o Please print in BLOCK STYLE in the boxes

e | | [ [ [ [ [ [ | oeeofbimh [0 fulu] [ ] ][] Omale O Femake
First Name Last Mame
Participant

GP's Name {™ No GP documented
I T
GP's Suburb GP's Postcode |:|:|:|]:|

Index Admission Date | | |/"| | |/"| | | | | Dischiarge Date | | M | |/| | | | |
Length of stay I:I:D B Country of birth: Interpreter required () No () Yes

Admission status  (_JAdmitted () Elective admission () Mon-admitted ED' () Hospital Transfer () Resid. care transfer [} DOA

Is a "Déscharge Summary” available for index admission/ episode of care? IHo () Yes
KCD-10-AM Code: "Heart Failure” D:I:[I:‘ Is "Heart Failure”™ the Principal Diagnosis? (T No () Yes
ICD-10-AM Code: "Other” |:|:|:|:|:| Is "Other the Principal Diagnasis? (JNo () Yes

Prior CHF admission (" No (" Yes () Notdocumented I 'vES'datemostrecent [ - [ © |4 [ [ [ ] |
The Participant:-
Onadmission CKD »>=5tage3 () Mo () Yes Receives Renal Replacement Therapy (I No () Yes
ks a transfer from another hospital () No () Yes ks receiving Chemotherapy i_INo {)Yes
Is an Organ Transplant receipent () Mo () Yes Has an LVAD i_JNe () Yes

Participant Status on Discharge - Index Admission
" Discharged Home or relative [~ D¥C Residential care  {~ Transferred (Hospital or Rehab)  Died

If Died state cause: Principal ED-P.M-C:K:IEI:I:D:III

Additional presentations during study? (Mo () Yes |:|:| admissicn(s Type of
Episode Date Length of stay Precipitating cause admission
2
3 Adm.Typa-Kay
| l=fAdmitted,
4 1-Elective admission
5 [ | 3=EDPres=ntation
|| a=Transfer- hasgial
5 5= Transfer - residential
| | oareorRehab hospital
7 6= DOA
. -
9
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Census Date | |

Participant: Episode of Care Details

Subject ID D:l:l:' Collector's Initials D:l

A

Census status {7 Dead ( Alive {7 Unknown

Section 2 - Admission examination

NYHA Class
Infection
Facemaker
ICD

Ascites

NP
Crepitations

Orthopnoea

Oedema

CModata ) 10 m O W

[+ Mo {1 Yes {_] Modata

Mo ) Yes

() Nodata

{1 Mo (] Yes {_] Nodata

1 Mo (_1Yes [_) Nodata
() Mo () Raised () Nodata

) Mo ) Basal (_) Widespread () Nodata
1Mo (JYes {7 Nodata

(1 Mo ) Ankle () Calf
) Mo data

") Higher than knee

Respiratory rate El:l:l
5202 [Room air) El:l:l

Weight monitored () Mo () Yes () Nodata

1 Knea

(~ Mo Data

Section 3 - Admission Lab Results (Date)

Troponin

ECG () Sinus Rhythm () Atrial Fibrillation (") Paced Rhythm

e[ T[]

Albuminuria [ Ho { Yes
Haematuria { No (" Yes

() Atrizl Flutter () 1st, 2nd or 3rd Degree Heart Block
Heart sounds
51/52 IHo (" Yes (INodata
53 JNo () ¥es (INodata
54 INo (1 Yes (INodata
Systolic murmur  (CJNe () Yes ([_INodata
Diastolicmurmur  (_JNo () Yes [_JNodata
Blood pressure Heart rate
w [ ]/ ] L]
" Mever (O Cument (' Ex-smoker
" Tobacco use
) Nodata
Admitted to: Discharged from:
{~ Nodata {~ Nodata
{™ Cardiology " Cardiology
{1 Intensive Care/ HDU (1 Intensive Care HOU
{ Respiratory { Respiratory
i~ Aged Care (" Aged Care
{ Other ward " Otherward
. Hol _) Nodata
() No data
1 Mo data
_) Nodata
1 Mo data

Proteinuria { Mo (T Yes

Section 4 - Acute precipitating factors

Dyspnoeal SO8 (" Mo [ Yes
Angina T MNo [ Yes
Chest pain Mo [ Yes
Amhythmia T MNo [ Yes
Recent Infarct<imth (™ Mo [T Yes
Respiratory Infection  (~ Mo [~ Yes
Thyroid disease Mo [ Yes
Acute mechanical Mo [ Yes

complication (eg valve)

Renal function in chronic heart failure

Anaemia

Change in cardizc drugs <7 days ( Mo

MNon-compliance

Drug induced (NSAIDs)
Acute renal failure
Bacterial endocarditis

Exacerbation or new on-
set of non-cardiac disease

Page 2of 8

(Mo (T Yes

™ Yes
(Mo (T Yes
Mo Yes
Mo T Yes
(Mo ) Yes
T Mo [ Yes

AMI Mo (T Yes
Fever T Ho ™ Yes
Fall T Mo (T Yes
Cowgh (" Mo ( Yes
Oedema Mo i Yes
Confusion {— Mo [ Yes
Vomiting {— Mo (T Yes
Other  ( Mo [ Yes

HeRSCFR_Version 2 ZRAE/2012
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Participant: Episode of Care Details

Subject ID D:l:l:' Collector's Initials D:l

CensusDatE| | L/l | L-’] | | | | Census status [ Dead (O Alive ({7 Unknown
Section 5 - Aetiology of heart failure
(™ Ischaemic (™ Vabeular (™ Comgenital {™ Sarcoidosis (" Alcohalic
(" Dilated (" Hypertension " Endocarditis {7 Wiral " Amyloidosis
(™ Idicpathic ™ Familial " Pulmonary hypertension {" Chematherapy

Section 6 - Current medications

(" ACE inhibitor { Anticoagulamnt (™ Antiarrhythmic

(" Angiotensin Receptor Blocker {™ Antiplatelet (™ Cacium channel blockers

(" Beta blocker {" Digitalis ™ NSAIDs

(" Diuretic { Lipid lowering agent [Statins etc) (" Othervasodilator

(" Aldosterone antagonist { Nitrate

Section 7 - Echocardiography or GHPS

Date most recent " Novdata Echo (" Mo (" Yes Scan (O Mo (O Yes

EF% I:I:I Fractional ;hnrhe-ﬂlnglj:l Rt. Atrial pressure { Momal { Increased

LV Function (~ Mormal (7 Mild Dysfuntion [~ Moderate Dysfunction  {~ Severe Dysfunction  {~ No data
RV Function (— Mormmal ( Mild Dysfuntion [~ Moderate Dysfunction (7 Severe Dysfunction [~ Nodata

Pulmonary HPT |~ Mormal (7 Mild Dysfuntion |7 Moderate Dysfunction [~ Severe Dysfunction [~ Mo data

Section 8 - Charlson Index (Complete the appropriate response for each condition igive only 1 answer per item)

Dioes the participant have: AIDS Mo (" Yes Dementia T No (O Yes
Cerebrovascular disease |~ Mo [ Yes Hemiplegia [~ Ne [ Yes
COAD Mo i Yes Leukzemia T Ne (7 Yes
Chronic heart failure [ Mo T Yes Mailgnant ymphoma O No [ Yes
Connective tissuedisease [~ Mo [ Yes Myocardial infarction " Ne { Yes
Peripheral vasculardisease ™ Mo (™ Yes Peptic ulcer disease T No (7 Yes
Lymphoma [ Noo (™ Yes
Dizhetesmellitus  ~ pope ( Without end organ damage (— With end organ damage
Liver disease (7 Mone " Mild " Moderte [ Severe
Renal disease " Mone " Mild [ Moderate |~ Severs

Malignant solid tumor (~ Mone [~ Mon-metastatic {~ Metastatic

Renal function in chronic heart failure Page1of 8 HeRSCFR_Mersion 2 TRA/012
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Participant: Episode of Care Details

Subject ID D:l:l:' Collector's Initials D:l

mmm|||ﬂ|m|||| Censusstatus  { Dead {7 Alive {7 Unknown

Section 9 - Medical History

(™ Mon Insulin requiring

Irregular Heart Beat / Atrial Fibrillation / Palpitations ] o

Coronary

H
E

|
E
5

o
O

i
E

;
i
|
2
%
§
g
E

Active stomach ulcer o o ]

!
|

g
;
%

Please specify

Renal function in chronic heart failure Page4.of 8 HeRSCFR_Mersion 3 J3AT3/012
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Participant: Episode of Care Details

Subject ID D:l:l:' Collector's Initials D:l

CensusDatE| | L/l | L-’] | | | | Census status {7 Dead ( Alive {7 Unknown

Section 10- Management

IV Diuretics =Z4hrs T Mo (T Yes  IfYes'number of I:I:' d Highest total IV daily dose I:I

IV Diuretics Infusion >24hrs (™ Mo (™ Yes I Ves'number of |:|:| o Highest total IV daily dose |:|
IV GTN Infusion " Mo [ Yes P P'makerinserted " No {7 Yes O2Therapy " Mo (" Yes
IV Inotrope Infusion T Mo [ Yes ICDinserted {" Mo { Yes CPAP/BIPAP (T No () Yes
Referred - Heart Tu /LVAD (™ Mo (™ Yes IAPE {T No {7 Yes Ventilated (T He (" Yes
Intubated {" No (" Yes

Section 11 - Complications

Cardiacamest (" Ho [ Yes CNT (T Ho {7 Yes Unplanmed CCU (T No {7 Yes Death (T No (O Yes
STEMI ™ Mo ( Yes PE " No { Yes Unplanmed ICLU T No { Yes

NSTEMI (™ Mo [ Yes URTI "~ Mo {7 Yes Unplanned GOR ™ No ™ Yes

CVA/TIA  ( No (T Yes Utk 7 Ho {7 Yes Renal R Therapy (— No {7 Yes

Section 12 - Procedures
Coronary Angiography (~ Mo (~ Yes  CAngioresult = NAD 7 Single {7 Double 7 Triple T LAD 7 Diffuse

Contrast used (" No (C Yes ContrastHydration " Mo (T Yes {° Modata

H-acetyloysteine Mo [ Yes
Ultra-filtration {7 No { Yes

Section 13 - Pre Discharge Planning

Social Workerconsult ¢ Mo (~ Yes  Dietician review " Mo (" Yes HFOPClinic(Public) (- Mo (™ Yes
B . o date documented
Phiysio assessment ™ No (" Yes Writtenlistmedications (7 No ( Yes
ACAT review ™ Mo (" Yes Clinical phammacist review [~ Mo (— Yes Eﬂfdijhﬂ-lﬂ EF'F:H " No { Yes
ate document
OT consult " Mo [ Yes GFfollow-upapptnoted {7 No | Yes
Cardizc Rehab referral (Mo ( Yes  DVC Summary to GF  Ho (" Yes

Section 14 - On discharge
Ascites Mo (OYes  [) Nodata WP ) No () Raised {] Modata
Crepitations D No |:| Basal |:| Widespread |':| No data
Oedema )Mo () Ankle () Caf () Kmee () Higherthanknee () Modata

Section 15 - Discharge status

(" Discharged home {~ Discharged residential care " Transfer to another hospital! rehabilitation facility
" Died - Date: ! /! Cause:
Renal function in chronic heart failure PageS5cf 8 HeRSCFR_Version 3 F3A13/2012
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Participant: Episode of Care Details

Subject ID D:l:l:' Collector's Initials D:l

Census Date | | L/l | L-’] | | | | Censusstatus  { Dead ( Alive (T Unknown
On Admission On Discharge
Generic name Route Daily Dose /Units Route Diily Dose /Units
o Ll L |
2| | | | || | |
= | | | || | |
+ | | | | - | |
5| L | L] |
& | L]l I | |
| | | | || | |
& | | | | - | |
> | Ll | Ll |
0. | | | | || | |
ne | | | | . | |
2| | | | || | |
3| | | | || | |
| | | | || | |
s | | | | || | |
e | | | | || | |
7| Ll I |
e | Ll I |
e | Ll | Ll |
0. | | | | || | |
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Participant: Episode of Care Details

Subject ID D:l:l:' Collector's Initials D:l

Census Date J J Censusstatus  { Dead ( Alive (~ Unknown
Section 17 - Test results
Admission Date/ Day 1 Final Results Date
e e ] e e e
Bloods ND = No data |Pealt I Nadir Values |
Sodium I:I:I:‘ Ma- Peak [/
Potassium I:' ) I:' I:' _ I:' Na - Nadir / /
. Calcium I:' . |:|:| |:| . |:|:| Uee. Pk . / /
Urea D:II:I D:II:I Urea - Madir E f /
Creatinine I:I:I:' D:I:‘ Scr- Peak [/ [/
on [TT] T =™ e
8GFR - Peak / /
Phosphate D ‘ D D ‘ D eGFR - Madir [/ [/
o ][] L]
wbomin [ [ [ | I
Alk Phos |:|:|:| D:D Alb - Nadir / /
Fe D:I:‘ D:I:‘ CRP - Peak ) ,|'r ,|'r
e [ [ ][] [T ][] cre-tede _ / /
o [ (1] e Ty
o [0 I —
MCV- Peal
on  [T]0] o0 wes FHHEHEE,
we [T LT cow et | T
Platelets |:|:|:| |:|:|:| ROW - Madir E / /
s [ NN
Total chal |:| _ |:| |:| _ |:|
Renal function in chronic heart failure Page Tof 8 HeRSCFR_Mersion 2 TRA/012
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Census Date

/

Saction 18 - Clinical & Lab Series
Blood results - take first result for the day  Admission

Day-2

L] e nedate

Sodium

LIT]

Potassium I:' . I:'

€. Calcium |:| ) |:|:|

Urea

LTI

eGFR

Hb

RDAW

MV

CRP

LIT]
[TT]
[T
N
L]

Haemodynamic & Clinical Series

Blood pressure /

Daily

Highest

BF

Lowest

BF

Renal function in chronic heart failure

Admission/Day - 1

(™ Modata

Day-3
i Modata

o
-
-

L]
L]

5
[
5
[
5
[

SB560E

Participant: Episode of Care Details

Subject ID D:l:l:' Collector's Initials D:l

Census status {7 Dead ( Alive {7 Unknown

Heart rate |:|:|:|

Day-2

(™ Mo data

{" Nodata

Day-3

Day-4
{" No data

(1]
L]

L]
L]

SB560E

Day -4

{" No data

Day -5
(" Nodata

(1]
L]

[
L]

SBa60

Day-5

{" Nodata

01 1 0 ) 0 6 e K 0 ) A W

™ Nodata

™ Nodata

{™ Nodata

" No data

[ Nodata

(el el oy bl LEL
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8
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