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Chapter 1

Introduction and Aim of the Thesis
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INTRODUCTION

Both left ventricular dysfunction, and renal dysfunction are world wide public health
problems. In the western countries there is a rising incidence and prevalence of both
conditions, with poor outcomes and high cost. These two conditions do often co-exist and
the concomitant presence of both conditions accumulates risk for morbidity and mortality.
In severe chronic heart failure (CHF), impaired renal function is often present, and is even
a stronger risk marker than functional cardiac parameters, such as left ventricular ejection
fraction or NYHA class.1 On the other hand, left ventricular dysfunction is likely to develop
in patients with chronic renal dysfunction (CRD) and accumulates with worsening renal
function.2 One of the first signs of left ventricular dysfunction in patients with CRD is left
ventricular hypertrophy (LVH). Several studies have demonstrated an association between
renal dysfunction and LVH and the prevalence of LVH increases with worsening of renal
function.3 Finally, several prevalence and longitudinal studies have shown that the well
known age associated decline in renal function is more pronounced in patients with co-
existing cardiovascular risk factors and pre-existing atherosclerotic vascular disease, suggesting
that this decline is not a consistent phenomenon and reflect cardiovascular co-morbidity
rather than normal aging.4;5

The cardiorenal axis
The association between cardiac and renal function described above, reflects more than a
mere association, and in fact implies a causal interaction, which has gained a lot of interest
over the last decades. Research has shown that both cardiac dysfunction and renal dysfunction
affect each other through similar pathways.6 This cardiorenal “cross-talk” is often referred
to as the cardiorenal axis. Accordingly, hemodynamic alterations, renin-angiotensin
aldosterone system (RAS) activation, sympathetic nervous system (SNS) activation,
endothelial dysfunction, and inflammation are the main pathways involved and acting
synergistically in the cardiorenal axis.

The systemic hemodynamic status has a central role. Changes, initially caused by either
cardiac or renal impairment can initiate a cascade of mechanisms, which ultimately can
lead to secondary end organ damage e.g. CHF or CRD.

In CHF inadequate cardiac output leads to arterial underfilling, which is sensed by
various receptors. In response, vascular and neurohormonal mechanisms are activated in an
attempt to provide compensatory mechanisms for the impaired cardiac output. However,
these compensatory mechanisms contribute to the reduction in renal blood flow, renal
sodium retention and consequently pulmonary congestion. In this process the SNS and
RAS play a key role. As the condition progresses endothelial function becomes more impaired,
associated with further reduction in renal perfusion.7;8 Furthermore, chronic inflammation
contributes to (renal) vascular, but also to cardiac dysfunction.9 All of these aspects are
involved in the deterioration of renal function in CHF. However the extent of their
involvement, and their pathophysiological interrelationships, remain unclear. Conversely,
in CRD the RAS and SNS also play a key role. The adaptation to loss of renal function
involves local changes in renal hemodynamics that activate the RAS. As a result of sodium
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retention and increased vascular resistance the blood pressure is increased, which leads to
both increased volume and pressure overload. In CRD anemia, due to erythropoietine
deficiency, can result in a volume overload. Both anemia and high blood pressure increase
the cardiac workload, leading to LVH or left ventricular dilatation, which are precursors of
CHF.10;11 Furthermore, loss of renal function is associated with the presence of endothelial
dysfunction, higher levels of inflammatory markers and changing lipoprotein structure, all
precursors of atherosclerosis.

The susceptibility to develop LVH might also be influenced by genetic factors. Several
polymorphisms, especially of the RAS, have been related to the development of LVH.12;13

RAS-polymorphisms have been shown to modulate RAS -activity or –responsiveness in
several experimental and human settings.14;15 However, it has been argued that the biological
effects of a single polymorphism are not sufficient to cause LVH, but can make a difference
in the presence of other pathophysiological risk factors for LVH.16 Renal dysfunction is
such a risk factor, but whether renal dysfunction influences the impact of genetic
polymorphisms and LVH is unknown.

Detection of renal dysfunction
Early recognition of renal dysfunction is important. Renal damage is characterised by reduced
glomerular filtration rate (GFR) and an increase in urinary albumin excretion (UAE).

The GFR refers to the ability of the kidney to clear the blood plasma of certain substances
and can be measured using exogenous tracers, like inulin or iothalamate. However these
measurements are expensive and time consuming and not routinely available in most cases.
Alternatives are to measure 24h creatinine clearance or to estimate GFR by using several
formulas.17;18 The formulas are easy to obtain and are frequently used as marker for renal
function in large-scale CHF trials.1;19 However, these formulas are prone to bias, and have
never been validated in CHF patients.

Increased UAE is thought to precede manifest renal dysfunction.20;21 The pathogenic
mechanisms leading to the development of increased urinary albumin levels are still not
completely known. Blood pressure load and increased systemic vascular permeability, possibly
due to early endothelial damage, seem to play a major role. Atherogenic processes,
inflammation, RAS activity, increased oxidative stress and SNS activation are suggested to
damage the endothelial layer and enhance the (renal) vascular permeability. Elevated UAE,
especially microalbuminuria (30-300mg), is an important risk marker for cardiovascular
and renal disorders in various conditions, such as diabetes and hypertension22;23, but also in
the general population.24 In CHF increased levels of UAE are frequently observed.25 Most
of the mechanisms, which damage the endothelium, are activated in CHF, but their precise
participation and or interactions remains to be elucidated.

This thesis
The current thesis focuses on several aspects of the cardiorenal axis. The starting-point is
provided by the concomitant presence of left ventricular dysfunction and renal dysfunction.
We review the clinical importance of renal failure, and evaluate to what extent several para-
meters of the cardiorenal axis contribute to the CRD in CHF. We will also study the
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interrelationship between different parameters of renal function and genes in an environ-
ment of left ventricular dysfunction. Finally, we will study measurement methodologies
and mutual pathogenic mechanisms that can link left ventricular dysfunction to renal
dysfunction.

In part I prognostic and clinical importance of renal function impairment in CHF will be
discussed. In moderate to severe CHF, as discussed earlier, estimated glomerular filtration
rate (eGFR) is an important predictor of cardiovascular death. Whether this holds true for
mild CHF as well remains to be elucidated. Therefore, in chapter 2 we will evaluate the
predictive value of eGFR for cardiovascular mortality in patients with early mild CHF.

The observed relation between impaired eGFR and cardiovascular mortality might be
explained by renal dysfunction being a marker of generalised atherosclerosis. On the other
hand, this relation might also be explained by an impaired renal perfusion when left
ventricular dysfunction is present. This suggests that the predictive value of eGFR for
cardiovascular mortality might be different between ischemic (atherosclerosis present) and
non-ischemic (atherosclerosis not present) heart failure patients. Therefore, in chapter 3
and 4, the prognostic value of eGFR is compared between patients with ischemic and non-
ischemic CHF. First, we will address this issue in mild CHF patients. Second, we will
address this in severe CHF patients, and moreover, we evaluated the relation of
neurohormones and renal function in both populations. In chapter 5 the influence of renal
(dys)function on the pharmacokinetics of a selective Na+/H+-exchange inhibitor in patients
with CHF will be evaluated.

In severe CRD LVH is frequently present, as mentioned earlier. Whether mild renal
dysfunction is related to LVH is unknown. Therefore, in chapter 6 the presence of mild
renal dysfunction will be related to electrocardiographically determined LVH.This study
will be performed in the subjects participating in the Prevention of REnal and Vascular
ENd-stage Disease (PREVEND) study. The PREVEND study is designed to prospectively
investigate the natural course of albuminuria and its relation to renal and cardiovascular
disease in a large cohort drawn from the general population.

 Another factor related to the susceptibility to develop LVH is genetic predisposition,
for instance by genetic variability in the RAS. In chapter 7 we investigated whether renal
function modulates the relation of RAS-polymorphisms with LVH.

In part II, methodological issues regarding assessment of renal dysfunction in patients
with CHF will be addressed and pathways within the cardiorenal axis will be explored.

Most studies use creatinine based formulas to estimate renal function, but these formulas
have never been validated in CHF. Therefore, in chapter 8 several frequently used creatinine-
based formulas are validated by comparing them to the true GFR in patients with CHF. In
chapter 9 the relationships between renal blood flow, GFR, parameters of endothelial
function, systemic RAS and inflammation are determined in patients with CHF.
Furthermore, we will focus on the amount of UAE in these patients and the course of UAE
in relation to renal function.
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Part I

Prognostic and Clinical Importance of Renal Dysfunction

and Left Ventricular Dysfunction
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