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Heart failure and kidney disease have a major impact on life expectancy and on
our health care system. The prevalence of heart failure is es0mated to be 1-2%
in the general popula0on and around 7-8% in subjects > 75 years. This number
is, however, increasing due to improved therapeu0c op0ons to treat myocardial
infarc0on and increasing age of the popula0on at large. (1,2)
In parallel to heart failure, the prevalence of chronic kidney disease (CKD)
is also increasing. In the Netherlands the prevalence of CKD is es0mated between 5-7%, although the prevalence strongly increases with age. In subjects
aged 75-79 years the prevalence of CKD was more than 25% in subjects without
diabetes and even more than 50% in diabe0cs. (3) With an aging popula0on and
increasing prevalence of diabetes the prevalence of CKD will only rise further.
There is a close interac0on between heart failure and kidney disease. Heart
failure is o4en complicated by kidney disease and, vice versa, kidney disease is
associated with an increased risk for cardiac disease. (4) This strong reciprocal
rela0on has long been recognized and the term the cardio-renal syndrome has
been applied to address this interdependency of the kidney and the heart. To
be1er understand and categorize the rela0on(s) between heart and kidney disease a classifica0on into 5 types of cardio-renal syndrome has been proposed, (5)
subdividing cardio-renal syndrome in acute vs chronic and renal disease causing
cardiac dysfunc0on vs cardiac disease causing renal dysfunc0on. The last group
comprises pa0ents with a systemic disease leading to both kidney and cardiac
dysfunc0on. The mechanisms and sequence of events that lead to dysfunc0on
of both organs is o4en unclear and it may be diﬃcult to classify a pa0ent, because the rela0on is o4en bidirec0onal and may vary within one pa0ent over
the course of the disease. Furthermore this classifica0on is not usefull to guide
therapy, since it does not take into account the underlying pathophysiological
mechanisms. Therefore a be1er classifica0on based on underlying pathology is
much needed.
Pa0ents hospitalized for heart failure have a poorer prognosis than most types
of cancer, (6) likewise pa0ents on dialysis have an average survival of 9 years for
pa0ents between 40-44 years and only 4.5 years for pa0ents between 60-64 years.
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(7) But irrespec0ve of the type of cardiorenal syndrome, concomitant presence
of both heart failure and kidney disease has a large impact on prognosis; kidney
disease accompanying heart failure further worsens prognosis, and heart failure
accompanying kidney disease also impairs survival. What is striking is that renal
func0on is a just as strong a predictor for hospitalisa0on and mortality in heart
failure pa0ents as cardiac parameters like le4 ventricular ejec0on frac0on. (8)
(figure 1)
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The pathophysiology of the cardio-renal syndrome is complex and not fully understood. Several mechanisms have been proposed to explain the correla0on
between heart failure and renal dysfunc0on. (9,10) In brief, they can be categorized into hemodynamic factors, neurohormonal factors, inflamma0on, oxida0ve
stress and therapy.
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Heart failure and kidney disease share several common risk factors. The most
studied is hypertension, which is a well-known risk factor for ischemic heart disease, (11) heart failure with preserved ejec0on frac0on (12) and kidney disease.
(3) Long term hypertension can therefore lead to both heart failure and kidney
disease, although which will occur first is variable. Furthermore heart failure is
characterized by both decreased cardiac output and conges0on. Tradi0onally,
it was thought that decreased cardiac output would be the main determinant
of decreased renal func0on in heart failure pa0ents, but recent studies show
that increased central venous pressure and conges0on may be even more important. (13, 14) Atherosclerosis is another common pathway for both renal and
cardiac disease and there is increasing evidence that decreased renal perfusion,
e.g. due to renal artery atherosclerosis, is an o4en undiagnosed cause of renal
dysfunc0on in heart failure pa0ents. (15) In healthy individuals renal func0on
can be maintained at a stable level despite moderate changes in blood pressure
and renal blood flow, due to autoregula0on of intraglomerular pressure. In heart
failure, however, renal blood flow appears vital for maintaining GFR. (Chapter 5
and 6)
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Another well studied mechanism for both cardiac and renal disease is ac0va0on of the Renin-Angiotensin-Aldosterone-System (RAAS). RAAS blockers have
become the cornerstone for treatment for both cardiac and renal disease. However, in the last decade, it has also become clear that the RAAS is more complex
than previously thought (Chapter 2) and that RAAS inhibi0on is not always beneficial. Specifically, trials evalua0ng dual or triple RAAS blockade have produced
troubling data, and nowadays dual or triple blockade is no longer recommended
in heart and kidney disease because of li1le or absent clinical benefit, with increased (serious) side eﬀects. The main side eﬀects reported were hyperkalemia,
hypotension and non-fatal stroke, probably relate to excessive reduc0on of blood
pressure and 0ssue perfusion, furthermore an increased risk for hyperkalemia
was observed (17, 18, 35).
It remains unclear if (inappropriate) RAAS ac0va0on in healthy individuals
is a common risk factor for long-term cardio-renal disease. We demonstrated
an associa0on between high renin levels with incident cardiovascular disease,
(chapter 3) but not with renal func0on decline (chapter 4). Other studies have
also found conflic0ng results. (19-21)
Sympathe0c nerve ac0va0on is yet another important factor in both cardiac
and renal disease. This is supported by the observa0on that beta-blockers are

protec0ve in heart failure and ischemic heart disease, but they also appear to
prevent renal func0on decline. (22) Amongst others sympathe0c nerve ac0vity
aﬀects renin release, (23) but it has various other eﬀects that are beyond the
scope of this thesis. New techniques interfering in sympathe0c nerve ac0va0on
have recently been developed and are currently tested. (24) Hopefully they will
shed more light on the exact role of the sympathe0c nerve system in the cardiorenal axis.
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There appears to be an inflammatory status in both heart failure and kidney
disease, since many inflammatory markers are elevated in both condi0ons,
(25-27) and their levels are associated with poor prognosis. Furthermore there
appears to be a state of oxida0ve stress in heart failure (28) and kidney disease
pa0ents, (29) which may be another explana0on why injury or failure of one organ may lead to injury or failure in the other organ. Also metabolic factors may
link renal and cardiac disease. For example, pa0ents with end-stage renal disease
show accelerated vascular calcifica0on driven by high calcium and phosphorus
levels. (30) The main hormones regula0ng calcium are parathyroid hormone and
Vitamin D, but vitamin D may also link cardiac and renal diseas via another pathway. Vitamin D is ac0vated in the kidney and observa0onal studies have shown
that low vitamin D levels are associated with increased incidence of cardiovascular disease. (31) One of the poten0al mechanisms for this associa0on may be
the inhibi0on of renin transcrip0on by ac0ve vitamin D. (Chapter 7) Few drug trials, however, have been performed that interfere in the oxida0ve stress, inflammatory and metabolic pathways, therefore it is unknown if modula0on of these
pathways will improve prognosis. One excep0on is diabetes, where it has clearly
been demonstrated that early good glucose regula0on can prevent both kidney
disease and cardiac events. (32)
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The impact of medical treatment is o4en underrepresented in the discussion
about cardio-renal pathways. Many drugs used to treat cardiac disease aﬀect
kidney func0on. Diure0c treatment is clearly associated with worsening renal
func0on, (33) but also most RAAS blockers can cause a (temporary) decrease
in GFR. Interes0ngly a moderate decrease in GFR when ini0a0ng RAAS blocking
therapy is not always harmful. (34) Furthermore contrast used during cardiac
catheterisa0ons can cause contrast-induced nephropathy.

This thesis aimed to further clarify the role of the RAAS and specifically renin
in the pathophysiology of cardio-renal syndrome. Chapter 2 describes what is
known so far on the role of renin in heart failure and cardio-renal interac0on and
provides the ra0onale for the studies performed in this thesis. Chapter 3 and 4
explore the role of renin in the early development of cardiac and renal disease,
by inves0ga0ng the rela0on of high renin levels in healthy individuals with cardiac events and renal func0on decline. Chapter 5 studies the risk factors for renal
func0on decline in chronic heart failure pa0ents and describes renal hemodynamics in these pa0ents. In Chapter 6 and 7 studies inves0ga0ng new therapies
in heart failure targe0ng the RAAS system are presented. Chapter 6 describes the
eﬀect of a direct renin inhibitor on renal blood flow in heart failure pa0ents with
moderate renal dysfunc0on and chapter 7 inves0gates if vitamin D can suppress
RAAS ac0va0on in chronic heart failure pa0ents.
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