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Valorization addendum
Research should not only be focused on gaining knowledge per se, but should in some
way create value for the society. In this valorization addendum we describe how the
findings presented in this thesis could provide relevant benefit for the general public.

Cardiovascular disease is a socio‐economic issue
The focus in this thesis is on patients with high blood pressure (hypertension). As
already discussed in Chapter 1, hypertension is a major threat for human society as it is
the most important individual risk factor for death and affects more than 1 billion
people worldwide.1‐3 At least 7% of the disability‐adjusted life years (the cumulative
number of life years lost due to illness, disability, or early death) can be attributed to
hypertension in the global population, thereby even beating tobacco smoking (6.3%)
and air pollution (4.3%) in the top three of most important individual risk factors for
disease burden.4 This disease burden consists predominately of cardiovascular
diseases such as myocardial infarction and stroke. In Europe, the costs related to
cardiovascular diseases were estimated on € 169 billion annually in 2003.3 A recent
report from Canada revealed that the average individual with hypertension had annual
health care costs of $ 5768, of which $ 2341 were directly attributable to
hypertension.5 Although health care costs (in‐ and outpatient care, costs of
medications) account for most of the costs involved (62%), a substantial part of these
costs is not directly health care related: loss of productivity due to the inability to work
represents 21% of these costs (i.e. more than € 35 billion annually) and costs for
informal care (e.g. by family members that care for the patient and therefore cannot
contribute to society otherwise) represent 17% of these costs.3 As the global incidence
of hypertension is still rising,6 one can expect that more and more people will suffer
from hypertension related diseases in the upcoming decades.7,8 This will increase the
already gigantic social and economic burden for the society even further. Fortunately,
blood pressure reduction is able to decrease the incidence of cardiovascular disease
(and subsequently reductions in death and disease burden).9,10 However, blood
pressure remains above target despite treatment in more than 50% of patients with
hypertension.11,12 These difficult‐to‐control patients therefore continue to be at risk for
death and cardiovascular diseases.

Understanding pathophysiological mechanisms
The ultimate goal of cardiovascular research is the development of new, better
therapeutic strategies and finding ways to select or diagnose those people who will
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benefit (in terms of prevention of death or morbidity) from these new strategies. To
develop new diagnostic and therapeutic strategies, the first and most important step is
to understand the pathophysiological mechanisms involved in a disease. From this
knowledge, hypotheses can be formulated on how a disease could be cured or
controlled. As the kidney and the renin‐angiotensin system both play an important role
in the regulation of blood pressure and thus in the development and maintenance of
high blood pressure that is what we focused on in this thesis. Several findings in this
thesis (for example the influence of sodium intake on the effects of angiotensin‐(1‐7)
and on the effects AT1‐receptor blocker eprosartan, the renin‐angiotensin system in
fibromuscular dysplasia, and the differences in pathophysiological mechanisms
between fibromuscular dysplasia and atherosclerotic renal artery stenosis) provided us
with more insight into the pathophysiological mechanisms involved in high blood
pressure. Although the research in this thesis did not lead to a change in the treatment
of difficult‐to‐treat hypertension yet, the increased understanding of patho‐
physiological mechanisms brings us a step closer to this ultimate goal. The implications
of our findings are summarized in the paragraphs below.

New pharmacotherapeutic strategies
In the present thesis we demonstrated that angiotensin‐(1‐7), a peptide within the
renin‐angiotensin system, is able to increase renal blood flow (Chapter 2). Even in
patients with difficult‐to‐control hypertension, angiotensin‐(1‐7) can induce
vasodilation in the organ that plays a key role in blood pressure regulation: the kidney.
This finding opens up opportunities for using the angiotensin‐(1‐7)‐pathway as a
therapeutic target in the treatment of difficult‐to‐control hypertension. As described in
Chapter 4, promising progress has been made regarding the development of such
drugs. One way to use angiotensin‐(1‐7) as a target could be to increase the levels of
angiotensin‐(1‐7) in the circulation, for example by enhancing the activity of the
enzyme ACE2 [which produces angiotensin‐(1‐7)] or by supplementation of
angiotensin‐(1‐7) via an oral formula that releases angiotensin‐(1‐7) slowly to the
circulation. Furthermore, drugs with similar actions as angiotensin‐(1‐7), i.e. so‐called
agonists which stimulate the same processes in the human body as angiotensin‐(1‐7),
are currently under development. In animal models the abovementioned experimental
drugs have already been evaluated. Interestingly, they did not only reduce blood
pressure,13‐15 but also had beneficial effects on atherosclerosis, kidney disease, and
cardiac function,15‐20 indicating that such drugs could also become a new treatment
option for patients with other cardiovascular and/or kidney diseases besides high
blood pressure. Our finding that angiotensin‐(1‐7) is able to exert these effects in
patients with difficult‐to‐control hypertension as well (in spite of several changes that
occur in the kidneys of such patients due to long term exposure to high blood
pressure) indicates that these experimental drugs could be beneficial in humans.
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However, we also found that the effects of angiotensin‐(1‐7) (and not the effects of
AT1‐receptor blocker eprosartan; Chapter 5) are attenuated by low sodium intake,
presence of high levels of angiotensin II (Chapter 2), and/or the presence of an
atherosclerotic renal artery stenosis (Chapter 3). This suggests that the effectiveness of
new drugs targeting the angiotensin‐(1‐7) pathway might be reduced under those
conditions, which should be taken account during the further development of such
drugs.

The right treatment to the right patient at the right time
Although renal artery fibromuscular dysplasia is quite prevalent among patients with
high blood pressure (studies estimate a prevalence between 1.7 and 5.8%),21,22
research on this disease is very scarce. Up till now, most knowledge on this disease is
based on case‐series and theoretical assumptions derived from other renovascular
diseases. In this thesis we aimed to improve our understanding of the
pathophysiological mechanisms in this relatively frequently occurring disease.
Although the research in this thesis is only a first step towards further understanding
the pathophysiological mechanisms involved, it does contribute already. For example,
we demonstrated that renin secretion is not increased in kidneys with multifocal
fibromuscular dysplasia (Chapters 6 and 7). Until recently, the clinical decision to
perform balloon angioplasty in kidneys with fibromuscular dysplasia was often guided
by the presence or absence of increased renin secretion: e.g. balloon angioplasty was
only performed in kidneys with increased renin secretion. This practice was based on
previous studies in patients with atherosclerotic renal artery stenosis and animal
models, but not on research in patients with fibromuscular dysplasia. In our study,
however, systemic renin levels were below the upper limit of normal in all 58 patients,
while 48% of the patients had a decrease in blood pressure in response to balloon
angioplasty. Moreover, no differences in renin secretion were found between
responders and non‐responders. This indicates that using renin secretion as a predictor
for the effectiveness of balloon angioplasty is not a good strategy.
We furthermore demonstrated that the microvascular function in kidneys with
fibromuscular dysplasia is better preserved as compared to kidneys with
atherosclerotic renal artery stenosis. We hypothesized that this difference in
microvascular function may be responsible for the difference in response to
revascularization between patients with fibromuscular dysplasia and atherosclerotic
renal artery stenosis. If this is indeed the case, this opens up opportunities for
improving the selection of patients who will benefit from revascularization. If we will
be able to develop a test that identifies the patients with sufficiently preserved renal
microvascular function, we can select those patients for balloon angioplasty. The
patients with too much loss of kidney tissue and/or severe microvascular dysfunction
(e.g. due to too long exposure to high blood pressure) would probably not respond
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anymore and should be withheld from balloon angioplasty and, consequently, treated
in a different way.

Improving cost‐effectiveness
The abovementioned change in patient selection could improve cost‐effectiveness in
two ways:
First, rejecting patients with fibromuscular dysplasia for balloon angioplasty because of
low renin levels leads to undertreatment. Based on the incorrect assumption that
patients would only respond in case of increase renin secretion, balloon angioplasty
was withheld in many patients. Since those patients did not receive a possibly curative
intervention (based on unjustified grounds) they continue to be at risk for
cardiovascular and kidney disease on the long term. Moreover, undertreatment leads
to substantial economic burden due to additional costs for antihypertensive drugs and
hospital visits.
Second, better selection of the patients improves the success rate of revascularization
and reduces the number of unnecessary procedure‐related complications and,
probably even more importantly, the costs: Currently, the estimated costs for a
balloon angioplasty without complications are € 3233: € 2154 procedure‐related costs,
€ 946 for hospital admission, and € 133 for other costs such as laboratory tests, travel
costs, and productivity losses [costs were derived from a previous study23 and adjusted
for annual inflation in the Netherlands (Statline, Statistics Netherlands)]. Given that
52% of the patients with fibromuscular dysplasia did not respond to balloon
angioplasty (Chapter 6), a test that is able to identify the responders before balloon
angioplasty is performed could already have saved almost € 100,000 in our cohort of
58 patients only. If such test is not too expensive, it is very likely that cost‐effectiveness
will improve, especially when this can be applied on a larger scale, for example in
patients with atherosclerotic renal artery stenosis as well.

Conclusion
In this thesis we performed research on the renin‐angiotensin system in kidneys from
hypertensive patients. In this way, we improved our knowledge in pathophysiological
changes that occur in these kidneys. Although further research is required, the
increased knowledge of the kidneys from patients with hypertension could lead to
changes in diagnostic and therapeutic strategies. This research contributes to society
as it eventually could lead to improved cost‐effectiveness of current treatment
strategies and to new strategies that potentially reduce death and morbidity in
patients with hypertension, cardiovascular diseases, and kidney failure.
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