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Cardiovascular abnormalities are the major cause accounting for the increased mor-
bidity and mortality in patients with chronic kidney disease. A wide range of factors 
participate to pathophysiologic mechanisms of cardiovascular complications 
including diabetes mellitus, vascular nephropathy, general aging of patients, and 
hypertension. Chronic kidney disease is frequently associated with resistant hyper-
tension defined as blood pressure above optimal goal despite adherence to at least 
three optimally dosed antihypertensive medications (ideally RAS blocker, CCB), 
one of which is a diuretic. Recent advances led to increased understanding of causes, 
pathophysiology, diagnosis, and treatments of resistant hypertension in general 
populations. The epidemiology, prevalence, clinical characteristics, and outcomes 
associated with resistant hypertension in chronic kidney disease are less docu-
mented, and the aim of this book is to provide comprehensive and detailed review 
concerning the general workup in CKD-associated resistant hypertension.

The book comprises 22 chapters organized into four parts. The first part com-
prises six chapters dealing with definitions, epidemiology, characteristics, risk strat-
ification, and outcomes of resistant and apparent treatment-resistant hypertension. 
The importance of ambulatory and home monitoring of blood pressure for diagnosis 
and evaluation of hypertension is emphasized in Chap. 4. In the second part, eight 
chapters cover the pathophysiology and the diagnosis of resistant hypertension, 
emphasizing the role of ambulatory blood pressure measurement to exclude white 
coat effect and checking for barriers to antihypertensive treatment (nonadherence or 
insufficient treatment, salt intake, interfering pressor substances or medications). 
Four chapters of the second part cover the screening for secondary causes of resis-
tant hypertension, including the role of aging and sleep apnea syndrome. The third 
part comprises five chapters covering treatment of resistant hypertension in the light 
of new guidelines, including procedures and devices for neural modulation includ-
ing renal denervation and barostimulation. The last part of three chapters covers 
public health approaches to resistant hypertension, excellent teaching program, and 
resistant hypertension for general practitioners.
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This book brings up-to-date informations and is intended to assist nephrologists, 
internists, cardiologists, and general practitioners taking care of chronic kidney dis-
ease patients.

Chair, European Renal and Cardiovascular  
Medicine (EURECA-m) Working Group  
INSERM U970, Hôpital Européen Georges Pompidou
Paris, France 

Gérard Michel London
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Preface

This book features practical, referenced information on the care of patients with 
resistant hypertension and chronic kidney disease. It covers some of the clinical 
aspects of renal care while also presenting important underlying pathophysiological 
principles. Resistant Hypertension in Chronic Kidney Disease provides a practical 
guide to diagnosis, understanding, and treatment of all adult patients.

For medical students, it can serve as an excellent resource for reference and 
review of resistant hypertension. Residents in internal medicine (and other special-
ties) and most especially, nephrology fellows in training, will appreciate the discus-
sions of diagnostic and therapeutic approaches. General internists, family 
practitioners, hospitalists, nurses and nurse practitioners, physician assistants, and 
other allied health-care providers who work with patients with kidney diseases will 
find this as a very useful reference on management challenges posed by this condi-
tion. Moreover, patients and their family members who seek information about the 
nature of specific diseases and their diagnosis and treatment may also find this book 
to be a valuable resource.

Striking just the right balance between comprehensiveness and convenience, 
Resistant Hypertension in Chronic Kidney Disease emphasizes the important fea-
tures of clinical diagnosis and patient management while providing a comprehen-
sive discussion of pathophysiology and relevant basic and clinical science.

This book has been designed to meet the clinician’s need for an immediate refer-
ence in the clinic as well as to serve as an accessible text for a thorough review of 
the current published guidelines.

We wish to thank our contributing authors for devoting their precious time and 
offering their wealth of knowledge in the process of completing this important 
book. These authors have contributed countless hours of work in regularly reading 
and reviewing the literature in this specialty, and we have all benefited from their 
clinical wisdom and commitment.
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Anupradhaa Subramonian, P. Vijay Shanker, and of course, the unwavering support 
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Chapter 1
Definitions of Resistant Hypertension 
and Epidemiology of Resistant Hypertension

Charles J. Ferro

 Introduction

Hypertension has long been known to be a significant cardiovascular risk factor [1] 
and remains one of the most preventable causes of premature, especially cardiovas-
cular and renal, morbidity and mortality in both developed and developing countries 
[2, 3]. Hypertension accounts for, or contributes to, 62% of all strokes and 49% of 
all cases of heart disease responsible for 7.1 million deaths per year: approximately 
13% of total world deaths [2].

Antihypertensive trials consistently demonstrate a significant risk reduction ben-
efit from lowering blood pressure. A reduction of 5 mmHg in diastolic pressure over 
5 years is associated with a 42% relative reduction in stroke and a 14% relative 
reduction in the risk of an ischemic heart disease event [4]. At the start of the mil-
lennium, the estimated number of adults with hypertension worldwide was 972 mil-
lion, with that number expected to rise to 1.56 billion by 2025 [2].

Blood pressure is a continuous variable that is normally distributed [5, 6]. There 
is no natural “cutoff” above which hypertension definitely exists and one below 
which it definitely does not. Indeed, the risk of stroke and ischemic heart disease 
events is continuously associated with blood pressure [7], with no evidence of a 
threshold value down to at least 115/75 mmHg [5]. Above 115/70 mmHg, the risk 
of cardiovascular disease doubles for every 20/10 mmHg rise in BP across all the 
blood pressure ranges for both men and women [5]. Therefore, in the absence of a 
distinct cutoff value to define hypertension, the threshold blood pressure determin-
ing the presence of hypertension is generally defined as the level of blood pressure 
above which antihypertensive treatment has been shown to reduce the development 

C.J. Ferro (*) 
Department of Nephrology, Queen Elizabeth Hospital, Birmingham, UK 

Institute of Cardiovascular Sciences, University of Birmingham, Birmingham, UK
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or progression of disease [8]. Most societies and guidelines recommend lowering 
blood pressure to below 140/90 mmHg [8–13] with some suggesting higher thresh-
olds for the elderly [8, 9, 12] and lower thresholds for those at higher high risk 
including patients with diabetic mellitus and patients with chronic kidney disease 
(Table 1.1) [8, 9, 12].

Table 1.1 Guideline comparisons of target blood pressure and definitions of resistant hypertension

Population

Target blood 
pressure,
mmHg

Definition of resistant 
hypertension

Report from the panel 
members of the Eighth 
Joint National 
Committee on 
Prevention, Detection, 
Evaluation, and 
Treatment of High Blood 
Pressure 2014 [10]

General ≥60 years <150/90 Not specifically defined 
but no differences 
highlighted from the 
Seventh Report of the 
Joint National Committee 
(see below)

General <60 years <140/90
Diabetes mellitus <140/90
Chronic kidney 
disease

<140/90

The Seventh Report of 
the Joint National 
Committee on 
Prevention, Detection, 
Evaluation, and 
Treatment of High Blood 
Pressure 2003 [6]

General <140/90 “Resistant hypertension is 
defined as the failure to 
achieve goal BP in patients 
who are adhering to full 
doses of an appropriate 
3-drug regimen that 
includes a diuretic”

Diabetes mellitus <130/90
Chronic kidney 
disease

<130/90

American Heart 
Association/International 
Society of Hypertension 
Clinical Practice 
Guidelines for the 
management of 
hypertension in the 
community [9]

General <80 <140/90 “Blood pressure >140/90 
mmHg despite using 3 
agents in full or maximally 
tolerated doses”

General ≥80 years <150/90
Chronic kidney 
disease with 
albuminuria

<130/80

European Society of 
Hypertension/European 
Society of Cardiology 
guidelines for the 
management of arterial 
hypertension 2013 [12]

General nonelderly <140/90 “Hypertension is defined as 
resistant to treatment when 
a therapeutic strategy that 
includes appropriate 
lifestyle measures plus a 
diuretic and two other 
antihypertensive drugs 
belonging to different 
classes at adequate doses 
(but not necessarily 
including a 
mineralocorticoid receptor 
antagonist) fails to lower 
blood pressure to <140/90 
mmHg”

General elderly <80 
years

<150/90

General elderly ≥80 
years

<150/90

Diabetes mellitus <140/85
Chronic kidney 
disease: no 
proteinuria

<140/90

Chronic kidney 
disease with 
proteinuria

<130/90

(continued)

C.J. Ferro
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Most hypertension can be treated and controlled with lifestyle changes and anti-
hypertensive agents [14]. However, there remains a significant subgroup of the 
hypertensive population that does not achieve optimal control of blood pressure 
despite adequate hypertension treatment and lifestyle changes [15–19]. The reasons 
for this are complex and often poorly understood. However, these patients remain at 
very high cardiovascular and renal risk. It is, therefore, important to use consistent 
definitions and terminology to accurately characterize these patients, identify risk 
factors, and elucidate investigation and treatment strategies.

 The Term “Resistant Hypertension”

The term resistant hypertension appears to have been first used in 1960 [20]. 
Interestingly, this article examined the effects of iproniazid, an antituberculous 
agent with antidepressant properties, which had incidentally been observed to lower 
blood pressure. Twenty hypertensive patients were “carefully selected” and all had 
a blood pressure of over 200/100 mmHg despite treatment. All had electrocardio-
graphic evidence of hypertensive heart disease and all had hypertensive retinopathy. 
In this article, the term “intractable” also appears to have been used interchangeably 
with “resistant” to describe hypertension. The term “refractory hypertension,” prob-
ably first used in 1958 [21], has also been used interchangeably with “resistant 
hypertension.” Interestingly, patients with refractory hypertension were “defined” 
in this article as those who had “shown a lack of hypotensive response and an 
absence of significant symptomatic improvement with various drug therapies.” The 
mean blood pressure in these patients was 236/121 mmHg—eye-watering figures! 
It is worth remembering, however, that in 1958 these therapies appear to have been 
limited to drugs such as reserpine [22, 23], hydralazine [24], and autonomic block-
ing agents including ecolid [25]. No wonder the major cause of therapeutic failure 
was an intolerance of the antihypertensive agents’ side effects.

Population

Target blood 
pressure,
mmHg

Definition of resistant 
hypertension

Kidney Disease: 
Improving Global 
Outcomes Blood 
Pressure Work Group 
2012 [13]

Chronic kidney 
disease: no 
proteinuria

≤140/90 Not defined

Chronic kidney 
disease with 
proteinuria

≤130/80

National Institute for 
Health and Clinical 
Excellence guideline: 
clinical management of 
primary hypertension in 
adults 2011 [8]

General <80 years <140/90 “Blood pressure not 
controlled to <140/90 
mmHg despite optimal or 
best tolerated doses of 3rd 
line treatment”

General ≥80 years <150/90

Table 1.1 (continued)

1 Definitions of Resistant Hypertension and Epidemiology of Resistant Hypertension
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With an increasing understanding of the critical importance of treating hyperten-
sion and blood pressure control, the development of treatment guidelines, and the 
increasing availability of well-tolerated antihypertensive agents, the need for a clear 
definition of resistant hypertension became increasingly apparent.

 Definitions of Resistant Hypertension

If you cannot measure it you cannot improve it. (Lord Kelvin 1824–1907)

At the most basic level, resistant hypertension can be defined as difficult to con-
trol blood pressure in a hypertensive patient. It is not severe hypertension [26]. As 
with the definition of hypertension itself, any definition of resistant hypertension is 
to some extent arbitrary. However, any definition also serves to identify patients 
who might benefit from further investigation or specialist treatment. Indeed, this has 
been the prime motivator for most efforts to arrive at a workable definition. Several 
attempts have been made to produce a definition of resistant hypertension that can 
be consistently applied (Table 1.1).

In 2003, the Seventh Report of the Joint National Committee 7 (JNC7) defined 
resistant hypertension as “the failure to achieve goal blood pressure in patients who 
are adhering to full doses of an appropriate 3-drug regimen that includes a diuretic” [6]. 
Goal blood pressure was defined as less than 140/90 mmHg or less than 130/80 
mmHg in patients with diabetes mellitus or chronic kidney disease [6].

In 2008, the American Heart Association further refined the definition of resis-
tant hypertension as “blood pressure that remains above goal in spite of the concur-
rent use of 3 antihypertensive agents of different classes. Ideally, one of the agents 
should be a diuretic and all agents should be prescribed at optimal dose amounts” 
[27]. This definition also includes patients “whose blood pressure is controlled with 
use of more than 3 medications. That is, patients whose blood pressure is controlled 
but require 4 or more medications to so should be considered resistant to treatment” 
[27]. Although an improvement, there remain several ambiguities even in this defi-
nition including: “goal” blood pressure is inconsistent across conditions and guide-
lines; the need for a diuretic to be one of the treatments is not mandatory; and the 
term “optimal dose amounts” can be considered subjective. Nevertheless, most 
studies on resistant hypertension since have used different interpretations of this 
definition [28].

In its recent joint guidelines document, the European Society of Cardiology and 
European Society of Hypertension further attempted to define resistant hyperten-
sion: “Hypertension is defined as resistant to treatment when a therapeutic strategy 
that includes appropriate lifestyle measures plus a diuretic and two other antihyper-
tensive drugs belonging to different classes at adequate doses (but not necessarily 
including a mineralocorticoid receptor antagonist) fails to lower systolic and dia-
stolic blood pressure values to less than 140/90 mmHg” [12].

Although not specifically part of the definition, most guidelines recommend the 
exclusion of apparent or pseudo-resistant hypertension, that is, inadequate blood 

C.J. Ferro
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pressure control in a patient receiving appropriate treatment who does not actually 
have resistant hypertension. Most often, pseudo-resistance arises from (i) poor 
clinic blood pressure measurement technique, (ii) the “white coat” effect, (iii) poor 
patient adherence to prescribed treatment, or (iv) a “suboptimal” antihypertensive 
regime [29]. Pseudohypertension, or the presence of heavily calcified arterioscle-
rotic arteries that are poorly compressible giving rise to cuff-related artifact, should 
also be eliminated before a diagnosis of resistant hypertension is made [29].

Other terms that are being used in the literature include refractory hypertension 
and controlled resistant hypertension. Refractory hypertension has been defined to 
include patients who meet the definition but whose blood pressure IS NOT con-
trolled on maximally tolerated doses of four or more antihypertensive agents [30]. 
Controlled resistant hypertension patients are patients who meet the criteria for 
resistant hypertension but whose blood pressure IS controlled on maximal tolerated 
doses of four or more medications [30]. Although, again arbitrary, these definitions 
may help to subclassify patients for further investigation or treatment. Perhaps more 
importantly, they add more clarity when studies reporting findings on resistant 
hypertension present their results and allow for easier comparison between cohorts.

There is no doubt that any of the definitions, and the accompanying caveats, help 
in increasing awareness of resistant hypertension as well as focusing on further 
investigations and treatments. The problems arise, as will be discussed in the next 
section, when these definitions are interpreted in epidemiological research into the 
prevalence and impact of this condition, as well as interventional research.

 Prevalence of Resistant Hypertension

The reported prevalence of resistant hypertension from population studies with 
blood pressure control data [31, 32], subpopulations of trials [33–39], retrospective 
analyses of registry data [15, 40, 41], and population studies specifically identifying 
patients with resistant hypertension [16, 42, 43] varies widely with estimates rang-
ing from 3% to 34.3%. Pooled prevalence data from North American and European 
studies, with a combined sample size greater than 600,000 hypertensive patients, 
suggests the prevalence of resistant hypertension to be 14.8% of treated hyperten-
sive patients [44]. Analysis of randomized controlled trials tends to give higher 
prevalence estimates than observational studies [29, 45]. This is likely to reflect 
selection bias with patients at higher cardiovascular risk being included and poten-
tially lacks generalizability to the general hypertensive population. However, at 
least participation in a clinical trial provides robust data on prescribed doses not 
normally available from population studies.

In general, most definitions of resistant hypertension do not attempt to distin-
guish between resistant and pseudo-resistant hypertension: mainly patients with 
white coat syndrome, improper blood pressure measurements, and nonadherence 
to prescribed medication [44]. Indeed, one of the main challenges in establishing 
the prevalence of true resistant hypertension is excluding those patients with 
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pseudo- resistant hypertension [44]. When hypertension is defined as “a properly 
measured blood pressure > 140/90 mmHg with a mean 24-h ambulatory BP greater 
than 130/80 mmHg in a patient confirmed to be taking three or more antihyperten-
sive medications,” then the prevalence of “true” resistant hypertension is estimated 
to be lower at 10% of patients with treated hypertension [44].

In order to determine the true prevalence of resistant hypertension would require 
a prospective cohort study in a large hypertensive population with blood pressure 
control established by forced titration up to full doses of three different classes of 
antihypertensive agents, including a diuretic [44, 46]. Such a study would also need 
to establish adequate medication adherence, appropriate blood pressure measure-
ments, and 24-h ambulatory blood pressure monitoring [44]. Such a study has been 
performed in a small (n = 606) group of young hypertensive patients in Brazil [47]. 
The initial prevalence of resistant hypertension defined as a blood pressure greater 
or equal to 140/90 mmHg despite treatment with three antihypertensive agents 
including a diuretic was 17.5%. However, this figure fell to 4.5% once adherence to 
medication had been established and 24-h ambulatory blood pressure measurements 
performed [47].

The American Heart Association definition [27] of resistant hypertension has 
been the one used by most studies. As discussed, in this definition patients with 
controlled blood pressure on four or more agents are considered to be the same as 
those with uncontrolled blood pressure on three or more agents. However, emerging 
evidence suggests that patients with controlled blood pressure have a “healthier” 
phenotype with less prevalence of diabetes mellitus and lower LDL-cholesterol than 
those with controlled blood pressure [28]. These kinds of potential differences need 
to be taken into account when interpreting the results of studies on patients with 
resistant hypertension, especially when considering which part of the definition 
defined the proportions of patients enrolled.

A significant amount of the variability in the prevalence of resistant hypertension 
may well also arise from inconsistent variations in the interpretation of the American 
Heart Association 2008 definition. This definition was devised to identify a subset 
of patients who might benefit from further investigations or treatments and not for 
research purposes [27]. A study interpreting the American Heart Association defini-
tion with different levels of “leniency” on a well-characterized hypertensive popula-
tion found very different prevalence of resistant hypertension depending on the 
interpretation used (Fig.  1.1) [48]. After exclusion of patients with documented 
problems with adherence to medication, the prevalence of resistant hypertension 
decreased in a stepwise fashion from 30.9% to 3.4% with decreasing “leniency” of 
the definition interpretation. Interestingly, these figures approximate very closely 
with the highest (34.3%) and lowest (3.0%) reported prevalence of resistant hyper-
tension, suggesting that differing interpretations of the definition may well explain 
a significant proportion of the variability.

Further evidence for this comes from another study in which half the patients 
with resistant hypertension were not receiving “optimal” therapy [42]. The defini-
tion of “optimal” in this study was not particularly severe, with patients only having 
to be on a diuretic and two other antihypertensive agents prescribed at doses greater 
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or equal to 50% of the maximum recommended or approved doses for the treatment 
of hypertension. Indeed, in addition to the prescribing of inadequate doses of anti-
hypertensive agents, other physician-associated factors, including poor office blood 
pressure measurement technique, inappropriate choice of antihypertensive combi-
nations, clinical inertia, poor communication, and a lack of desire to invest in patient 
education, are all factors that have been associated with pseudo-resistant hyperten-
sion [29].

One of the aims of defining resistant hypertension has been to identify patients 
for further treatment. Few novel treatments for hypertension have attracted more 
interest, or indeed controversy, than renal denervation [49–51]. However, caution 
has to be applied when applying the results of these, and potentially other future 
studies, as the definitions for eligibility used are often much more stringent than the 
usual definitions of resistant hypertension [52–54]. Indeed, when the entry criteria 
to the SYMPLICITY-HTN-3 study [54] were applied to a hypertensive cohort with 
a reported resistant hypertension prevalence of 30.9%, only 0.8% would have been 
eligible for the trial [48].

 Patient Characteristics Associated with Resistant 
Hypertension

It has long been recognized that blood pressure is more difficult to control in patients 
who are older, are diabetic, and have higher baseline blood pressure or longer dura-
tion of hypertension, history of cardiovascular disease, black race, obesity, and 

0 5 10 15 20 25 30 35

Resistant hypertension as per AHA 2008
definition

Resistant hypertension and
antihypertensive medication includes a

diuretic

Resistant Hypertension and on at least 3
maximally dosed medication

Resistant hypertension and on at least 3
maximally dosed medication including a

diuretic

Percentage of patients

Fig. 1.1 Prevalence of resistant hypertension in a cohort of patients varies depending on the strin-
gency of the definition used (Data from Hayek et  al. [48]. The prevalence decreases when the 
American Heart Association (AHA) 2008 definition is applied at different levels of stringency)
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evidence of target organ damage including left ventricular hypertrophy and albu-
minuria [35]. It is, therefore, perhaps not surprising that all of these factors are 
consistently overrepresented in patients with resistant hypertension (Table 1.2) [15, 
16, 19, 28, 43, 55, 56]. Consistent, and closely linked, with these findings, patients 
with resistant hypertension have a further clustering of other cardiovascular risk 
factors including reduced glomerular filtration rate, obstructive sleep apnea, physi-
cal inactivity, excess dietary salt, hyperlipidemia, and arteriosclerotic vascular dis-
ease [29, 30, 46].

 Outcomes in Patients with Resistant Hypertension

The risk of stroke, myocardial infarction, chronic kidney disease, and heart failure 
rises proportionally with increasing blood pressure, whether treated or not [5, 13]. 
As discussed above, patients diagnosed with resistant hypertension consistently 
have an excess of cardiovascular risk factors as well as higher documented cardio-
vascular events. It is perhaps therefore not surprising that in observational studies, 
patients with resistant hypertension consistently have worse cardiovascular out-
comes and increased mortality compared with other hypertensive patients [29, 30]. 
A large observational study showed that patients with resistant hypertension are 
50% more likely to have an adverse cardiovascular outcome than other hypertensive 
patients [30]. Intriguingly, this increased risk appeared to be largely explained by 
the development of chronic kidney disease. What is perhaps less clear is whether 
having resistant hypertension in itself leads to an increase in cardiovascular risk fac-
tors, and consequent higher mortality, or whether an increased prevalence of cardio-
vascular risk factors leads to a higher prevalence of resistant hypertension. 
Conceivably these relationships are likely to be very complex and probably 
bidirectional.

Table 1.2 Patient factors 
associated with resistant 
hypertension

Older age, especially over 75
Higher baseline blood pressure
Chronicity of uncontrolled hypertension
Presence of target organ damage (left 
ventricular hypertrophy, albuminuria)
Black race
Diabetes mellitus
Obesity
Atherosclerotic vascular disease
Arteriosclerotic vascular disease
High dietary sodium
Chronic kidney disease
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 Conclusions

Interest in resistant hypertension has been growing over the last few years with the 
increasing recognition of its prevalence and associated adverse outcomes. The defi-
nitions of resistant hypertension used up until now were derived mainly in response 
to the clinical need to identify these patients for further investigation, evaluation, 
and treatment. However, the patients so identified are likely to represent a large, 
amorphous group. As our understanding of this condition increases, it is likely that 
subgroups of patients with different characteristics and etiologies are identified. 
These will require different definitions and probably alternative investigational 
pathways and treatment strategies. To achieve this, there clearly is a need for further 
research into resistant hypertension. However, currently used definitions leave some 
subjectivity in the classification of patients with resistant hypertension. As a conse-
quence, researchers will need to either more clearly define the condition, a move 
that might make it difficult to use in day-to-day clinical practice, or develop meth-
odologies that create comparable baseline populations. These will need to, at the 
very least, include pathways or algorithms designed to identify patients with 
pseudo-resistance and secondary causes of hypertension to standardize the research 
population.

The adverse impact of resistant hypertension on patients and health economies is 
likely to increase with time. Its association with factors such as obesity, diabetes 
mellitus, and advancing age means that even if the prevalence of hypertension 
remains unchanged, the prevalence of resistant hypertension will continue to 
increase further. This is likely to occur in parallel, or even synergistically, with the 
predicted increases in chronic kidney disease worldwide.
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Chapter 2
Definition and Characteristics of Hypertension 
Associated with Chronic Kidney Disease: 
Epidemiological Data

Beata Franczyk, Anna Gluba-Brzózka, Maciej Banach, and Jacek Rysz

 Introduction

The prevalence of hypertension appears to be around 30–45% of the general popu-
lation and it is increasing with age [1]. The kidneys play such a vital role in long- 
term blood pressure [2]. Chronic kidney disease (CKD) is one of the most common 
causes of secondary hypertension. The prevalence of hypertension is higher among 
patients with CKD than in general population, and its frequency increases progres-
sively with the severity of CKD [2–4]. According to US Renal Data System Annual 
Data Report of 2010, hypertension occurs in 23.3% of individuals without CKD, 
while in 35.8% of patients with CKD stage 1, in 48.1% with stage 2, in 59.9% with 
stage 3, and in 84.1% with CKD stages 4–5 [5]. However, the frequency of hyper-
tension may vary in different CKD causes including renal artery stenosis (93%), 
diabetic nephropathy (87%), and polycystic kidney disease (74%) [2, 6]. The patho-
genesis of hypertension associated with chronic kidney disease (CKD) is complex 
and multifactorial [7, 8]. Numerous studies confirmed the association between renal 
defects and essential hypertension in humans. As early as in 1983, Curtis et al. [9] 
demonstrated a remission of essential hypertension after renal transplantation from 

B. Franczyk 
Department of Nephrology, Hypertension and Family Medicine, Medical University of Lodz, 
Lodz, Poland 

A. Gluba-Brzózka (*) 
Department of Nephrology, Hypertension and Family Medicine, WAM Teaching Hospital, 
Lodz, Poland
e-mail: aniagluba@yahoo.pl 

M. Banach 
Department of Hypertension, Medical University of Lodz, Lodz, Poland 

J. Rysz 
Department of Nephrology, Hypertension and Family Medicine, Medical University of Lodz, 
Lodz, Poland

mailto:aniagluba@yahoo.pl


14

normotensive donors. Moreover, Widgren et al. [10] study revealed that salt loading 
in normotensive individuals with family history of hypertension is associated with 
lower natriuresis and higher blood pressure than in those with no family history. 
Additionally, the autopsy of hypertensive victims of fatal accidents demonstrated 
decreased amount of nephrons [11]. It is estimated that half of patients with chronic 
kidney disease die of cardiovascular causes before they reach end-stage renal 
disease.

The pathogenesis of hypertension in chronic kidney disease is multifactorial and 
can be associated with diabetic nephropathy, glomerulonephritis, nephropathy in 
the course of connective tissue disorders, vasculitis, pyelonephritis, and obstructive, 
analgesic, and reflux nephropathy as well as congenital diseases such as polycystic 
kidney [12]. It is estimated that only 5–10% of all cases of hypertension is associ-
ated with secondary causes. Renal parenchymal hypertension is present in 5–6% of 
cases of secondary hypertension, while renovascular hypertension is diagnosed in 
1% of cases. Simple screening for secondary forms of hypertension should com-
prise the analysis of clinical history (renal disease, urinary tract infection, hematu-
ria, analgesic abuse) and family history of renal disease, physical examination, and 
routine laboratory tests [13]. The presence of secondary hypertension is suggested 
by sudden onset of hypertension, severe increase in blood pressure, and problems to 
lower blood pressure with the use of drug therapy [13]. It has been believed that 
hypertension in CKD is associated with excessive intravascular volume or excessive 
activation of the renin–angiotensin system due to sodium/volume imbalance (renin- 
dependent hypertension) [14–16]. Recently, the role of the following factors has 
been confirmed: enhanced activity of sympathetic nervous system sodium and 
potassium retention, disorders of divalent ion metabolism, disturbances in parathy-
roid hormone (PTH) secretion, decreased amount of endothelium-related dilating 
factors accompanied by the increase in vasoconstrictive factors (endothelin), baro-
receptors dysfunction, oxidative stress, structural changes of the arteries, renal isch-
emia, and sleep apnea in the development of hypertension in chronic kidney disease 
[12, 14]. Moreover, it has been suggested that also iatrogenic factors, such as eryth-
ropoietin, cyclosporine, steroids, divalent ions, and vitamin D, sympathomimetic 
agents, and nonsteroidal anti-inflammatory drugs (NSAIDs) may influence the 
onset and progression of hypertension in CKD [14].

 Diagnosis of Hypertension and Chronic Kidney Disease

According to the European Society of Hypertension (ESH) and of the European 
Society of Cardiology (ESC), the distinction between normotension and hyperten-
sion on the basis of cutoff BP values is difficult due to the continuous association 
between BP and CV and renal events [1]. However, in practice the cutoff BP values 
are used to simplify the diagnostic approach and to facilitate the decision about 
treatment. The recommended definition of hypertension remained the same as 2003 
and 2007 ESH/ESC guidelines. According to them hypertension is diagnosed when 
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systolic blood pressure (SBP) values ≥140 mmHg and/or diastolic blood pressure 
(DPD) values ≥90 mmHg. The same classification is used in young, middle-aged, 
and elderly subjects [1]. Moreover, according to the Guidelines of Polish Society of 
Hypertension (2015), the diagnosis of hypertension in patients with BP values 
below 160/100 mmHg should be confirmed by ambulatory blood pressure monitor-
ing (ABPM) or by home BP measurements. In the case of patients with BP values 
≥180/≥ 110 mmHg, the diagnosis of hypertension can be made during the first visit 
after the exclusion of influence of factors leading to acute BP elevation, such as 
anxiety, pain, or alcohol intake [17]. 2013 ESH/ESC guidelines for the management 
of arterial hypertension comprises also the grading of hypertension. High normal 
blood pressure is diagnosed in patients with a systolic BP of 130–139 mmHg and/
or a diastolic BP of 85–89 mmHg, grade 1 hypertension - in persons with a BP of 
140–159 and/or 90–99 mmHg, grade 2 hypertension - in those with BP 160–179 
and/or 100–109 mmHg, grade 3 hypertension  - in persons with BP ≥180 and/or 
≥110 mmHg, and isolated systolic hypertension - in individuals with BP ≥140 and 
<90 mmHg.

Chronic kidney disease is classified using estimated glomerular filtration rate 
(eGFR) calculated by abbreviated “modification of diet in renal disease” (MDRD) 
formula, Cockcroft–Gault formula, or Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) formula [1]. The stages of renal disease are presented in 
Table 2.1.

 Hypertension in Chronic Kidney Disease

Hypertension in chronic kidney disease is primarily associated with sodium reten-
tion. Hypervolemia associated with the disturbances with sodium and water excre-
tion with urine results in increase in blood pressure in order to enhance excretion to 
maintain isovolemia. Kidney ischemia related to renal fibrosis and scarring occur-
ring in CKD patients results in the increase in renin–angiotensin–aldosterone 

Table 2.1 Stages of kidney disease

Stage
GFR [mL/
min/1.73 m2] Description

1 > 90 Normal kidney function; urine tests results, structural 
abnormalities, or genetic conditioning suggest kidney disease

2 60–89 Mild reduction in kidney function; urine tests results, structural 
abnormalities, or genetic conditioning suggest kidney disease

3A
3B

45–59
30–44

Moderate reduction in kidney function

4 15–29 Severe reduction in kidney function
5 <15 or on dialysis Very severe or end-stage renal disease (ESRD)

Adapted from [18]
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system activity and elevations in blood pressure. Also secondary hyperparathyroid-
ism leading to the increase in intracellular calcium concentration is associated with 
vasoconstriction and hypertension [12, 19, 20].

 Diabetic Nephropathy

Hypertension is common among patients with diabetes mellitus (DM1 and DM2), 
and its prevalence in these groups of patients is twice as high as in general population. 
According to studies, high blood pressure correlates with the presence of diabetic 
nephropathy [12]. Diabetic nephropathy, being one of the chronic complications of 
diabetes of microangiopathic nature, is defined as a condition characterized by the 
presence of proteinuria, elevated arterial BP, and diminished GFR. Hypertension is 
present in 15–25% of patients with microalbuminuria and even in 75–85% with 
diabetic nephropathy, but the prevalence of HA in diabetes varies across different 
ethnic, racial, and social groups. Results of other studies demonstrated that the 
incidence of hypertension in diabetic nephropathy increased with worsening kidney 
function, reaching 90% in ESRD patients [21].

In patients with diabetic nephropathy, hypertension is defined as systolic blood 
pressure ≥130 mmHg or a diastolic blood pressure ≥80 mmHg [21]. Diabetic 
nephropathy, characterized by albuminuria, glomerulosclerosis, and decline in 
glomerular filtration rate (GFR), is the most common cause of hypertension in 
patients with type 1 diabetes. According to Lago et al. [22], in patients with type 2 
diabetes, hypertension occurs mainly without abnormal renal function and is fre-
quently associated with central obesity. In the early stages of diabetic nephropathy, 
the increase of mesangium and the thickening of the glomerular basement 
membrane occur due to the accumulation of extracellular matrix, which in conse-
quence leads to the hypertrophy and glomerulosclerosis [23]. Diabetic nephropathy 
is diagnosed on the basis of the presence of albuminuria >300 mg/d, coexistence of 
diabetic retinopathy, and lack of clinical or laboratory evidence of renal and urinary 
tract disease [23]. The activation of local (renal) RAAS, hyperinsulinemia, overhy-
dration, arterial stiffness as well as obesity, endothelium dysfunction, autonomic 
nervous system disturbances, oxidative stress, and abnormal NO metabolism are the 
risk factors for hypertension in diabetic nephropathy. Volume expansion due to 
increased renal sodium reabsorption and peripheral vasoconstriction are the main 
reasons for hypertension in diabetes [21]. The activation of RAAS, elevated concen-
tration of endothelin- 1, decreased level of nitric oxide, and increased oxidative 
stress result in the development of hypertension and accelerate kidney disease due 
to the stimulation of vasoconstriction in vascular smooth muscle cells (VSMC); 
induction of aldosterone released from the adrenal cortex; enhancement of produc-
tion of superoxide by activation of NADPH oxidase in the systemic vasculature, 
heart, and kidney; and augmented sodium reabsorption at the renal proximal tubule 

B. Franczyk et al.



17

[21]. Increased oxidative stress associated with hyperglycemia and the presence of 
mediators of both RAAS and endothelial dysfunction contributes to hypertension-
enhanced vasoconstriction. As it was mentioned above, also increased activity of 
sympathetic nervous system (SNS) plays an important role in the pathomechanism 
of hypertension in patients with diabetic nephropathy. Results of studies suggest 
that insulin resistance may pose a possible link between SNS activation and hyper-
tension. In diabetic nephropathy, autoregulatory functions of the afferent arteriole 
responsible for maintaining constant glomerular pressures despite variations in 
systemic blood pressure are impaired, and thus elevated systemic blood pressure is 
directly transmitted to the renal microvasculature and glomeruli leading to glomeru-
lar hypertension and activation of local mediators that induce inflammation, fibro-
sis, and further injury [21].

 Glomerulonephritis and Vasculitis

Systemic vasculitis is characterized by the presence of inflammatory infiltrates and 
necrosis within arterial walls. Changes in large and medium renal vessels result in 
organ ischemia and the development of hypertension [23]. Patients with glomerulo-
nephritis tend to accumulate fluids due to enhanced sodium retention which in con-
sequence results in volume overload and blood pressure increase. In these patients 
also the suppression of renin–angiotensin system and the increase in atrial natri-
uretic peptide (ANP) release are observed. The prevalence of hypertension in glo-
merulonephritis is various and depends on the type of disease [24]. According to 
studies, hypertension occurs most frequently in patients with membranoprolifera-
tive GN (57%), rapidly progressive GN (52%), and endocapillary (acute) GN of 
poststreptococcal origin (51%), while less frequently in patients with focal sclerosis 
GN (34%), mesangioproliferative GN (34%), and perimembranous GN (30%). 
Symptoms of hypertension are aggravated in advanced glomerulonephritis; how-
ever, elevated blood pressure is also seen in patients with creatinine concentration 
within normal range [12]. Mechanisms of hypertension development in acute glo-
merulonephritis comprise sodium and water retention due to glomerular lesions 
[24] as well as renin–angiotensin–aldosterone system activation resulting from sup-
pression inadequate to the degree of sodium and water retention. According to stud-
ies, in chronic GN with minimal glomerular alterations, the development of 
hypertension may be preceded by vascular changes [24]. It seems interesting that 
elevated blood pressure is observed even in patients with confirmed complete recov-
ery from this disease [24].

Clinical symptoms of immunologically caused vasculitis, depending on its sever-
ity and type of organ involved, comprise arterial hypertension, hemoptysis, arthral-
gia, muscle pain, palpable purpura, hematuria, proteinuria, and renal failure [25]. In 
patients with vasculitis, hypertension is mainly associated with renal ischemia 
accompanied by the activation of renin–angiotensin–aldosterone system.
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 Renovascular Hypertension

Ischemia of renal parenchyma associated with renal artery stenosis is the cause of 
renovascular hypertension. The stenosis of renal artery due to atherosclerosis 
(75%; mainly elderly population) or fibromuscular dysplasia (25%; most common 
in young adults) is the cause of 95% of renovascular hypertension. It is believed that 
atherosclerotic renovascular disease is associated with hastened and more severe 
target organ injury than essential hypertension [7]. According to Medicare studies in 
patients with newly identified renovascular disease, the rate of cardiovascular event 
(including coronary events, myocardial infarction, and heart failure) development is 
higher than in those without renovascular disease [7].

Characteristic features of renovascular hypertension comprise sudden onset of 
disease, lack of hypertension risk factors and obesity, lack of family history, high 
values of blood pressure (>160/100 mmHg) resistant to the treatment with three 
hypotensive drugs including diuretic, sudden raise in blood pressure in people with 
well-controlled hypertension, malicious course of disease with signs of organ dam-
age, sudden increase in creatinine level (>30% above the baseline level) following 
the ACE or sartan treatment, recurrent episodes of pulmonary edema or heart failure 
with unknown etiology, and the presence of asymmetric or cirrhotic kidney as well 
as general atherosclerosis. The symptoms of renal artery stenosis include the pres-
ence of abdominal bruit with lateralization, hypokalemia, polyglobulia, and pro-
gressive decline in renal function [13]. Occlusion in renal artery reducing renal 
perfusion pressure intensifies sodium retention by slowing blood flow and filtration 
and increasing peritubular forces resulting in solute reabsorption. Sodium retention 
is further enhanced by the activation of the renin–angiotensin–aldosterone system. 
Angiotensin II directly increases sodium transport, while aldosterone stimulates 
distal sodium retention through the activation of sodium–potassium ATPase result-
ing in the diminished sodium excretion in the post-stenotic kidney and in conse-
quence to hypertension [7, 26]. Moreover, angiotensin II promotes the hypertrophy 
of both vascular smooth muscle cells and heart [23]. It also enhances oxidative 
stress further aggravating imbalance between vasoconstrictive and vasodilatory 
substances and endothelial dysfunction. Decrease in renal perfusion is also associ-
ated with overproduction of renin by juxtaglomerular apparatus, which in conse-
quence leads to the constriction of afferent arteriole and increased sodium 
reabsorption. High concentration of renin in one kidney hampers its secretion by the 
second kidney [27].

Renovascular hypertension diagnosis is made on the basis of the demonstration 
of structural and functional occlusion of the renal vessels. Ultrasound determination 
of the longitudinal diameter of the kidney is used as a screening procedure. Color 
Doppler sonography with calculation of peak systolic velocity and resistance indi-
ces, MR angiography, CT angiography, or intra-arterial angiography is utilized for 
the visualization of renovascular lesions. The difference of over 1.5 cm in length 
between the two kidneys is usually the confirmation of renal artery stenosis. 
However, this abnormality is present in only 60–70% of such patients, and thus 
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color Doppler sonography or spiral computed tomography with iodine-containing 
contrast media is used to detect stenoses [13, 28]. According to Vasbinder et al. [29], 
the analysis of renal vasculature with the use of breath-hold three-dimensional, 
gadolinium-enhanced magnetic resonance angiography with sensitivity of 95% will 
be the diagnostic tool of the future.

 Polycystic Kidney Disease

Autosomal dominant polycystic kidney disease (ADPKD) is a systemic, hereditary 
kidney disease. Hypertension occurs early in the course of ADPKD (between the 
age of 30 and 34) and is associated with increased patient morbidity and mortality 
and the progression to ESRD [30]. Arterial hypertension is one of the main symp-
toms of polycystic kidney disease and is observed in 59–79% of patients with vari-
ous stages of this disease. Results from large ADPKD registry demonstrated that in 
children with autosomal dominant polycystic kidney disease, blood pressure was 
higher by 4–6 mmHg in comparison to unaffected age- and gender-matched con-
trols [30, 31]. Moreover, in ADPKD children with hypertension, greater kidney vol-
ume and increased number of cysts were observed in comparison to age-matched 
normotensive ADPKD children [30, 31]. In hypertensive adults with ADPKD, 
greater LVMI in comparison to matched essential hypertensive men was observed, 
and it has been found that both LVMI and left ventricular hypertrophy aggravate 
along with the progression of kidney disease toward renal failure [30]. Early dia-
stolic dysfunction has been demonstrated in this group of patients [32]. Impaired 
endothelium-dependent relaxation in small resistance vessels was observed in 
young normotensive patients. Along with the progression of disease, intima–media 
thickness of carotid arteries increases, and fibromatous areas in carotid walls and 
important alterations in large arteries appear [32]. Moreover, in hypertensive 
ADPKD patients, sclerosis of renal arterioles and global glomerulosclerosis is 
observed. Analysis of renal specimens demonstrated advanced sclerosis of preglo-
merular vessels, interstitial fibrosis, and tubular atrophy even in patients with nor-
mal renal function or early renal failure [33]. The prevalence of target organ damage 
is also higher in hypertensive ADPKD than in other age-matched hypertensive 
patients [32]. Greater albuminuria in ADPKD is associated with higher mean blood 
pressure as well as severe renal cystic development. However, in ADPKD patients, 
glomerular filtration rate for a long time does not seem to be affected by the progres-
sion of renal structural abnormalities due to compensatory hyperfiltration [32]. 
Numerous studies demonstrated higher rate of increase in kidney volume, enhanced 
proteinuria, and decreased renal blood flow in hypertensive ADPKD patients with 
normal renal function in comparison to normotensive patients [30, 34, 35]. Reduced 
renal blood flow resulting from renal cysts enlargement and concomitant compres-
sion of renal vasculature leading to intra renal ischemia, reduction of renal vascula-
ture, and intrarenal activation of the renin–angiotensin–aldosterone system (RAAS) 
is a characteristic feature of hypertension in ADPKD [30]. It has been suggested 
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that the activation of renin–angiotensin–aldosterone system plays a role in the asso-
ciation between hypertension and increased kidney volume. This hypothesis was 
confirmed by the observation of the increase in both renin activity and plasma levels 
of aldosterone in ADPKD patients in comparison to age-, sex-, and kidney function- 
matched patients with essential hypertensive [32]. Local activation of RAAS lead-
ing to hyperplasia of the juxtaglomerular apparatus has also been demonstrated. 
Results of studies suggest that RAAS inhibition may prove beneficial in the control 
of blood pressure level, simultaneously limiting renal cyst growth and renal enlarge-
ment as well as slowing down the progression to ESRD [32]. Increased concentra-
tion of erythropoietin (due to intrarenal ischemia/hypoxia) is another factor involved 
in the development of hypertension in ADPKD.  Moreover, intrarenal ischemia 
influences renal tubular sodium handling and enhances sympathetic nervous system 
activity. Hypertension in ADPDK patients may be also associated with the imbal-
ance between vasoconstrictor and vasodilatation factors. High levels of circulating 
vasopressin and endothelin-1 and diminished activity of nitric oxide synthase are 
observed in this group of patients [32].

 Analgesic Nephropathy

The abuse of painkillers may result in the damage of parenchyma and the develop-
ment of interstitial nephritis. According to the National Kidney Foundation, anal-
gesic nephropathy (AN) is defined as “a disease resulting from the habitual 
consumption over several years of a mixture containing at least two anti-pyretic 
analgesics and usually codeine or caffeine” [36, 37]. Among the main symptoms 
of analgesic nephropathy, there are arterial hypertension and renal failure. 
Progressive kidney failure is related to kidney papillary necrosis and chronic inter-
stitial nephritis. Earliest changes in kidneys comprise sclerosis of vasa recta capil-
laries and patchy tubular necrosis, and they are followed by papillary necrosis and 
secondary focal segmental glomerulosclerosis, cortical scarring, and interstitial 
fibrosis [37]. The pathogenesis of hypertension in AN has not been fully eluci-
dated. It seems that the decreased production of vasodilatory substances within 
renal papilla and sodium and water retention due to the hampering of vasodilatory 
prostaglandins and bradykinins secretion may play an important role in the devel-
opment of hypertension [23].

 Hypertension in End-Stage Renal Disease Patients

Hypertension is diagnosed in 50–90% of hemodialysis patients and only in 30% of 
those on peritoneal dialysis. There are no recommendations concerning the optimal 
blood pressure values for dialysis patients. Among hypertension risk factors in 
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dialysis patients, there are decreased excretion of sodium and water, increased con-
centration of endothelin, vessel calcification, and overhydration [12]. During hemo-
dialysis, hypertension occurs less frequently due to the better control of volemia 
than in patients with end-stage renal disease. Among the risks of hypertension in 
hemodialysis patients, there are overhydration, decreased secretion of sodium and 
water, increased level of vasoconstrictive endothelin-1, and vessel calcification [38, 
39]. Overhydration present in hemodialysis patients negatively influences cardiac 
output and peripheral resistance. It was shown that lowering of sodium concentra-
tion in dialysate, removal of excess water, and the achievement of dry weight can 
improve interdialytic BP, reduce pulse pressure, and limit hospitalizations. 
According to the National Kidney Foundation/Disease Outcomes Quality Initiative 
(NKF/DOQI), optimal blood pressure for dialysis patient should be 135/90 mmHg 
during day and 120/80 mmHg at night [40].

The use of erythropoietin in end-stage renal disease patients is also associated 
with the possibility of hypertension development. The exact mechanism of blood 
pressure increase in response to erythropoietin in patients with chronic uremia is 
complex and not fully explained. According to studies, increase in systolic and dia-
stolic BP was an average approximately 5–8 mmHg in SBP and 4–6 mmHg in 
DBP. The incidence of hypertension is Epo dose-dependent. It was demonstrated 
that the administration of 40, 80, and 120 U/kg of Epo, three times a week for 49 
weeks, was associated with hypertension in 28%, 32%, and 56% of treated subjects, 
respectively [41]. Erythropoietin may increase blood pressure due to its direct vaso-
constrictive and mitogenic effects and enhancement of blood viscosity [23]. Clinical 
studies results suggest that Epo-induced hypertension may be associated with its 
effect on red blood cell mass and viscosity. Moreover, erythropoietin stimulates 
both the release of endothelin-1 and enhanced mitogenic response in endothelial 
cells. Additionally, Epo inhibits extrarenal eNOS/NO production and impairs both 
NO action and vasodilatory response to endothelial NO.  Erythropoietin also 
enhances adrenergic sensitivity. It has been demonstrated that in hemodialysis 
patients, angiotensin II infusion during Epo treatment was associated with higher 
elevation of blood pressure in comparison to pre-Epo condition [41].
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Chapter 3
Apparent Treatment-Resistant Hypertension 
and Chronic Kidney Disease: Another 
Cardiovascular–Renal Syndrome?

Ferruh Artunc

 Introduction

Arterial hypertension is the most frequent comorbid condition of chronic kidney 
disease (CKD) affecting almost 80% of CKD patients [1]. The prevalence of hyper-
tension is higher in patients with kidney damage and preserved glomerular filtration 
rate and increases further as the glomerular filtration rate declines. Among the par-
ticipants of the Modification of Diet in Renal Disease Study, the prevalence of 
hypertension increased from 66 to 95 percent as the glomerular filtration rate fell 
from 83 to 12 mL/min per 1.73 m2 [2]. Apparent treatment-resistant hypertension 
(aTRH) is defined as an office BP ≥ 140/90 mmHg despite triple antihypertensive 
treatment including a diuretic [3] and has become an increasingly recognized sub-
form of arterial hypertension. Among patients with aTRH, true treatment resistance 
must be discriminated from pseudoresistance that results from inadequate medica-
tion, inadherence, white-coat hypertension, or errors/artifacts in correct BP measure-
ment. The prevalence of aTRH was estimated to be 11.8% among hypertensive 
adults with an increase from 5.5% between 1994 and 1998 to 8.5% between 1998 
and 2004 [4]. Ambulatory 24-h blood pressure measurement is an important investi-
gation to identify patients with true treatment-resistant hypertension and to rule out 
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those with white-coat hypertension or incorrect BP measurements in the office set-
ting. A large study that investigated aTRH with the use of ambulatory BP measure-
ment found that one third of the patients had white-coat hypertension leaving a 
prevalence of true treatment-resistant hypertension of 7.6% [5]. The notorious prob-
lem of inadherence to antihypertensive treatment is also one key factor even in 
patients considered to have true treatment-resistant hypertension. In an elegant study, 
Jung et al. verified adherence to medical treatment in patients that were judged to 
have true treatment resistance by measuring antihypertensive drugs or their metabo-
lites in the urine [6]. Surprisingly, inadherence to the prescribed drugs was found in 
37% of the patients from whom 30% did not take any of the prescribed drugs.

aTRH increases the cardiovascular risk of the patients substantially as many have 
a high prevalence of end-organ damage [5, 7]. Particularly, the cardiovascular risk 
of patients is potentiated when aTRH and CKD convene [8].

 Apparent Treatment-Resistant Hypertension in CKD

The prevalence of aTRH is increased among CKD patients [4], and CKD is an 
important risk factor for the development of treatment-resistant hypertension 
besides male sex, longer duration of hypertension, current smoking, and diabetes 
mellitus [5]. A recent population-based cross-sectional study provided more detailed 
data on the relationship between CKD and aTRH [9]. In that study involving 10,700 
hypertensive individuals, the overall prevalence of aTRH based on in-home mea-
surements was 17.9%, the prevalence of CKD 29.2%. Patients with aTRH were 
treated with an average of 3.6 classes of antihypertensive drugs, mostly diuretics 
(87%), angiotensin-converting enzyme inhibitors (62%) or angiotensin receptor 
blockers (40%), beta blockers (73%), and calcium channel antagonists (72%). The 
main finding of the study was that the prevalence of aTRH was gradually related to 
both the GFR and albuminuria stages of CKD: in individuals with a GFR ≥60, 
45–59, and <45 ml/min per 1.73 m2, aTRH was prevalent in 16%, 25%, and 33%, 
respectively, and in those with an albumin-to-creatinine ratio (ACR) <10, 10–29, 
30–299 in 12%, 21%, 28%, and 48%, and ≥300 mg/g, respectively. Both GFR and 
ACR increased the prevalence of aTRH additively, and patients with a GFR <45 ml/
min/1.73m2 and an ACR ≥300 mg/g crea had an almost 60% prevalence of 
aTRH. The increased prevalence of aTRH in patients with lower GFR and higher 
ACR stages was still evident after adjustment for other variables including current 
smoking status, waist circumference, diabetes, history of myocardial infarction or 
stroke, and patients with GFR <45 ml/min/1.73m2 and an ACR ≥300 mg/g crea had 
an adjusted prevalence ratio of 3.44 compared to those with GFR ≥60 and an ACR 
<10 mg/g crea (Fig. 3.1). Altogether, the study strongly underscored the close rela-
tionship between CKD and aTRH that was incremental with the two dimensions of 
CKD, namely, GFR and albuminuria that are now part of the CKD classification.
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Fig. 3.1 Prevalence ratios for aTRH associated with various GFR and ACR levels after adjustment 
for demographic and socioeconomic factors, current smoking, alcohol use, waist circumference, 
diabetes, total cholesterol, HDL cholesterol, statin use, C-reactive protein, history of myocardial 
infarction, and history of stroke (Data from Tanner et al. [9])

 Bidirectional Interaction of CKD and aTRH to Define 
Cardiovascular–Renal Syndrome

At the heart of the definition of cardiorenal syndrome by Ronco et al. [10] is the 
interdependence of the heart and the kidney that ensures adequate organ function 
of each other. When heart failure ensues, there is inevitably kidney dysfunction, 
and when there is kidney dysfunction, there is also cardiac dysfunction. The clas-
sification of Ronco et  al. discriminates between cardiorenal syndromes whereby 
kidney dysfunction is subsequent to cardiac disease (types 1 and 2) and renocardiac 
syndromes whereby kidney disease comes first and leads to cardiac damage (types 
3 and 4). However, in the literature and clinical jargon, the term renocardiac syn-
drome is not commonly used and cardiorenal syndrome is used as an umbrella term 
for all types.

Similar to the cardiorenal syndrome, the relationship between CKD and aTRH 
can also be characterized by a bidirectional interaction and interdependence. Arterial 
hypertension is on the one hand an important cause of CKD and determinant of 
CKD progression. This is particularly true for patients with aTRH. On the other 
hand, advanced CKD and end-stage renal disease lead almost in every instance to 
the development of de novo arterial hypertension or to exacerbation of preexistent 
arterial hypertension, possibly resulting in aTRH. Arterial hypertension and aTRH 
are the most important sequelae of CKD rendering CKD a systemic disease that 
affects vessels and various organ systems alike. From this perspective, the interac-
tion between CKD and aTRH can be considered as another cardiovascular–renal 
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syndrome that in some cases makes it impossible to determine if CKD and aTRH 
are cause or consequence. Both diseases have a detrimental effect on each other and 
are linked by positive feedback loops that are characteristic for a vicious cycle 
(Fig. 3.2). In practice, CKD may induce aTRH that promotes CKD progression that 
again exacerbates aTRH. The cycle can also be constructed the other way around: 
aTRH induces CKD that exacerbates aTRH that in turn exacerbates CKD. It is note-
worthy that the bidirectional relationship between aTRH and CKD is related to both 
the GFR and the albuminuria stages of CKD. Patients with either reduced GFR or 
high albuminuria have higher prevalence of aTRH [9], and inversely, patients with 
aTRH have a higher prevalence of albuminuria and lower GFR [5].

Another characteristic of a vicious cycle is that there no steady state or equilib-
rium unless there is an intervention that interrupts the feedback loops. With regard 
to the cardiovascular–renal syndrome, both CKD and aTRH have deleterious effects 
for the patients if left untreated or undertreated. This explains the high morbidity 
and mortality of CKD and aTRH patients who have extraordinarily high risk of both 
cardiovascular events such as sudden death, myocardial infarction, stroke, or hem-
orrhage and cardiovascular diseases such as coronary and peripheral artery disease 
and heart failure (Fig. 3.2). In a recent study on the outcome of CKD patients with 
aTRH, de Nicola et al. stratified 436 CKD patients into four groups using ambula-
tory and office blood pressure measurements [11]. Besides a control group without 
hypertension (27% of the cohort), patients were classified in those with 
 pseudoresistance (normal 24 h BP, but high office BP; 7%), masked (high 24 h BP, 
but normal BP; 43%), and true resistant hypertension (high 24 h and office BP; 
23%). After a follow-up of 57 months, patients with true hypertension had signifi-
cantly increased hazard ratios for both cardiovascular and renal events including 
fatal ones (1.98- and 2.66-fold, respectively). Patients with masked hypertension 
had also an increased hazard ratio for renal events, whereas patients with pseudore-
sistance had a favorable outcome without a difference compared to the control group 
without arterial hypertension. This study again emphasizes that it is highly impor-
tant to identify those patients within the group of patients with aTRH who have true 
resistant hypertension with the aid of 24 h ambulatory BP measurements.

 Manifestations of the Cardiovascular–Renal Syndrome

Another hallmark of patients with the cardiovascular–renal syndrome is the pres-
ence of advanced target-organ damage to the vasculature, heart, and kidney. 
Hypertensive vasculopathy is characterized by endothelial dysfunction and remod-
eling of both small and large arteries with the histological findings of hyalinosis, 
media thickening, and plaque formation. Microangiopathy results from narrowing 
of the lumen in capillaries and small resistance arteries, whereas macroangiopathy 
leads to either narrowing of medium conduit arteries due to arterio−/atherosclero-
sis or aneurysms in large arteries such as the aorta. Hypertensive nephropathy 
shows similar features of hypertensive vasculopathy leading to ischemia of the 
glomerulus and tubulus, eventually sclerosis and interstitial fibrosis. Hypertensive 
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heart disease encompasses concentric hypertrophy and diastolic, later systolic dys-
function. On the level of the coronary arteries, both macroangiopathy and microan-
giopathy can be encountered. Clinical correlates of hypertensive target-organ 
damage are arterial stiffness, albuminuria, left ventricular hypertrophy, and arte-
rio−/atherosclerosis leading to the known cardiovascular diseases such as coronary 
and peripheral artery disease, stroke, and heart and renal failure. The identification 
of hypertension as the major driving risk factor behind these cardiovascular dis-
eases has been, among others, a major success from 50 years of research originat-
ing from the Framingham studies [12].

Fig. 3.2 Cardiovascular–renal syndrome imposed by apparent treatment-resistant hypertension 
(aTRH) and chronic kidney disease (CKD) (Note that only the most prominent interactions 
between aTRH and CKD are depicted)
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In the last decade, CKD has emerged as a new and potent cardiovascular risk fac-
tor [13, 14] in addition the so-called traditional Framingham-derived risk factors. 
This is highlighted by the high cardiovascular mortality of CKD patients who have 
a higher risk to die from cardiovascular disease than to progress to end-stage renal 
failure [15, 16]. Compared with diabetes mellitus that has been traditionally regarded 
as a major cardiovascular risk factor, CKD is even a stronger and a more consistent 
cardiovascular risk factor. In a Medicare sample with approximately 1 million 
patients, the incidence of congestive heart failure, atherosclerotic event, renal 
replacement therapy, or death was much higher in CKD patients compared to 
patients with diabetes mellitus (Fig. 3.3). The presence of CKD in a patient is on one 
hand a marker that reflects target-organ damage and the burden of cardiovascular 
disease. On the other hand, CKD and its sequelae directly interfere with the patho-
genesis of cardiovascular disease and worsen cardiovascular disease burden. This is 
similar to the clinical significance of acute kidney injury which is at the same time a 
risk marker and risk factor for increased mortality among hospitalized patients.

Worsening of cardiovascular disease by CKD can be attributed to mechanisms 
and sequelae that are unique to advanced CKD. Among these, salt retention and 
volume expansion, increase of uremic toxins, and deranged calcium–phosphorus 
balance are major risk factors that not only strikingly aggravate cardiovascular dis-
ease but also introduce different pathophysiological pathways. Thus, CKD and its 
sequelae are now considered as nontraditional cardiovascular risk factors and have 
opened up an intensely studied area of current research.

Fig. 3.3 Incident event rates of cardiovascular and renal complications during 2-year time period 
between 1999 and 2001 in a sample of 1 million Medicare patients. DM diabetes mellitus, CKD 
chronic kidney disease (Data from Keith et al. [15])
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 Altered Pathophysiology of Arteriosclerosis 
in Cardiovascular–Renal Syndrome

The vasculopathy of CKD is characterized by media calcification that is unique to 
CKD patients in contrast to intimal calcification of cholesterol-rich plaques in 
patients with common atherosclerosis [17]. Media calcification in CKD is consid-
ered not to be merely a passive process resulting from elevated calcium x phospho-
rus product but also an active process involving induction of an osteoblast-like 
phenotype of smooth muscle cells of the media (also termed osteoblastic transdif-
ferentiation; [18]). Key molecule triggering these events is phosphate that enters the 
cells via transporters such as the sodium-dependent phosphate transporter (PiT-1). 
The complex derangements encompassing chronic kidney disease–mineral bone 
disorder (CKD–MBD) include also increases in the fibroblast growth factor 23, 
decreases in the FGF23 coreceptor klotho, and eventually increased parathyroid 
hormone. CKD–MBD is associated with widespread vascular calcification (Fig. 3.4) 
and arterial stiffness. Clinically, this translates to increased pulse wave velocity and 
high blood pressure amplitude (pulse pressure). Arterial stiffness leads to pulse 
wave reflections that increases cardiac afterload and promotes development of left 
ventricular hypertrophy. The hemodynamic consequences of arterial stiffness are 
dramatic, and the perfusion in these stiff vessels without vasomotor function 
becomes dependent on cardiac output (CO) and cannot be regulated adequately, 
particularly when there is a drop in CO. This gives rise to sudden ischemic events 

Fig. 3.4 Completely 
calcified aorta of a 
65-year-old female patient 
with long-standing CKD 
(>20 years; current stage 
CKD 4 T)

3 Apparent Treatment-Resistant Hypertension and Chronic Kidney Disease: Another…



32

and even sudden death that is the leading cause of death in patients with ESRD and 
thought to result from myocardial ischemia and ventricular fibrillation.

In CKD-associated vasculopathy, cholesterol-rich plaque formation seems to be 
less relevant and statin therapy which is undoubtedly protective in atherosclerosis of 
the non-CKD population is losing its efficacy as CKD progresses to ESRD. In the 
Study of Heart and Renal Protection (SHARP), risk reduction of cholesterol- 
lowering was confined to CKD patients with stages 3–4, but not observed in ESRD 
patients [19]. In this regard, acute myocardial infarction resulting from plaque rup-
ture and thrombosis of a coronary artery (type I infarction according to the third 
universal classification [20]) is in ESRD patients less common compared to myo-
cardial damage and infarction resulting from relative ischemia (type II) due to 
reduced perfusion and drop in CO. In the 4D trial that investigated the effects of 
20 mg simvastatin versus placebo in ESRD patients, fatal acute myocardial infarc-
tion occurred only in 15% of the patients compared to a 50% of fatalities due to 
sudden death [21].

 Salt Retention and Overhydration in Cardiovascular–Renal 
Syndrome

Another important determinant of CKD-related cardiovascular disease burden is 
salt retention and volume overload that is common in CKD patients. In a study using 
bioimpedance spectroscopy, overhydration as defined by an excess of 7% or more 
of the extracellular volume was found in 52% of the patients with predialysis CKD 
[22] and strongly correlated with systolic blood pressure. Our group similarly found 
that overhydration was common in CKD patients and correlated to both the GFR 
and albuminuria stages of CKD (Fig.  3.5; [23]). Multiple regression analysis 
revealed that proteinuria was the strongest independent predictor of overhydration 
pointing to a causative role of proteinuria in the genesis of overhydration and salt 
retention. In CKD patients, salt retention might occur due to the activation of the 
epithelial sodium channel ENaC which is an important determinant of sodium 
homeostasis in both health and disease. Although sodium reabsorption by ENaC 
accounts for only a few percent of the filtered sodium load, ENaC activity deter-
mines the final concentration of sodium in the urine. Serine proteases are powerful 
regulators of ENaC activity by cleaving its gamma subunit and increasing the open 
probability of the channel. Under physiological conditions serine proteases such as 
prostasin or tissue kallikreins are involved in this process; however, under the patho-
physiological conditions of proteinuria, ENaC might be illicitly activated by the 
serine protease plasmin that is generated from aberrantly filtered plasminogen [24]. 
Plasminogen is a large protein (91 kDa) that is normally withheld by the intact 
glomerulus. However, after glomerular injury, larger amounts of plasminogen can 
be filtered and converted to plasmin in the tubulus lumen by the urokinase-type 
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plasminogen activator (uPA) that is expressed in the tubular epithelium. Urinary 
excretion of plasmin has been found to strongly correlate with both proteinuria and 
albuminuria (r > 0.8 [23]) and more importantly with overhydration in proteinuric 
diabetic patients and CKD patients. The relationship between proteinuria and over-
hydration seems to be linear and extends to patients with proteinuria in the non- 
nephrotic range as well [25].

ENaC activation by proteinuria and/or plasminuria is an attractive mechanism 
explaining the high prevalence of overhydration and edema in CKD patients and a 
link to aTRH.  Indeed, in the study of de la Sierra et  al. [5], higher albuminuria 
stages were an independent factor associated with an increased prevalence of 
aTRH. The link between proteinuria and salt retention in CKD patients could also 
explain the finding that arterial hypertension of CKD patients is particularly salt- 
sensitive and that high salt intake exacerbates blood pressure control and associates 
with adverse renal outcomes in CKD patients [26]. Altogether, these findings under-
score the detrimental role of salt in patients with cardiovascular–renal syndrome 
and the importance of a salt restriction in the diet. A number of studies have shown 
reductions in blood pressure during salt restriction in CKD patients. Salt restriction 
also improves the response to the antihypertensive effects of angiotensin-converting 
enzyme inhibitors. In a randomized study with proteinuric CKD patients (mean 
proteinuria 1.5 g/24 h) and a relatively preserved GFR (mean creatinine clearance 
70 ml/min), moderate salt restriction resulting in a reduction in urinary sodium 
excretion from 186 mmol to 106 mmol per day markedly enhanced the blood pres-
sure lowering effect of lisinopril [27]. Similarly, salt restriction also augmented the 
antiproteinuric effect of lisinopril.
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Fig. 3.5 Relationship between overhydration and GFR and albuminuria stages of CKD [23]
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 Diagnostic Workup and Evaluation of Cardiovascular–Renal 
Syndrome

Twenty-four hours ambulatory BP measurement is the gold standard for the diagno-
sis of true resistant hypertension. It is an essential investigation in patients with 
aTRH to identify those with normal 24 h BP that corresponds to pseudoresistance 
or white-coat hypertension. The prognosis of this subgroup is more benign [11]; 
however, it is a risk factor for future development of resistant hypertension [28]. The 
utilization of 24 h ambulatory BP measurement differs from country to country, but 
in general utilization seems to be low and should be increased [29]. Obstacles to a 
more frequent utilization are probably related to availability, costs, patient participa-
tion, and logistical issues as the device must be returned the next day. Besides diag-
nosing true resistant hypertension, 24 h ambulatory BP measurement is also essential 
in the follow-up of patients with true resistant hypertension to ensure adequate 
blood pressure control and to decide if new drugs including reserve drugs such as 
minoxidil must be introduced. In addition, demonstration of a treatment refractory 
state using ambulatory BP measurement is the prerequisite to warrant interventional 
therapies such as renal denervation or baroreceptor stimulation. The use and interval 
of ambulatory BP measurement during follow-up must be decided individually and 
can be monthly, 6-monthly, or annually. Although the correlation of home BP mea-
surement to ambulatory BP measurement is fair to moderate, patients with cardio-
vascular renal syndrome should implement home BP measurement to help the 
physicians in their assessment of adequate BP control at a visit.

During the initial workup of patients with cardiovascular renal syndrome, the 
most common secondary causes of hypertension should be ruled out. These are in 
descending order of frequency [30]: obstructive sleep apnea syndrome (60–70% of 
the patients with true resistant hypertension), hyperaldosteronism (7–20%), renal 
artery stenosis (2–24%), renoparenchymal disease (1–2%), drug or alcohol-induced 
(2–4%), and thyroid disorder (1%). These entities can be investigated in an outpa-
tient setting by careful history taking, duplex sonography, and laboratory analyses. 
Polygraphy to screen for sleep apnea syndrome should be available when a patient 
reports daytime sleepiness or snoring. When a new patient is referred, results of the 
diagnostic workup should be reviewed and new tests or retests ordered when there 
is a gap or equivocal results. Once completely done, retesting is usually not neces-
sary unless there is clinical suspicion of newly developed disease, e.g., arterioscle-
rotic renal artery stenosis after long-standing aTRH.

Another important aspect of the diagnostic workup of patients with cardiovas-
cular–renal syndrome is the thorough evaluation of target end-organ damage to 
estimate the burden of disease and to identify established cardiovascular or renal 
disease (stroke, coronary artery disease, heart failure, peripheral artery disease, 
nephropathy, advanced retinopathy). From patient to patient, differences in end-
organ damage may be present depending on the presence of microangiopathy or 
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macroangiopathy or nephropathy or cardiac disease. These lead to differences in 
vulnerability of the individual patient and help to stratify the future risk, e.g., devel-
opment of heart failure or end-stage renal disease. After broad testing for end-organ 
damage initially, physicians can confine to follow those parameters reflecting the 
present end-organ damage more regularly than those which were negative. 
Established markers of end-organ damage that can be controlled during follow-up 
are albuminuria, estimated GFR, pulse wave velocity, pulse pressure, carotid wall 
thickening, ankle–brachial index, and left ventricular hypertrophy. The latter can 
be best investigated using echocardiography that provides further important infor-
mation on cardiac status; however, the availability of echocardiography is some-
times limited, and echocardiographic parameters change only slowly so that the 
interval of repeat echocardiography may be two or more years unless there is clini-
cal suspicion of newly developed cardiac disease, e.g., development of congestive 
heart failure.

 Implications of Cardiovascular–Renal Syndrome 
for Treatment

To account for the bidirectional interaction of CKD and aTRH in cardiovascular–
renal syndrome, it is necessary to pursue a bidirectional or multilayered treatment 
approach that ultimately stops the vicious cycle of the cardiovascular renal syn-
drome. Treating physicians must analyze the pathophysiological interaction of 
CKD and aTRH and identify the triggering factors individually since these are 
numerous and can vary from patient to patient. Some factors will be not modifiable 
as they represent end-organ damage such as arterial stiffness or glomerulosclerosis. 
However, others can be identified and are amenable to specific treatment, e.g., inad-
equate blood pressure control due to unidentified secondary causes of aTRH, vol-
ume expansion, or identification of renoparenchymal disease. In the next step, 
physicians must implement rigorous treatment goals aimed to correct for the trig-
gering factors. This could be the rigorous correction of salt overload and volume 
expansion in a patient with aTRH that is triggered by proteinuric CKD using anti-
proteinuric and diuretic drugs. Disappearance of edema and achievement of dry 
weight could be taken as surrogate treatment goals to control aTRH in such a 
patient. Even without visible edema, saluretic medication should be considered in 
any patients with aTRH and CKD to guarantee salt excretion. In this context, spi-
ronolactone deserves special attention as its addition to a multiple drug regimen 
often dramatically improves blood pressure control in aTRH. This was first seen in 
the ASCOT trial [31] and most recently in the PATHWAY-2 Study [32]. The high 
efficacy of spironolactone as an add-on treatment challenges the current definition 
of aTRH that is defined by treatment resistance on a triple antihypertensive regimen 
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including a diuretic. According to these results, the diagnosis of true resistance 
should only be reserved for those patients with persistent high blood pressure after 
add-on treatment with spironolactone.

In another patient with aTRH, progression of hypertensive nephropathy rescue 
treatment with minoxidil may be warranted (after add-on treatment with spirono-
lactone had no effect) and sometimes needed since this potent drug is often the 
last remedy in patients with otherwise refractory hypertension [33]. However, it 
has side effects that preclude its widespread use and requires experience. 
Generally, the physician should be familiar with the pharmacological armamen-
tarium to treat cardiovascular–renal syndrome including second- and third-line 
drugs or regimens including interventional therapies such as renal denervation or 
baroreceptor stimulation.

Aggressive and rigorous pharmacological therapies in patients with CKD and 
aTRH have the high potential of side effects due to the presence of end-organ dam-
age and organ dysfunction. Hence, many contacts and revisits are required to ensure 
safety while cautiously targeting the treatment goals. These serve to monitor the 
adequacy of treatment and to identify side effects, some of which can be serious and 
lead to hospitalization or patient death. During treatment with minoxidil, for exam-
ple, edema formation is a serious side effect that in some cases can progress to life- 
threatening pericardial effusion. Monitoring of weight, the development of edema, 
and adjustment of concomitant diuretic therapy are of great importance with this 
drug. Other pharmacological treatments involving renin–angiotensin blockade and 
diuretics often result in deterioration of renal function and development of electro-
lyte derangements that can only be diagnosed in the early stages by laboratory 
checks. Pharmacotherapy with these substances often needs careful titration to find 
out tolerated doses without side effects. However, changes in salt and water balance 
either by seasonal variation (hot summer) or by disease (e.g., diarrhea) can quickly 
lead to derangements. Altogether, therapeutic rigor as much as patient motivation is 
needed to achieve treatment goals in patients with cardiovascular renal syndrome.

 Conclusions

The coincidence of CKD and aTRH can indeed be coined as another cardiovascular 
renal syndrome that is characterized by a bidirectional interaction. Patients with 
cardiovascular renal syndrome have a high burden of end-organ damage and are at 
a very high risk for mortality. Multifaceted treatment adopted for the individual 
patients and therapeutic rigor is necessary to break the vicious cycle of cardiovascu-
lar renal syndrome and to ultimately improve patient outcome.

Disclosure There are no relationships with companies that may have a financial 
interest in the information contained in this manuscript.
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Chapter 4
The Importance of Ambulatory and Home 
Monitoring Blood Pressure in Resistant 
Hypertension Associated with Chronic Kidney 
Disease

Silvio Borrelli, Luca De Nicola, Giuseppe Conte, and Roberto Minutolo

 Introduction to Out-of-Office BP Monitoring

Out-of-office blood pressure (BP) measurements include ambulatory blood pressure 
monitoring (ABPM) lasting 24 h and home BP monitoring (HBPM) obtained with 
patient at home, seated and resting. ABPM provides a more precise assessment of 
BP profiles and a description of circadian rhythm of BP (dipping status), whereas 
HBPM only discloses abnormal BP profiles [1].

ABP monitors are compact, typically worn on a belt or in a pouch, and connected 
to a sphygmomanometer cuff on the upper arm by a tube. The monitors are usually 
programmed to obtain readings every 15–30 min throughout the day and night, and 
it is obtained while patients perform their normal daily activities. At the end of the 
recording period, the readings are downloaded into a computer for processing. 
Patients must fill out a diary during the monitoring period to document any symp-
toms, awakening and sleeping times, naps, periods of stress, timing of meals, and 
medication ingestion [1].

Based on the goal proposed by current guidelines [1, 2], combining clinical BP 
and ABPM allows disclosing four pressor profiles (Table 4.1). This assessment is 
not a “semantic exercise,” because it optimizes refining the risk profile of hyperten-
sive patients [3–5].

Alternatively, for the detection of white coat hypertension (WCH) and masked 
hypertension (MH), HBP monitoring may be suitable, by means of self-reporting of 
BP values. This approach for measuring BP outside of the clinic provides a great 
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advantage that is well accepted and cheaper than ABPM.  In order to obtain an 
 accurate HBPM, the measurements must be performed by the patient two times in 
the morning and two times in the evening. A minimum of three consecutive days 
and a preferred period of 7 consecutive days of HBPM is a reasonable approach for 
clinical practice. HBPM results are obtained by averaging all values recorded after 
excluding the readings obtained on the first day of HBPM [1]. The recommended 
BP threshold for optimal HBPM is <135/85 mmHg [1].

A major shortcoming of HBPM is the lack of data on nocturnal BP that makes 
this technique less accurate for an optimal evaluation of cardiovascular risk in 
CKD. Conversely, ABPM provides an accurate picture of circadian rhythm of BP 
and the detection of nocturnal hypertension. Indeed, BP is physiologically lower 
during sleep by 10–20% as compared to daytime values. Therefore, a night/day 
ratio of BP ranging between 0.8 and 0.9 is considered normal, and patients are 
defined as “dipper,” while the lack of nighttime BP reduction by at least 10% identi-
fies individuals as “non-dipper.” In particular, as described in Table 4.1, a decline of 
nocturnal BP between 0 and 10% with respect to diurnal BP (night/day BP ratio: 
0.9:1.0) defines the “non-dipper” condition, whereas if nocturnal BP is higher than 
diurnal BP (night/day BP ratio > 1.0), the patient is defined as “reverse dipper.” 
Some patients may experience a marked reduction of night BP, greater than 20% 
(night/day BP ratio < 0.8); this infrequent condition is defined as “extreme dipping” 
[1]. This classification is relevant for prognosis of hypertensive patients since sev-
eral studies and meta-analyses have reported that non-dipping status and nocturnal 
hypertension are associated with increased risk for cardiovascular (CV) events and 
all-cause mortality, independent of clinical and daytime blood pressure levels [6, 7].

Table 4.1 Main information derived from ambulatory blood pressure monitoring (ABPM) and 
office blood pressure (BP)

ABPM Office BP

Recommended targeta 24 h ABP <130/80
Daytime ABP <135/85
Nighttime ABP <120/70

≤140/90 (Ualb < 30 mg/d)
≤130/80 (Ualb 30–300 mg/d)
≤130/80 (Ualb >300 mg/d)

Pressor profiles

Controlled hypertension At goal At goal
White coat hypertension At goal Not at goal
Masked hypertension Not at goal At goal
Sustained hypertension Not at goal Not at goal
Circadian profiles

Dipper Nighttime BP < daytime BP by 
10–20%

–

Extreme dipper Nighttime BP < daytime BP by 
>20%

–

Non-dipper Nighttime BP < daytime BP by 
0–10%

–

Inverse dipper Nighttime BP greater than 
daytime BP

–

aRecommendations on BP targets are based on Refs. [1, 2]
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 Importance of Ambulatory/Home BP Monitoring in CKD 
Patients

 ABPM and HBPM as Continuous Variables

The inconclusive results on the prognostic role of the BP target in patients with 
CKD [8–10] might relate to the limited ability of clinical BP readings to adequately 
stratify the global risk in this high-risk population [11, 12]. Three large prospective 
cohort studies provided clear evidence that HBPM and ABPM are superior to clini-
cal BP readings in predicting all-cause mortality, CV events, and end-stage renal 
disease (ESRD) [13–16]. Agarwal and Andersen demonstrated in a cohort study of 
217 veterans with CKD who were followed for a median of 3.5 years the superiority 
of ABPM over clinical BP for predicting a composite endpoint of death or ESRD 
[16]. Similar results were obtained when considering HBPM versus office BP in the 
same cohort [13]. Furthermore, an analysis of 617 CKD patients in the African 
American Study of Kidney Disease and Hypertension (AASK) study found ABPM 
to be superior to office BP for predicting both CV events and a composite of death, 
ESRD, or doubling of serum creatinine over a median follow-up of 5 years [14]. 
Finally, Minutolo et al. [15] reported that in a cohort study of 436 CKD patients 
followed for a median of 4.2 years, office BP did not predict CV events or compos-
ite of death and ESRD, while ABPM, and in particular nighttime BP, increased the 
risk of either adverse outcome. In that study, the cardio-renal risk increased signifi-
cantly when daytime or nighttime BP exceeded 135/85 or 120/70 mmHg, respec-
tively. These data confirmed that normality thresholds for daytime and nighttime BP 
proposed for essential hypertension may also confidently apply to hypertension 
CKD [15].

All the previous studies on ABPM have used a single set of measurements, 
which represents a potential source of inaccuracy in properly classifying patients 
with BP at goal for daytime and nighttime ABPM that potentially leads to impre-
cise risk estimation. To address this issue, we recently tested whether an addi-
tional assessment of ABPM after 1 year provides incremental estimate of the renal 
risk beyond the initial evaluation [17]. We found that patients not reaching the 
goal for daytime and nighttime systolic BP at the two ABPM had the worst renal 
prognosis, while patients not at goal at baseline but reaching the goal at second 
ABPM were not exposed to a greater renal risk. The use of a second ambulatory 
monitoring after 1 year allows to correctly reclassify risk profile in 15–22% of 
patients based on daytime or nighttime systolic BP [17]. Therefore, in routine 
clinical practice, physicians may perform ABPM in order to identify patients with 
nocturnal hypertension, which constitutes a major predictor of CV events and 
progression to ESRD. Reassessment of ABPM at 1 year further refines renal prog-
nosis and it should specifically be considered in patients with uncontrolled BP at 
baseline.

4 The Importance of Ambulatory and Home Monitoring Blood Pressure in Resistant…
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 Altered BP Profiles

ABPM or HBPM allows for better assessment of hypertension control by identify-
ing patients with altered BP pattern (Table 4.1). The identification of inconsistent 
achievement of clinical and ambulatory BP goals is helpful at refining prognosis. 
Three recent meta-analyses in the setting of essential hypertension have shown that 
WCH does not associate with increased CV risk, whereas MH heralds a higher risk 
of CV events [3–5]. This assessment is particularly important in CKD because the 
prevalence of WCH and MH appears to differ from that reported in patients with 
essential hypertension where the prevalence of WCH and MH is 13% and 11%, 
respectively [18, 19]. Indeed, a meta-analysis, including six studies and 980 CKD 
patients with out-of-office BP measures, reported that WCH was more frequent in 
patients with CKD (18%), whereas MH seems to be less common in CKD (8%) 
[20]. However, these estimates were strongly influenced by the BP thresholds used 
for classifying WCH and MH and the use of antihypertensive drugs [20]. Of note, 
when considering more recent studies not included in the meta-analysis, a further 
source of bias emerges. Indeed, the prevalence of WCH is higher than that of MH in 
Caucasian patients [21–23], while the opposite was found in studies enrolling Afro- 
American or Asian patients [24, 25] (Table 4.2).

A critical question is when to perform an out-of-office measurement of BP to 
detect altered pressor profiles or, alternatively, what clinical and demographic 

Table 4.2 Prevalence of white coat hypertension (WCH), masked hypertension (MH), and non- 
dipping status in cohorts of CKD patients

Cohort Ethnicity

Thresholds for defining BP 
profiles (mmHg)

WCH 
(%)

MH 
(%)

Non- dipper 
definition

Non- 
dipper 
(%)

Office 
BP ABPM

Italian 
cohort [23]

Caucasian 
100%

<140/90 Day/night 
<135/85/<120/70

22.1 14.5 N/D ratio 
SBP > 0.9

62.4

Spanish 
registry [21]

Caucasian 
100%

<140/90 24-h BP <130/80 28.8 7.0 NA NA

Veterans 
cohort [22]

Caucasian 
80%

<130/80 Awake BP 
<130/80

24.6 4.7 N/D ratio 
SBP > 0.9

80.2

AASK 
study [28]

Afro- 
American 
100%

<140/90 Daytime BP 
<135/85

5.3 25.1 N/D 
change 
SBP <10%

80.2

JAC- CKD 
cohort [24]

Asian 
100%

<140/90 24-h BP <130/80 5.6 30.9 N/D 
change 
SBP <10%

53.5

Chinese 
cohort [25]

Asian 
100%

≤140/90 24-h BP ≤130/80 9.7 18.2 N/D 
change 
SBP <10%

75.5

WCH white coat hypertension, MH masked hypertension, ABPM ambulatory blood pressure mon-
itoring, CBP clinical blood pressure, BP blood pressure, NA not available
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conditions may predict the presence of WCH or MH and, consequently, require 
ABPM or HBP. Two studies addressed this issue in CKD patients, separately for 
WCH [26] and MH [27]. Minutolo et al. [26] reported that, among 228 CKD patients 
stages 2–5 with high office BP, 40% of patients had WCH, and this condition was 
significantly associated with proteinuria >1 g/day (odds ratio [OR], 3.12), left ven-
tricular hypertrophy (OR, 1.94), and higher office BP (OR, 1.61 for each 10 mmHg). 
Agarwal et al. [27], in a cohort of 295 CKD patients (stages 2–4) with normal clini-
cal BP (<140/90 mmHg), found that MH was a common condition whose preva-
lence varied from 27% (using daytime BP) to 33% (using 24 h BP) up to 56% when 
both daytime and nighttime BP were considered. The authors suggested that a con-
firmatory ABPM can be avoided in patients with office systolic BP <110 mmHg, 
that, however, represent the large minority of patients seen in nephrology clinics. 
Conversely, ABPM should be mandatory in patients with office BP values in the 
range of prehypertension (130–139 mmHg) by considering that two out of three of 
these patients have MH and also considered when office BP is in the 120–129 range, 
that is, a condition associated with MH in 34% of cases [27].

This more accurate estimate of hypertensive status offered by ABPM with respect 
to clinical BP translates into better risk stratification in CKD patients. Indeed, while 
the global prognosis of patients with sustained hypertension (either target not at 
goal) is worse than for normotensive patients (both BP targets at goal), the risk for 
renal death (composite of ESRD and all-cause mortality) and fatal and nonfatal CV 
events markedly differ between WCH and MH (Fig. 4.1). Patients with MH showed 

Fig. 4.1 Risk of fatal and nonfatal CV events and dialysis therapy initiation or all-cause death 
associated with pressor profiles identified by ABPM.  In bold are indicated significant hazards. 
Model is adjusted for age, sex, body mass index, diabetes, history of CV disease, hemoglobin 
level, estimated glomerular filtration rate, 24-h proteinuria, non-dipping status, and use of angio-
tensin-converting enzyme inhibitor/angiotensin receptor blocker and stratified for center [23]
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similar cardio-renal risk as those with sustained hypertension, whereas having 
WCH was not associated with a higher risk for any event, therefore suggesting that 
the different prognosis can be ascribed reasonably to poor achievement of the 
ABPM target rather than office BP target [23]. Interestingly, the cardio-renal prog-
nosis associated with WCH and MH was independent from the office and ABPM 
thresholds used to define BP profiles [23]. Indeed, the poor cardio-renal survival in 
MH patients, as well as the lack of increased risk in WCH, was consistently detected 
assuming the cutoff values of office BP and ABPM adopted in Spanish Registry, 
AASK study, Japanese study, and in a veterans cohort [15, 21, 24, 28].

It is important to note that classifying patients based on both clinical and out-of- 
office BP has relevant therapeutic implications by helping physicians to select the 
most appropriate therapeutic decision algorithm for their hypertensive patients. BP 
management merely driven by clinical BP may leave MH patients at higher risk due 
to uncontrolled ambulatory BP. On the other hand, tailoring antihypertensive treat-
ment based only on office BP values can expose WCH patients to excessive lower-
ing of BP, especially at night [26] and in elderly patients [29], with consequent 
ischemic episodes affecting renal, cerebral, and cardiac function. In this regard, it is 
interesting to note that in hypertensive patients with clinical BP not at goal but 
ambulatory BP at goal, starting antihypertensive therapy is not effective in prevent-
ing CV events compared to placebo treatment [30]. Very recently, the randomized 
Systolic Blood Pressure Intervention Trial (SPRINT) study has shown that lower 
BP (goal systolic <120 mmHg), as compared to standard control (<140 mmHg), is 
less effective in reducing the CV and not effective at all in preventing renal end-
points in the subgroup of patients with CKD with respect to those without CKD 
[31]. Indeed, driving the intensity of treatment on the basis of office BP only has led 
to higher rates of hypotensive episodes and acute renal injury. In this trial, it is there-
fore possible to hypothesize that lack of protective effect in CKD subgroup could be 
associated with the presence of a large prevalence of WCH, that is, a condition 
exposing patients at high risk of ischemic episodes. This hypothesis will be tested 
by the ancillary study of SPRINT trial enrolling 600 patients performing ABPM 
will be available [32].

 Altered Circadian Profile

The distinctive characteristic of ABPM is mainly represented by the possibility of 
obtaining information on nighttime BP, now considered the ABPM component 
more strictly linked to adverse outcome [33]. Indeed, even when daytime BP is well 
controlled, the presence of nocturnal hypertension portends a greater risk of renal 
progression [15].

The lack of physiological BP decline during nighttime (non-dipping status) 
occurs frequently in CKD patients, being consistently above 53% in all the studies 
available (Table 4.2). Prevalence increases with aging [29] and in more advanced 
CKD stages. In a group of 459 CKD patients regularly followed in renal clinics, the 
risk of being non-dipper was significantly associated with older age, diabetes, left 
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ventricular hypertrophy, and anemia [29]. In a large Japanese cohort of CKD 
patients, non-dipping status was associated also with more advanced CKD, seasonal 
variation, and, as expected, nocturia [24].

Altered circadian profiles are strongly associated with adverse clinical outcomes 
in CKD [15, 16], similar to general population and essential hypertension [6, 7, 34]. 
In particular, in CKD patients, non-dippers and reverse dippers displayed a twofold 
greater CV risk and a 60–70% higher risk of renal events [15]. Agarwal and Andersen 
reported similar results in a cohort of veterans with CKD and highlighted that a simi-
lar risk of CV outcomes occurred by using day or night versus awake or sleep BP 
and that dipping status defined as the night/day ratio confers higher CV risk as com-
pared to dipping defined as an absolute change [35]. Therefore, an adjunctive reason 
to perform an ABP recording in patients with CKD is to identify patients with noc-
turnal hypertension, which constitutes a major predictor of CV events and progres-
sion to ESRD and represents a potential target for therapy. Indeed, it has been 
suggested that non-dippers may benefit of antihypertensive treatment based on 
“chronotherapeutic” approach. This consists in the administration of one or more 
drugs at bedtime in order to restore the physiological nighttime BP decline. This 
approach has been tested in a pilot uncontrolled study, in which one antihypertensive 
drug was switched to bedtime in 32 CKD non-dipper patients [36]. ABPM was 
repeated at 8 weeks, and 28 of the 32 subjects became dippers. Noteworthy, restoring 
the normal nocturnal dip allowed a significant reduction of proteinuria [36]. More 
recently, a randomized controlled open-label crossover trial was performed in 147 
former subjects from the AASK study with average GFR of 45 mL/min/1.73 m2 with 
76% patients being non-dipper. This study did not confirm a significant BP reduction 
at night when either one antihypertensive drug or all drugs were administered bed-
time as compared with administration of therapy in the morning [37]; these results 
suggest that effectiveness of chronotherapy may not apply to all ethnic groups. 
Finally, a randomized trial tested effectiveness of chronotherapy in 661 CKD patients 
(66% non-dippers at baseline) and reported a surprising 65% reduction in the rela-
tive risk of the composite endpoint of death or CV events [38]. The strongly positive 
outcomes of this study are encouraging, but caution must be exercised. Indeed, some 
methodological aspects of this study (the open-label treatment for practitioners and 
the lack of specific algorithm used to manage BP during the follow-up) raise con-
cerns that the positive outcomes associated with the bedtime dosing were not because 
of the intervention itself but because of a bias in treatment.

These issues assume greater importance in CKD with RH that represent a cluster 
of patients where cardio-renal risk is particularly high.

 Resistant Hypertension: Definition, Cause, and Epidemiology

Hypertension is defined “resistant” (RH) when BP levels persist above the therapeu-
tic target, despite the use of at least three antihypertensive drugs at full dose, includ-
ing the diuretic, or when BP is at target, but four or more antihypertensive agents are 
prescribed [39, 40]. Although the exact prevalence is unknown, several 
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observational studies suggest that RH is a common clinical problem in general 
population [41–46], accounting for about 9% of hypertensive patients, and this 
prevalence increases to 13% when only treated patients are considered [41].

RH may be caused by biological-behavioral factors (such as smoking and obe-
sity), drugs (NSAIDs, sympathomimetics, steroids, and cyclosporine) or exogenous 
substances (cocaine, amphetamines, oral contraceptive hormones, liquorice, gin-
seng, etc.), and secondary causes of hypertension (parenchymal and vascular renal 
disease, primary hyperaldosteronism, sleep apnea, pheochromocytoma, Cushing’s 
syndrome, thyroid diseases, etc.).

 Pseudoresistance

Before defining the hypertensive patient as resistant, it is mandatory to exclude the 
so-called pseudoresistance [39, 40]. This condition, which refers to the “apparent” 
failure to reach BP target despite the prescription of an appropriate antihypertensive 
treatment, can be dependent on factors influencing either drug therapy or BP mea-
surement, the two essential parameters required for RH diagnosis. Poor adherence 
of patients to antihypertensive therapy is a critical aspect to ascertain when diagnos-
ing RH, as suggested by several studies reporting very high discontinuation rate of 
drugs in hypertensive patients [47, 48]. A further critical aspect is the “therapeutic 
inertia,” that is, the provider’s failure to modify therapy despite recognition that 
treatment goals are unmet [49, 50]. Despite guidelines for patients with CKD hav-
ing repeatedly highlighted the importance of lowering BP [2, 51, 52], control rates 
of hypertension remain largely unsatisfactory, in nephrology as non- nephrology set-
ting [53–58]. Poor achievement of BP goal in CKD patients may be due to resis-
tance to antihypertensive treatment, but it is important to underline that uncontrolled 
hypertension is not equivalent of RH; indeed, a patient cannot be classified as hav-
ing RH if he/she is not challenged with an adequate number of drugs including a 
diuretic at a dose correctly up-titrated with GFR worsening. On this regard, a retro-
spective study in hypertensive CKD patients newly referred to one renal clinic 
reported that the increment in full-dose antihypertensive medications and diuretic 
therapy increased the diagnosis of RH from 26% on referral to 38% at month 6 [59]. 
Therefore, reducing clinical inertia allows to properly reveal the frequency of RH 
whose identification is clinically meaningful being associated with adverse out-
come (see below).

Inadequate assessment of BP represents the second determinant of pseudoresis-
tance. Improper office BP measurement technique contributes to the occurrence of 
pseudoresistance by producing falsely high BP readings as it occurs when some 
recommended rules are not followed (leave the patient in a quiet room for at least 
5 min; avoid smoking, caffeine, and exercise in the 30 min before measurement; 
obtain 2–3 readings; use appropriate cuff size). Furthermore, the presence of arte-
riosclerotic and calcified arteries, usually occurring in elderly individuals, can also 
result in office BP overestimation leading in turn to a false diagnosis of RH [39, 40]. 
More important, the presence of WCH is a further cause of pseudoresistance. In the 
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large Spanish ABP registry, among the 68,045 patients examined, 12% were diag-
nosed as RH; however, after ABP monitoring, as many as 37% of RH patients were 
identified as pseudoresistant [60]. A multivariable analysis identified older age, 
female gender, shorter duration of hypertension, non-smoking, absence of diabetes, 
more preserved renal function, and negative history of previous CV disease as sig-
nificant demographic and clinical conditions in which it is more likely to detect 
pseudoresistance [60]. This issue holds even more true in CKD where WCH is com-
mon [20, 21, 26, 29, 35]. With this background, we recently explored the phenom-
enon of pseudoresistance and true (ABPM verified) resistance in a cohort of 436 
hypertensive patients with nondialysis CKD under regular nephrology care. Patients 
were classified according to 24-h ABP normal (<125/75  mmHg) or high 
(≥125  mmHg and/or ≥75  mmHg) and the absence or presence of RH (office 
BP ≥ 130/80 mmHg on 3 full-dose drugs including a diuretic agent or any office BP 
if the patient was taking four drugs) [61]. In this CKD cohort, 30% of patients 
(131/436) were diagnosed as resistant on the basis of only clinical BP measure-
ments; however, combining the information derived from ABP with RH status, we 
found that among patients classified as RH, pseudoresistance (WCH in RH patients) 
involved about one patient out of four (31/131, 24%). This prevalence is lower than 
that reported in hypertensive patients (39%) [62].

Notably, the assessment of ABP monitoring allows disclosing a prevalence 
of “true” RH in about a quarter of CKD patients (100/436) that corresponds to 
a prevalence three times greater than that reported in essential hypertension 
(~8%) [60]. As illustrated in Fig. 4.2, the prevalence of true RH increased in the 

Fig. 4.2 Prevalence of pseudoresistance and true resistance in CKD patients over CKD stages [61]
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more advanced CKD stages, whereas pseudoresistance is typically encountered 
in early stages of CKD and virtually disappeared in advanced CKD [61].

 Resistant Hypertension in CKD

Keeping in mind that CKD is at the same time cause [53, 54, 63, 64] and complica-
tion [65] of poorly controlled hypertension, the evaluation of RH in CKD patients is 
highly relevant. In this population, in fact, RH is a common finding as testified by 
several studies reporting a prevalence ranging from 30% to 42% (Table 4.3) [41, 59, 
61, 66–69]. Interestingly, based on these studies, we can state that CKD is one cause 
of RH in the general hypertensive population but, at the same time, that not all CKD 
patients have RH. Prevalence of RH progressively increases with worsening of renal 
function and with increasing urinary excretion of albumin [66]. However, these esti-
mates are partially confounded by the phenomenon of pseudoresistance (which 
overestimates the prevalence of RH) and by the occurrence of clinical inertia, which 
underestimates the RH frequency. The large prevalence among CKD patients may 
be explained not only by the large burden of hypertension in this population but also 
by the coexistence of pathogenetic factors, such as sodium retention, overexpres-
sion of the renin-angiotensin-aldosterone system (RAAS), and enhanced activity of 
the sympathetic nervous system, that may explain the poor response to the treatment 
[70]. The main disorder in CKD is the salt and water retention, occurring in the 
majority of patients with low glomerular filtration rate (GFR). The resulting increase 
of the extracellular volume (ECV), which allows preserving the external balance of 
sodium, has the harmful trade-off of the development of persistent (and often refrac-
tory) hypertension. In these patients, the entity of ECV expansion is directly depen-
dent on the degree of GFR impairment and corresponds to approximately 5–10% of 
body weight, even in the absence of peripheral edema [71]. Of note, the salt sensi-
tivity of BP is not a feature limited to the advanced stages of renal disease, but 
begins before the development of clear hypertension and severe GFR decline [72, 
73]. The fact that sodium excretion is commonly impaired in renal patients may also 
explain the large prevalence of nocturnal hypertension in CKD as compared to 
essential hypertension [74]. Furthermore, in CKD patients, systemic hypertension is 
also in part sustained by the RAAS, which is inappropriately activated when consid-
ering the ECV expansion. The ensuing glomerular hypertension leads to the pro-
gressive kidney damage in the long term. Therefore, RAAS inhibition is the 
cornerstone of the nephroprotective treatment in CKD [71]. The evaluation of clini-
cal features associated with the presence of true RH allows physicians to identify 
patients who may benefit from intensive BP monitoring including out-of-office BP 
assessment and early therapeutic. Clinical correlates of true RH in CKD are diabe-
tes, left ventricular hypertrophy, proteinuria, and poor adherence to low-salt diet. 
Each of these factors independently increases by two- to threefold the probability of 
having true RH [61]. Among individuals with CKD enrolled in the Reasons for 
Geographic and Racial Differences in Stroke (REGARDS) study, higher prevalence 
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of RH was detected in men, blacks, individuals with large waist circumferences, 
diabetes, and individuals with a history of stroke or myocardial infarction [66].

 Prognostic Meaning of RH in CKD

RH increases the risk of renal damage in the general population and worsens the 
cardio-renal prognosis of patient with overt renal damage [68]. In the setting of 
essential hypertension, the presence of mild-to-moderate GFR reduction and/or 
microalbuminuria amplifies the cardiovascular risk correlated to RH [68, 75, 76].

In the first study exploring the prognostic role of RH in CKD patients, we 
reported that RH (diagnosis not verified by means of ABPM) was associated with 
greater risk of renal death (HR, 1.85, 95% CI, 1.13–3.03), independently from main 
clinical features and degree of BP control [59]. More recently, in a cohort of 788 
CKD patients, de Beus et al. confirmed the increase of risk of renal and CV out-
comes associated with RH [77]. However, the main limitation of these studies tar-
geting the role of RH in CKD patients is the lack of out-of-office BP measurement, 
which does not allow an accurate estimate of BP load and cannot exclude the white 
coat effect (pseudoresistance).

This issue has been addressed in a cohort study including 436 CKD patients in 
which BP was assessed concurrently by ABPM and office measurement in order to 
correctly classify resistant patients as having pseudoresistance and true RH [61]. 

Table 4.3 Prevalence of apparent resistant hypertension (aRH) in CKD patients

Authors 
[ref.]

Data 
collection 
(years) Patients

Participants 
(N)

CKD 
patients aRH (%)

Persell [41] 2003–2008 General population 3710 3710 
(19.9%)

24.7

Tanner [66] 2003–2009 General population 10,700 3134 
(29.3%)

28.1

Hung [69] 2000–2010 Hypertensives from 
insurance database

111,986 2894 
(2.6%)

24.8

Sim [68] 2006–2010 Hypertensives from 
insurance database

470,386 122,300 
(26%)

22.0

De Nicola 
[59]

2002–2006 CKD 300 300 (100%) 38.0

De Nicola 
[61]

2003–2005 CKD 436 436 (100%) 30.0*

Muntner 
[67]

2003–2007 CKD 3612 3612 
(100%)

42.3

De Beus 
[77]

2004–2010 CKD 788 788 (100%) 34.1

*After excluding patients with pseudoresistance by detecting white coat hypertension through 
ABPM, the prevalence of RH (“true RH”) declined to 22.9%
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During 57 months of follow-up, we recorded 165 renal events (death, ESRD, or 
transplantation) and 109 fatal and nonfatal CV events. Patients with normal ABP 
had the best prognosis for either outcome independently from the RH status, 
whereas the highest risk for cardio-renal events was observed only in true resis-
tance. After adjustment for confounders, true resistance predicted CV and renal 
risk, while sustained hypertension (ABP above the goal without RH) associated 
only with renal outcome (Fig.  4.3). Of note, pseudoresistant patients were not 
exposed to higher cardio-renal risk [61]. These findings are clinically relevant as 
these highlight the need to identify pseudoresistant CKD patients by ABPM to 
avoid aggressive and potentially harmful antihypertensive therapy. Indeed, these 
patients were characterized by systolic BP levels during daytime, and especially at 
nighttime, close to the threshold limit of hypoperfusion (100 mmHg). Under these 
circumstances, a tighter control of BP merely based on the detection of elevated BP 
in office may expose patients to ischemia-induced worsening of cardio-renal dam-
age [78] and eventually convert their prognosis from favorable to unfavorable.

The mechanisms underlying the different prognostic value of RH are not readily 
apparent; however, we can hypothesize that persistence of hypertension despite 
optimal antihypertensive treatment specifically identifies patients with more severe 
vascular damage. The abovementioned correlates of true resistance (diabetes, left 
ventricular hypertrophy, higher proteinuria, and high salt intake) are in fact all asso-
ciated with endothelial dysfunction and arterial stiffness [79–82]. In particular, pro-
teinuria, rather than GFR, relates to the severity of hypertension [83]. Indeed, 

Fig. 4.3 Risk of fatal and nonfatal CV events and dialysis therapy initiation or all-cause death for 
each of four groups identified by ABPM and RH: true normotension (controlled HTN), pseudore-
sistance (pseudo RH), sustained hypertension (sustained HTN), and true resistance (true RH) [61]. 
Model is adjusted for age, sex, BMI, diabetes, history of cardiovascular disease, natural log- 
transformed 24-h proteinuria, and GFR [61]

S. Borrelli et al.



51

although low GFR is recognized as a CV risk factor [84], proteinuria is considered 
a better marker of the presence of vascular disease in CKD patients [85].

 Treatment of RH in CKD Patients

In CKD patients with RH, the cornerstone of therapy is certainly represented by the 
restriction of sodium intake [86]. However, this dietary measure is implemented 
only in about 20% of the CKD population at large regularly followed in nephrology 
clinics [87–89]. Interestingly, we found higher levels of sodium intake in RH patients 
(164 ± 68 mmol/day) compared to controls (141 ± 49 mmol/day), and consequently 
the adherence to low-salt diet resulted poorer in RH (14.1%) as compared to patients 
without RH (26.3%; P = 0.026) [61, 90]. This is a paradoxical condition if one con-
siders that CKD is typically characterized by high salt sensitivity [91]. More impor-
tant, a small randomized crossover trial of dietary salt restriction in patients with RH 
but without CKD has demonstrated that low-salt diet remarkably decreased office 
systolic and diastolic BP (by 23 and 9 mmHg, respectively) and 24-h BP from 150/82 
to 130/72 mmHg [92]. This antihypertensive effect of dietary sodium restriction may 
occur directly through a correction of volume expansion and indirectly by enhancing 
the antihypertensive effects of RAAS inhibitors [93]. Table 4.4 reports some practi-
cal suggestions to help patients in reducing their dietary sodium intake. These rec-
ommendations should be implemented by patients over a period of 2–4 months in 
order to give them the time to adapt their taste receptor cells to the lower saltiness.

RH definition is based on the presence of a diuretic, while type and dose of these 
agents are not mentioned. While this is not a major issue in essential hypertension, 
selecting the class of diuretic and the correct dose becomes critical in CKD patients. 
Indeed, if patients with mild renal impairment (GFR >40 mL/min/1.73  m2) may 
respond to thiazide diuretics, those with more advanced CKD require the use of 
loop diuretics and doses must be titrated to the reduced GFR [86, 94]. In a clinical 

Table 4.4 Practical recommendations to restrict sodium intake

1. Look for the amount of sodium on food labels
2. Abolish salt-containing condiments (e.g., ketchup, mayonnaise, mustard, barbecue sauce)
3. Move the salt shaker away from the table
4. Cook pasta, rice, and cereals without salt (add in smaller amount directly on cooked food)
5.  In cooking and at the table, increase the use of spices (e.g., herbs, lemon, vinegar, hot 

pepper)
6. Look for low-salt bread
7. Look for fresh or plain frozen foods
8.  Avoid frozen dinners, canned soups, packaged mixes, cured meat and fish (e.g., ham, bacon, 

salami, anchovies, salmon)
9. Choose fresh rather than seasoned cheese

10. Rinse canned foods (e.g., tuna, legumes) to remove some sodium contained as additives
11. Abolish salty snack foods (e.g., chips, nuts, crackers)
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trial performed in patients with GFR in the range 10–40 mL/min, correction of vol-
ume expansion (evidenced by body weight reduction of 2.0  kg coupled with a 
marked reduction in BP) was safely induced by oral administration of furosemide at 
doses inversely proportional to GFR level (1.0, 2.5, and 4.0 mg/kg body weight per 
day in patients with GFRs of 40–31, 30–20, and 19–10 mL/min, respectively) [95]. 
Therefore, to improve the modalities of treatment, it is helpful to start diuretic treat-
ment with a low dose that can be progressively increased if body weight does not 
decrease (the goal is weight loss of 0.5  kg/day). The lack of a significant body 
weight reduction with increasing diuretic doses likely suggests the presence of 
diuretic resistance that can be overcome by adding other agents (such as metola-
zone) in order to limit the breaking phenomenon (sodium over-reabsorption in the 
distal tubule) [96]. Disappointingly enough, nephrologists are today still reluctant to 
use adequately loop diuretics in their hypertensive CKD patients. This erroneous 
attitude cannot be justified by the fear of side effects, which are infrequent, usually 
reversible and predictable when the patient is regularly followed [97].

A further diuretic agent successfully tested in RH patients is spironolactone 
based on the finding that plasma aldosterone levels are higher in patients with RH 
than in those with controlled hypertension [98]. Efficacy of spironolactone has been 
evidenced in 175 patients with true RH and normal renal function when treated with 
doses of 25–100 mg/day and prospectively followed for 1 year [99]. The main find-
ing of the study was a significant and marked reduction of 24-h systolic and dia-
stolic BP (16 and 9  mmHg, respectively) persisting up to 15  months, without 
difference in the entity of daytime and nighttime decline. More important, the anti-
hypertensive effects of spironolactone have been evaluated in a randomized, con-
trolled, double-blind study carried out in 117 patients with RH. Spironolactone was 
administered at doses of 25 mg/day for 8 weeks in addition to the preexisting ther-
apy. At the end of 8 weeks of the study, systolic BP (measured in and out office) was 
significantly reduced in treated patients in the absence of adverse effects [100]. 
However, assessment of spironolactone efficacy has not been tested in patients with 
CKD that is a condition associated with higher risk of hyperkalemia.

 Conclusions

RH is a common condition in CKD due to a combination of factors including 
sodium retention and enhanced neurohumoral activity. However, the higher preva-
lence of WCH in CKD patients likely makes mandatory out-of-office monitoring in 
order to distinguish between pseudoresistance and true RH. Therefore, a greater use 
of ABPM in CKD patients is desirable in the attempt of limiting the misclassifica-
tion of hypertensive status and thus avoiding unnecessary aggressive antihyperten-
sive medication. Catheter-based radiofrequency ablation of the renal sympathetic 
nerves has been proposed, but the inconclusive results provided so far and the lack 
of long-term data on its efficacy and safety do not recommend the use of renal 
denervation for treatment of RH in routine clinical practice [101]. More efforts are 
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required to nephrologists to improve adherence to pharmacological therapy, expand 
the use of low-salt diet, and correctly prescribe diuretic therapy. These strategies, 
being probably more effective than renal denervation [102], must be considered as 
the first-choice therapeutic approach for controlling RH in CKD patients.
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Chapter 5
Resistant Hypertension and Outcomes 
in Patients with and Without Chronic Kidney 
Disease

Aghogho Odudu, Maharajan Raman, and Philip A. Kalra

 Introduction

The definitions of aTRH is expanded in other chapters, but we briefly summarize 
the terminology in Fig. 5.1 and Table 5.1. The American Heart Association reached 
a consensus to define apparent treatment-resistant hypertension (aTRH) as uncon-
trolled BP with three or more antihypertensive drugs or requiring four antihyperten-
sive drugs irrespective of BP [5]. Uncontrolled BP is defined as >140/90 mmHg in 
average-risk populations and >130/80  mmHg in higher-risk populations such as 
those with chronic kidney disease (CKD) or diabetes. This dual definition of aTRH 
may describe two overlapping but distinct phenotypes. A recent study reported 
patients with non-controlled BP had more frequent diabetes (72% vs 49%), higher 
plasma glucose, and worse lipid profile [6]. Reported prevalence of aTRH varies 
widely from 3% to 30% of generally hypertensive populations largely due to the 
extent that pseudoresistance is excluded to define only “true” resistant hypertension 
(RH). There is also inconsistency in whether the lower BP threshold of 130/80 mmHg 
that is recommended by some guidelines but not others is used [7, 8]. The preva-
lence of aTRH has a stepwise increase with declining stages of CKD or degree of 
albuminuria and has typically double the prevalence compared to matched non- 
CKD groups [9, 10]. The Chronic Renal Insufficiency Cohort recently reported 
overall prevalence of ATRH of 40%, rising from 22% to 54% between CKD stages 
2 to 4 [11]. Incidence data confirm that CKD is likely a consequence as well as a 
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cause of aTRH [12]. Table 5.2 summarizes contemporary clinical outcome data for 
aTRH with and without CKD, and we will describe these studies below.

 Clinical Outcomes in Observational Studies of Non-CKD 
Populations

A prospective observational study of [14] evaluated the prognostic importance of 
office versus ambulatory BP monitoring (ABPM) in 556 mainly Caucasian patients 
with aTRH using the previously stated definition. Patients with a mean age of 
66 years were enrolled between 1999 and 2004 with a median follow-up of 4.9 years. 
Drug adherence was assessed as moderate by a standard questionnaire. Patients 
were also divided into “true” RH or white coat hypertension based on ABPM. One 
hundred and nine patients (19.6%) reached a composite primary outcome of all- 
cause mortality, major cardiovascular events, and major renal events (all-cause 
death, stroke, acute myocardial infarction, myocardial revascularization, new-onset 
heart failure, sudden death, limb amputation, or initiation of dialysis). When com-
pared to the 447 patients who did not reach the primary outcome, this group had a 
higher mean serum creatinine of 1.3 ± 0.8 mg/dl (P < 0.001), higher ABPM and 
greater prevalence of true RH (77% vs 57%). Unadjusted survival analysis showed 
significantly greater cardiovascular events and cardiovascular mortality for true RH 
compared to white coat hypertension. Multivariable-adjusted survival models 
showed no prognostic value for any office BP, while higher mean ambulatory BPs 
were independent predictors of the composite outcome. Ambulatory systolic and 
diastolic BP were equivalent predictors, and both were better than pulse pressure. 
Nocturnal BP was superior to daytime BP. The only independent predictor of all- 
cause mortality was an ABPM diagnosis of true RH. The only significant interac-
tion found was that the prognostic value of true RH was stronger in those with 
diabetes (hazard ratio [HR], 5.5; 95% confidence interval [CI], 2.3–13.2) compared 
to those without diabetes (HR, 1.5; 95% CI, 0.8–2.5). In total, the study demon-
strated the value of performing ABPM in patients with aTRH to identify the 

Apparent
tRH

Cuff artefact
Non-

adherence
Sub-optimal

dosage
White-coat

effect
‘True’ RH

Renovascular
disease

Pseudoresistance

Endocrine
causes

Sleep
Apnoea

Hypervolaemic
states (CKD,

HFNEF)

Drug-induced
HT (NSAIDs,

Liquorice)

Refractory
HT

Fig. 5.1 Classification and causes of resistant hypertension. Abbreviations: CKD chronic kidney 
disease, HT hypertension, HFNEF heart failure with normal ejection fraction, NSAIDs nonsteroi-
dal anti-inflammatory drugs, RH resistant hypertension, tRH treatment-resistant hypertension
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higher-risk group with true RH. In a separate report, the authors of the latter study 
analyzed largely the same cohort to determine the prognostic effect of baseline and 
serial changes in albuminuria among 531 patients with aTRH [16]. Urinary albumin 
was measured by 24-h urine collections at baseline and 2 years. Participants were 
divided into normal or microalbuminuric groups using a threshold of >30 mg/24 h 

Table 5.1 Definition of terms associated with resistant hypertension adapted from Judd and 
Calhoun [1]; with permission

Term Definition Comments

Resistant hypertension 
(RH)

Uncontrolled BP despite maximal 
effective dosing of ≥3 medications 
of different classes including a 
diuretic or controlled BP on ≥4 
medications

Includes all patients controlled 
on ≥4 medications irrespective 
of BP

True resistant 
hypertension

Same definition as resistant 
hypertension emphasizing that 
pseudoresistance was excluded by 
ambulatory monitoring, optimal 
dosing, and assessing 
drug-adherence

The term is often necessary to 
differentiate from published 
data where the term resistant 
hypertension is used despite not 
excluding pseudoresistance

Apparent treatment 
resistant hypertension 
(aTRH)

Meeting criteria for resistant 
hypertension but unable to exclude 
pseudoresistance

Typically used in large 
observational studies of office 
BP. Many published studies of 
resistant hypertension neither 
excluded pseudoresistance nor 
used this term

Pseudoresistance Uncontrolled office BP while 
receiving ≥3 medications in the 
setting of white coat hypertension, 
medication nonadherence, 
improper BP measurement 
technique, cuff artifact, and 
suboptimal dosing

Presumed to contribute to as 
much as 50% of resistant 
hypertension

White coat 
hypertension

A major cause of pseudoresistance 
defined as uncontrolled office BP 
with average BP by 24-h 
ambulatory monitoring 
<130/80 mmHg or home BP 
<135/85 mmHg

Masked uncontrolled 
hypertension

Controlled office BP 
(<140/90 mmHg) with an elevated 
average BP by 24-h ambulatory 
monitoring >130/80 mmHg or 
home BP >135/85 mmHg

Seen in up to 30–60% of 
patients with CKD and 
hypertension due mainly to 
nocturnal hypertension [2, 3]

Refractory 
hypertension

Uncontrolled BP despite maximal 
medical therapy (≥5 
antihypertensive medications at 
maximal effective dosing and of 
different class)

The differences in 
characteristics between resistant 
and refractory hypertension 
were recently reviewed [4]

Abbreviations: BP blood pressure, CKD chronic kidney disease

5 Resistant Hypertension and Outcomes in Patients with and Without Chronic Kidney…
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urinary albumin. After a median follow-up of 4.9 years, 72 patients (13.6%) died, 
and there were 96 cardiovascular events. After adjustment for several cardiovascu-
lar risk factors, baseline albuminuria, either as a continuous variable or categorized 
at different cutoff values, was an independent predictor of the composite outcome 
of all-cause and cardiovascular mortality, strokes, and coronary events. Each ten-
fold increase in 24-h urinary albumin conferred a 1.5- to twofold higher risk of each 
component of the composite outcome. Serial changes in microalbuminuria status 
during follow-up reflected changes in cardiovascular risk. Reduction of microalbu-
minuria was associated with a 27% lower risk of cardiovascular events compared to 
a 65% increased risk associated with increased microalbuminuria. This study dem-
onstrated the prognostic effect of microalbuminuria in a cohort with RH.  The 
authors suggested that microalbuminuria reduction may be an important surrogate 
target in treatment of RH.

It has been recognized that 10–20% of a population with normal office BP have 
isolated ambulatory hypertension (masked hypertension). Recent meta-analyses 
report a prevalence of masked hypertension of 17% in a general hypertensive popu-
lation of 25,629 patients [22] and 8% in 980 patients with CKD stages 2 to 4 [2]. 
More recent data in 333 predominantly male veterans with a mean age of 70 and 
CKD stages 2 to 4, suggested higher prevalence of masked hypertension in CKD of 
between 27% and 56% depending on whether daytime, nighttime, or average ambu-
latory BP was used as a diagnostic criterion [23]. The Uppsala Longitudinal Study 
of Adult Men was the first major study to describe clinical outcomes in masked 
hypertension in 578 men aged 70  years that did not take antihypertensive drugs 
[24]. Of these, 188 (33%) were normotensive by both office and ambulatory 
BP. Eighty-two (14%) showed masked hypertension, whereas 308 (53%) subjects 
had sustained hypertension by both office and ambulatory BP. Plasma glucose lev-
els, measures of abdominal obesity, and left ventricular wall thickness were 
increased at baseline in subjects with isolated ambulatory hypertension. Seventy- 
two cardiovascular morbid events occurred over 8.4 years of follow-up. The prog-
nostic value of isolated ambulatory and sustained hypertension was assessed with 
Cox proportional hazard regression adjusting for serum cholesterol, smoking, and 
diabetes. Isolated ambulatory hypertension was associated with a nearly threefold 
increased risk of cardiovascular morbidity compared to the normotensive group 
(HR, 2.8; 95% CI, 1.3–6.7) with a similar prognosis to sustained hypertension (HR, 
2.9; 95% CI, 1.5–5.8). While the latter study described clinical outcomes in elderly 
men with untreated hypertension, a subsequent prospective study described progno-
sis of masked hypertension in 742 treated hypertensives [13]. The groups were clas-
sified by ABPM into responder (normal clinic and ambulatory BP, n = 340), masked 
(normal clinic but high ambulatory BP, n = 126), pseudoresistant (high clinic but 
normal ambulatory BP, n  =  146), and true RH (high clinic and ambulatory BP, 
n = 130). In this study, a clinic BP of <140/90 mmHg and daytime ambulatory BP 
<135/85 mmHg was considered normal. No assessment of drug compliance was 
reported, and it was not specified whether the minimum of three antihypertensive 
drugs in the group with true RH included diuretics. Compared to the responder 
group, the true RH group had greater baseline end-organ damage with more preva-
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lent left ventricular hypertrophy (50% vs 13.5%), diabetes (13.8 versus 3.2%), and 
higher serum creatinine (1.0 ± 0.4 vs 0.8 ± 0.2 mg/dl). The masked hypertensive 
group had a greater prevalence of left ventricular hypertrophy (23% versus 13.5%). 
After a mean of 5 years of follow-up, 63 cardiovascular events occurred (myocar-
dial infarction, coronary or peripheral revascularization, hospitalization for heart 
failure, fatal and nonfatal strokes, and renal failure requiring dialysis). Multivariable 
Cox regression showed age, smoking, LDL cholesterol, left ventricular hypertro-
phy, diabetes, masked hypertension, and true RH were independent predictors of 
cardiovascular events. Compared to the normotensive responder group, pseudore-
sistance had equivalent prognosis for cardiovascular events (relative risk, 1.2; 95% 
CI, 0.5–3.3). Masked hypertension doubled the relative risk of cardiovascular events 
(2.3; 95% CI, 1.1–4.7). True RH nearly trebled the relative risk of cardiovascular 
events (2.9; 95% CI, 1.0–8.4). This study emphasized the high cardiovascular risk 
associated with masked hypertension and true RH and the relatively benign progno-
sis of pseudoresistance. This underlines the practical and prognostic importance of 
ABPM in reclassifying patients to avoid overtreating those with white coat hyper-
tension and undertreating those with masked hypertension. To date, there are no 
clinical outcome data describing clinical outcomes of masked hypertension relative 
to RH in the setting of CKD.

Most observational studies of aTRH describe clinical outcomes based on base-
line prevalence in cross-sectional studies. Daugherty and coworkers used longitudi-
nal healthcare insurance registry data to report the first estimate of new-onset aTRH 
from 205,750 patients with incident hypertension [12]. Definition of incident aTRH 
was an increase from using 1 to 3 or more antihypertensive drugs with BP 
>140/90 mmHg or >130/80 mmHg for those with diabetes mellitus or chronic kid-
ney disease. Pseudoresistance was determined by nonadherence to therapy using 
pharmacy data but could not exclude white coat or masked hypertension as only 
office BP was available. Incident aTRH developed in 1.9% (n = 3960) of the entire 
cohort during a median follow up of 1.5 years. Resistant patients were more often 
older, male, with higher rates of diabetes mellitus, CKD, and other comorbidities. 
After a median follow-up of 3.8 years and exclusion of 5876 (25%) patients with 
prior cardiovascular events, a total of 18,036 patients remained. There were 344 
(1.9%) deaths and 2206 (12.2%) incident cardiovascular events. Univariate analyses 
showed more frequent cardiovascular events in the aTRH group compared to non-
resistant hypertension group (18% vs 13.5%, respectively). In unadjusted and 
adjusted survival analyses, patients with aTRH were significantly more likely to 
experience the combined outcomes of death, myocardial infarction, congestive 
heart failure, stroke, or CKD, (unadjusted HR, 1.5; 95% CI, 1.4–1.7; adjusted HR, 
1.5; 95% CI, 1.3–1.6). Sensitivity analyses excluding 269 patients with pseudoresis-
tance due to nonadherence did not alter the findings. This study showed that among 
patients with incident hypertension newly starting treatment, 1 in 50 will go on to 
develop resistant hypertension within 1.5 years. In addition, one in six patients tak-
ing three hypertension medications will continue to meet criteria for resistant hyper-
tension over follow-up. Adverse cardiovascular outcomes were 50% higher in those 
with incident aTRH hypertension than in those without.
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Few studies describe clinical outcomes of hypertension phenotypes in unselected 
cohorts including those who never achieve controlled BP and few separately 
describe renal outcomes. A recent retrospective study used electronic health records 
in a large, ethnically diverse population to evaluate and compare the risk of renal, 
cardiovascular, and mortality outcomes among individuals with controlled resistant 
hypertension (cRH), uncontrolled resistant hypertension (uRH), and nonresistant 
hypertension (non-RH) [20]. Data were derived using office BP among 470,386 
individuals enrolled to a prepaid integrated health plan in the USA, of which 60,327 
(12.8%) were identified as having aTRH. With the exception of sleep apnea, indi-
viduals with diagnosed secondary causes of hypertension were excluded. Definition 
of aTRH was office BP ≥140/90 mmHg with three different antihypertensive medi-
cations or needing four or more antihypertensive medications irrespective of 
BP. There was no ABPM available and pseudoresistance was partly excluded by 
assessing medication adherence from pharmacy dispensation data. A subset of 
patients intolerant of diuretics were included in the aTRH cohort; however, 97% of 
the aTRH population were using a diuretic. When compared to the non-RH group, 
the aTRH group had greater prevalence of diabetes (48% vs 30%), CKD defined as 
eGFR <60 mL/min/1.73 m2 (45% vs 24%), ischemic heart disease (41% vs 22%), 
and cerebrovascular disease (16% vs 9%). There was no significant difference in 
comorbidities between controlled and uncontrolled aTRH groups. A total of 114,364 
events occurred comprising all-cause death, ischemic heart disease events, conges-
tive heart failure, stroke, and incident end-stage renal disease. Both unadjusted and 
adjusted event rates were greater in the aTRH group for all measured outcomes. 
Uncontrolled aTRH was associated with a greater stroke risk (HR, 1.23; 95% CI, 
1.14–1.31) and greater end-stage renal disease risk (HR, 1.25; 95% CI, 1.18–1.33). 
This study concluded that compared to non-RH, aTRH had greater risks of incident 
ischemic heart disease, heart failure, stroke, and end-stage renal disease. Among 
those with aTRH, there was a further increased risk of stroke and end-stage renal 
disease for uncontrolled versus controlled BP.

 Clinical Outcomes in Observational Studies  
of CKD Populations

A retrospective Italian study evaluated the burden of RH in 300 patients referred for 
management of CKD stages 2 to 5 [15]. Staging of CKD used Kidney Disease: 
Improving Global Outcomes (KDIGO) guidelines [25] and eGFR was calculated by 
serum creatinine in the 4-variable Modified Diet in Renal Disease equation [26]. 
Home BP or ABPM were used to exclude pseudoresistance by white coat hyperten-
sion. Adherence to medication and dietary salt restriction were assessed by ques-
tionnaire, pill counts, and 24-h urinary sodium. True RH was diagnosed as office BP 
≥130/80 mmHg despite three antihypertensive drugs at optimal dose including a 
diuretic, or as controlled BP using four or more drugs. Five hundred and fifty 
patients were screened, and 250 were excluded for pseudoresistance due to white 
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coat hypertension or nonadherence. The remaining 300 patients with true RH had a 
mean age of 67 years with frequent comorbidities including obesity (body mass 
index, 30 ± 6 kg/m2), diabetes (38%), left ventricular hypertrophy (65%), and 24-h 
urinary protein >1 g (23%). In the first 6 months, the prevalence of those achieving 
controlled BP increased from 12% to 19% while incidence of true RH increased 
from 26% to 38%, largely driven by intensified drug therapy. Predictors of persis-
tent RH included proteinuria and diabetes. A composite outcome of renal death was 
defined as all-cause mortality or requiring dialysis or renal transplantation. After a 
median follow-up of 3  years, 79 renal deaths occurred with significantly more 
events in the group with RH at 6  months. Compared to the non-RH group, the 
adjusted risk of renal death for true RH was approximately doubled (HR, 1.9; 95% 
CI, 1.1–3.0). The authors speculated that the characteristics of RH in CKD might be 
different with proteinuria rather than GFR being a better predictor. However, their 
findings largely reflect non-CKD studies in that baseline evidence of cardiovascular 
end-organ damage predicts RH.  There are further difficulties when statistically 
regarding the competing risks of renal transplantation, dialysis, and death as having 
equally adverse outcomes when renal transplantation might well improve survival 
compared to advanced CKD.

In a prospective cohort study, the same authors reported prognosis of 436 CKD 
patients [17]. The diagnosis of aTRH was office BP ≥130/80 mmHg, despite adher-
ence to three full-dose antihypertensive drugs including a diuretic or use of ≥4 anti-
hypertensives irrespective of BP. Patients were asked the number of times they had 
missed taking their prescribed medication in the last 2 weeks and were excluded 
from analysis if the missing rate for medication was ≥ 20%. The cohort was pheno-
typed into controlled (ambulatory BP <125/75 mmHg without aTRH); pseudoresis-
tant (aTRH and ambulatory BP <125/75 mmHg); sustained hypertension (ambulatory 
BP ≥125/75 mmHg without aTRH); and true RH (ambulatory BP ≥125/75 mmHg 
with aTRH). Compared to the controlled BP group, those with true RH had greater 
body mass index, more frequent diabetes, proteinuria, left ventricular hypertrophy, 
prior cardiovascular disease, and lower eGFR. After a median of 4.8 years of fol-
low-up, there were 165 renal events (end-stage renal disease or death due to renal 
failure) and 109 cardiovascular events (fatal and nonfatal myocardial infarction, 
heart failure, stroke, peripheral or coronary revascularization, amputation for periph-
eral vascular disease). Patients with true RH showed worse renal and cardiovascular 
event-free survival in unadjusted analyses (Fig. 5.2). In multivariable- adjusted event 
analyses, true RH was associated with double the risk of renal events and 2.7-fold 
increased risk of cardiovascular events (renal event HR, 2.0; 95% CI, 1.1–3.4; car-
diovascular event HR, 2.7; 95% CI, 1.6–4.4). Notably pseudoresistance was not 
associated with increased cardiorenal risk and sustained hypertension had interme-
diate risk being predictive of renal but not cardiovascular events. This study exem-
plifies the incremental risk for phenotypes of RH in CKD that can only be parsed 
using ABPM.  Use of ABPM identified 43% of subjects with suboptimal BP for 
whom office BP control was adequate. The risk for cardiorenal events was highest 
in patients with “true” RH. Those with sustained and pseudoresistant hypertension 
were not at increased cardiovascular risk compared to control subjects. Those with 
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sustained hypertension had a greater risk of renal events. This gradient of risk across 
ABPM-based phenotypes suggest a need to have greater use of ABPM in order to 
better utilize resources, improve clinical outcomes, and avoid harms in hypertensive 
CKD populations. Future studies are needed to determine whether treatment deci-
sions based on accurate phenotyping of hypertension in CKD improves outcomes.

A recent study reported clinical outcomes of aTRH in 3367 hypertensive partici-
pants with non-dialysis CKD from the Chronic Renal Insufficiency Cohort (CRIC) 
[11]. Pseudoresistance was partly excluded by assessing medication adherence but 
only office BP was available. Compared to those without aTRH, those with aTRH 
were older (61 vs 58 years) with more prevalent evidence of end-organ damage. 
Age, male sex, black race, presence of diabetes, and greater body mass index were 
independently associated with the presence of aTRH. Doubling of proteinuria was 
associated with 28% greater odds of aTRH, and each 5 mL/min/1.73 m2 decline in 
eGFR was associated with 14% greater odds of aTRH. In unadjusted survival analy-
ses aTRH was associated with increased cardiovascular and renal events (Fig. 5.3). 
In multivariable-adjusted survival analysis, aTRH had hazard ratios of 1.5 (95% CI, 
1.3–1.7) for cardiovascular outcomes, 1.3 (95% CI, 1.1–1.5) for renal events, and 
1.2 (95% CI, 1.1–1.5) for all-cause mortality. While ABPM is clearly preferred to 
phenotype hypertensive CKD populations, this study emphasizes that even an office 
BP diagnosis of aTRH identifies a high-risk group.

A recent report from the REasons for Geographic And Racial Difference in 
Stroke (REGARDS) observational cohort compared cardiovascular outcomes in 
2043 participants with aTRH to 12,479 without TRH [18]. Diagnosis of aTRH used 
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the American Heart Association definition of uncontrolled hypertension 
(>140/90  mmHg) on three or more antihypertensive medication classes (uncon-
trolled aTRH) or controlled hypertension (<140/90  mmHg) on four or more 
 antihypertensive medications (controlled aTRH) [5]. Absence of aTRH was defined 
as controlled hypertension on three or less antihypertensive medications or uncon-
trolled hypertension on one or two classes of antihypertensive medication. 
Sensitivity analyses explored the subgroup who were intolerant of diuretics. The 
Morisky Medication Adherence Scale was used [27]. Compared to those without 
aTRH, the aTRH group had a higher prevalence of diabetes (46% vs 29%), coronary 
artery disease (35% vs 21%), and prior stroke (14% vs 9%). The aTRH group also 
had predominantly black ethnicity (60%) with higher waist circumference, greater 
baseline prevalence of CKD (28% vs 15%), and greater baseline albuminuria (34% 
vs 18%). Over around 5 years of follow-up, the multivariable-adjusted hazard ratio 
associated with aTRH versus no aTRH was 1.7 (95% CI, 1.3–2.2) for coronary 
heart disease and 1.3 (95% CI, 1.1–1.5) for all-cause mortality. The hazard ratio for 
stroke was not statistically significant (1.3; 95% CI, 0.9–1.7). Comparing uncon-
trolled aTRH to controlled aTRH showed a hazard ratio of 2.3 (95% CI, 1.2–4.5) for 
coronary heart disease that was not seen for stroke or all-cause mortality. This study 
shows the association of aTRH with an increased risk of coronary heart disease and 
all-cause mortality but not stroke. Within the aTRH group uncontrolled aTRH had 
greater risks of coronary heart disease compared with controlled aTRH. The study 
emphasizes the stepwise increase in cardiovascular risk from nonresistant hyperten-
sion, to controlled aTRH and uncontrolled aTRH among a group defined only by 
office BP.

Cross-sectional studies consistently show a strong incremental association 
between stage of CKD and prevalence of aTRH, but little is known about the longi-
tudinal effect of aTRH on CKD progression in terms of the rate of decline in eGFR, 
particularly in the elderly. Recent insights were provided by a population-based 
study in a community-dwelling elderly population [21]. The Three-City study is a 

Fig. 5.3 (a) Cumulative incidence of composite cardiovascular outcomes (composite of myocar-
dial infarction [MI], stroke, peripheral arterial disease [PAD], and congestive heart failure [CHF]) 
between patients with and without apparent treatment resistant hypertension (ATRH). (b) 
Cumulative incidence of renal outcomes between patients with and without ATRH. (a, b), Top line, 
No ATRH; bottom line, ATRH (Reused with permission from Thomas et al. [11])

5 Resistant Hypertension and Outcomes in Patients with and Without Chronic Kidney…



70

population-based prospective cohort that included 9294 non-institutionalized indi-
viduals aged 65 years or older randomly selected from electoral rolls of three French 
cities from March 1999 to March 2001. Both office BP and kidney function were 
measured in a standardized manner at baseline in 8695 participants of which 4265 
were had treated hypertension. Hypertension groups were defined as controlled if 
office BP was <140/90 mmHg with ≤3 antihypertensive drug classes, and as uncon-
trolled nonresistant, if it was ≥140/90 mmHg with ≤2 drugs; aTRH was defined as 
uncontrolled BP ≥140/90  mmHg in patients receiving ≥3 antihypertensive drug 
classes or ≥4, regardless of BP. Baseline prevalence of aTRH, controlled nonresis-
tant hypertension and uncontrolled nonresistant hypertension was 6.5%, 62.3%, and 
31.2%, respectively. The overall mean MDRD-eGFR was 74 ± 17.0 mL/min/1.73 m2. 
Participants with aTRH were significantly older with greater prevalence of obesity, 
diabetes, and history of cardiovascular disease. Prevalence of CKD as defined by 
eGFR <60 mL/min/1.73 m2 was 35% in the aTRH group compared to 19% and 17% 
in the controlled and uncontrolled hypertension groups, respectively. Around 75% 
of the participants with aTRH reported taking diuretics and renin-angiotensin sys-
tem inhibitors, while less than 66% reported calcium channel blockers and beta- 
blockers. At the 4-year follow-up, 1629 of 3865 participants with treated 
hypertension had a second creatinine measurement; 739 also had urine protein or 
albumin creatinine ratio. Progression of CKD was determined by a calculated slope 
using the difference between the baseline and 4-year eGFR divided by the follow-up 
time. Multinomial regression was used to estimate odds ratios for the association of 
aTRH at the 4-year follow-up with an eGFR decline rate ≥3 mL/min/1.73 m2 per 
year adjusted for age, gender, smoking, obesity, diabetes, history of cardiovascular 
disease, and study site. This cutoff was selected due to being roughly three times 
greater than the annual physiological kidney function decline due to aging. At base-
line, lower MDRD-eGFR values were independently associated with higher odds of 
aTRH, compared to both reference groups (odds ratio for eGFR decline of 15 mL/
min/1.73 m2 of 1.29 [95% CI, 1.16–1.48] relative to controlled hypertension or 1.33 
[95% CI, 1.19–1.48] relative to uncontrolled nonresistant hypertension. At 4 years, 
6.4% were classified with aTRH, 50% with controlled hypertension, and 43.5% 
with uncontrolled nonresistant hypertension. Among those without aTRH at base-
line, 149 participants developed new-onset aTRH with a calculated incidence of 
3.5% over 4 years (0.5 per 100 person-years). Baseline MDRD-eGFR level was not 
related to new-onset aTRH.  In contrast, a rapid MDRD-eGFR decline ≥3  mL/
min/1.73 m2 per year was significantly associated with greater risk of new-onset 
aTRH, regardless of the reference group and independent of mean MDRD-eGFR 
over the period and other covariates (Table 5.3). International guidelines define pro-
gression of CKD as an eGFR decline rate ≥5 mL/min/1.73 m2 per year. Use of this 
eGFR cutoff tended to higher odds ratios. Use of the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation for eGFR did not change these 
associations. This study provides a rare estimate of incidence of aTRH reporting 
7 in 50 hypertensive participants on ≤2 drugs developed aTRH over 4 years. The 
standardized incidence of 0.7 new cases per 100 person-years compares to the only 
previous estimate of 0.5 per 100 person-years [12]. The low prevalence of aTRH in 
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this cohort is likely due to selection of a healthier community-dwelling population 
with high rates of undertreatment exemplified by about 40% of the cohort still hav-
ing uncontrolled hypertension on ≤2 drug after 4  years. Consistent with several 
other studies, the authors found a prevalence of aTRH about twice as high in partici-
pants with than without CKD. The novelty of this study lies in the finding that a 
rapid decline in kidney function was associated with a greater risk of new-onset 
aTRH independent of eGFR level and other major risk factors for RH. This rein-
forces the likelihood that CKD is both a cause and consequence of RH.

 Clinical Outcomes from Primary or Post Hoc Analyses 
of Randomized Clinical Trials

A post hoc analysis of the Antihypertensive and Lipid-Lowering Treatment to 
Prevent Heart Attack Trial (ALLHAT) evaluated the impact of baseline aTRH on 
incidence of cardiovascular and renal outcomes [19]. Trial participants were ran-
domly allocated to treatment with amlodipine, chlortalidone, or lisinopril with dose 
titration and addition of further antihypertensive drugs using a prespecified proto-
col. Based on the year 2 study visit (1996–2000), 13% (n = 1870) of 14,684 trial 
participants were characterized as having aTRH defined by office BP greater than 
140/90 mmHg despite three or more antihypertensive medications or requiring four 
or more antihypertensive medications irrespective of BP. No ABPM were available 
to exclude pseudoresistance due to white coat hypertension. The aTRH group were 

Table 5.3 Significant associations of kidney function at baseline and kidney function decline rate 
with new-onset apparent treatment-resistant hypertension in the Three-City Study [21]

Adjusted ORs
aTRH vs persistent 
cHT

aTRH vs persistent 
ucHT

All participants at baseline n = 162 vs 620 n = 162 vs 1054
Male 2.44 [1.67–3.55] 0.98 [0.69–1.38]
Body mass index ≥30 Kg/m2 1.57 [1.02–2.40] 1.69 [1.14–2.52]
Diabetes 3.31 [2.12–5.16] 2.26 [1.53–3.35]
History of CVD 0.75 [0.44–1.28] 1.86 [1.12–3.09]
Participants with eGFR measured at 4 years n = 74 vs 269 n = 74 vs 433
Male sex 2.24 [1.29–3.91] 1.11 [0.66–1.86]
Diabetes 3.15 [1.60–6.21] 1.93 [1.06–3.51]
eGFR decline ≥3 mL/min/1.73 m2 per year 1.89 [1.09–3.29] 1.99 [1.19–3.35]
eGFR decline ≥5 mL/min/1.73 m2 per year 2.78 [1.33–5.81] 2.91[1.49–5.70]

All analyses were adjusted for center
Abbreviations: aTRH incident apparent treatment-resistant hypertension, cHT controlled hyper-
tension, ucHT uncontrolled hypertension with two antihypertensive drugs, OR odds ratios, CI 95% 
confidence interval, eGFR glomerular filtration rate estimated using the MDRD equation, MDRD 
Modification of Diet in Renal Disease, CVD cardiovascular disease
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more commonly of black ethnicity (43% vs 31%), higher body mass index (31 vs 
30), more frequent ECG criteria for left ventricular hypertrophy (21% vs 15%), and 
lower eGFR (72.5 vs 75.4  mL/min/1.73  m2). The multivariable-adjusted hazard 
ratios comparing participants with versus without aTRH were reported for several 
outcomes: Coronary heart disease (1.4; 95% CI, 1.2–1.8), stroke (1.6; 95% CI, 1.2–
2.1), all-cause mortality (1.3; 95% CI, 1.1–1.5), heart failure (1.9; 95% CI, 1.5–2.3), 
and end-stage renal disease (2.0; 95% CI, 1.1–3.4). These results demonstrate that 
aTRH increases the risk for cardiovascular disease and end-stage renal disease. 
Studies are needed to identify approaches to prevent aTRH and reduce risk for 
adverse outcomes among individuals with aTRH.

 Conclusions

Among patients newly starting treatment for hypertension, 1 in 50 will go on to 
develop resistant hypertension within 1.5 years. In addition, one in six patients tak-
ing three hypertension medications will continue to meet criteria for resistant 
hypertension over follow-up. Observational studies of RH have reported higher 
rates of vascular disease and end-organ damage at baseline. Those with RH have a 
greater risk for cardiovascular events, renal events, and mortality under follow-up 
even when restricted to those with no prior events at baseline. The prevalence of 
RH has a stepwise increase with declining stages of CKD and is typically two to 
three times greater than a matched non-CKD group. Study comparisons are ham-
pered by variation in the definitions of RH used in the studies and the extent to 
which pseudoresistance has been excluded. For example, many studies use the 
term RH without reporting whether there was optimal dosing, exclusion of nonad-
herence or use of diuretics. The preferred use of the term apparent resistance to 
emphasize that pseudoresistance has not been excluded has been inconsistent. 
Normotension, responder hypertension, nonresistant hypertension, and controlled 
RH have all been used to describe the same groups. Despite the presence of CKD 
being the greatest risk factor for developing RH, there is a particular lack of robust 
evidence to guide the clinical care of patients with RH in the setting of CKD. It is 
disappointing that both past and recent well-designed trials of hypertension and 
RH have routinely excluded those with CKD, despite this group having the greatest 
potential benefit. For example, the recently reported Prevention And Treatment of 
resistant Hypertension With Algorithm based therapY (PATHWAY-2) trial is the 
first randomized controlled trial to directly compare spironolactone with other 
active BP-lowering treatments (alpha-blockers and beta-blockers) in 335 patients 
with well-characterized RH [28]. The trial showed that RH could be controlled in 
the majority of patients and that spironolactone was a superior fourth line treat-
ment to other drug classes in terms of home BP reduction. These early results 
are important as they suggest that in some participants, true RH is driven by sub-
clinical hyperaldosteronism or fluid retention despite optimal dosing of 
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renin-angiotensin blockade, calcium channel blocker, and a thiazide or loop 
diuretic. Clinical event outcome data are anticipated. However, the study excluded 
those with CKD (eGFR <30/mL/min/1.73 m2) perhaps due to the greater risk of 
treatment-related adverse events. We have summarized unmet needs in outcomes 
research in resistant hypertension in Table 5.4. Future trials in RH should address 
these major unmet needs by including those with CKD, indeed the greater event 
rates, and greater prevalence of RH would be expected to reduce the numbers of 
participants and time needed to demonstrate clinical effectiveness in this challeng-
ing population. Widening the clinical outcomes to incorporate patient- experience 
measures are also essential to understand and improve drug adherence. In 2008, the 
American Heart Association Scientific Statement on resistant hypertension made a 
powerful call to action noting that “the degree to which cardiovascular risk is 
reduced with treatment of resistant hypertension is unknown” [5]. It is chastening 
to acknowledge that several years later the question remains largely unanswered. 
There is an urgent need for clinical trials using pragmatic designs that go beyond 
traditional measured clinical outcomes to capture the totality of the patient 

Table 5.4 Unmet needs for research in resistant hypertension with and without CKD

Improve epidemiology data by phenotyping of resistant hypertension at all stages of CKD with 
greater use of ambulatory or home BP monitoring and assessment of drug adherence
Large-scale randomized outcome trials in resistant hypertension across all stages of CKD to 
determine:
1. Optimum blood pressure targets
2.  Preferred fourth line drug combinations through networked trials such as those pursued by the 

British Hypertension Society PATHWAY project
3. The efficacy of procedures and device-based therapies.
More epidemiology reporting the psychosocial and socioeconomic effect of resistant 
hypertension in CKD
Integrating patient-important outcomes and patient-reported experience measures to traditional 
clinical outcomes in observational and intervention studies. Clinicians and researchers must 
acknowledge that a key factor in drug nonadherence is reduced quality of life from taking 
multiple drugs that is a competing risk to the quality of life impact of cardiovascular and renal 
events. Patients and clinicians make these tradeoffs when choosing to stop a drug or limit a dose. 
Integrating these wider measures and measures of treatment harms into informed patient 
decision aids are an essential step toward reducing apparent treatment resistance
Work with hypertension research community to prevent exclusion of patients with CKD from 
general hypertension trials and use prespecified analyses with adequate power to describe 
treatment effects in CKD and resistant hypertension subgroups. Recent trials such as the 
Systolic Blood Pressure Intervention Trial (SPRINT, 28% eGFR 20–59 mL/min/m2) are a 
positive step
Clinical trials of hypertension in renal transplant recipients regardless of renal function and 
patients on dialysis or with eGFR <30 mL/min/m2. They remain routinely excluded from all 
general hypertension trials as well as CKD-specific trials
Perform pragmatic randomized registry-based clinical trials with approved drugs using 
innovative and flexible designs to permit low running costs. These would answer important 
clinical questions that are not of commercial interest at a cost that is affordable to public 
funders.
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experience [29]. Until then, individualized application of treatment guidelines 
through shared decision-making with patients will be pursued. Such decision- 
making should recognize the tradeoff between optimal BP, side effects, cardiovas-
cular risk reduction, and quality of life.
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Chapter 6
Risk Stratification of Resistant Hypertension 
in Chronic Kidney Disease

Bulent Yardimci and Savas Ozturk

 Introduction

Resistant hypertension (RHTN) is an important clinical issue which may arise due 
to many etiological risk factors and host various comorbidities and is increasing 
gradually. Due to its negative effect on cardiovascular morbidity and mortality, ulti-
mate care has to be taken as regard to its diagnosis, and it has to be contemplated 
and treated effectively.

However, sometimes ambiguity may occur in the terminology: According to the 
American Heart Association (AHA), the definition of treatment-resistant hyperten-
sion (TRH) is the arterial blood pressure (BP) values which, pursuant to office mea-
surements, ideally also include diuretic treatment and which are higher than the 
target value despite three antihypertensive applied at optimal doses or which may be 
taken (or sometimes may not be taken) under control by means of four or more 
antihypertensive. In order to be able to make this diagnosis, pseudoresistance 
(including white coat hypertension) has to be excluded, since while in true resistant 
hypertension there is a high cardiovascular risk, the risk rate in pseudoresistant 
hypertension (PRH) is low. Because real distinction cannot be made in the majority 
of studies, we will use the term “apparent-treatment resistant hypertension (aTRH)”. 
aTRH is defined as arterial blood pressure (ABP) that remains above goal, despite 
concurrent use of three or more antihypertensive medications from different classes 
or use of four or more antihypertensive medication classes regardless of ABP level 
[1, 2] The definitions which maybe classified under RHTN terminology and their 
potential risks are presented in Table 6.1.
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Table 6.1 Risk factors apart from BP

Type of 
Hypertension Definition Implicated risks

Resistant 
hypertension 
(RH)

BP that remains above the 
target value despite the 
concurrent use of three 
antihypertensive agents of 
different classes [1, 2]. 
Consequently, patients with a 
BP that is controlled with 
four or more drugs should be 
diagnosed to have RH

The application of ABPM identified a high 
rate (43% in Nicola’s study) of subjects for 
whom BP control was considered adequate by 
office measurement but whose conditions 
were actually suboptimal [3]. ABPM may 
prevent undertreatment which may be omitted 
in routine surveillance

Apparent 
resistant 
hypertension 
(aTRH)

Uncontrolled clinic BP (i.e., 
equal to or greater than 
140/90 mmHg) which 
prevails in spite of the 
prescription of three or more 
antihypertensive drugs or 
which requires the 
prescription of four or more 
drugs to be controlled

These patients have higher risks for 
cardiorenal events. aTRH causes a 1.5 times 
higher risk (95% CI, 0.8–3.0) of a 
cardiovascular endpoint in comparison to 
controlled hypertensives [4]. aTRH also 
increases the ESRD risk by 2.3 times (95% 
CI 1.4–3.7) [4].
Following the adjustment of multiple 
variables: man gender, black race, large waist 
circumference, diabetes mellitus, history of 
myocardial infarction or stroke, statin use, 
and lower eGFR and higher albumin-to-
creatinine ratio levels were found to be 
associated with aTRH among individuals 
with CKD [5]

True resistant 
hypertension 
(TRH)

Uncontrolled clinic BP in 
spite of being compliant with 
an antihypertensive regimen 
which consists of three or 
more drugs (including a 
diuretic), each at optimal 
doses; also uncontrolled BP 
confirmed by 24-h ABPM

Prevalent in about one-fourth of CKD 
patients.
Very high cardiorenal risk.
Presence of mild-to-advanced GFR reduction 
and/or microalbuminuria amplifies the 
cardiovascular risk.
The combination of ABPM with the diagnosis 
of RH enables a better risk stratification, 
especially in CKD patients. TRH may blunt 
the prognostic value of DM, high proteinuria, 
or low GFR. TRH is characterized by high 
sodium sensitivity of BP. Recommended to be 
surveyed in tertiary care centers and treated 
aggressively

(continued)
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 Renal and Cardiovascular Risk of RHTN

There is very close correlation between hypertension (HT) and kidney diseases. 
While HT can lead to kidney disease, it may also become a result of renal disease. 
Almost all end-stage renal disease (ESRD) patients are hypertensive. In the US, the 
HT frequency in CKD is around 85% [10]. In Europe, hypertensive nephrosclerosis 
is one of the most common reasons of ESRD, and its rate in ESRD patients is 17% 
[11]. On the other hand, the control rate of HT in CKD patients is at quite low levels 
[12]. There are not enough studies on the TRH frequency in chronic kidney disease 
(CKD) patients or on its effects on patient survival. According to the US Renal Data 

Table 6.1 (continued)

Type of 
Hypertension Definition Implicated risks

Pseudoresistant 
hypertension

Pseudoresistance refers to 
poorly controlled 
hypertension that seems to be 
treatment resistant but is, in 
fact, attributable to other 
factors (e.g., inaccurate 
measurement of BP, poor 
adherence to antihypertensive 
therapy, suboptimal 
antihypertensive therapy, 
poor adherence to lifestyle 
and dietary approaches to 
lower BP, white coat 
hypertension)

Pseudoresistant patients are similar to control 
based on ABPM profiles, target organ damage 
(prevalence of LVH and severity of renal 
disease), and long-term prognosis. 
Pseudoresistant CKD patients should be 
identified to provide correct prognostic 
information and, more importantly, to avoid 
aggressive antihypertensive therapy.  A tighter 
control of BP merely on the basis of the 
detection of elevated BP in the office might 
cause patients to be exposed to ischemia- 
induced worsening of cardiorenal damage 
[6–8] and eventually convert their prognosis 
from favorable to unfavorable. In the Spanish 
ABPM registry, 12% of the 68,045 patients 
examined were diagnosed as RH; however, 
after ABPM, as many as 37% of them were 
identified as pseudoresistant [9]. In clinical 
practice, lack of adherence is frequently seen. 
As a matter of fact, about half of the patients 
with hypertension withdraw from the therapy 
within the first year following the diagnosis

White coat 
hypertension

Hypertension in patients with 
office readings indicating an 
average of more than 
140/90 mmHg and with 
reliable out-of-office readings 
indicating an average of less 
than 140/90 mmHg. Having 
the BP in the office taken by 
a nurse or technician, rather 
than the clinician, may 
minimize the white coat 
effect

Cardiovascular risk is not increased or slightly 
increased compared with normal population. 
However it poses increased risk for developing 
persistent HT [7, 8]

6 Risk Stratification of Resistant Hypertension in Chronic Kidney Disease
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System, the aTRH rate among treated ESRD patients is 24% [13]. In the 
MASTERPLAN study performed in the Netherlands on 788 CKD patients, the 
aTRH frequency was demonstrated as 34% according to the office measurements 
and as 32% according to the ambulatory blood pressure monitoring (ABPM). The 
study has demonstrated, on a surveillance of an average of 5.3 years, the develop-
ment of cardiovascular disease (CVD) endpoint in 17% and ESRD in 27% of the 
aTRH patients [4]. Based on these findings, it may be reported that the kidneys of 
patients that could not be treated well or that have resistant hypertension are a highly 
affected end organ. In the Framingham study, the 10-year coronary risk in the aTRH 
group, which comprises also obesity and CKD, is above 20% [14]. One of the most 
important studies made on this issue in CKD patients is a study performed by De 
Nicola et al. [3]. In this study, in which 436 CKD patients from four centers were 
included, the cardiovascular risk (hazard ratio [95% confidence interval (CI)]) was 
1.24 (0.55–2.78) in pseudoresistance, 1.11 (0.67–1.84) in sustained hypertension, 
and 1.98 (1.14–3.43) in true resistance, compared with control subjects. 
Corresponding hazards for renal events were 1.18 (0.45–3.13), 2.14 (1.35–3.40), 
and 2.66 (1.62–4.37), respectively. The authors stated that in CKD, pseudoresis-
tance is not associated with an increased cardiorenal risk, and sustained hyperten-
sion predicts only renal outcome and that true resistance is prevalent and identifies 
patients carrying the highest cardiovascular risk [3]. Moreover, in case of dialysis 
patients, 45% of the mortality cases result from cardiac events [15]. In the meta- 
analysis performed by Heerspink et al. [16], the reduction of systolic BP in dialysis 
patients by 4–5 mmHg and the diastolic BP by 2–3 mmHg significantly reduced 
mortality. In this regard, the ALLHAT study has been significantly indicative [17]. 
The patient population of the study was evaluated as a result of an average surveil-
lance time of 4.9 years between the years 1998 and 2002, whereby 33.357 persons 
were admitted to the study and 14.687 persons concluded it. In the study, aTRH was 
determined to be in correlation with CVD, coronary heart disease (CHD), periph-
eral arterial disease, heart failure (HF), and ESRD. In the US National Health and 
Nutrition Examination Survey, Egan et  al. [14] have reported the aTRH rate in 
hypertensive patients as 11.8%. The problem in the aTRH studies made is that there 
are quite less findings regarding the real relation between RHTN and CVD as 
already stated at the beginning. Whereas in the ALLHAT study, these findings were 
demonstrated clearer. aTRH was found to be in correlation with the study’s outcome 
points, i.e., CHD, stroke, CVD, all-cause mortality, HF, and ESRD. The relationship 
between aTRH and outcome points are independent from other two important risk 
factors that are smoking and the estimated filtration rate. Moreover, aTRH also 
leads to increased risk in the diabetes mellitus (DM) and CHD patients groups.

In some HT studies, true determination of aTRH is quite important as well. In the 
REACH registry [18], the aTRH systolic/diastolic blood pressure value was taken 
as ≥140/90  mmHg, whereas in case of DM or chronic renal failure (CKD) as 
≥130/80 mmHg. One of the important findings of ALLHAT is that aTRH gives 
similar results in black and white patients. However, the aTRH rate was found to be 
higher in black persons in all studies. aTRH was found to be directly associated 
especially with CVD and renal disease in all studies [17, 18].
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 Risk Stratification

In the determination of aTRH, it is also important in terms of risk stratification to 
exclude white coat hypertension in the office measurements. In the study performed 
by De Nicola et  al. [3], ABPM has been made on patients with an office BP of 
130/80 mmHg in order to exclude PRH, whereby BP 127/75 mmHg was considered 
as limit value. As a result of the study, the TRH rate was found to be 23%.

Although the studies focusing prognosis of RHTN in CKD patients are scarce, 
some new indirect evidence have emerged. In the recently published study, SPRINT 
study, 28% of the participants were CKD patients; it has been shown that lower 
systolic BP target (≤120 mmHg) has better cardiovascular outcomes compared with 
higher systolic blood pressure target (≤140 mmHg) [19]. In this study, renal and 
composite outcomes were similar between both BP arms, but in non-CKD group, 
lower BP arm showed significant worse renal outcomes than in the standard- 
treatment group (defined by a decrease in the eGFR of 30% or more to a value of 
less than 60 mL/min/1.73 m2; 1.21% per year vs. 0.35% per year; hazard ratio, 3.49; 
95% CI, 2.44–5.10; P < 0.001). Although some of resistant HT might be excluded 
because of the design of the study (patients using too many drugs or with extreme 
BP were not included), the further analyses of CKD subgroup this study will give 
invaluable information for both BP goals and the risk management of this CKD 
group. In their prospective study of 531 RHTN patients, Salles et al. [20] investi-
gated the associations between reduced GFR and endpoints and interaction with 
microalbuminuria. After a median follow-up of 4.9  years, reduced GFR was an 
independent predictor of increased cardiovascular morbidity and mortality in these 
RHTN patients. Moreover, the presence of both reduced eGFR and microalbumin-
uria significantly increased cardiovascular risk in relation to one or another isolated, 
with hazard ratios of 3.0 (1.7–5.3), 2.9 (1.5–5.5), and 4.6 (2.2–10.0), respectively, 
for the composite endpoint, all-cause, and cardiovascular mortality.

In the 2013 ESH/ESC Guidelines for the management of arterial hypertension 
[21], risk stratification according to BP values was made as shown in Table 6.2. The 
most remarkable finding here is that in case of CKD prevalence, the patients are 
included in the high-risk group already from grade 1 hypertension level. The risk 
factors of this guideline apart from BP were specified as shown in Table 6.3. Here, 
subjects with an eGFR below 30 ml/min/1.73 m2 and proteinuria above 300 mg/day, 
seem to have critical risk. In the JNC-7, published in 2003, cardiovascular risk fac-
tors were specified as follows: Major risk factors: target organ damage, hyperten-
sion, cigarette smoking, obesity (body mass index ≥30 kg/m2), physical inactivity, 
dyslipidemia, diabetes mellitus, microalbuminuria or estimated GFR <60 mL/min, 
age (older than 55 for men, 65 for women), and family history of premature cardio-
vascular disease (men under age 55 or women under age 65) [22]. On the other 
hand, in the NKF K/DOQI guidelines [23], it is recommended to adjust antihyper-
tensive treatment doses according to the systolic BP, GFR, and serum potassium 
follow-up in CKD patients with hypertension, and risk stratification is attempted to 
be made accordingly (Table 6.4). For CKD patients, ABPM becomes more  important 
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day by day in terms of risk stratification. The main issue is how to implement this 
application in practice, because there are also other points to be determined such 
as TRH. In the ABPM of a group of patients, for whom TRH was not identified and 
whose office BP was found to be normal, HTN and a CVD increase was deter-
mined in them as well. It was demonstrated that masked HTN also constitutes an 
important risk factor [24]. Hence this circumstance increases the importance of 
ABPM. One of the important functions of ABPM is that it allows to detect the 
patients’ dipper or non-dipper distinctions. In non-dippers the CVD rate is two 
times higher [24].

 Evaluation of Other Possible Factors

Apart from these, there are many other factors in the development of resistance in 
CKD. Renal artery stenosis is mostly a result of atherosclerosis, and its rate in CKD 
is around 5.5%. Since it is mostly asymptomatic, it is hard to know its real rate, and 
it is a significant RHTN and CVD risk factor. Increased arterial stiffness is a signifi-
cant risk factor that is frequently seen in CKD patients and that is accompanied by 
RHTN.  In CKD, increased arterial stiffness depends on many pathological 

Table 6.2 Stratification of total CV risk in categories of low, moderate, high, and very high risk 
according to SBP and DBP and prevalence of RFs, asymptomatic OD, diabetes, CKD stage, or 
symptomatic CVD

Other risk factors, 
asymptomatic organ 
damage or disease

High normal 
SBP 130–139 
or DBP 
85–89 mmHg

Grade 1 HT 
SBP 140–159 
or DBP 
90–99 mmHg

Grade 2 HT 
SBP 160–179 
or DBP 
100–
109 mmHg

Grade 3 HT SBP 
≥180 or DBP 
≥110 mmHg

No other RF Low risk Moderate risk High risk
1–2 RF Low risk Moderate risk Moderate to 

high risk
High risk

≥ 3 RF Low to 
moderate risk

Moderate to 
high risk

High risk High risk

OD, CKD stage 3 or 
diabetes

Moderate to 
high risk

High risk High risk High to very high 
risk

Symptomatic CVD, 
CKD stage ≥4 or 
diabetes with OD/
RFs

Very high risk Very high risk Very high risk Very high risk

Subjects with a high normal office but a raised out-of-office BP (masked hypertension) have a CV 
risk in the hypertension range. Subjects with a high office BP but normal out-of-office BP (white- 
coat hypertension), particularly if there is no diabetes, OD, CVD, or CKD, have lower risk than 
sustained hypertension for the same office BP
BP blood pressure, CKD chronic kidney disease, CV cardiovascular, CVD cardiovascular disease, 
DBP diastolic blood pressure, HT hypertension, OD organ damage, RF risk factor, SBP systolic 
blood pressure
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Table 6.3 Definitions and implicated risks related to resistant hypertension

Risk Factors

Male sex
Age (men ≥55 years, women ≥65 years)
Smoking
Dyslipidemia
Total cholesterol >4.9 mmol/L (190 mg/dL)
Low-density lipoprotein cholesterol >3.0 mmol/L (115 mg/dL)
High-density lipoprotein cholesterol: men <1.0 mmol/L (40 mg/dL), women <1.2 mmol/L 
(46 mg/dL)
Triglycerides >1.7 mmol/L (150 mg/dL)
Fasting plasma glucose 5.6–6.9 mmol/L (102–125 mg/dL)
Abnormal glucose tolerance test
Obesity (BMI ≥30 kg/m2)
Abdominal obesity (waist circumference: men ≥102 cm, women ≥88 cm) (in Caucasians)
Family history of premature CVD (men aged <55 years, women aged <65 years)
Asymptomatic Organ Damage

Pulse pressure (in the elderly) ≥60 mmHg
Electrocardiographic LVH (Sokolow–Lyon index >3.5 mV; RaVL >1.1 mV; Cornell voltage 
duration product >244 mV.ms)
Echocardiographic LVH (LVM index: men >115 g/m2, women >95 g/m2 [BSA])a

Carotid wall thickening (IMT >0.9 mm) or plaque
Carotid–femoral PWV >10 m/s
Ankle brachial index <0.9
Microalbuminuria (30–300 mg/24 h) or albumin–creatinine ratio (30–300 mg/g, 3.4–34 mg/
mmol) (preferentially on morning spot urine)
Diabetes Mellitus

Fasting plasma glucose ≥7.0 mmol/L (126 mg/dL) on two repeated measurements
HbA1c >7% (53 mmol/mol)
Post-load plasma glucose >11.0 mmol/L (198 mg/dL)
Established CV or Renal Disease

Cerebrovascular disease: ischemic stroke, cerebral hemorrhage, transient ischemic attack
CHD: myocardial infarction, angina, myocardial revascularization with PCI or CABG
Heart failure, including heart failure with preserved EF
Symptomatic lower extremities peripheral artery disease
CKD with eGFR <30 mL/min/1.73 m2 (BSA); proteinuria (> 300 mg/24 h)
Advanced retinopathy: hemorrhages or exudates, papilloedema

Abbreviations: BMI body mass index, BP blood pressure, BSA body surface area, CABG coronary 
artery bypass graft, CHD coronary heart disease, CKD chronic kidney disease, CV cardiovascular, 
CVD cardiovascular disease, EF ejection fraction, eGFR estimated glomerular filtration rate, 
HbA1c glycated hemoglobin, IMT intima-media thickness, LVH left ventricular hypertrophy, LVM 
left ventricular mass, PCI percutaneous coronary intervention, PWV pulse wave velocity
aRisk maximal for concentric LVH: increased LVM index with a wall thickness/radius ratio of 0.42

6 Risk Stratification of Resistant Hypertension in Chronic Kidney Disease
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mechanisms. Vascular calcification, chronic volume loading, inflammation, endo-
thelial dysfunction, oxidative stress, and activation of the renin angiotensin aldoste-
rone system are the known mechanisms. Obesity and obstructive sleep apnea (OSA) 
are other risk factors. The relation between RHTN and OSA is known and has also 
been shown in the studies made with dialysis patients [25].

The inaccuracy and insufficiencies in the use of antihypertensive medicine or the 
uncontrolled use of other drugs effecting BP are significant reasons of RHTN. 
Nonsteroidal anti-inflammatory drugs and cyclooxygenase-2 inhibitors are drugs 
that are used very commonly and affect BP control easily. Sympathomimetic agents 
(including decongestants, diet pills, and cocaine), glucocorticoids, and corticoste-
roids are further significant drug groups that lead to RHTN. Other agents include 
oral contraceptives, erythropoietin, cyclosporine, herbal compounds, and natural 
licorice [26]. Obesity (BMI ≥30), age above 55 for men and 65 for women, and 
smoking (especially 20 cigarettes/day and above), and alcohol consumption of more 
than three portions a day may be stated as the other risk factors [21, 26].

A subject that should not be disregarded in CKD patients is the resistance caused 
by secondary diseases. There are prospective and retrospective studies which dem-
onstrate that primary hyperaldosteronism is prevalent in 11–20% of resistant hyper-
tension patients [27, 28]. Endocrinological diseases such as pheochromocytoma, 
Cushing syndrome, and hyperparathyroidism are further secondary reasons for 
resistance [27, 28].

Table 6.4 Follow-Up evaluation intervals in CKD recommended by NKF K/DOQI Guidelines 
(23)

Clinical condition
After initiation or increase in dose of 
antihypertensive therapy
4–12 weeks <4 Weeks

SBP (mmHg) 120–139* ≥140 or <120
GFR (mL/min/1.73 m2) ≥60 <60
Early GFR decline (70) <15 ≥15
Serum potassium (meq/L) >4,5a or ≤4,5b ≤4,5a or >4,5b

After blood pressure is at goal and dose is stable

6–12 months 1–6 months

GFR (mL/min/1.73 m2) ≥60 <60
GFR decline (mL/min/1.73 m2 per year) <4 (slow) ≥4 (fast)
Risk factors for faster progression of 
CKD

No Yes

Risk factors for acute GFR decline No Yes
Comorbid conditions No Yes

Clinicians are advised to evaluate each parameter and select the follow-up interval for the param-
eter that requires the earliest follow-up
aFor thiazide of loop diuretic therapy
bFor ACE inhibitor or ARB therapy
*120–129 mmHg to monitor for hypertension;130–139 mmHg to reach blood pressure goal
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Apart from all these, in about 10% of the RTHN patients, there cannot be identi-
fied any risk factor, considering them to be associated with genetic and environmen-
tal factors [29].

It should not be disregarded that in CKD patients, DM is an important risk fac-
tor and that it shall cause the disease to progress rapidly particularly when com-
bined with uncontrolled hypertension [30]. Likewise dyslipidemia, which is often 
accompanying hypertension, is a frequently seen cardiac risk factor in CKD 
patients [30, 26].

Along with all these risk factors, the extension of resistant hypertension duration 
in CKD patients increases CVD and mortality significantly [5, 31, 32]. Particularly, 
in patients with a low glomerular filtration rate and high urinary albumin creatinine 
ratio, RHTN is higher. The use of these laboratory findings in risk assessment shall 
be useful for the treatment approach [32, 33].

An algorithmic approach to the RHTN for stratification of the renal and cardio-
vascular risk was presented in Fig. 6.1.

 Conclusions

RHTN is a significant reason for morbidity and mortality in CKD patients. A major 
part of the patients die due to cardiac reasons. First of all, it should be identified 
whether these patients are true RTHN, and risk stratification should be determined 
well by taking into consideration all risks explained. Every successful treatment 
approach to be made towards risk factors shall reduce morbidity and mortality 
significantly.

6 Risk Stratification of Resistant Hypertension in Chronic Kidney Disease
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Chapter 7
Pathophysiological Insights in Resistant 
Hypertension

Alexandru Burlacu and Adrian Covic

 Introduction

 Background: Exploring Paradigms and Controversies

Resistant hypertension (RH) is an entity still incompletely explained and studied 
from the perspective of the physiopathological mechanisms, no more than it is its 
“mother” condition, essential hypertension.

Therefore, our endeavor in the pathophysiologic characterization of RH must 
start with an “essential” question: is RH really a distinct entity or is it just:

 (a) The same disease as essential hypertension, with the same pathways, but in an 
advanced stage?

Corollary 1. Is there a borderline from which a “regular” essential hypertension 
becomes true resistant (e.g., contexts like obesity, sleep apnea, diabetes mellitus, in 
which hypertension can be managed at first but later becomes permanent and 
irreversible)?

 (b) The same disease which implies/recruits more neurohumoral and molecular 
mechanisms than “regular” hypertension?

Corollary 2. Are there specific mechanisms involved from the very beginning 
(genetic mutations – Na+ absorption, bone marrow and neuroinflammation, hypo-
reninemic hypertension in Afro-Americans), or are we talking about the progressive 
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involvement of different mechanisms through the expansion of organ damage 
(excessive proinflammatory factors, endothelin, adiponectin)?

 (c) The same disease, with the same mechanisms, but the arbitrary cutoffs used for 
definition are imperfect (old age, morbid obesity)?

The polemics start from the fact that RH is an entity identified retrospectively, 
following a dead-end reached in the treatment of firstly presumed essential hyper-
tension, and based on two fundamental suppositions: (1) we presume the hyperten-
sion is essential, and (2) we must exclude secondary hypertension, the causes for 
noncompliance to treatment, and pseudo-resistant hypertension. Hence, if we are to 
be completely honest, in approaching and characterizing a true RH, we do not know 
with absolute certitude if it is secondary hypertension, if there are certain underly-
ing causes for a pseudo-resistance, or if it is, indeed, a true RH.

The treatment entails rules applicable to a majority of patients, who would 
respond out of “common sense” to the current treatment schemes. Thus, the criteria 
for “resistance” to treatment also represent the criteria in the diagnosis of 
RH. Concurrently, this provides us with the possibility (at least in theory) that the 
definition of RH could (and would) be modified with the identification of a new 
class of drugs or the adjustment of the therapeutic strategy.

Within this context, we believe that, despite the ESC classification, the reversible 
forms of RH triggered by various extrinsic factors such as excessive alcohol con-
sumption, high sodium intake, and vasopressor drugs should be excluded from the 
definition of true resistant hypertension, as removal of the external causes leads to 
the reversibility of the condition.

Furthermore, we can place at the border between essential and secondary hyper-
tension the particular form of RH associated with various comorbidities/cardiovas-
cular risk factors (diabetes mellitus, obesity, chronic kidney disease, sleep apnea). 
We can argue that the interaction between the induced neuro-metabolic and vascular 
alterations due to comorbidities and the specific mechanisms involved in essential 
hypertension has an augmenting effect, which generates a form of RH with partial 
reversibility and treatment resistance. Conversely, since the evolution of RH cannot 
be predicted through the strict management of these conditions, they fall within the 
category of borderline true RH which we will discuss further in this chapter.

As we begin our exploration of the physiopathological mechanism underlying 
this ambiguous and dynamic condition, there still remain several uncharted territo-
ries. Two issues that still remain under debate are as follows: (1) Is there a genetic 
or molecular determinism to be investigated in resistant hypertension? (2) To what 
extent do common cardiovascular risk factors bear an influence upon the response 
of any form of essential, borderline, or resistant hypertension to treatment?

We believe that searching and/or identifying completely the core mechanism of 
this entity would allow (1) the identification of novel therapeutic pathways and (2) 
the upgrade of the inclusion criteria of clinical trials (e.g., renal denervation), which 
would lead to more veridical and useful results (free from intervention of subjective 
factors such as adherence to treatment).
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We underline the fact that, even if the pathophysiological mechanism lying 
behind RH is a complex multifactorial edifice founded on the sensible imbalance 
between various elements in several key locations in the body, for theoretical 
purposes we will discuss each of these elements separately, in an attempt to high-
light their individual contribution. Moreover, each pathway influences to a greater 
extent the other described mechanisms.

 Neurogenic Pathways

The neurogenic pathways involved in RH are based on the over-activation of already 
known pathogenic pathways of essential hypertension. Thus we can identify a cen-
tral and a peripheral neurogenic dysfunction, which are discussed individually.

 Central Neurogenic Dysfunction

Sympathetic Over-Activation

Hyperactivity of the central autonomic nervous system triggers neurogenic resistant 
hypertension, and it is associated with abnormal homeostatic reflex control. Over- 
activation of the sympathetic nervous system (SNS) is characteristic for young indi-
viduals (<45 years old) with effects on skeletal muscle vasculature, kidneys, and 
heart, resulting in insulin resistance and hyperinsulinemia (through the effects on 
glucose delivery), as well as left ventricular hypertrophy [1, 2]. The sympathetic 
pathway plays an essential role in the development and evolution of RH, from trig-
gering to resistance and progression [3]. Recent researches recorded two to three 
times higher rate of sympathetic nerve firing in patients with true resistant hyperten-
sion, regardless of the design of the multidrug therapy [4].

In the activation of the sympathetic pathway, there are involved both specific 
autonomic territories and peripheral reflex mechanisms comprising arterial barore-
ceptors, arterial chemoreceptors, and cardiopulmonary mechanoreceptors.

The possible origin of the sympathetic pathway is in the neurons from the ven-
trolateral periaqueductal gray, which send projections to the rostral ventrolateral 
medulla in the brain stem. This integrative structure that also incorporates similar 
projections from several locations plays an essential role in the control of tonic 
sympathetic activation and tonic arterial pressure, as it has a direct connection with 
the superior segment of the medulla through the upper centers of modulation for the 
vasomotor sympathetic nerve discharge and blood pressure [5].

The SNS pathway is a subunit of the arterial baroreflex system which connects 
the autonomic nervous system with the cardiovascular system, and therefore its 
response is determined by the input received from the mechanoreceptors in the 
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carotid artery [6]. Thus, the afferent signals of the baroreceptors in the peripheral 
system trigger the release of a signal from the nucleus tractus solitarius in the 
medulla with twofold destination: decrease of the heart rate through parasympa-
thetic vagal stimulation and lowering of blood pressure through tonic inhibition of 
neurons in the rostral ventrolateral medulla, with the intervention of non- 
catecholaminergic depressor neurons in caudal ventrolateral medulla. It is currently 
believed that the sympathetic over-activation in RH is generated by a disproportion 
between the catecholaminergic neurons in the brain stem and decrease or even loss 
of the inhibitory function of the non-catecholaminergic neurons in the rostral and 
caudal ventrolateral medulla; however, this hypothesis has not been directly inves-
tigated [7].

Another involvement of rostral ventrolateral medulla in RH genesis is neurovas-
cular compression induced by the posterior inferior cerebellar artery and vertebral 
artery. This process causes loss of the same inhibitory effect on blood pressure, 
mainly transmitted via vagus and glossopharyngeal nerves. Thus, sympathetic nerve 
activity, arterial pressure, heart rate, and plasma levels of epinephrine and norepi-
nephrine were increased by pulsatile compression of these neurons [8].

Furthermore, the “adrenaline hypothesis” currently still under debate takes into 
account the role of neurotransmitter in the self-maintenance of essential hyperten-
sion, through a positive feedback loop developed at the level of the presynaptic 
beta-adrenoceptors [9].

Vagal Modulation

Since hypertension is characterized by an increased sympathetic tone, the evalua-
tion of the sympathovagal balance could ascertain more accurately the possibility 
that vagal tone could also be involved in RH pathogenesis. Rhythmic components 
of heart rate variability (HRV, evaluated by RR interval recordings) permit to evalu-
ate autonomic activity at baseline conditions and to separate the different compo-
nents of variability which seem to reflect specific regulatory mechanisms. The 
high-frequency (HF) component is a marker of vagal activity, while the low- 
frequency (LF) component is a marker of sympathetic and vagal activity. The LF/
HF ratio is considered as a marker of sympathovagal balance [10, 11].

It is a known fact that vagal nerves influence blood pressure variability more than 
the sympathetic system [12]. Moreover, blood pressure variability is related to vari-
ability of heart rate which is largely influenced by vagal tone [13].

Therapeutic correlation Modulating parasympathetic system by direct vagal nerve 
stimulation is an emerging interventional therapy [14]. A recent study using a new 
technique of tripolar stimulation decreased blood pressure in rats without inadver-
tent stimulation of non-baroreceptive fibers (reducing the side effects like bradycar-
dia and bradypnea) [15].
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 Peripheric Dysfunction

Carotid Baroreflex

The peripheral unit of the arterial baroreflex system consists of the baroreceptors in 
the cardiovascular unit located in the arterial, venous, and ventricular walls, of 
which the most investigated are those in the aorta and carotid sinuses. Their activa-
tion is prompted by the distension of the vessel wall, as a consequence of the trans-
mural pressure [14]. These mechanoreceptors are activated by the stretch, sending 
signals that join the glossopharyngeal nerves to the nucleus tractus solitarius and 
nucleus ambiguus before eventually being modified in the hypothalamus. The hypo-
thalamus is then responsible for the increased parasympathetic efferent activities 
slowing HR and decreasing blood pressure [6].

Thus, an impaired activation of the baroreceptors elicits an increased response 
from the central nervous system, with a subsequent increase in vascular tonus and 
decrease in renal excretory function, generating RH [16].

Therapeutic correlation Recent studies on electrical carotid sinus stimulation with 
positive results in the management of hypertension have ascertained the important 
role of the carotid structures in the efficient regulation of blood pressure. The idea 
behind electrical stimulation of baroreceptors or baroreflex afferent nerves is that 
the stimulus is perceived as high blood pressure, and then, baroreflex efferent struc-
tures are involved to counteract the perceived blood pressure increase [17]. FDA 
approved a phase II clinical trial for baroreflex activation therapy (Rheos Feasibility 
Trial) to study the efficacy of the technique and investigate the safety of results [18].

Chemoreceptors

The function of chemoreceptors situated in the carotid body [19] consists in detect-
ing alterations in arterial PO2, PCO2, and pH, consequently generating respiratory, 
autonomic, and cardiovascular corrections such as minute ventilation and arterial 
pressure increase, in order to prevent oxygen impairment of the brain. Their input is 
integrated by the pre-sympathetic neurons in the medulla and hypothalamus [20]. 
There is recent evidence that the sympatho-excitatory reflex response is increased in 
RH, which has led to the introduction of the carotid body tone concept. It appears 
that carotid body tonicity drives sympathetic vasomotor tone, while it does not 
involve cardiac autonomic activity or ventilation [21].

Therapeutic correlation Currently, ablation of one of the carotid bodies is investi-
gated as a relatively safe treatment option, and it requires previous determination of 
abnormal carotid body tone. However effective, this procedure still represents an 
organ-specific approach, and it must be corroborated with other procedures or thera-
peutic schemes for the customized management of each individual case [22].
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Neural Regulation of the Kidney

The renorenal reflexes have an inhibitory action on excitatory reflexes. Renal mech-
anosensory nerves lower efferent renal sympathetic nerve activity (ERSNA) and 
increase urinary sodium excretion, an inhibitory renorenal reflex. There is an inter-
action between efferent and afferent renal nerves, whereby increases in ERSNA 
increase afferent renal nerve activity (ARNA), leading to decreases in ERSNA by 
activation of the renorenal reflexes to maintain low ERSNA to minimize sodium 
retention [23].

Sympathetic neural regulation of renin release and fluid reabsorption may influ-
ence fluid balance and, in the longer term, the level at which blood pressure is set. 
The imbalance in the sympathetic neural innervation of these mechanisms is 
involved in resistance to antihypertensive medication [24].

Therapeutic correlation Recently, bilateral selective renal sympathetic denervation 
has been performed for patients with resistant hypertension, yielding several bene-
fits in decrease of renal norepinephrine spillover and renin activity, with increase in 
renal plasma flow and overall prolonged reduction of blood pressure. The procedure 
consists in ablation through radio frequency of the afferent and efferent innervation 
of the kidney, with consequent isolation of renal parenchymal and juxtaglomerular 
structures from abnormal stimulation of the efferent adrenergic system, thus sever-
ing the link between the over-activated efferent adrenergic system and the renal 
structures involved in regulation of blood pressure [25, 26].

The kidney is also involved in the development of salt-sensitive hypertension, 
common in the elderly, diabetics, African-Americans, and obese patients, which 
increases the risk for glomerulosclerosis and renal failure, as a result of augmented 
glomerular capillary pressures. An important component of the fine autoregulation 
mechanism of renal blood flow, the myogenic response, consists of the constriction 
of the afferent arteriole triggered by increases in perfusion pressure, which, due to 
its very short activation delay, can be used in the isolation of glomerular capillaries 
from the variations in renal perfusion pressure. The myogenic response is mediated 
by the action of extracellular ATP on P2X receptors, their activation being mediated 
by 20-hydroxyeicosatetraenoic acid (20-HETE) [27]. There are several researches 
that investigate the involvement of 20-HETE in the control of arterial pressure, reg-
ulation of vascular tone and of renal function, as well as protection of glomerular 
permeability barrier [28]. The impaired ability of the kidney to synthesize 20-HETE 
leads to an increased Na+ transport in the proximal tubule and thick ascending loop 
of Henle, which consequently generates sodium retention, generating salt-sensitive 
forms of hypertension.

Therapeutic correlation Given the significant evidence that substantiates the role 
of 20-HETE in hypertension, new therapies have been established based on antihy-
pertensive agents that function as inhibitors of synthesis of 20-HETE and 20-HETE 
agonists and antagonists (such as 20-hydroxyeicosa-5(Z),14(Z)-dienoic acid (5-,14-
,20-HEDE), N-[20-hydroxyeicosa-5(Z),14(Z)-dienoyl]glycine (5-,14-,20-HEDGE) 
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and are associated with PPAR-α (fibrates) or gene therapy, which upregulate 
20-HETE synthesis. Another outcome of this therapy could possibly be obtained in 
hindering the progression of glomerular fibrosis and renal fibrosis [27].

 New Theories

 Gαi2-Protein-Gated Pathways

A new hypothesis introduced in the attempt to decipher the complex framework of 
salt-resistant hypertension advances the involvement of paraventricular nucleus 
Gαi2-protein-gated signal transduction pathways in the sympathetically mediated 
process of renal sodium retention. Experimental investigations on naive Brown 
Norway, Dahl salt-resistant, and scrambled oligodeoxynucleotide-infused Dahl 
salt-resistant but not DSS rats have demonstrated that this central molecular path-
way plays an important role in the mediation of sympathoinhibitory renal nerve- 
dependent responses triggered in the mechanism of sodium homeostasis and of a 
salt-resistant phenotype [29].

 Microglia

Currently, the possibility to take into account microglia as a new target for treatment 
of RH is being investigated, as the activation of these cells in autonomic brain 
regions is characteristic for the neuroinflammation in neurogenic hypertension [30]. 
Apparently, the microglia are the main cellular factors in the mediation of neuroin-
flammation and the modulation of neuronal excitation, mechanisms involved in 
elevated blood pressure. The hallmarks of microglial activation are microgliosis 
and proinflammatory cytokine upregulation. Moreover, research has ascertained 
that angiotensin II-induced hypertension is correlated with activation of microglia 
and increases in proinflammatory cytokines [31] in the paraventricular nucleus.

Therapeutic correlation Studies performed on rats have proved that the targeted 
depletion of microglia has decreased neuroinflammation, glutamate receptor expres-
sion in the paraventricular nucleus, plasma vasopressin level, kidney norepineph-
rine concentration, and blood pressure [32]. Moreover, the transfer of preactivated 
cells into the brains of normotensive mice determined a considerably prolonged 
pressor response to intracerebroventricular injection of angiotensin II, while the 
inactivation of microglia leads to the disappearance of these effects [33].

Bone Marrow

Bone marrow contribution to the mechanisms of hypertension resides in the increase 
of peripheral inflammatory cells and their extravasation into the brain (BM – brain 
interaction) [30]. Moreover, the hypothesis advancing the involvement of 
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BM-derived cells in neuroinflammation is currently being investigated. Experimental 
evidence indicates that minocycline, an inhibitor of microglial activation, could rep-
resent an effective therapy due to its ability to alter neurogenic components of 
hypertension.

Renalase

Several researches unveiled a new mechanism involved in regulation of cardiac 
function and blood pressure: the renalase pathway. Renalase is an amine oxidase 
synthetized in the kidney, inactive at baseline, which metabolizes circulating cate-
cholamines. Its activation is very swift, and it is triggered by any small variation in 
blood pressure and plasma catecholamines, leading to an important decrease in 
blood pressure [34]. Damages in synthesis of renalase are connected with elevated 
blood pressure and increases in circulating catecholamines. Currently, the mecha-
nisms responsible for the involvement of renalase deficiency in hypertension, as 
well as the possible contribution of renalase to the regulation of renal dopamine 
system, are not well described [35].

Gut Microbiota

Recent research on Dahl rats have proven the correlation between gut microbial 
content and blood pressure regulation, with further perspectives opened for investi-
gation regarding the possible association between the host genome and microbiome 
within the context of blood pressure regulation [36].

GABAA Receptors

Studies on BPH/2J mice demonstrated the cardiovascular effects of chronic activa-
tion of GABAA receptors. It seems that their impairment may play a role in the 
mechanism of neurogenic hypertension by the failure to suppress arousal-induced 
sympathetic activation within the amygdala and hypothalamic nuclei [37].

 RAAS Mechanisms

 Angiotensin-Aldosterone Escape Pathway

The mechanisms underlying the renin-angiotensin-aldosterone system (RAAS) 
have been extensively investigated and described. However, recent research has 
ascertained that the processes are much more complex than a straightforward 
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cascade renin-angiotensinogen-angiotensin I-angiotensin II-aldosterone. The mere 
understanding of these molecules of the location for their initial (and prevalent) 
synthesis and knowledge of currently used drug classes (recommended by guide-
lines) in the therapeutic targeting of the RAAS does not provide any more a com-
plete grasp on the multifaceted aspects of its deficient functioning in RH.

Thus, studies have shown that, once treatment with one of RAAS modulators is 
initiated, various escape mechanisms are triggered, which are far less known and 
investigated and which will represent the center of our discussion onward.

Firstly, pathological changes involving aldosterone extend far beyond dysregula-
tions in the sodium and potassium balance, inflammation, cardiovascular remodel-
ing, and renal injury [38]. Vascular smooth muscle cell hypertrophy and hyperplasia, 
vascular matrix impairment, endothelial dysfunction, decreased vascular compli-
ance, increased peripheral vascular resistance, impaired autonomic vascular con-
trol, myocardial norepinephrine release, and decreased serum high-density 
lipoprotein cholesterol represent all consequences of aldosterone-impaired function 
[39]. These actions occur through both mineralocorticoid-dependent and 
mineralocorticoid- independent pathways, and they are either delayed (genomic) 
mechanisms or rapid (nongenomic) [40]. While some of these effects may be com-
pensated by chronic treatment with angiotensin-converting enzyme inhibitors 
(ACE-I) and angiotensin receptor blockers (ARB), research has shown that there 
exists an escape mechanism which brings aldosterone concentrations back to base-
line value, possibly reversing the beneficial effects of the treatment on left ventricu-
lar hypertrophy [41] and increasing renal damage for patients with type 2 diabetes 
mellitus [42].

There appears to be a secondary synthesis site besides the adrenal cortex at the 
vascular level.

Studies have recorded the angiotensin II reactivation and aldosterone escape dur-
ing treatment with ACE-I or ARB [42], possibly due to accumulation of renin and 
angiotensin I and to the recently discovered renin-dependent but ACE-independent 
pathways, which account for 30 to 40% of angiotensin II formation in the normal 
status. However, experimental studies have shown that the direct renin-prorenin 
interaction has no direct contribution to the increasing aldosterone levels, which 
indicates that there exists also and angiotensin II escape pathway involved [43].

Furthermore, it appears that ACE gene polymorphisms [44] intervene in the ade-
quate regulation of the neurohormonal response to long-term treatment, involving 
the angiotensin II type 2 receptor (AT2R) [45], which, although its functional effects 
are still unclear, influences hemodynamic function and circulating RAS mediators. 
Moreover, for chronic heart failure patients, a higher prevalence of the DD pheno-
type for ACE has been described [46].

The same receptor is the main character in the escape pathway for ARB treat-
ment, which is related to an AT2R-dependent mechanism correlated with target- 
organ damage in animal models. Recent studies investigate the involvement of 
proteins expressed by the extracellular matrix in the adrenal cortex, such as bone 
morphogenetic protein (BMP) [47] and endothelin-1 (ET-1) in the design and func-
tion of the aldosterone escape pathway.

7 Pathophysiological Insights in Resistant Hypertension



98

Hence, the presence of the BMP system, which has been shown to stimulate 
angiotensin II-induced aldosterone production, appears to be an event pertaining to 
the aldosterone cellular escape pathway, triggered under the influence of long-term 
ARB treatment [48]. Additionally, the role of the endothelin system is being inves-
tigated within the framework of chronic heart failure. It has been shown that endo-
thelin- 1 (ET-1) system functions as a stimulating factor for aldosterone secretion via 
both A and B receptors, while the ET peptide ET-1(1–31) seems to be a contributor 
to adrenocortical growth [49].

Therapeutic correlation Given the important role played by the ET-1 system in 
the aldosterone escape pathway and the connection with secondary organ damages 
associated with RH, the potential use of endothelin antagonists in the prevention of 
cardiovascular disease is being discussed [50].

The main initiator of the escape process appears to be an important decrease in 
the levels of thiazide-sensitive NaCl cotransporter (NCC) in the distal convoluted 
tube, while concurrently increasing in the apical Na/H exchanger of the proximal 
tubule (NHE3), events which have shown to be nitric oxide dependent [51].

Also related to the aldosterone homeostasis is the expression of human prostasin 
transgene, which regulates the RAAS and kallikrein-kinin systems, and the circula-
tory levels of the atrial natriuretic peptide [52], although further research is neces-
sary in order to enable their possible therapeutic targeting [53].

Finally, oxidative stress is a contributing factor which mediates the pathogenesis 
of chronic cardiovascular and renal damage associated to the malfunctions in the 
RAAS system and aldosterone homeostasis such as activation of the nuclear tran-
scription factor kappaB and stimulation of pathways and genes that promote vaso-
constriction, endothelial dysfunction, cell hypertrophy, fibroblast proliferation, 
inflammation, excess extracellular matrix deposition, atherosclerosis, and thrombo-
sis [54].

 Aldosterone/Renin Ratio

With respect to mineralocorticoid receptors, specialists differentiate two subtypes 
of RH, associated with high and with normal plasma levels of aldosterone. The first 
subtype is characterized by primary aldosteronism, obstructive sleep apnea, aldoste-
rone escape mechanism previously described, and increased aldosterone/renin ratio 
[55], with increased plasma aldosterone levels, but without primary aldosteronism 
features. The second subtype of hypertension is described by obesity, diabetes mel-
litus, chronic kidney disease, and polycystic ovary syndrome, and it is mediated by 
mineralocorticoid receptor activation through individual MR pathways.

Primary aldosteronism holds a special position in the physiopathology of resis-
tant hypertension since it seems to be particularly characteristic for this subgroup of 
patients, therefore providing potential grounds for designing a screening protocol. 
Moreover, as advances in identifying confirmatory testing, subtype differentiation 
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and assay methodology are accumulating, and new treatment approaches are also 
elaborated [56].

Therapeutic correlation Increased plasma aldosterone levels and primary aldoste-
ronism are associated with the absence of aldosterone escape phenomenon in the 
context of long-term treatment with ACE-I or ARB, which provides the opportunity 
to use a first-line therapy with mineralocorticoid receptor antagonists [57]. 
Conversely, for resistant hypertension associated with normal plasma aldosterone 
levels, ARB or ACE-I may be used as first-line therapy with the introduction of an 
MR antagonist as an add-on agent [58].

Furthermore, it has been proved that decreased expression of regulators of G pro-
tein signaling 2 (RGS2) contributes, together with increased plasma aldosterone lev-
els and high aldosterone/renin ratio, to the development of resistant hypertension [59]. 
It has also been suggested that increased levels of corticotropin could determine the 
increase in aldosterone, as well as in brain and atrial natriuretic peptide levels [60].

Therapeutic correlation Experimental studies have shown that the subacute modi-
fications in RAAS activity during ACE-I treatment, reflected in increases in the 
urinary aldosterone/creatinine ratio, indicate an incomplete blockade of the system 
and the presence of escape mechanisms, which could prove useful in evaluation of 
effectiveness of therapy and a better management of the disease [61].

 Renin and Prorenin

Within the current trend of optimization of RAAS blockade in RH, a special interest is 
dedicated to the prorenin receptor (PRR). This component of the RAAS system is located 
in the kidneys, within mesangial cells, renal arterioles, and distal nephron segments, and 
has four distinct functions: (1) To bind renin and prorenin in the production of angiotensin 
I, increasing renin catalytic activity and activating prorenin. (2) To activate intracellular 
signals when a ligand binds to PRR, upregulating the expression of profibrotic genes. (3) 
To contribute to the functions of vacuolar proton ATPase. (4) To take part in the Wnt 
signaling pathways [62], which play a critical role in adult and embryonic stem cell biol-
ogy, embryonic development, and various diseases such as cancer [63].

Additionally, given that the stimulatory effects of prorenin on microglial acti-
vation and production of proinflammatory cytokines have been ascertained, the 
PRR could also be involved in the development of RAAS-induced neurogenic 
hypertension [64].

While results of animal studies did not clearly ascertain the significance of PRR 
in hypertension or in organ damage, human studies indicated that there exists a cor-
relation between a polymorphism of the PRR gene and blood pressure [65]. 
Moreover, while the mechanisms involved in regulation of renin in the collecting 
duct are not elucidated yet [66], it appears that increase in renin synthesis and 
activity independent of blood pressure at this location may contribute to the  
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additional production of intrarenal and intratubular angiotensin II, while renin-PRR 
interactions could be involved in the development of hypertension and kidney dis-
ease [67]. Several researches have shown a stimulating effect of the intrarenal 
angiotensin II on PRR expression [68] through a succession of processes which 
involves the cyclooxygenase-2-prostaglandin E2 pathway with vasoconstrictor 
effects [69] and the prostaglandin E-prostanoid 4 receptor [70], therefore leading to 
the development of angiotensin II-dependent hypertension [71].

Therapeutic correlation Even though experimental research has not been yet able 
to fully understand the involvement of PRR in each cell and disease context, the 
usage of PRR as potential target in RH prevention and treatment is currently being 
considered, as it has been shown that neuron-specific PRR knockout hinders the 
development of salt-sensitive hypertension [72]. Therefore, the addition of a renin 
inhibitor in the treatment of RH and associated organ damage could increase the 
efficiency of RAAS blockade in tissues [73].

 Angiotensin Receptors

The role and interaction of angiotensin receptors have also been investigated within 
the context of RH. While the physiological functions of angiotensin type 1 receptor 
(AT1R) are well ascertained and described, the involvement of type 2 receptor (AT2R) 
is far less investigated. The location of AT2 expression largely in vascular endothelial 
cells and muscular media in resistant arteries and in the perivascular nerve fibers as 
well indicates its involvement in systemic and neuronal blood pressure regulation 
[74]. Also, experimental studies on insulin-resistant hypertensive rats have shown that 
one function of AT2R is to counterbalance the effects of AT1R on blood pressure and 
glucose metabolism [75], while the actions of both receptors are dissociated from 
their involvement in glucose metabolism. With respect to AT1R, studies have shown 
that various factors are involved in its regulation in salt- sensitive HT such as the renin-
angiotensin system [76] and estrogenic hormones [77]. Furthermore, it has been 
reported that polymorphism of AT1 A-C1166 gene could be involved in the defective 
regulation of blood pressure of RH patients [78]. Activation of AT1R in cardiac hyper-
trophy appears to be mediated by autocrine and paracrine effects of locally produced 
angiotensin II, although there are studies which indicate an angiotensin-independent 
activator effect for mechanical stress [79]. Further studies are required in order to 
complete the description of the pathophysiological functions for this receptor.

 Chymase

As part of the effort to optimize the effects of RAAS blockade, investigations 
regarding production pathways for angiotensin II have introduced chymase as an 
essential enzyme involved in this process [80]. Chymase is synthesized in mast cells 
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and endothelial cells in the human heart [81], as well as in cardiac interstitium [82]. 
Its activity results in continuing conversion of angiotensin I to angiotensin II despite 
effective ACE-I treatment, with apparently higher specificity for angiotensin than 
ACE. Chymase-dependent mechanisms may be involved in progression of chronic 
kidney disease [83] as well as adverse atrial and ventricular remodeling.

On the other hand, the involvement of neutral endopeptidase 24.11 in cleavage of 
atrial natriuretic peptide and angiotensin II has been investigated, establishing that 
inhibition of the enzyme modulates circulating levels of angiotensin II when basal 
levels are above normal [84].

Therapeutic correlation Therapeutic targeting of RAAS system is currently being 
redesigned by the inclusion of the alternate pathways for the generation of angioten-
sin peptides. Additionally, to renin inhibitors, dual inhibitors of ACE and endopep-
tidase 24.11 are being considered, as well as gene therapy or antibody treatment.

 Intracellular RAAS

The recent discovery of locally generated angiotensin products (angiotensin II, III, 
and IV and Ang 1–7) in several tissue and organs such as the brain, bone marrow, 
adipose tissue, epididymis, carotid body, liver, and pancreas [85], together with new 
evidence that the prorenin/renin molecule is an intracrine enzyme, has led to the 
introduction of the concept of intracellular RAAS [86], which describes indepen-
dent intracrine/autocrine/paracrine subsystems located in tissues throughout the 
entire organism, opposing the endocrine system paradigm [87]. Thus, RAAS sys-
tem is proving out to be a continuous process involving both large and small struc-
tures, with independent control at several levels. Recent evidence establishes that in 
its structure enter four main axes: (1) the classical renin-ACE-angiotensin II; (2) the 
prorenin-PRR-MAP kinase; (3) the ACE2-Ang 1–7/Mas receptor, with seemingly 
antagonistic effect; and (4) the angiotensin IV-insulin-regulated aminopeptidase 
[88]. The locally generated angiotensin peptides apparently have multiple and new 
functions such as cell growth, antiproliferation, apoptosis, reactive oxygen species 
generation, hormonal secretion, promotion of inflammation and fibrosis, and vaso-
constriction and vasodilation.

Although the pathophysiological functions of these systems have yet to be 
described in detail, evidence indicates the involvement of tissue intracrine systems 
in etiopathogeny of cardiovascular disease and in cardiovascular structural remodel-
ing [89]. There appears to be also an angiotensin-regulated synthesis of aldosterone 
in the cardiac tissue, which indicates the possible existence of an RAAS local car-
diovascular system [90]. Experimental studies show that in diabetic conditions, the 
cardiac intracellular RAAS is activated, increasing oxidative stress and cardiac 
fibrosis [91]. Moreover, local RAAS seems to be involved in control of cell com-
munication and inward Ca(2+) current [92].
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Recent studies have shown the involvement of kidney local angiotensin II pro-
duction in regulation of blood pressure and proximal tubular reabsorption [93] on 
rats and mice [94]. Moreover, as internalization of angiotensin II has been demon-
strated, it is still uncertain if this process is involved in intracrine and signaling 
pathways [95].

Similarly, the RAAS in the hematopoietic bone marrow is involved in mediation 
of pathobiological dysregulations of hematopoiesis, while the presence of ACE has 
been ascertained in human primitive lymphohematopoietic cells, as well as in 
embryonic, fetal, and adult hematopoietic tissues [96]. It appears that angiotensin II 
triggers the proliferation and differentiation of CD34+ stem cells through binding 
with angiotensin II type 1a membrane receptors. Moreover, the human umbilical 
cord blood seems to comprise a local RAAS, and expression of renin, angiotensino-
gen, and ACE mRNAs has been demonstrated, with possible involvement in cellular 
growth in several tissues [97].

Existence of local RAAS in the brain has been demonstrated in dendritic pro-
cesses of neurons in the medial nucleus tractus solitarii and area postrema [98], 
areas involved in central cardiovascular effects triggered by angiotensin II, through 
identification of intracellular and plasmalemmal AT1 receptors and of intraneuronal 
production of angiotensin II [99].

In the pancreas, the local RAAS has been identified in pancreatic acinar, isled, 
duct, endothelial, and stellate cells, while its expression is modulated in accordance 
with various stimuli such as hypoxia, pancreatitis, islet transplantation, hyperglyce-
mia, and diabetes mellitus [100].

The presence of local intracrine RAAS has been ascertained in the liver as well, 
where it has been reported to act in concert with or independently of the endocrine 
renin system [101].

 Tissue Kallikrein-Kinin

Within the framework of these new concepts introduced in the description of RAAS, 
it seems that hypertension could be in fact the consequence of an imbalance between 
the vasodepressor and vasopressor hormonal systems. Moreover, local hormonal 
systems could be put together by vasodepressor hormones such as kinins, prosta-
glandins, and endothelium-derived relaxing factor. The tissue kallikrein-kinin sys-
tem could be involved in local regulation of circulation, renal function, as well as in 
the acute antihypertensive effect of ACE-I [102].

Involved in several intracellular signaling pathways, angiotensin II contributes 
significantly to the organ damage associated with RH. While the upregulation of its 
intracellular signaling increases the risk for kidney damage in hypertension [103], 
its inhibitory influence on several receptors and regulatory proteins in the insulin 
signaling pathways leads to a higher insulin sensitivity, thus decreasing the risk for 
type 2 diabetes mellitus [104]. The pathological changes in the heart and blood ves-
sels generated by the abnormal activity of fibroblasts involve multiple intracellular 
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pathways, which, although still incompletely elucidated, implicate angiotensin II as 
activating factor for an extracellular signal-regulated kinase (ERK1/2) [105]. On the 
other hand, excessive angiotensin II signaling leads to high levels of intracellular 
calcium recruitment in fibroblasts, though recent research has shown that this event 
is diminished by insulin in insulin-sensitive individuals [106]. Hence, since the 
insulin resistance appears to be related to a subnormal Galpha(i2)-mediated signal 
transduction, it could provide a pathway for regulation of angiotensin II signaling 
pathway.

 Protective Pathways

Several studies have reported protective roles for some of the elements described 
above. Thus, the AT1R is one of the main characters of the ACE-angiotensin 
II-AT1R pathway, which functions as a counter-regulatory axis for RAAS. It has 
been suggested that AT1R functions as stimulatory factor on sodium reabsorption 
as they are related to the increased expression of specific tubular sodium transport-
ers [107], while AT2R has the reverse action, increasing natriuresis and lowering 
blood pressure through an autocrine cascade including bradykinin, nitric oxide, and 
cyclic GMP and controlling vasodilator prostaglandins [108]. It seems that the 
interaction between these renal pathways bears significance for the increase of 
long-term effective management of blood pressure, with AT2R having an opposite 
protective role to that of AT1R. Moreover, experimental studies have shown that 
AT2R stimulation mediates vasodilatory and natriuretic effects, increasing renal 
function especially in women, which indicates a potential therapeutic target for 
cardiovascular disease [109].

Several studies have attributed a protective role for plasma angiotensin 1–7 in the 
vascular smooth muscle, through reversal of vascular proliferation [110], as well as 
a role in regulation of metabolic pathways related to cell death and survival in 
human endothelial cells [111]. Furthermore, it seems that the protective signaling of 
angiotensin 1–7 against diastolic dysfunction is independent of blood pressure regu-
lation [112] and is mediated through activated pathways contributing to Ca2+ han-
dling, hypertrophy, and survival. Moreover, another counter-regulatory axis for 
RAAS, the ACE-angiotensin 1–7-Mas receptor pathway, plays a significant role in 
cardiovascular repair [113], with antihypertrophic and antifibrotic actions [114], 
through stimulation of CD34+ stem/progenitor cells, which are cardiovascular pro-
tective [115]. Although the renal protective action of this peptide hormone is 
reported, especially against endothelial dysfunction or angiotensin II-stimulated 
tubular damage, its involvement in glomerular function is not yet fully elucidated 
[116]. Conversely, it appears that the involvement of angiotensin 1–7 in blood pres-
sure regulation is mostly indirect, through interaction of bradykinin and nitric oxide 
signaling [114], while there are studies which suggest it could act as an endogenous 
ACE inhibitor [117], given increased levels of angiotensin 1–7 during ACE-I admin-
istration [118].
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Among other protective agents in the pathophysiological dynamics of RH, stud-
ies report that vitamin D could ameliorate HT and renal damage, through genomic 
and extra-genomic pathways [119], while vitamin D receptor-modulated expression 
of heat-shock protein 70 has a protective intervention against angiotensin II-induced 
HT and renal damage [120]. Estrogens have proven to be intervening in reduction 
of vascular damage, mainly through the nuclear estrogen receptor alpha, and pro-
tecting against angiotensin II-induced hypertension [121]. Additionally, overexpres-
sion of Smad7 protein has a protective role in angiotensin II-mediated hypertensive 
cardiac remodeling as well [122]. Downregulation of p22hox, an important compo-
nent of NADPH oxidase complex, plays a protective anti-inflammatory effect in 
angiotensin II-induced oxidative stress, through suppression of MAPK and NF-kB 
signaling pathways [123]. Melatonin hormone is involved in protection against 
hypertension, as melatonin receptors are involved in regulation of the RAAS system 
[124]. Finally, local kallikrein-kinin system (KKS) pathways are significantly 
implicated in endogenous cardiovascular protective mechanisms [125], while stud-
ies substantiate the finding that kinins are mediators of these mechanisms, their role 
in the cardiovascular system, as well as the interaction between KKS and RAAS 
being still insufficiently investigated [125].

 Sodium Involvement in Resistant Hypertension

 Dopamine

The complex network of mechanisms involved in regulation of sodium balance in 
physiological and pathological circumstances is extensively investigated in relation 
with the events describing the genesis of RH. The processes surrounding sodium 
excretion and reabsorption involve the interactive relationship between the renin- 
angiotensin- aldosterone system (previously described in “RAAS Mechanisms” 
section.) and the renal dopaminergic system, centered on the synthesis and activity 
of intrarenal dopamine [126].

Increased levels of dopamine and the consequent over-activation of dopaminer-
gic receptors are triggered by high NaCl intake and result in decreased epithelial 
sodium transport and increased sodium excretion, with additional stimulation of 
antioxidant and anti-inflammatory pathways. Therefore, alterations in the essential 
processes featuring dopamine such as biosynthesis, receptor expression, and signal 
transduction are consistent with the imbalance in renal sodium excretion character-
istic for hypertension [127].

Therapeutic correlation Due to its essential role in sodium processing and regula-
tion of renal blood flow, current research brings about the possibility to use dopa-
mine as a nephroprotective agent in order to prevent renal failure. Further 
investigation will have to show if this strategy is a viable option for critically ill 
patients.
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The activating factors of these deficiencies are still not identified [126], although 
recent research seems to indicate high sodium intake and elements that favor the 
insulin resistance state such as diets high in carbohydrates and fat. There are also 
surging issues regarding the altered abilities of intrarenal sodium sensors, given the 
sensitization effects of high sodium intake and volume expansion on the renal dopa-
minergic system. Experimental studies have ascertained the correlation between 
impaired renal dopamine production and failure to eliminate acute increase in 
sodium load on genetically altered rat populations [127].

There are two types of receptors associated with the physiology of dopamine, 
namely, D1-like receptors (D1 and D5) and D2-like receptors (D2, D3, and D4) [128]. 
In normal status, dopamine synthesized at the renal level behaves as an autocrine/
paracrine/natriuretic hormone and initiates the inhibition of apical and basolateral ion 
transports and exchanges resulting in decreased tubular sodium reabsorption [129]. 
The binding of stimulatory guanine nucleotide-binding proteins (G proteins, such as 
Gαs and Golf) on D1-like receptors leads to the activation of multiple cellular signal-
ing systems such as adenylyl cyclase and phospholipase C (PLC) [130]. Therefore, it 
seems that a defective coupling of the D1-like receptors to their G protein complex 
could be responsible for the disturbances in the sodium processing systems which are 
recorded in hypertension [131]. Current research suggests that in rats as well as in 
humans the uncoupling of D1-like receptors from the G protein/effector complex 
could be caused by their ligand-independent hyperphosphorylation and desensitiza-
tion [132]. These processes may be determined by the inability of D1-like agonists to 
increase the activity of a specific enzyme, protein phosphatase 2A [133], which plays 
an essential role in the regulation of the G protein- coupled receptor function.

Therapeutic correlation Recent studies show that direct interstitial stimulation of 
D1-like receptors with fenoldopam, a selective receptor agonist, triggers natriuresis 
via an angiotensin type 2 receptor mechanism, with possible further implications in 
the therapeutic management of hypertension [134].

On the other hand, experimental research identified the genetically determined 
defective coupling of D1 receptors to the G protein/adenylyl cyclase complex as the 
possible culprit in the impairment of the renal dopaminergic system [132]. The 
defect is identifiable prior to the initiation of hypertension and is consistent with the 
hypertensive phenotype while not being relayed to other humoral agents. It appears 
to be a “mistargeting” mechanism which is not caused by a mutation in the primary 
sequence and is yet to be identified [135]. Moreover, the defect could not be recorded 
in other renal locations outside the proximal tubules. This receptor impairment 
results in the failure of D1 agonists to inhibit Na+/H+ exchange activity. Furthermore, 
apparently, the decreased renal sodium excretion after dopamine administration is 
related to decreased cyclic AMP synthesis and to the impaired ability of dopamine 
to inhibit Na+,K + −ATPase activity. Besides dopamine, experimental studies on 
rats show that toxin-sensitive G proteins (pertussis and cholera toxin) are directly 
involved as well in the regulation of proximal tubule Na+, K+-ATPase activity, their 
activity being abnormal in hypertensive rat populations, resulting in enhanced salt 
reabsorption in the kidney [136].
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In normal status, D1-like and D2-like receptors are the initiators of several 
signaling pathways which result in activation of adenylyl cyclase, increased cyclic 
adenosine 3′,5′-monophosphate (cAMP) levels, protein kinase activation, stimula-
tion of phospholipase Cβ1 in renal tubules, suppression of protein kinase B signal-
ing pathway, and activation of mitogen-activated protein kinase while concurrently 
interacting with one another and creating new signaling pathways, which in turn 
increase phospholipase C (PLC) stimulation in renal cortical cells [129].

Deficiencies in these signaling pathways lead to inhibition of Na+, K+-ATPase 
determined by an impaired activation of phospholipase C and protein kinase 
C. Recent experimental investigations bring supplementary evidence as to the signi-
fication of the decrease in levels of the specific antipeptide Gq/11 alpha and impaired 
metabolism of arachidonic acid, a product of phospholipase A2, which, together 
with the decreased activation of G proteins, contribute to the decreased dopaminer-
gic inhibition of sodium pump activity [137]. Additionally, it has been suggested 
that the dopamine D1 receptor-mediated stimulation of PLC is a consequence of 
protein kinase A activation, which increases PLC-gamma in cytosol and cell mem-
brane with the contribution of protein kinase C activation [138].

Therapeutic correlation Studies on black normotensive and hypertensive salt- 
sensitive versus salt-resistant subjects have shown a deficiency in the renal dopami-
nergic system that triggers the natriuretic response to high sodium intake only in 
salt-resistant subjects and only under low-sodium diets. It seems that this deficiency 
is associated with a decreased decarboxylation of dopa into dopamine [139].

 Epithelial Na+ Channel Proteins

The traditional approach of epithelial Na+ channel (ENaC) proteins discusses them 
from the point of view of their involvement in the salt and water processes involved 
in blood pressure regulation from the aldosterone-sensitive renal cortical-collecting 
duct, as the closing effector element of the renin-angiotensin-aldosterone system 
(RAAS) [140].

Nevertheless, recent studies have brought evidence in support of three essential 
nontubular roles of these proteins [141]. The first role is related to their activity in 
the central nervous system. Thus, ENaC from the choroid plexus and cardiovascular- 
regulatory brain stem nuclei act as sensors of the cerebral spinal fluid for variations 
in sodium balance and participate in sodium regulation mechanism by eliciting an 
increased sympathetic activity as response to high sodium levels in order to induce 
vasoconstriction and proximal tubule natriuresis. Moreover, a recent study reports 
that enhanced expression of ENaC generates salt-induced pressor activity [142].

The second location for ENaC intervention is at the vascular level, where one of 
their roles is the intervention in endothelial cell function, where they mediate shear 
stress and endothelial membrane stiffness, in a newly discovered, but still incom-
pletely investigated, pathway for regulation of vascular tone, while the second role 
is as mechanosensors that initiate the vascular smooth muscle cell-mediated myogenic 

A. Burlacu and A. Covic



107

constriction, independent of neural influences. Their role as mediators in the mecha-
nism of renal blood flow autoregulation and protection from increased systemic 
pressure has been supported by experimental studies as well, which have correlated 
high blood pressure with increased level of ENaC proteins.

Ultrastructurally, the ENaC proteins consist of four homologous subunits (α, β, 
γ, and δ) encoded by genes SCNN1A, SCNN1B, SCNN1G, and SCNN1D, which 
belong to the ENaC/degenerin superfamily, together with other related proteins 
such as degenerin, described in nematodes, and acid-sensing ion channel (ASIC) 
family, recorded in mammals. Their protein structure reflects the function of extra-
cellular proton and/or mechanosensors for either extracellular Na+, shear stress, or 
strain [143].

Through their extracellular domain which interacts with the extracellular envi-
ronment, the ENaC proteins function as fine-tuning mechanisms on the long-term 
regulation of renal Na+ and water balance and hence of blood pressure. Thus, ENaC 
functions as convergence point of these signaling pathways as activation in central 
ENaC leads to increased renal vascular resistance and increased Na+ renal reab-
sorption, while concurrently stimulating the RAAS system, which brings about 
supplementary consequences in renal hemodynamics and salt/water transport. 
Simultaneously, the functions of ENaC at the vascular level resulting in vasodilation 
and myogenic-mediated vasoconstriction lead to increased renal tubular Na+/water 
transport due to alterations in peritubular capillary pressure. Long-term loss of myo-
genic constriction results in renal injury associated with hypertension.

Therapeutic correlation Given their essential role in regulation of body salt and 
water homeostasis, ENaC and ASIC proteins represent viable therapeutic targets for 
a possible long-term control of resistant hypertension [144]. Studies report that H2S 
prevents advanced glycation end products (AGEs)-induced ENaC activation in A6 
cells, which could have an important significance in the management of diabetic 
hypertension [145].

Furthermore, the inhibitory regulation of ENaC has been attributed to the inter-
vention of an intrinsic purinergic signaling system, which involves the metabotropic 
P2Y2 purinergic receptor in the relay of paracrine ATP signaling. It has been shown 
that mutations involving ENaC activity and defective regulation of this channel, such 
as loss of purinergic inhibition or stimulation of P2Y2, result in abnormal variations 
in blood pressure and Na excretion, which support the possible causative role of 
purinergic signaling pathway of the distal nephron for specific form of hypertension 
[140]. As to the stimulatory regulation of ENaC, experimental research has shown 
the contribution of norepinephrine [146], by observing the presence of noradrenergic 
nerve fibers in close proximity to ENaC-expressing cells, and of ethanol, which 
probably increases intracellular oxidative stress through acetaldehyde [147].

These findings support the hypothesis that RH associated with alcohol con-
sumption does not fall within the category of true RH, and could be of a transient 
nature, even if there are no studies investigating the degree of its reversibility in 
the circumstances of complete alcohol abstinence. Moreover, effects of ethanol 
exposure involved both ENaC gating, by increasing open state probability and 
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also surface abundance, increasing ENaC availability at the apical membrane, 
which proves that the mechanism in which ethanol interferes with salt and water 
transport is extremely complex. Further research is required in order to ascertain 
the relevance of ethanol concentration and chronic consumption in the etiology 
and dynamics of RH, and, given that oxidative stress is the main culprit for the 
variations in ENaC activity after ethanol administration, it is essential to under-
stand the reasons for which it enhances ENaC activity under the influence of cer-
tain factors (such as ethanol) [148].

Genetic mutations through targeted substitution of the tryptophan residues in the 
transmembrane domain lead to an increased steady state at hyperpolarizing voltage 
potentials associated with transient activation times [149], while through site- 
directed mutagenesis the inhibitory effect of external sodium concentrations can be 
altered, an acidic cleft being the main ligand-binding locus for ENaC and possibly 
for other members of the ENaC/ASIC superfamily [150].

 Other Molecules

The sodium pump ligand, ouabain, is currently investigated as a possible main char-
acter in the etiopathogeny of salt-dependent hypertension, as high levels of ouabain 
appear to be involved in the sustained increased of sympathetic nerve activity elic-
ited by high sodium intake, participating in a hypothalamic signaling pathway 
together with aldosterone, ENaC, and angiotensin II, while at the periphery ouabain 
synthesized by the adrenal cortex increases vasoconstriction through specific sig-
naling pathways [151].

At the cardiovascular level, ouabain, through its function as a growth factor, may 
be involved in the vascular remodeling associated with RH, and it has been associ-
ated both to left ventricular dysfunction and hypertrophy.

Ouabain seems to be a component of a new CNS-humoral axis, which intercon-
nects the central nervous system with RAAS and sodium regulation system, con-
tributing to the chronic pressor effect of brain angiotensin II [152]. Within the same 
framework, ouabain seems to stimulate through specific pathways, activated also by 
sympathetic activity, the endogenous ligand of alpha(1) sodium pump, adrenocortical 
marinobufagenin, which inhibits renal Na-K-ATPase and increases blood pressure 
[153, 154]. Moreover, a genetic pathway has been described, associated with both 
acute and chronic salt variations, that involves the uromodulin gene [155], which 
modulates tubular sodium excretion, while the lanosterol synthase gene, related to 
the synthesis of endogenous ouabain, influences vasoconstrictor activity which 
modulates circulating ouabain levels.

Therapeutic correlation The complex physiopathologic relationship between salt 
intake, genetic control of renal sodium processing, and endogenous ouabain effect 
is still incompletely deciphered. However, new antihypertensive agents [156] are 
being currently tested that selectively antagonize the effects of ouabain and another 
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associated protein, adducin, in enhancing the Na-K function and increasing sodium 
reabsorption and blood pressure.

Among the mechanisms involved in RH pathogeny, experimental studies have 
described the involvement of the α2-Na+ pump, whose pathologic upregulation 
leads to excessive Ca(2+) entry and signaling, contributing significantly to blood 
pressure elevation [157]. Moreover, several trials have attributed the molecular 
identity of the H(+) transport pathway to the voltage-gated proton channel, HV1, 
which promotes superoxide production in medullary thick ascending limb nephron 
segments in the presence of decreased levels of intracellular sodium, thus contribut-
ing to the development of hypertension and renal disease [158].

 Oxidative Damage and Inflammation

In recent years, there has been increasing evidence related to the involvement of the 
immune system in the pathogenic mechanism of hypertension. A neuroimmune axis 
[159] has been proposed which connects the sympathetic nervous system, immune 
cells, the production of cytokines, and vascular and renal dysfunction, orchestrated 
in a complex interaction that brings about severe and resistant hypertension. As our 
discussion on the implication of the immune system will unfold, we will attempt to 
present the latest data that seem to substantiate the theory that one of the multiple 
facets of RH could be that of autoimmune disease [160].

Thus, studies have reported the accumulation of macrophages and long-lived 
memory T cells [161] in the kidneys and blood vessels of humans and experimental 
animals with RH, and the impaired blood pressure response of lymphocyte- deficient 
mice to several stimuli (such as angiotensin II, increased salt levels, and norepi-
nephrine) can be restored by the adoptive transfer of T cells. Immune cell activation 
in hypertension is apparently regulated via the central nervous system, since experi-
mental data has shown that damage to the anteroventral third ventricle impedes 
T-cell activation triggered by angiotensin II.

It is therefore likely that the initial increase in blood pressure termed as “prehy-
pertension” [162], caused by over-activation of the sympathetic pathway in response 
to common mild hypertensive stimuli, generates neoantigens by modifications in 
protein structure caused by oxidative stress [163]. It is reported that proteins modi-
fied through oxidation by highly reactive γ-ketoaldehydes (isoketals) are  synthesized 
by dendritic cells due to hypertensive stimuli administrated to animal models [164]. 
Accumulation of isoketals leads to the activation of the antigen-presenting function 
of these cells and represents the source of self-antigens. The immune cascade is 
consequently initiated, the dendritic cell playing an essential role through its func-
tion in processing and presenting the neoantigens and neopeptides resulted. 
Activation of dendritic cells results in increased production of IFN-γ and IL-17A 
and increased proliferation of T cells, mainly CD8+. Furthermore, experimental 
studies show that an important contribution in the consequent activation of CD8+ T 
lymphocytes may be played by the co-stimulatory molecules CD70, CD80, and 
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CD86 expressed by dendritic cells, as well as IL-15, a cytokine synthesized by renal 
epithelium as a result of inflammation [165].

The subsequent migration of activated T cells and macrophages in the kidney 
and blood vessels contributes to the renal and vascular impairment through synthe-
sis of inflammatory cytokines (IL-6, interferon-γ, and IL-17) [162]. At the vascular 
level, the inflammatory cytokines synthesized by activated T cells lead to increased 
arterial stiffness, as studies report detectable levels of IL-1β in patients with resis-
tant hypertension, while apparently TNF-α is likely to intervene in the mediation of 
vascular damage as well [166, 167]. Other inflammatory biomarkers involved in the 
vascular dysfunction associated with resistant hypertension are E-selectin, 
P-selectin, and MCP1, high levels there of being recorded in the serum of patients 
with hypertension [168].

Therapeutic correlation Due to the involvement of memory T cells in cytokine 
synthesis, which leads to angiotensinogen production and Na+ retention, prevention 
of end-organ damage and hypertension could be achieved through interventions 
which would target the formation or accumulation of specific subsets of memory T 
cells in the kidney [169]. On the other hand, there are also recent discussions about 
the design of a vaccine for hypertension [170] which would target the specific pep-
tides involved in the pathogenic mechanism. Furthermore, given that isoketal scav-
engers prevent the development of the immune cascade associated with hypertension, 
these modified proteins represent a potential target for new treatment strategy in 
resistant hypertension [164].

In addition to the dynamics of the cellular processes involved in the immune 
aspect of RH, studies also assign an important contribution to oxidative stress in the 
increase of hypertension, although the etiopathogenic signification has not been 
proven yet in humans. Nevertheless, it has been ascertained that RH patients display 
higher oxidative stress levels, reflected in the endothelial dysfunction and cardio-
vascular modifications specific for hypertension [171].

Oxidative stress (involving reactive oxygen species – ROS) is generated by the 
family of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase family 
(Nox1, Nox2, Nox4, and Nox5), mitochondrial enzymes, xanthine oxidase, and 
uncoupled NO synthase (NOS), through a complex molecular mechanism which 
results from the interaction between the increased expression of adhesion mole-
cules, synthesis of proinflammatory and pro-thrombotic factors, and increased 
endothelin-1 secretion [172]. Consequently, in the dynamics of the molecular 
 processes, increased levels of oxidative stress also lead to decrease of nitric oxide 
levels [15, 173], with the involvement of COX-2 enzyme of the cyclooxygenase 
family, whose increased levels were recorded in essential hypertensive patients, and 
also to the impaired antioxidant ability of the cardiovascular, renal, and nervous 
systems [174].

There is also a subtle interaction between these processes at the level of the cen-
tral nervous system, as research has shown that the genetic manipulation of oxida-
tive stress in the subfornical organ on the dorsal part of the third ventricle influences 
hypertension as well as T lymphocyte activation [162]. As we have already dis-
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cussed in section the section on Neurogenic Pathways, bone marrow is involved as 
well in neuroinflammation, since it is the source for the proliferation of peripheral 
inflammatory cells and their transport into the brain [30].

Therapeutic correlation Clinical trials have investigated the effects of antioxidants 
in hypertensive patients, and although they have not proven to be an operational 
treatment, current research advances the idea of targeting Noxs in an isoform- 
specific manner in the attempt to balance the levels of oxidative stress.

The hypothesis of RH as autoimmune disease is completed by the involvement 
of complement system and standard and high-sensitive C reactive protein [175], 
their increased levels being reflected in the endothelial damage and arterial stiffness 
[176, 177]. Currently, the role of matrix metalloproteinases/tissue inhibitors of 
metalloproteinases (MMPs/TIMPs) system in the pathogeny of hypertension is 
being investigated, indicating a possible contribution to the determination of arterial 
function [178].

Therapeutic correlation Aside from providing partial control of resistant hyperten-
sion, renal denervation brings supplementary evidence as to the sympathetic con-
trol of chronic vascular inflammation [179, 180], since the procedure has beneficial 
outcomes in the decrease of inflammation biomarkers and reduced T-cell activation 
as well [181].

 Genetic Perspectives on Resistant Hypertension

Each previous section on physiopathological mechanisms of RH (neural, RAAS, Na, 
inflammation) includes gene involvement and influence on the various sites, such as 
receptor, ligand, enzyme, or intracellular mechanism. Mutations in the gene that codes 
the respective receptor/enzyme/ligand lead to dysregulation of the entire mechanisms 
and, consequently, to an exaggerated pressor response or insufficient inhibition.

An excellent summarization of the research on gene variants involvement in RH 
was recently published by El Rouby and Cooper-DeHoff [182].

We identified three main directions in the approach of RH gene framework:

• Understanding of the mechanisms behind the inadequate/exaggerated pressor 
response

• Understanding the reasons for the absence of response to usual antihypertensive 
medication

• Elaboration of new treatment approaches

Mainly, the pharmacogenomics of RH envisages the identification of genetic 
markers for the prediction of the response to antihypertensive medication, therefore 
optimizing the treatment scheme and possibly decreasing prevalence of RH [183]. 
Response or lack thereof to treatment is associated with several gene polymor-
phisms (e.g., ADRB1, CACNB2, NEDD4L) [184].
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Genetic profiling will probably lead to the redefinition of the RH paradigm and 
introduce different diagnosis criteria, identifying an entity by the gene/cluster 
involved and not by number of antihypertensive drugs, which will consequently 
determine adequate tailoring of treatment or even the design of new therapeutic 
solutions (e.g., vaccine).

To date, we cannot attempt an exhaustive description of gene mechanisms 
involved, not for RH population subgroup and even more not for the entire essential 
hypertension population, as we are in the midst of a hunting for genes direction. The 
Millennium Genome Project (MGP) for Hypertension launched at the beginning of 
2000 is a complex endeavor, aiming to identify genetic variants conferring suscep-
tibility to hypertension, in the attempt of enriching knowledge and understanding of 
HT etiopathogenesis and designing genome-based personalized medical care. The 
investigation approach is based on two different multilateral directions: (1) genome- 
wide association analysis (GWAS) using single nucleotide polymorphisms (SNPs) 
and microsatellite markers and (2) systematic candidate gene analysis, based on the 
hypothesis that common variants play a significant role in the etiopathogeny of 
common diseases. These approaches singled out ATP2B1 as gene responsible for 
hypertension in Japanese and Caucasian populations. The increased risk for high 
blood pressure granted by specific alleles of ATP2B1 has been widely replicated in 
several populations [185].

However, the simple identification of genetic variants may not fully explain the 
complexity of RH etiopathogenic mechanisms, since their effects may be influenced 
by gene-gene or gene-environment interactions. A suggestive example is a recent 
study which assessed the interaction between gene polymorphisms for ACE 
(rs1799752), angiotensinogen (M235 T, rs 699), and nitric oxide endothelial syn-
thase (Glu 298Asp, rs 1,799,983) and environmental factors (age, gender, biologic 
parameters), reporting that the AGT 235 allele represents an independent risk factor 
for RH, especially associated with over 50 years of age [186].

Both in essential and resistant hypertension, gene analysis reveals the involve-
ment of several genes and interactions between genes and nongenetic factors, as 
opposed to monogenic conditions where genetic analysis can be complete and clear. 
Currently, the gathering of extensive collections of SNPs which can be used as 
markers in GWA studies with the aim to identify hypertension susceptibility loci. 
Therefore, it is expected that markers interrogating SNPs involved in inheritance of 
disease susceptibility will emerge through their association with this trait in the 
afflicted population [187].

There are large studies comprising genetic subinvestigations which have exam-
ined antihypertensive treatment in essential HT and considered the reasons for the 
lack of response to various medication classes (NORDIL, GITS, INSIGHT – cal-
cium –antagonists, GENRES, and MILAN, diuretics). Furthermore, the analysis of 
response to diuretic (hydrochlorothiazide) is based on SNPs (in PEAR and GERA 
studies), while in pharmacogenomics studies it is investigated response to beta 
blockers and diuretics [188, 189].
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There are few data on genetic variants associated with RH. One study aimed to 
identify SNPs associated with RH in hypertensive participants with coronary artery 
disease (CAD) from INVEST-GENES (the International VErapamil-SR Trandolapril 
STudy-GENEtic Substudy). They concluded that ATP2B1 rs12817819 A allele is 
associated with increased risk for RH in hypertensive participants with documented 
CAD or suspected ischemic heart disease [190].

A recent analysis from the Genetics of Hypertension Associated Treatment Study 
assessed the association of 78 candidate gene polymorphisms with RH and con-
cluded that The Met allele of rs699 and the G allele of rs5051 were positively asso-
ciated with RH [191]. Recent GWA studies have revealed that the ATP2B1 gene is 
associated with HT not only in people of European origin but also in Japanese, 
Chinese, and Koreans, while recently investigations have suggested that the ATP2B1 
gene may be involved in mechanisms responsible for calcium homeostasis [192].

 Ethnic Differences in Genetic Predisposition to Hypertension

Transethnic meta-analyses of GWA studies have identified eight blood pressure- 
associated loci which seem to be shared by three ethnic groups – Europeans and 
East and South Asians. The possible sources of heterogeneity have been outlined by 
four genetic mechanisms, from incidence of allelic heterogeneity to variations in 
linkage disequilibrium structure, to gene-gene and gene-environment interactions, 
and, finally, to deficiencies of target variants in other ethnic groups. These mecha-
nisms appear to be the foundation for the considerable ethnic differences reported 
in clinical presentation of HT, response to treatment, salt sensitivity, and impact of 
obesity. It is currently believed that the transethnic meta-analyses are the most use-
ful investigation approach which could prove of use in identifying new susceptibil-
ity loci and pathophysiological pathways and in enabling fine mapping of common 
variants [193].

One GWA study reported results of the Korean Association REsource (KARE, 
8842 subjects) and recorded ten SNPs that showed significant association with 
hypertension. Of these ten SNPs, three were replicated in the Health2 project (7861 
subjects) with the aim to identify an association with systolic or diastolic blood 
pressure. The three significant SNPs were located on four distinct genes: the previ-
ously reported ATP2B1 (rs17249754), the c-src tyrosine kinase gene (rs1378942), 
and the arylsulfatase G gene (rs12945290). Another SNP was associated with the 
increased risk of hypertension, namely, rs995322, located in the CUB and Sushi 
multiple domains 1 (CSMD1) [194].

Future research in this area will be facilitated by enhancing collaboration between 
research groups through consortia such as the International Consortium for 
Antihypertensive Pharmacogenomics Studies, with the goal of translating repli-
cated findings into clinical implementation [195] and into the design and implemen-
tation of the concept of genetic risk score.
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 Physiopathological Mechanisms of RH in Obesity/Metabolic 
Syndrome

While studies report that 30–40% of RH are obese [196–198], the ESC Arterial 
Hypertension Guidelines [199] suggest that weight loss leads to control of hyper-
tension with less medication [200, 201]. Therefore, it is possible that obesity- 
associated hypertension may fall out of criteria for true RH and become essential 
hypertension, since it can be controlled with less than three drugs.

Moreover, the reversibility of RH through weight loss could signify that the 
obesity- associated hypertension is transiently resistant and does not involve exactly 
the same mechanisms as “true” RH. Hence, one can describe different entities which 
only in specific contexts manifests a resistance (transient or sustained) to treatment. 
A solid argument that supports this hypothesis is the lack of response to renal dener-
vation in obesity-associated RH [202].

However, weight loss reverses some of the physiopathological mechanisms, 
decreasing sympathetic activation, plasma renin activity, and circulating leptin and 
insulin levels, while determining an improvement in blood pressure and in vasodila-
tory effect of adiponectin and diminishing other risk factors for atherosclerosis 
[203]. Nevertheless, recent research shows that blood pressure decrease reported in 
weight loss studies may not be sustained, regardless of weight status, which raises 
the need for long-term studies.

The phenotype of RH in obesity comprises insulin resistance and obesity/proin-
flammatory molecules, together with the correlation between demographics, life-
style, genetic factors, and environmental fetal programming [204]. Within this 
framework, insulin resistance holds an important place due to its involvement in 
activation of sympathoadrenal system, which, converging with increased glomeru-
lar filtration of glucose doubled by its reabsorption accompanied by sodium, leads 
to hypervolemia and increased levels of sodium and calcium in vascular walls [205]. 
Thus, the spasm generated determines the increase of peripheral vascular tension, 
while narrowing of the vessels due to insulin-stimulated fibroblast and vascular 
smooth muscle cell proliferation leads to activation of RAAS and, finally, hyperten-
sion [206].

Another factor contributing to the pathogenesis of obesity-associated RH is rep-
resented by abnormal production of adipocytokines [207] such as leptin, resistin, 
perivascular relaxation factors, and adiponectin triggered by excessive fat mass 
[208], which results in imbalances in blood pressure control and, due to their func-
tions as inflammatory, immune, or hormonal signalers, has an impact on insulin 
resistance and cardiovascular risk [209]. Moreover, they are correlated with hyper-
activity of sympathetic and RAAS and contribute to the target-organ damage associ-
ated with HT, being involved in the development of arterial stiffness [210]. Research 
advances the hypothesis that adipokines are the missing link between insulin resis-
tance and obesity, as they are the pivotal element that links the external factors 
involved in obesity pathogenesis with the molecular elements generating the cluster 
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of conditions associated with obesity such as metabolic syndrome, inflammatory 
and/or autoimmune diseases, and rheumatic diseases [211, 212].

Adiponectin, either systemically derived or from perivascular fat, promotes 
endothelial-dependent vasodilation [213]. These effects are diminished with obesity 
in which low levels of plasmatic adiponectin generate higher NO inactivation and 
decreased NO production [214].

Therapeutic correlation An optimized treatment for RH associated with obesity 
will have to take into account the design of strategies for the regulation of adipokine 
synthesis and release.

On the other hand, studies report the interaction between adipokines and the 
immune system, since decreased leptin levels reduce T-cell responses [215], while 
several inflammatory conditions have been associated with modified adipokine lev-
els. Additionally, interleukin-6 and TNF-α secreted by adipocytes trigger the induc-
tion of CRP production and lead to installation of inflammatory state [216]. High 
levels of adipose stem cell proliferation, resulting in increased synthesis of inflam-
matory cytokines, have been correlated with impaired blood pressure control in 
obese subjects [213]. However, the mechanisms by which adipokines intervene in 
the etiopathogenic process of hypertension have not been completely elucidated 
[217].

The central control mechanism of hypertension is also impaired by obesity, as 
experimental studies report that the sympathoinhibitory reflexes such as the barore-
flex arc and the reflex induced by the gastrointestinal hormone cholecystokinin are 
significantly diminished by abnormal weight, resulting from aberrant central signal-
ing triggering decreased responses of rostroventrolateral medulla neurons [218].

Finally, experimental studies reported that the insulin receptor substrate 2 (IRS2) 
intervenes in the effect elicited by the action of insulin on proximal tubule transport, 
through the insulin/PI3-K pathway, with specific regulatory mechanisms [219]. It is 
therefore possible that preserved stimulation of this mechanism could modulate the 
etiopathogenic process of obesity-associated hypertension.
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Chapter 8
Pathophysiological Insights of Hypertension 
in Patients with Chronic Kidney Disease

Faruk Turgut, Mustafa Yaprak, and Faruk Tokmak

Hypertension is present in the vast majority of patients with chronic kidney disease 
(CKD) and constitutes a major cardiovascular risk factor for the excessive cardio-
vascular morbidity and mortality in this population [1, 2]. The prevalence of hyper-
tension is progressively increasing with the severity of CKD, and control of blood 
pressure becomes more difficult with progression of CKD stage [3]. Hypertension 
is also extremely common among hemodialysis or peritoneal dialysis patients and 
those who have undergone renal transplantation. Moreover, resistant hypertension 
and nocturnal hypertension are observed at higher rates in CKD patients [4, 5]. 
Masked uncontrolled hypertension is also more prevalent among CKD patients [6]. 
Furthermore prevalence of hypertension varies with CKD etiology; strong associa-
tion with hypertension was reported in patients with renal vascular disease (93%), 
established diabetic nephropathy (87%), polycystic kidney disease (74%), chronic 
pyelonephritis (63%), and glomerulonephritis (54%) [7]. However, patients with 
CKD caused by primary glomerular or vascular disease invariably have hyperten-
sion, whereas those with primary tubulointerstitial disease may be normotensive or, 
occasionally, salt losing.

Hypertension and CKD are closely associated with an overlapping and inter-
mingled cause and effect relationship. Thus, control of hypertension does not only 
reduce cardiovascular risk but also represents an important modifiable factor in 
slowing further loss of kidney function. Understanding of the pathophysiology of 

F. Turgut (*) • M. Yaprak
Mustafa Kemal University, School of Medicine, Department of Internal Medicine,  
Division of Nephrology, Antakya, Hatay, Turkey
e-mail: turgutfaruk@yahoo.com 

F. Tokmak 
Department of Nephrology, MVZ Gelsenkirchen-Buer, Gelsenkirchen, Germany

mailto:turgutfaruk@yahoo.com


128

hypertension is critical for the management of hypertension in CKD.  However, 
there are large gaps in our understanding of pathogenesis and treatment of CKD- 
related hypertension.

 Pathogenesis of Hypertension in CKD

The role of the kidney in CKD-related hypertension is complex because the kidney 
both contributes to hypertension and is damaged by hypertension. Blood pressure 
typically rises with declining kidney function, and sustained elevations in blood 
pressure accelerate the progression of kidney disease [8]. It is well established that 
hypertension improves after renal transplantation. In a series of patients with CKD 
due to histologically proven hypertensive nephrosclerosis, renal transplantation 
from normotensive donors resulted in the resolution of their hypertension [9].

Primary hypertension is the product of dynamic interactions between multiple 
genetic, physiological, environmental, and psychological factors. The kidneys play 
a pivotal role in long-term blood pressure regulation. The kidneys possess an enor-
mous microvascular surface, which receives approximately 20–25% of cardiac out-
put. Basically, high blood pressure is caused by an increase in cardiac output and/or 
increase of total peripheral resistance. Both can be deteriorated by a variety of dif-
ferent mechanisms in CKD (Fig. 8.1).

Fig. 8.1 Current concepts for the underlying mechanisms of hypertension in CKD
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The kidney acts as an excretory organ, a component in the sympathetic axis, and 
a source of circulating constrictors and dilators. The traditional paradigm is that 
hypertension in CKD is due to either an excess of intravascular volume (volume 
dependent) or excessive activation of the renin-angiotensin-aldosterone system 
(RAAS) in relation to the state of sodium/volume balance (renin-dependent hyper-
tension). However, numerous other factors of exogenous and endogenous nature 
can influence blood pressure in patients with CKD, including enhanced activity of 
the sympathetic nervous system, and factors influencing endothelial function. 
Table 8.1 shows a list of proposed factors in the pathophysiology of hypertension 
in CKD.

 Role of Sodium Retention and Volume Overload

Sodium retention and consequent fluid overload have been well recognized in CKD- 
related hypertension. The normal kidneys are exquisitely sensitive to blood pressure. 
Acute rise in mean arterial pressure elicits a subtle increase in renal sodium and 
fluid excretion. This “pressure natriuresis” also runs contrary and retains sodium 
and fluid during decreases in blood pressure. The normal kidneys are also quite 
effective in balancing volume status so much so that extracellular fluid and blood 
volumes normally vary less than 10% with changes in salt intake. This delicate bal-
ance changes in a bad way with declining kidney function, and blood pressure often 
increases with excessive salt intake.

The regulation of sodium excretion is a highly complex process and is not still 
completely understood. There are so many regulatory pathways affecting sodium 
excretion by the kidney including the RAAS, the mineralocorticoid receptor, the 
endothelin system, and the nitric oxide (NO) [10]. The pathogenesis of hyperten-
sion is largely attributed to positive sodium balance in CKD patients. Many condi-
tions are associated with impaired salt excretion in CKD, including reduced renal 
mass, the RAAS and sympathetic nervous system activation, and altered sodium 
chloride handling in the distal nephron.

Table 8.1 Factors that may cause high blood pressure in chronic kidney disease

Well-known factors
Less-recognized  
factors Plausible factors Drugs

Sodium and volume  
excess

Mineral and bone 
disorders

Sleep apnea ESAs

Activation of RAAS Endothelins Hyperuricemia CNIs
SNS hyperactivity Decreased NO Inflammatory  

cytokines (i.e., TNF)
Steroids

Renovascular disease Oxidative stress Renalase NSAIDs
Arterial stiffness

RAAS renin-angiotensin-aldosterone system, SNS sympathetic nervous system, NO nitric oxide, 
ESAs erythropoietin-stimulating agents, CNIs calcineurin inhibitors, NSAIDs nonsteroid anti- 
inflammatory drugs
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A reduced number of nephrons have been proposed as one of the factors contrib-
uting to the development of primary hypertension. Autopsy series from victims of 
fatal accidents showed that hypertensive patients had fewer nephrons than matched 
normotensive controls [11]. With a decline in nephron numbers, abnormalities of 
sodium homeostasis are prominent, and prevalence of salt-sensitive hypertension 
increases in CKD patients. However, the exact nature of renal defect or defects 
responsible for inappropriate sodium excretion remains unclear.

Subtle renal defects associated with sodium excretion may underlie the patho-
physiology of hypertension in CKD. It has been shown that normotensive subjects 
with family history of hypertension respond to salt loading with less natriuresis and 
higher blood pressure than those with no family history [12].

It is also theorized that sodium may elevate blood pressure through direct vaso- 
toxic effects such as increased inflammation, oxidative stress, and arterial stiffness 
[13, 14]. High dietary salt intake exacerbates hypertension in patients with CKD, 
and dietary sodium restriction decreases extracellular volume and blood pressure in 
this patient group [15]. Chronic forms of glomerulonephritis nearly always show a 
mixture of volume-mediated and vasoconstrictor pathophysiology.

 The Role of Volume Expansion

Rise in blood pressure is initially mediated by expansion of extracellular fluid vol-
ume, despite reduction in total peripheral vascular resistance. Renal salt and water 
retention is sufficient to increase the extracellular fluid and blood volume.

The critical role of volume expansion in hypertension due to CKD is under-
scored by the effect of ultrafiltration or diuretics on blood pressure. Patients with 
CKD have elevated extracellular fluid volume which can be corrected acutely with 
the help of loop diuretics. Persistent diuretic use results in dynamic changes in 
extracellular fluid volume that provides better blood pressure control in earlier 
stages of CKD [16]. In patients with ESRD, the role of extracellular fluid volume 
expansion is also apparent in the pathogenesis of hypertension. Inter-dialytic weight 
gain is associated with inter-dialytic increase in ambulatory blood pressure. It is 
reported that only a minority of patients undergoing better volume control with 8-h 
thrice-weekly or short daily hemodialysis require antihypertensive medications for 
blood pressure control in patients on maintenance hemodialysis [17, 18]. Similarly, 
better blood pressure control can be achieved by strict volume control in peritoneal 
dialysis patients [19].

Positive sodium balance and hypervolemia are the dominant but not sole factor 
in the pathogenesis of hypertension in CKD patients. Additional important volume- 
independent factors regulating blood pressure may also contribute to CKD-related 
hypertension. Some evidence suggests that there is an important sympathetic neural 
component for pathogenesis of hypertension.
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 The Central Role of the Renin-Angiotensin-Aldosterone 
System

The RAAS has powerful effects on control of the blood pressure and on target organ 
damage due to hypertension. It also controls fluid and electrolyte balance through 
coordinated effects on the heart, blood vessels, and kidneys. The system is largely 
mediated by kidneys, and abnormal activation of the RAAS plays a pivotal role in 
CKD-related hypertension.

In the classic pathway of the RAAS, renin release results in the subsequent gen-
eration of angiotensin II and aldosterone secretion. Angiotensin I has little effect on 
blood pressure and angiotensin II is the main effector of the RAAS. The activation 
of RAAS causes angiotensin II-mediated vasoconstriction as well as aldosterone- 
mediated salt retention, thus, resulting to increase both total peripheral resistance 
and blood volume. Angiotensin II can also potentiate sodium reabsorption and 
enhance sympathetic nervous system (SNS) activity.

While plasma renin activity is typically found to be markedly elevated only in 
patients with renal artery stenosis, many patients with CKD have “inappropriately 
normal” renin levels (i.e., lower levels would be expected, considering their 
degree of hypertension and fluid overload). There is also evidence of an intrarenal 
RAAS that is regulated independently of the systemic RAAS [20]. In the kidney, 
all of the RAAS components are present, and intrarenal angiotensin II is formed 
by independent multiple mechanisms. Inappropriate activation of the intrarenal 
RAAS is also an important contributor to the pathogenesis of CKD-related hyper-
tension [20].

Markedly increased plasma renin activity has been well documented in hemodi-
alysis patients with uncontrolled hypertension despite optimized ultrafiltration [21]. 
Treatment of such patients with bilateral nephrectomy or RAAS inhibitors has been 
shown to result in lowered blood pressure, suggesting the failing kidney as the 
source of excess renin activity [21, 22]. Increased renin activity occurs probably due 
to renin secretion in poorly perfused areas such as cysts and scars or after microan-
giopathic damage or tubulointerstitial inflammation.

A high incidence of hypertension (50–75%) occurs early in the course of autoso-
mal polycystic kidney disease, and in this setting, activation of the RAAS is an 
important factor in the pathogenesis of hypertension. The release of excess renin is 
believed to be from renal ischemia due to compression of the renal vasculature by 
enlarging cysts in polycystic kidney disease.

Aldosterone not only potentiates sodium reabsorption in the distal nephron 
through the mineralocorticoid receptor but also directly affects vascular system by 
inducing oxidative stress, inflammation, hypertrophic remodeling, fibrosis, and 
endothelial dysfunction [23]. Aldosterone may play a significant role in the devel-
opment in CKD-related hypertension [24, 25]. However, limited data from human 
studies suggest that aldosterone levels increase as kidney function declines.
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 Sympathetic Nervous System

Increased SNS activity is an important volume-independent cause in pathophysiol-
ogy of hypertension in CKD patients. As the kidney is not only a part of excretory 
system but also a sensory organ, it is richly innervated with sensory and afferent 
nerves. In addition to being the target of SNS, the kidney may also be the origin and 
modulator of this activity. It is well established that renal denervation improves 
resistant hypertension in general population indicating the effect of renal sympa-
thetic nerves on the pathogenesis of hypertension [26]. SNS hyperactivity leads to 
arterial blood pressure elevation and triggers arterial damage.

Increased SNS activity has been demonstrated in CKD patients [27, 28]. SNS 
overactivity is also a feature of renovascular hypertension. Although the underlying 
mechanisms of increased SNS activity are unclear, this overactivity in CKD may be 
caused by neurohormonal mechanisms arising from kidney damage. Chronic renal 
nerve activation stimulates renin along with its effects to modulate renal blood flow 
and tubular function. SNS has a modulatory role rather than primary role in the 
regulation of renin. Some studies have shown that plasma catecholamine levels are 
consistently increased in patients with end-stage renal disease (ESRD) [28]. 
Ischemic injury of kidney increases the activity of SNS.  Furthermore, ischemic 
metabolites or uremic toxins may stimulate afferent nervous input to the central 
nervous system.

In addition to its direct pressor effect, it is possible that the activation of the 
RAAS may contribute to hypertension in CKD by stimulating the sympathetic ner-
vous system. Moreover, locally released angiotensin II appears to mediate central 
activation of SNS activity [29]. Supporting this hypothesis, angiotensin-converting 
enzyme inhibition also reduces the SNS overactivity.

Patients with CKD also have inappropriately increased sympathetic activity for 
their effective volume status. Increased renal sympathetic nerve activity enhances 
the reabsorption of sodium chloride and fluid by the renal tubules, as well as the 
release of renin from the juxtaglomerular apparatus.

 Other Humoral Factors

Manifold other humoral factors have been reported to contribute to elevation of 
blood pressure in CKD. The release of vasoconstrictors (thromboxane or endothe-
lin) or deficiencies in the generation of vasorelaxant factors (nitric oxide, prosta-
glandins) at the level of the vascular endothelial cell may also participate in the 
elevation of blood pressure in CKD patients [30]. The increased levels of vasocon-
strictor substances increasing peripheral resistance can be another predominant 
pathophysiologic factor in CKD-related hypertension. Imbalance between vasodila-
tor and vasoconstrictor prostaglandins is also implicated in the pathogenesis of 
CKD-related hypertension [31].
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 Endothelins

Endothelins are produced primarily by cells of the vascular endothelium and col-
lecting tubules. Endothelin-1 exerts a wide range of biologic effects in the kidney 
and is involved in normal renal function, modulating glomerular filtration rate, and 
solute and water reabsorption along the nephron. Besides these modulating effects, 
increased endothelin-1 levels are known to cause hypertension, inflammation, and 
glomerular and tubulointerstitial fibrosis [30]. During the course of CKD, the intra-
renal synthesis of endothelin-1 is remarkably upregulated, and high level of endo-
thelin- 1 has been reported in both hypertensive and CKD patients [30]. Locally 
produced and released endothelin-1 not only causes constriction of most renal ves-
sels but also causes inappropriate sodium and water retention. Impaired renal clear-
ance of endothelin-1 may cause hypertension in CKD patients. In addition to its 
contractile actions on vascular smooth muscle, endothelins can also modulate SNS 
activity.

 Nitric Oxide

NO plays a prominent role in the homeostatic regulation and integration of glo-
merular, vascular, and tubular function in the kidney [32]. Processes that can impair 
the release of NO or that reduce the bioavailability of NO impair an important vaso-
dilatory response. CKD is a state of NO deficiency secondary to decreased NO 
production and/or increased bioinactivation of NO by reactive oxygen species [33]. 
Moreover, CKD leads to the accumulation of endogenous NO synthase inhibitors 
such as asymmetric dimethylarginine. Chronic inhibition of NO synthases promotes 
an increase in blood pressure and vasculopathy. Altered nitric oxide/endothelin bal-
ance further increases the blood pressure rising effects of these humoral factors.

 Renalase

Renalase is the only known amine oxidase that metabolizes circulating catechol-
amines [34]. The kidney appears to be the major source of circulating renalase. 
Blood renalase concentration was found lower in patients with severe kidney dis-
ease, as compared with healthy subjects [34]. There may be a causal link between 
decreased renalase levels and increased dopamine and norepinephrine levels in 
patients with ESRD [34]. Recent evidences suggest that renalase lowers blood pres-
sure and heart rate by metabolizing circulating catecholamines [35]. Abnormalities 
in the renalase pathway seem to contribute to the CKD-related hypertension.
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 Miscellaneous Other Non-humoral Factors

 Mineral and Bone Disorders

The progression of CKD is associated with disorders of mineral metabolism (hyper-
phosphatemia and hypocalcemia), leading to the development of secondary hyper-
parathyroidism, which occurs even at early stages of CKD.  Vascular stiffness is 
induced by altered mineral metabolism in CKD patients. Secondary hyperparathy-
roidism may contribute to arterial stiffness and hypertension.

Hyperphosphatemia develops due to impaired renal phosphate excretion in 
advanced CKD patients. Hyperphosphatemia may directly induce vascular injury 
and indirectly stimulates osteoblastic differentiation of vascular smooth muscle 
cells. Vascular calcification or excessive collagen accumulation can further stiffen 
the arterial and/or arteriolar wall in patients with CKD. But decreased vascular com-
pliance because of vascular calcification has a more pronounced effect on systolic 
pressure.

Fibroblast growth factor-23 (FGF-23), a hormone produced by osteoblasts, is 
involved in the regulation of phosphate and vitamin D metabolism. FGF-23 level 
rises in patients with CKD from early stages on. We still need to know more about 
the influence of FGF-23 on the pathogenesis of hypertension.

 Uric Acid

Uric acid is the main urinary metabolite of purines. Hyperuricemia seems to be a 
cofactor in sodium-sensitive hypertension. It has been showed that circulating high 
uric acid levels were associated with increased prevalence of hypertension [36–38]. 
Potential mechanisms to account for this association are the activation of intrarenal 
RAAS, vascular smooth muscle cell proliferation, and impaired endothelial NO 
productions [39]. But the role of hyperuricemia in CKD-related hypertension is still 
a matter of controversy.

 Oxidative Stress

Oxidative stress commonly accompanies both hypertension and CKD and is 
believed to contribute in part to their pathogenesis [40]. Oxidative stress occurs 
when generation of the reactive oxygen species (ROS) exceeds the natural antioxi-
dant capacity of the organism. It is well known that uremia increases ROS activity 
and decreases antioxidant capacity. The exact mechanism through which oxidative 
stress may raise blood pressure has not been fully elucidated. Oxygen radicals and 
endogenous scavenging systems modulate vascular tone and function. ROS may 
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stimulate vascular contraction directly through decreasing local NO production or 
modulate central SNS activation.

 Drugs

Several drugs may contribute to hypertension in CKD patients (Table  8.1). 
Calcineurin inhibitors (CNIs) (cyclosporine and tacrolimus) are routinely used to 
prevent rejection after transplantation and occasionally to treat autoimmune dis-
ease. Hypertension induced by CNIs has been attributed to indirect vascular effects 
(vasoconstriction, impaired vasodilatation) and sodium retention by increasing 
endothelin-1, RAAS, and SNS activity and decreasing NO level [41, 42]. Tacrolimus 
appears to be less pro-hypertensive than cyclosporine. In addition to CNIs, gluco-
corticoids may also contribute to hypertension in kidney transplant recipients and 
patients with renal parenchymal disease. Glucocorticoids lead to fluid retention by 
their mineralocorticoid effect.

Erythropoiesis-stimulating agents (ESA) can worsen blood pressure control in 
CKD patients. The mechanisms responsible for ESA-induced hypertension have 
been attributed to increased blood viscosity, hypersensitivity to norepinephrine and 
angiotensin II, impaired endothelial relaxation or direct vasoconstrictor effect, 
increased cytosolic calcium, and increased blood serotonin or endothelin-1 levels 
[43].

Finally, independent of the organ system playing a role in high blood pressure, 
arterial hypertension may be considered a disease of vessels characterized by endo-
thelial dysfunction, vascular remodeling, increased stiffness, and reduced distensi-
bility [44]. It is clear that alterations in vascular function and structure are frequently 
observed in CKD. Processes that can stiffen the arterial or arteriolar wall, such as 
vascular calcification or excessive collagen accumulation, are both known to be 
more active in patients with CKD and contribute to an increase in blood pressure.

In conclusion, it is clear that hypertension in CKD is multifactorial; however, 
volume expansion by excessive salt intake and RAAS activation by several mecha-
nisms are predominant factors contributing to hypertension in patients with CKD.
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Chapter 9
Secondary Causes: Work-Up and Its 
Specificities in CKD: Influence of Arterial 
Stiffening

Antoniu Octavian Petriş

“First, the chicken or the egg” dilemma can be also identified in the relationship 
between hypertension (HTN) and chronic kidney disease (CKD), two growing 
worldwide health problems. In an epidemiological, cross-sectional, multicenter 
study (MULTIRISC) carried out in outpatient clinics belonging to cardiology, inter-
nal medicine, and endocrinology departments which defined CKD as an estimated 
glomerular filtration rate (eGFR) below 60 mL/min per 1.73 m2, from 2608 patients 
62.7% did not have CKD, 18.9% had “established” CKD (in addition, the serum 
creatinine level was ≥1.3 mg/dL in men or ≥1.2 mg/dL in women), and 18.4% had 
“occult” CKD (the creatinine level was lower) [1]. When the eGFR decreased below 
45  mL/min/1.73m2, mortality from cardiovascular disease increases more than 
threefold [2]. Within this binomial relationships has had to produce a significant 
change in mind-set for finding a solution to the problem how to motivate nephrolo-
gists to think more “cardiac” and cardiologists to think more “renal” this issue, 
making departmental barriers more permeable: the evaluation of renal function 
should be part of the work-up of patients with cardiovascular disease, and all 
patients with kidney disease should be assessed for cardiovascular disease [3].

Modern techniques to measure blood pressure (BP) were described more than 
115 years ago starting with Scipione Riva Rocci mercury sphygmomanometer, but 
the features of the BP curve have highlighted other important goals, that is, the spe-
cific roles of pulse pressure (PP), arterial stiffness, pulse wave velocity (PWV), and 
wave reflections as potentially deleterious factors affecting the progression of HTN 
and CKD [4]. Furthermore, the level to which BP should be lowered is still contro-
versial: below 125/7 5 mmHg among those with CKD and more than 1 g proteinuria 
(Joint National Commission-6 guidelines), below 130/80  mmHg among patients 
with CKD who are not on dialysis (Joint National Commission-7 guidelines), and a 
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goal of less than 150/90 mmHg for hypertensive persons aged 60 years or older and 
for hypertensive persons 30–59 years of age to a diastolic goal of less than 90 mmHg 
with less evidence in hypertensive persons younger than 60 years for the systolic 
goal or in those younger than 30 years for the diastolic goal, a situation where the 
recommendation is BP of less than 140/90 mmHg (Joint National Commission-8 
guidelines) [5, 6]. The same thresholds and goals are now recommended for hyper-
tensive adults with diabetes or nondiabetic chronic kidney disease (CKD) as for the 
general hypertensive population younger than 60  years [6]. A full 60% of these 
recommendations were based on expert opinion, while just 10% were based on 
clinical trial evidence [7]. The available clinical trials targeted BP measured in the 
clinic but whose values are different from the real physiopathological changes: a 
meta-analysis using 24-h ambulatory BP monitoring shows that approximately 20% 
of patients with CKD have white-coat hypertension and about 5–10% have masked 
hypertension [8].

Surrogate markers of cardiovascular disease used in CKD work-up (mainly, for 
improvement of the risk stratification) include ankle–brachial index (clinical tool 
for gross estimation of obstruction in major-vessel lumen caliber), carotid ultra-
sound (assessing carotid intima-media thickness (IMT) and plaque  – focal wall 
thickening by at least 50% of the surrounding IMT), aortic pulse wave velocity 
(reproducible evaluation of large-artery stiffness, using applanation tonometry, 
oscillometric pulse recognition algorithms, magnetic resonance imaging, or echo- 
tracking to measure diameter in end diastole and stroke change in diameter with a 
very high precision), and the echocardiography quantification of the subclinical 
hypertensive heart disease (e.g., left ventricular mass, diastolic dysfunction) [9].

Increased arterial stiffness is a major nontraditional cardiovascular risk factor in 
CKD reflecting the difficulty of the large arteries to convert flow oscillations into 
continuous blood flow due to fibroelastic intimal thickening, calcification of elastic 
lamellae, increased extracellular matrix, and extra collagen content [10]. Normally, 
by stretching, the arterial wall accumulates the elastic energy (aprox. 10% of the 
energy produced by the heart is stored in the large artery walls by their distension) 
that maintains the blood flow during diastole when the ejection phase is over 
(“Windkessel effect”) [10].

Arteries become stiffer in physiological (aging) or pathological (hypertension, 
diabetes mellitus, and CKD) conditions. The “stiffness gradient” disappears, or a 
“stiffness mismatch” occurs (increased central elastic artery stiffness combined 
with a decrease in peripheral muscular artery stiffness) leading to the reversal of 
the physiological stiffness gradient and promoting end-organ damages through 
increased forward pressure wave transmission into the microcirculation [11]. Renal 
dysfunction has been shown to increase arterial stiffness via several mechanisms, 
including vascular calcification, chronic volume overload, inflammation, endothe-
lial dysfunction (maladapted endothelial phenotype characterized by reduced nitric 
oxide (NO) bioavailability, increased oxidative stress, elevated expression of pro-
inflammatory and prothrombotic factors, and reduced endothelial-derived vasodi-
lation), oxidative stress (inducing vascular wall remodeling, intrinsic changes in 
SMC stiffness, and aortic SMC apoptosis), and overproduction of uric acid [12]. 
Increased T helper secretion of cytokines, chemokines, and growth factors leads to 
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an inflammatory process and may lead to fragmentation of elastic membranes and 
destruction of cell-protective matrix layers. Decreased turnover of collagen and 
elastin, increased advanced glycation end products (AGEs), and matrix metallo-
proteinase (MMP) (involved in the regulation of the structural integrity of the 
extracellular matrix – ECM) cross-links have been also demonstrated in vascular 
stiffening [12].

Noninvasive arterial testing for cardiovascular risk assessment providing a means 
for early detection of presymptomatic vascular disease that has been used to identify 
patients with subclinical atherosclerosis are arterial ultrasonography and measure-
ments of arterial stiffness.

Flow-mediated dilatation (FMD) assessed by high-resolution ultrasonography of 
the brachial artery is considered a biomarker of endothelial function. Arterial vaso-
dilatation in response to shear stress produced by increased flow is mediated pre-
dominantly by endothelium-derived nitric oxide. Impaired brachial artery dilatation 
to sublingually administered nitroglycerin is an “endothelium-independent” 
response that reflects arterial smooth muscle function. Relative disadvantages of 
this technique are that it is not easier to perform, requires a skilled operator with an 
appropriate training period, and these intrinsic difficulties make it more likely to be 
used in clinical research and not in individual evaluation [13].

Thickness of carotid artery intima and media (carotid IMT) can be measured 
optimally noninvasively by high-resolution ultrasonography with automated com-
puterized edge-detection software and intravascular contrast agents that may 
decrease variability and improve precision [13].

Measurements of arterial stiffness include central pulse pressure/stroke volume 
index, pulse wave velocity (PWV), total arterial compliance, pulse pressure ampli-
fication, and augmentation index [14]. Two measures of arterial stiffness have been 
studied: the velocity of arterial pulse wave transmission across an arterial segment 
and the analysis of the arterial waveforms to estimate augmentation of systolic pres-
sure by peripheral wave reflection [13]. As suggested by the European Society of 
Hypertension (ESH)/European Society of Cardiology (ESC) guidelines for the 
management of arterial hypertension, the measurement that is most widely used 
among the direct or indirect methods proposed to quantify arterial stiffness (as a 
tool for the assessment of subclinical target organ damage) is the propagative model 
based on PWV measurement, introduced in physiology (the “elastic” properties of 
the arterial wall determine the velocity of pulse wave propagation) by Bramwell and 
Hill (1922) [10, 12]. European Network for Non-invasive Investigation of Large 
Arteries position statement clarifies that arterial stiffness and central pressure mea-
surements should be considered as recommended tests for the evaluation of cardio-
vascular risk, particularly in patients in whom target organ damage is not discovered 
by routine investigations [14]. Current methods for measuring arterial stiffness are 
carotid–femoral PWV (with predictive value for CV events and requires little tech-
nical expertise), central pulse wave analysis (with predictive value in patients with 
ESRD, hypertension, and CAD, provides additional information concerning wave 
reflections, and requires little technical expertise), and local arterial stiffness (with 
certain predictive value for CV events, is indicated for mechanistic analyses in 
research field, and requires a higher level of technical expertise) [14].
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Typical values of PWV in the aorta range from approximately 5 to >15 m/s. A 
fixed threshold value (12 m/s) was proposed based on published epidemiological 
studies [15]. Aortic pulse wave velocity (PWV) is an estimate of the distance the 
pulse wave travels in the aorta and an estimate of the time that distance is traversed, 
the result (expressed in meters per second) being obtained by dividing the distance 
(usually expressed in millimeters) by the time (usually expressed in milliseconds) 
[9]. Three main arterial sites can be evaluated, mainly the aortic trunk (carotid–
femoral) and the upper (carotid–brachial) and lower (femoral–dorsalis pedis) limbs. 
The “gold standard” method remains carotid–femoral PWV (cf-PWV) [14, 15]; 
brachial–ankle PWV (ba-PWV), a related technique based on oscillations in cuffs 
placed on the brachial artery and calf, is popular in Asia because it avoids exposing 
the groin, but the pulse wave pathway is still being discussed and its validity is still 
contested [12]. Indirect techniques use aortic characteristic impedance (the minimal 
impedance for higher frequencies of pressure-and-flow harmonics at the aortic root 
that is proportional to PWV, but its reliability is reduced due to the difficulty of 
obtaining trustworthy noninvasive data for aortic flow and pressure) and the rigidity 
estimates derived from BP measurement (e.g., ABPM-derived arterial stiffness 
index or crude brachial PP) [12].

Aortic PWV is a research tool useful as a marker of vascular risk when mea-
sured once in a population that is followed-up longitudinally and as outcome pre-
dictor when measuring longitudinal changes after intervention, showing the degree 
of loss of kidney function (stiffness of the aorta increases with decreasing kidney 
function) [9].

Several factors in addition to age, diabetes, and hypertension affect aortic PWV, 
including decreasing kidney function (microalbuminuria and proteinuria), glucose 
concentration, heart rate, sex, vascular calcification, and left ventricular hypertro-
phy (LVH). It has been already demonstrated that there is an independent associa-
tion between arterial stiffness indices, PWV and augmentation index (Aix – % of 
pulse pressure), and severely increased albuminuria in nondiabetic, hypertensive 
patients with CKD stages 1–2 treated with renin–angiotensin–aldosterone system 
blockers [16]. The aortic–brachial arterial stiffness mismatch was strongly and 
independently associated with increased mortality in dialysis population, proving 
that arterial stiffness is also the strongest risk factor for cardiovascular disease in 
end-stage renal patients [17, 18].

We must be aware that the pulsatile nature of the central hemodynamics may 
have a deleterious impact on vital organs and increased aortic pulse pressure causes 
renal microvascular damage through altered renal hemodynamics resulting from 
increased peripheral resistance and/or increased flow pulsation, as indicated by the 
result from a study on 133 patients with hypertension where pressure waveforms 
were recorded on the radial, carotid, femoral, and dorsalis pedis arteries with appla-
nation tonometry to estimate the aortic pressures and aortic (carotid–femoral) and 
peripheral (carotid–radial and femoral–dorsalis pedis) pulse wave velocities [19]. 
The renal resistive index, defined as [1  – (end-diastolic velocity/peak systolic 
 velocity)], was strongly correlated with the aortic pulse pressure, incident pressure 
wave, augmented pressure, and aortic pulse wave velocity, although not with the 
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mean arterial pressure or peripheral pulse wave velocities. Moreover, each 0.1 
increase in renal resistive index was associated with a 5.4-fold increase in the 
adjusted relative risk of albuminuria [19].

Non-dipping nocturnal feature at 24-h ambulatory blood pressure monitoring 
(ABPM) (defined as a fall in nocturnal BP of <10%) is typically found in CKD and 
is associated with disease progression, but also as glomerular filtration rate declines, 
reverse dipping (nighttime BP readings that are higher than those during the day) 
becomes more apparent [20]. For renal protection there is a need for newer treat-
ments in CKD (e.g., selective ETA blocking drugs) that will not only lower BP 
beyond the levels achieved with standard therapies but also favorably affect the 24-h 
profile of BP and arterial stiffness. To increase reproducibility of the results, the 
circadian BP pattern by 48-h ABPM was assessed in 10,271 hypertensive patients 
with and without CKD (5506 men/4765 women), 58.0 ± 14.2 years old, enrolled in 
the Hygia Project. The largest difference between groups was in the prevalence of 
the riser BP pattern (i.e., asleep SBP mean greater than awake SBP mean) in patients 
with and without CKD, respectively (17.6% vs. 7.1%; p < 0.001), significantly and 
progressively increased from 8.1% among those with stage 1 CKD to a very high 
34.9% of those with stage 5 CKD. Prevalence of the riser BP pattern, associated 
with highest CVD risk among all possible BP patterns, was 2.5-fold more prevalent 
in CKD and up to fivefold more prevalent in end-stage renal disease. A blunted 
sleep-time BP decline, a characteristic of the non-dipping pattern, is common in 
patients with CKD. These findings indicate that CKD should be included among the 
clinical conditions for which ABPM is mandatory for proper diagnosis, CVD risk 
assessment, and the therapeutic regimen evaluation [21].

Ambulatory arterial stiffness index (AASI) is a parameter derived from the 
regression slope of the diastolic on systolic blood pressure, using all of the readings 
during ambulatory blood pressure monitoring (ABPM). AASI was significantly 
higher in CKD group, positively correlated to age and pulse pressure, and nega-
tively correlated to nocturnal BP fall [22].

In hypertensive CKD patients, seric uric acid was correlated with the two indices 
of arterial stiffness, PWV and Aix (augmentation index adjusted for heart rate), with 
sex-specific variations. However, seric uric acid was associated independently with 
only Aix, but not with PWV, in the entire patient population and only in men [23].

Work-up for hypertension and CKD patient (Fig. 9.1) starts by identifying the 
concomitant conditions (age, diabetes mellitus, obesity) often associated with resis-
tant hypertension. Older patients and patients with chronic kidney disease are par-
ticularly susceptible to salt intake; in diabetes the insulin resistance increases 
sympathetic nervous activity, vascular smooth muscle cell proliferation, and sodium 
retention; obesity is associated with an increased sympathetic activity, higher cardiac 
output, and a rise in peripheral vascular resistance due to reduced endothelium- 
dependent vasodilation; plasma aldosterone and endothelin are also increased, while 
excessive surrounding adipose tissue results in increased intrarenal pressures and 
changes in renal architecture [24]. We continue with the clinical evaluation and clas-
sification of each of these associate diseases: for hypertension based on ESH/ESC 
classification (blood pressure level and risk factors, asymptomatic organ damage or 
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disease) and for CKD on KDIGO (Kidney Disease: Improving Global Outcomes) 
classification based on estimated glomerular filtration rate (eGFR) and urine albu-
min/creatinine ratio (ACR) categories. These two simple tests allow asserting the 
diagnosis of CKD irrespective of the etiology: urinary albumin/creatinine ratio 
(ACR) more than 30 mg/g and eGFR, as measured by the Modification of Diet in 
Renal Diseases (MDRD) Study equation, less than 60 mL/min/1.73m2 on at least two 
different occasions over 3 or more months. An accurate BP measurement is neces-
sary and mandatory to avoid, for example, a “pseudoresistant hypertension” diagno-
sis: technical faults are related to not letting the patient rest at minimum of 5 min 
before measurement and using a small cuff (the cuff’s air bladder must encircle at 
least 80% of the arm circumference); the average of two readings taken a minute 
apart represents the patient’s blood pressure [24]. The correlation between BP level 
and target-organ damage, cardiovascular disease (CVD) risk, and long- term progno-
sis is greater for ambulatory than clinic BP. In addition to determining the usual mean 
BP values (awake, asleep, or 24 h), employed to diagnose hypertension based on 
ambulatory BP monitoring (ABPM), some specific features of the 24-h BP pattern 
have been assessed, among these is a blunted sleep-time BP decline, a characteristic 
of the non-dipping pattern, being common in patients with CKD [21]. Certainly, the 
target organs of hypertension are the three, well-known musketeers, the heart, brain, 
and kidneys, but we often forget the fourth musketeer, missing, by the way, from 
Dumas’s book title too: the arteries. Identification of alterations in arterial function 
and structure may help refine cardiovascular risk assessment and labeling candidates 
for an aggressive therapy [13]. Ultrasound-derived carotid intima-media thickness 
(IMT) is considered a surrogate for systemic atherosclerotic disease burden, and 
carotid–femoral PWV (cf-PWV) is considered as the “gold standard” measurement 
of arterial stiffness, independently associated with glomerular filtration rate.

Further clinical trials are required for assessing the value of “destiffening” the 
aorta distinct from blood pressure reduction and to confirm the predictive value of 
arterial stiffness and wave reflection for the reduction in CV events in the long-term 
intervention studies [9].

Current data support the idea that the integration of demographic and clinical 
characteristics with information derived from arterial stiffness assessment may rep-
resent an accurate and cost-effective approach for individualizing CKD and HTN 
patients’ care and treatment [25].

Agents that modulate mineral metabolism abnormalities (a noncalcium- 
containing phosphate binder  – sevelamer, cinacalcet) and lipid-lowering agents 
(atorvastatin) may positively affect arterial stiffness [25].

Pharmacological strategies to date have included:

 – Progressive withdrawal of alpha-blocking agents
 – Efficacy of beta-blockers for coronary prevention
 – The use of angiotensin blockade in HTN with glomerular injury, using 

angiotensin- converting enzyme inhibition or receptor blockade (first-line thera-
peutic intervention), as mono- but never double-blockade, to avoid major com-
plications [7]
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 – Development of combination therapies with diuretics and/or calcium channel 
blockers [4]

Specific interventions, such as renin–angiotensin-system blockade, the use of 
statins, and decrease of calcium–phosphate product, may delay the progression of 
degeneration process in CKD patients.

Postural hypotension should be monitored closely, particularly in elderly, diabet-
ics, and patients with arterial stiffness.

The level of albuminuria/proteinuria has become the principal criterion on which 
to stratify target blood pressure, irrespective of CKD stage.

 Perspectives

Aortic stiffness is independently and significantly associated with progressive renal 
impairment in hypertensive patients with CKD irrespective of the stage, as a mea-
sure of arterial damage, and after the standardization of the measurement protocols 
and quality control procedures and risk-defining threshold values were established, 
this should be regarded as part of clinical cardiovascular risk stratification algo-
rithms and target of future intervention studies.
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Chapter 10
Secondary Causes: Work-Up and Its 
Specificities in CKD: Influence of Autonomic 
Dysfunction

Radu Iliescu and Dragomir Nicolae Şerban

 The Kidney, Pressure Natriuresis and Long-Term Control 
of Blood Pressure

A thorough understanding of the mechanisms governing blood pressure regulation 
over long term and the influence of the sympathetic nervous system upon these 
mechanisms is necessary for the interpretation of clinical and experimental data 
documenting the role of sympathetic activation in resistant hypertension and kidney 
disease. While this and the following section provide only a brief overview, the 
expert reader may choose to focus on the more specific sections “Sympathetic 
Overactivation in Resistant Hypertension”, “Non-pharmacological Suppression of 
Sympathetic Activity in Hypertension”, and “Aspects of Sympathetic Activation in 
Resistant Hypertension Associated with CKD”

The relationship between renal perfusion pressure and the rate of sodium excre-
tion by the kidneys plays a major role in the regulation of blood pressure and body 
fluid volume. If this relationship remains unchanged, any alteration in blood pres-
sure induced by changes in cardiac output and/or the resistance of peripheral vascu-
lature will lead to compensatory changes in renal sodium and water excretion and 
consequently extracellular fluid volume, with eventual return of blood pressure to 
normal levels. Therefore, any change in blood pressure would only be sustained 
over long term if the renal pressure natriuresis mechanism is impaired. Indeed, all 
forms of human or experimentally induced hypertension are associated with a reset-
ting of the pressure natriuresis mechanism to higher blood pressure levels. In other 
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words, a higher renal perfusion pressure becomes necessary for the kidneys to 
excrete the required amount of salt and water to precisely match the intake [1].

Under physiological circumstances, several neurohumoral mechanisms act in 
concert to amplify the effectiveness of the pressure natriuresis mechanism by 
directly increasing renal excretory capacity, before a measurable change in renal 
perfusion pressure becomes manifest. The major modulatory mechanism that deter-
mines the effectiveness of the pressure natriuresis is the renin-angiotensin- 
aldosterone system. Adequate suppression of the renin secretion by several-fold 
increases in sodium intake facilitates commensurate increases of the renal excretory 
capacity, so that blood pressure does not change chronically in the face of large 
variations of sodium input. Conversely, if the activity of the renin-angiotensin- 
aldosterone system cannot be adequately suppressed, proportional increases in 
blood pressure are required to allow the kidneys to excrete the additional salt and 
fluid and hypertension ensues. This situation is mimicked experimentally by con-
tinuous infusion of either angiotensin II or aldosterone in normal animals exposed 
to high salt intake [2]. Primary reductions in renal excretory capacity cause chronic 
increases in blood pressure owing to their effect of altering the pressure natriuresis 
relationship. Decreased glomerular filtration rate or increased tubular reabsorption 
would therefore initiate a compensatory increase in blood pressure that ultimately 
serves to maintain fluid balance.

 Influence of Renal Sympathetic Nerve Activity on Blood 
Pressure Control by the Kidneys

The renal structures playing key roles in fluid homeostasis and control of blood 
pressure described above receive adrenergic innervation. Renal vascular innervation 
is distributed along the arterial segments in the cortex and outer medulla, including 
interlobar, arcuate, interlobular arteries, and afferent and efferent arterioles. 
Furthermore, adrenergic terminals to renal tubular epithelial cells are found along 
all segments of the nephron, including the proximal tubule, thick ascending limb of 
loop of Henle, distal convoluted tubule, and the collecting duct. Renin-secreting 
granular cells of the juxtaglomerular apparatus also receive direct sympathetic 
innervation [3].

In conjunction with the structural distribution, renal sympathetic nerve activity 
(RSNA) has effects that control the function of the different mechanisms involved 
in the modulation of the pressure natriuresis mechanism described above. Increased 
RSNA causes direct increases in tubular sodium reabsorption and renal vasocon-
striction through activation of different subtypes of α-adrenergic receptors located 
on tubular and vascular smooth muscle cells of the kidney [4]. These direct effects 
of increased RSNA lead to a primary reduction of renal excretory capacity, com-
manding chronic alterations in the pressure natriuresis mechanism and ultimately 
chronic increases in BP. Furthermore, activation of β-adrenergic receptors located 
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on the juxtaglomerular cells leads to increased renin secretion with attendant antin-
atriuretic effects mediated by angiotensin II and aldosterone. Both the direct and 
indirect actions of renal adrenergic innervation provide the mechanistic basis for the 
idea that increased RSNA plays a causative role in the development of hypertension. 
Indeed, mounting evidence indicates that several forms of experimental and clinical 
hypertension are associated with increased RSNA and that complete removal of 
adrenergic influences on the kidneys by renal denervation attenuates or abolishes 
the hypertension [5].

Despite the clear role of RSNA in promoting and maintaining hypertension, the 
relative contribution of the renal mechanisms involved has been difficult to assess. 
Acute experimental studies where RSNA was progressively increased through 
direct electrical stimulation of renal sympathetic nerves indicated that the lowest 
levels of renal sympathetic nerve activation promote renin secretion, followed by 
reductions in sodium excretion and ultimately decreases in glomerular filtration rate 
(GFR) and renal blood flow (RBF), as the stimulation levels increase [3, 6]. These 
findings may suggest that relevant increases in RSNA that may be found chronically 
in undisturbed conditions would mainly promote antinatriuresis and hypertension 
by indirect effects on renin secretion and potentially direct tubular stimulation of 
sodium reabsorption, while direct vasoconstriction would occur only with supra-
physiological levels of RSNA. Precise quantification of these mechanisms in the 
chronic setting is not only technically difficult but complicated by their interdepen-
dence. Experimental studies indicate that the acute effects of renal adrenergic stim-
ulation are either not sustained over long term or eventually masked by compensatory 
mechanisms. Direct intrarenal infusion of norepinephrine (NE) in uninephrecto-
mized dogs led acutely to a two- to threefold increase in plasma renin activity 
(PRA), accompanied by significant reductions in total and fractional sodium excre-
tion, as well as GFR and renal plasma flow, consistent with the highest level of renal 
adrenergic activation, as mentioned above. However, although the same rate of NE 
infusion was maintained throughout 7 days, at the end of the study chronic hyper-
tension was associated only with higher than normal levels of PRA, while all other 
renal functional alterations had waned off [6].

A thorough understanding of the complex interplay between the direct and indi-
rect factors involved in the chronic control of renal function by RSNA is warranted 
in order to interpret the commonly used end points in experimental and clinical 
studies.

Increased renin secretion initiated by neural activation of juxtaglomerular cells 
leads to increased generation of Ang II, which promotes sodium reabsorption in the 
proximal tubule, mainly by reducing peritubular capillary hydrostatic pressure, 
owing to the prominent vasoconstriction of the efferent arterioles. In the absence of 
increased filtration, increased proximal tubular reabsorption would lower the 
amount of sodium delivered to the macula densa, which provides an additional drive 
for renin secretion. If increased RSNA includes direct tubular actions that increase 
sodium reabsorption, this effect would enhance the macula densa signal for renin 
secretion. However, as extracellular fluid volume accumulates due to impaired renal 
excretory capacity, blood pressure increases, which in turn activates the 
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 juxtaglomerular baroreceptor-mediated suppression of renin secretion. With high 
renal perfusion pressure and concomitant Ang II-mediated postglomerular vasocon-
striction, GFR and filtration fraction would increase, and, despite high proximal 
tubular reabsorption, the net amount of sodium delivered to the macula densa returns 
to normal, eliminating the initial drive for renin secretion. Therefore, in the steady 
state, the initial neurally driven increase in renin secretion would be offset by the 
renin- suppressive factors including high blood pressure and normalization of the 
amount of sodium delivered to the macula densa, resulting in hypertension with a 
normal PRA. This time course is reflected in longitudinal measurements of PRA in 
a sympathetically mediated form of obesity hypertension in dogs [7]. Initial 
increases in sympathetic activation, reflected by increased plasma NE concentration 
associated with weight gain over the first 1–2 weeks, are paralleled by significant 
increases in PRA. Subsequently, as hypertension develops, PRA gradually returns 
to control levels by the fourth week. This study indicates that PRA levels may not 
reflect the importance of the chronic neural drive for RAS activation in mediating 
hypertension. As the RAS is the prominent modulator of pressure natriuresis, nor-
mal PRA in the context of sympathetic activation and hypertension may rather indi-
cate an inappropriate level of RAS activity. This contention is supported by studies 
showing that pharmacological suppression of RAS with an angiotensin converting 
enzyme (ACE) inhibitor effectively lowers blood pressure in established obesity 
hypertension despite apparently normal levels of PRA [8]. Furthermore, removal of 
the neural drive for renin secretion in obese hypertensive dogs by either global sup-
pression of sympathetic activity via baroreflex activation therapy (BAT) or renal 
denervation (RDN) (these approaches are discussed below) lowers blood pressure 
to normal levels while significantly reducing PRA to below normal levels. In sum-
mary, the neural drive for renin secretion and the consequent inability of the kidneys 
to maintain normal the normal pressure natriuresis by adequately suppressing RAS 
are paramount in mediating long-term hypertension in response to heightened 
RSNA.

 Sympathetic Overactivation in Resistant Hypertension

 Evidence of Sympathetic Activation in Resistant Hypertension

Mounting evidence indicates that excessive activation of the sympathetic nervous 
system is associated with both the development and progression of primary hyper-
tension [5, 9, 10]. As compared to normotensive subjects, muscle sympathetic nerve 
traffic is higher in prehypertensive and borderline hypertensive subjects, indicating 
that sympathetic activation precedes and likely contributes to the pathogenesis of 
essential hypertension. Furthermore, for patients in the same age group the level of 
muscle sympathetic nerve activity parallels the severity of hypertension, such that 
resistant hypertensives display the strongest sympathetic activation [9], suggesting 
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that while sympathetic overdrive directly contributes to the maintenance of hyper-
tension, the degree of sympathetic activity dictates the prevailing levels of blood 
pressure. Excessive activation of the sympathetic nervous system in hypertension is 
highly inhomogeneous. Measurements of organ-specific norepinephrine spillover 
[11] and microneurographic nerve traffic recordings [5] revealed that hypertension-
related increases in sympathetic neural drive appear to involve only some of the 
territories that receive sympathetic innervation, namely, the kidneys, heart, and 
muscle. The magnitude of sympathetic outflow to these organs is two- to threefold 
higher in hypertensive patients as compared to normotensives [11]. From a mecha-
nistic point of view, the heightened renal sympathetic outflow likely plays a major 
role in the maintenance of high blood pressure levels through direct antinatriuretic 
actions on the renal tubules and tonic influences on the RAS.  While a primary 
reduction in renal excretory capacity mediated by the increased RSNA would be 
sufficient to cause sustained hypertension, concomitant sympathetically mediated 
increases in total peripheral resistance and cardiac output may accelerate the pro-
gression of hypertension. In resistant hypertensive patients, renal sympathetic out-
flow is particularly enhanced, even more so than in untreated patients with 
mild-to-moderately severe hypertension [10]. Furthermore, the pattern of muscle 
sympathetic activation in these patients is characterized by increased frequency of 
single fiber firing, with burst activity frequently superimposed within the same car-
diac cycle [12, 13]. This indicates that in resistant hypertension, the heightened 
sympathetic outflow relies not only on additional recruitment of individual fibers, as 
commonly found in essential hypertensives, but also to augmented firing frequency, 
suggesting specific mechanisms may be involved. While patients with resistant 
hypertension have several comorbidities with known contribution to sympathetic 
activation, such as obesity, sleep apnea, CKD or diabetes, the mechanisms impli-
cated in drug resistance in these patients are not fully understood.

 Mechanisms of Sympathetic Activation in Resistant 
Hypertension

The mechanisms leading to sympathoexcitation in essential hypertension are largely 
elusive and only seldom substantiated by experimental or clinical evidence [12]. 
The arterial baroreflex is a powerful controller of central sympathetic and parasym-
pathetic outflow, and while its role in rapid buffering in blood pressure fluctuations 
via adjustments in autonomic function has been clearly recognized, its capacity to 
oppose sustained increases in blood pressure has long been dismissed based on 
experimental evidence of baroreceptor resetting to the prevailing blood pressure 
levels and transient hypertension following complete baroreceptor denervation [1]. 
However, recent experimental studies demonstrated sustained, baroreflex-mediated 
suppression of renal sympathetic outflow leading to increased renal excretory func-
tion in hypertensive dogs during chronic infusion of supraphysiological doses of 
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angiotensin II [14]. These studies support the contention that during hypertension, 
baroreflex-mediated suppression of sympathetic outflow is a long-term compensa-
tory mechanism, attenuating the severity of hypertension [15]. A corollary to this 
hypothesis is that the resetting of baroreflexes in hypertension may be incomplete. 
Furthermore, baroreflex dysfunction is one irrefutable abnormality commonly 
found in hypertension of primary origin [15]. Mounting evidence documented 
impaired (blunted) baroreflex control of heart rate in hypertensive patients. However, 
the efficacy of baroreflex buffering of sympathetic nerve traffic in response to phar-
macologically induced, acute changes of blood pressure appears preserved in mild 
and even severe hypertension [16], indicative of resetting with normal dynamic 
function. While resetting would maintain the fundamental role of the baroreflex in 
the acute regulation of arterial pressure, it would also diminish its ability to chroni-
cally suppress sympathetic activity and counteract the severity of hypertension. To 
reconcile these apparently conflicting lines of evidence, a clear distinction should be 
made between the dynamic vs. the steady-state domains of operation of the barore-
flex. Baroreflex-mediated acute responses of sympathetic outflow to a sudden 
change in blood pressure predominate in the arsenal of investigators assessing 
dynamic baroreflex function, but the long-term sympathetic modulation has not 
been easily amenable to investigation. Thus, if resetting of the baroreflex is com-
plete, then it would be unlikely that dynamic baroreflex dysfunction could contrib-
ute to the sustained sympathoexcitation that plays a causal role in the pathogenesis 
of primary hypertension. On the other hand, if the baroreflex does not entirely adapt 
to long-term changes in arterial pressure, baroreflex dysfunction could play a role in 
the pathogenesis of primary hypertension.

Patients with resistant hypertension have inadequate blood pressure control 
despite treatment with multiple classes of drugs of which some were demonstrated 
to activate the sympathetic nervous system [17, 18], such as calcium channel block-
ers, diuretics, and even some sympatholytics. Thus, iatrogenically induced sympa-
thetic activation may likely counteract the effects of antihypertensive medication 
and contribute to the intractable nature of hypertension in these patients. Peripherally 
acting sympatholytic agents such as α1- and β-adrenergic blockers could conceiv-
ably alleviate reflex sympathoexcitation but are rarely administered together and in 
concentrations sufficient to completely inhibit peripheral adrenergic responses. As 
increased renal sympathetic activity exerts its prohypertensive effects by stimulat-
ing renin and tubular reabsorption of sodium, which are dependent on the activation 
of α1- and β-adrenergic receptors, complete and concomitant blockade of these 
receptors is necessary in order to counteract neurally induced alterations in renal 
function that lead to increased arterial pressure. Centrally acting sympatholytic 
agents or non-pharmacological therapies (discussed below) capable of suppressing 
global sympathetic outflow, including RSNA, may thus provide an effective thera-
peutic tool to suppress sympathetically mediated increases in blood pressure. Recent 
experimental observations are relevant to this issue. Chronic lowering of blood pres-
sure with a commonly used class of antihypertensive drugs, calcium channel block-
ers (amlodipine), was associated with marked sympathetic activation as revealed by 
several-fold increases in plasma NE concentration and profound activation of the 
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renin-angiotensin system. Global sympathetic suppression by electrical activation 
of the carotid sinus (baroreflex activation therapy – discussed in detail below) com-
pletely abolished sympathoexcitation and lowered blood pressure further, while 
normalizing the activity of the RAS [19]. Furthermore, suppression of central sym-
pathetic outflow by baroreflex activation has substantial chronic effects to lower 
arterial pressure by mechanisms independent of decreasing activation of α1- and 
β-adrenergic receptors. Blood pressure lowering in dogs receiving a combination of 
prazosin and propranolol in doses that abolished the cardiovascular responses to 
administration of α1- and β-adrenergic agonists was associated with activation of 
the sympathetic nervous system as reflected by a threefold increase in plasma NE 
concentration. Global suppression of sympathetic outflow by baroreflex activation 
reduced blood pressure further while returning plasma NE levels to control levels 
[20]. These studies indicate that baroreceptor unloading and attendant activation of 
the sympathetic nervous system are sustained responses to antihypertensive therapy 
and likely contribute to the difficulty to manage blood pressure in resistant hyper-
tensive patients.

Resistant hypertensive patients are frequently obese, and this comorbidity adds a 
constellation of factors which could contribute to the sympathetic overdrive [21]. 
However, it is important to note that sympathetic activation in obesity often occurs 
in the absence of hypertension [5, 22]. A distinct pattern of sympathetic activation 
is present in obese hypertensives, as reflected by additional recruitment of fibers 
rather than increased firing rates of single fibers, as found in normotensive obese 
[23], suggestive of a particular mechanism of sympathetic activation in obesity 
when hypertension is associated. Furthermore, while cardiac sympathetic activity is 
only marginally elevated, renal sympathetic activity, although higher than in normo-
tensive lean individuals, is similar in obese patients with or without hypertension 
[24]. Notwithstanding, pharmacological studies indicate that blood pressure of 
obese hypertensive humans depends to a greater extent on the renal sympathetic 
nervous system activation than in normotensive obese [25, 26].

Experimental and clinical studies have provided evidence for the involvement of 
several neurohumoral mechanisms in the sympathetic activation of obesity. Reflex 
control of sympathetic activity is impaired in obesity hypertension [27]. Whereas in 
lean hypertensive subjects only baroreflex control of heart rate is attenuated, baro-
reflex control of muscle sympathetic nerve activity is also blunted in obese hyper-
tensive subjects [28]. If baroreceptors do not completely reset in obesity hypertension, 
dysfunctional baroreflex control of sympathetic activity may contribute to sustained 
sympathoactivation. In addition to the arterial baroreflex, peripheral chemoreflexes 
exert a powerful control over central sympathetic outflow such that activation of the 
carotid bodies leads to sympathoexcitation and attendant increases in blood pres-
sure. Studies in the spontaneously hypertensive rat [29] and patients with primary 
hypertension [30] showed exaggerated sympathetic, pressor, and ventilator 
responses to chemoreflex activation by hypoxia and reversal of those variables by 
chemoreceptor deactivation in hyperoxic conditions. These observations raised the 
possibility that tonic chemoreceptor activation may contribute to sympathetically 
mediated hypertension and have led to development of current proof-of-concept 
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trials designed to evaluate the antihypertensive efficacy of unilateral carotid body 
resection in resistant hypertensive patients [31]. However, the mechanism triggering 
sustained chemoreflex activation, especially in obesity hypertension, has remained 
elusive. Recent experimental evidence in a model of obesity-induced hypertension 
by administration of a high-fat diet provides support to the hypothesis that hypox-
emia drives carotid body activation in obesity hypertension, with attendant sympa-
thoexcitation. This canine model shares many of the metabolic, neurohumoral, and 
hemodynamic characteristics of human obesity hypertension [4, 15]. Furthermore, 
obesity is commonly characterized by high metabolic rate and oxygen consumption 
along with impaired ventilatory mechanics which may lead to chronic hypoxemia. 
Indeed, dogs fed with a high-fat diet for 4 weeks were hypoxemic, tachypneic, but 
eucapnic. Moreover, denervation of the carotid body by stripping the carotid sinus 
area resulted in a marked attenuation of obesity hypertension [31]. These data sup-
port the notion that in obesity hypertension, chronic hypoxemia provides the tonic 
drive for peripheral chemoreflex activation which results in sustained sympathoex-
citation and hypertension.

Obstructive sleep apnea (OSA), common in obese and resistant hypertensive 
patients, has long been heralded as the major, if not the exclusive, cause of sympa-
thetic activation in obesity. Obese hypertensive patients with OSA have sustained 
sympathetic activation beyond episodic occurrences during the nighttime. Although 
no mechanism has been proposed to explain this transition from acute to chronic 
and sustained sympathetic activation [24], the study in obese dogs [31] provides 
support for the concept that chronic intermittent hypoxemia (which is not routinely 
evaluated in clinical studies) may provide the tonic excitatory drive for chemoreflex 
activation resulting in sympathoexcitation in patients with OSA [32].

Several behavioral factors have been proposed to explain sympathetic activation 
in obesity-related hypertension, including overfeeding, sedentary lifestyle, or 
chronic mental stress [12]. Additionally, a plethora of experimental evidence sug-
gested the role of humoral factors in mediated sympathoexcitation in hypertension, 
associated or not with obesity. These include hyperinsulinemia and associated insu-
lin resistance, nitric oxide deficiency, endothelins, vasopressin natriuretic peptides, 
the renin-angiotensin system, and cytokines released from adipocytes such as tumor 
necrosis factor-α and interleukin-6 or leptin [9, 12, 24, 33]. While the role of leptin 
as a link between obesity, sympathoexcitation, and hypertension has been exten-
sively documented in experimental studies in rodents [33], the data in humans is 
still scarce owing to methodological limitations [5]. Furthermore, although insulin- 
induced sympathoexcitation has been documented in human studies, the role of 
hyperinsulinemia in mediating obesity-hypertension has been questioned because 
insulin fails to increase blood pressure in humans and dogs [34]. Activation of the 
renin-angiotensin system may promote sympathetic nervous system activation by 
actions at the central nervous system level and peripheral nerve terminals. This 
notion is strongly supported by accumulating clinical data indicating that both 
angiotensin converting enzyme inhibitors and angiotensin II receptor blockers 
reduce central sympathetic outflow in hypertensive individuals [18]. However, due 
to the pleiotropic beneficial effects of these agents, especially upon comorbidities in 
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resistant hypertension such as obesity, metabolic syndrome, and renal disease, a 
direct mechanistic link between the angiotensin II and sympathetic activation is not 
clear-cut. An emerging area of investigation is the activation of the central nervous 
system proopiomelanocortin-melanocortin 4 receptor (MC4R), a major regulator of 
appetite, energy expenditure, autonomic nervous system activity, and cardiovascu-
lar response to stress. In addition to mechanistic insight from experimental studies, 
the observation that MC4R deficiency in humans is associated with a lower preva-
lence of hypertension and lower blood pressure levels [35] provides support for the 
concept that the proopiomelanocortin-MC4R pathway may contribute to chronic 
sympathetic activation and hypertension [33, 35].

 Non-pharmacological Suppression of Sympathetic Activity 
in Hypertension

Bearing on the relatively high, although not yet clearly established, incidence of 
resistant hypertension and the clear evidence of excessive sympathetic drive not 
only as powerful mediator of hypertension but also as mitigator of the antihyperten-
sive effects of pharmacological therapies, intensive efforts have been recently 
directed toward the development of non-pharmacological sympathoinhibitory 
approaches. Of these, baroreflex activation therapy (BAT) and catheter-based radio- 
frequency renal nerve ablation have quickly reached technological maturity and 
stand nowadays the test of clinical efficacy [1, 4, 36].

 Baroreflex Activation Therapy

The modern technology of BAT has overcome the limitations of the early attempts 
at electrical stimulation of the carotid baroreflex. The present system developed by 
CVRx Inc. has the capability of delivering electrical energy directly at the carotid 
sinus, through electrodes implanted in the perivascular space rather than the carotid 
sinus nerve, as in previous studies [4, 37]. This approach has the advantage of avoid-
ing damage to the sinus nerve and also preventing concomitant activation of fibers 
carrying chemoreflex afferent signals from the carotid body. As noted above, activa-
tion of the carotid chemoreflex would provide a powerful sympathoexcitatory drive 
[31] thus limiting the efficacy of baroreflex activation. Furthermore, the electrode 
design of the current system virtually eliminates problems related to extraneous 
nerve and muscle stimulation seen in earlier studies, while the implantable minia-
ture pulse generator allows externally programmable and controlled delivery of cur-
rent throughout the day.

After a successful first-in-human proof-of-concept study of the first-generation 
Rheos (CVRx Inc.) system the Device-Based Therapy in Hypertension Trial 
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(DEBuT-HT) confirmed safety and efficacy of the BAT system in 45 resistant 
hypertensive patients who had significant reductions in blood pressure 3 months 
after the initiation of therapy which were sustained at 2 years of follow-up [38]. 
Following these promising results, the randomized, double-blind placebo con-
trolled, Phase III Rheos pivotal trial in 265 patients with resistant hypertension was 
successful in meeting the predetermined sustained efficacy end point with 81% of 
the group having a reduction of systolic blood pressure of at least 10 mmHg at 
12 months of the magnitude at least 50% of that obtained at month 6. However, the 
efficacy criterion remained unmet because the proportion of patients with blood 
pressure reduction at 6 months of at least 10 mmHg was only marginally greater in 
the BAT group as compared to placebo. This result was likely due to a less-than 
optimal trial design, as patients with inactive implants (placebo) had a larger reduc-
tion in systolic blood pressure than expected [39]. Notwithstanding, this trial 
emphasized the promise of BAT for the treatment of resistant hypertension as all 
patients receiving BAT had more than 30 mmHg reductions in their systolic blood 
pressure at 12 months, and this reduction was sustained for an average of 28 months 
follow-up [40]. Recent developments in the design and approach of BAT led to the 
Barostim neo, comprising a miniaturized electrode implanted unilaterally, with 
obvious benefits brought about by the reduction in the invasiveness of the implant 
procedure. The Barostim neo has demonstrated efficacy in significantly reducing 
systolic blood pressure by more than 25 mmHg in a trial on 30 resistant hyperten-
sive patients at 6 months of follow-up and demonstrated a benign short- and long-
term safety profile [41]. Stemming from this initial findings, a larger, FDA-approved 
multicenter randomized double-blind pivotal clinical trial is ongoing (The US 
Barostim Hypertension Pivotal Trial, NCT01679132), randomizing patients with 
resistant hypertension to receiving optimal medical management therapy with or 
without BAT.

The mechanisms involved in the blood pressure reduction by BAT have been 
explored in animal models and largely confirmed in humans. These studies suggest 
that global sympathoinhibition and concomitant suppression of renin secretion, 
likely mediated by reductions in renal sympathetic nerve activity, are the key mech-
anisms whereby BAT lowers blood pressure [4, 15]. Although the renal sympathetic 
nerves provide the apparent link between suppression of central sympathetic out-
flow and the reduction in blood pressure, experimental [42] and clinical [43] evi-
dence indicate that BAT is capable of lowering blood pressure even when the renal 
nerves are not present. Although the mechanisms responsible for the blood pressure 
lowering effect of BAT in the absence of renal nerves are not evident and have not 
been explored to date, several mechanisms have been identified as potential candi-
dates, including increased natriuretic peptides or renal interstitial pressure in an in 
silico study using a complex and established mathematical model of human physi-
ology [44]. While these mechanisms warrant further investigation, it is conceivable 
that global sympathetic suppression by BAT may activate redundant natriuretic fac-
tors whose role only becomes apparent when sympathoinhibition does not include 
the renal nerves.
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 Renal Denervation

Since excessive renal sympathetic activation has been demonstrated to play a major 
role in promoting hypertension and sympathoexcitation is common in patients with 
resistant hypertension, renal denervation appeared as the logical therapeutic solu-
tion for those patients whose blood pressure cannot be controlled by medication. A 
novel catheter-based, radio-frequency ablation technique was designed to selec-
tively eliminate renal innervation. Following successful proof-of-concept studies, 
the Symplicity device (Medtronic) was tested in two open label, uncontrolled trials 
in patients with resistant hypertension (SYMPLICITY HTN-1 and SYMPLICITY 
HTN-2). These studies have confirmed a significant reduction in systolic blood 
pressure of more than 30 mmHg which was sustained for as long as 3 years after the 
renal denervation [45]. The larger SYMPLICITY HTN-3 trial was designed to 
include a sham procedure, blinding, and more rigorous inclusion criteria for resis-
tant hypertension. Although this trial met the safety end points, it however failed to 
achieve the primary end point, as patients with renal denervation had a reduction in 
systolic blood pressure of only 2 mmHg more pronounced than those who received 
pharmacological therapy alone [46]. The disappointing results of this last clinical 
trial have received numerous explanations including changes in medication and 
dosing, preferential use of classes of drugs in certain ethnic groups but were not 
found to be substantiated. Another possibility considered was that the extent of 
denervation was not uniform, a hypothesis difficult to assess since measurement of 
renal spillover of norepinephrine to quantitatively ascertain the degree of denerva-
tion has not been performed due to technical challenges [36]. However, the identifi-
cation of those physiological factors that determine the blood pressure response to 
renal nerve ablation in the heterogeneous group of patients with resistant hyperten-
sion has remained unsolved. First of all, the iconoclastic contention that renal sym-
pathetic activity is necessarily increased in all forms hypertension and that renal 
denervation invariably lowers blood pressure is challenged by multiple experimen-
tal studies which suggest that only those animal models where hypertension is sym-
pathetically mediated respond to renal denervation. It is therefore unfortunate that 
the technology used to assess RSNA by renal norepinephrine spillover is not avail-
able for current clinical use since very little inference about the relationship between 
basal RSNA and the blood pressure response to renal denervation can be made in 
the absence of these measurements. Second, if the activity of the renin-angiotensin- 
aldosterone system escapes sympathetic modulation, such as would be the case dur-
ing treatment with blockers of RAS [36] which may also lead to aldosterone 
breakthrough [47], or resistant hypertensive patients with CKD who may have nor-
mal aldosterone levels but increased sensitivity of the mineralocorticoid receptor 
[47], renal denervation would not be expected to cause sustained reductions in 
blood pressure [36]. Third, as volume expansion is a consistent pathological finding 
in patients with resistant hypertension, especially when CKD is a comorbid condi-
tion [48], experimental observations indicating that the renal nerves are not primary 
mediators of the modulation of renin secretion by dietary salt [49] suggest that the 
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magnitude of blood pressure reduction following renal denervation may be inde-
pendent of the level of salt intake. This possibility has not yet been tested in humans, 
however.

In addition to efferent sympathetic activity, the renal nerves also convey afferent 
signals from renal mechano- and chemoreceptors. Stimulation of renal chemorecep-
tors in response to ischemic metabolites and/or uremic toxins activates a sympatho-
excitatory reflex. This reflex has been postulated to contribute to the excessive 
adrenergic drive found in several forms of hypertension, including resistant hyper-
tension, and provided a conceptual basis for a putative effect of renal denervation to 
suppress sympathetic activity to other territories in addition to the kidneys [5]. 
However, clinical studies are inconsistent in ascertaining sustained reductions in 
muscle sympathetic nerve activity following renal denervation [33, 36]. Progressive 
renal injury in patients with CKD and resistant hypertension may however deter-
mine a more complete manifestation of this renal afferent sympathoexcitatory 
reflex, amenable to inhibition by renal denervation. This possibility remains unre-
solved since clinical trials of renal denervation have consistently excluded patients 
with overt impairment of renal function [36]. Thus, based on the currently available 
data, the antihypertensive effects of renal denervation are likely determined for the 
most part by interruption of efferent sympathetic traffic to the kidney.

 Aspects of Sympathetic Activation in Resistant Hypertension 
Associated with CKD

Chronic kidney disease (CKD) is a complex pathological condition, whereby the 
vast majority of chronic renal failure cases evolve with chronic increase in arterial 
blood pressure (BP) in the systemic circulation, e.g., with hypertension. The latter 
favors multiple detrimental mechanisms, which ultimately lead to the various com-
plications that define a global picture of chronic cardiovascular disease (CVD). This 
picture is superimposed over that of chronic renal failure, and there are various ways 
the involved pathological mechanisms are potentiating each other, by multiple 
vicious circles. Therefore, a major therapeutic aim in the evolution of CKD is to 
improve control of BP and hence to reduce CVD morbidity and mortality in this 
high-risk population, facing the frequent situation of hypertension resistant to clas-
sical antihypertensive drugs and their associations.

Due to such important issues, the complex relations involving CKD, hyperten-
sion, and autonomic dysfunction have been under increasingly intense investigation 
and debate over the last two decades. Quite many reviews have been published in 
this expanding area, including most recent ones focused right on the subject of this 
section, e.g., on CKD and specifically one of the following: resistant hypertension 
[50–52] sympathetic overactivity, including baroreflex dysfunction [53, 54]; arterial 
stiffness [55]; and clinical imaging of arterial calcification [56].
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 Resistant Hypertension and Chronic Kidney Disease

Ten years ago this issue was already thoroughly investigated, given that in CKD 
hypertension becomes more and more resistant to various treatments along the evo-
lution of the pathogenic complex in each case. Because of the high complexity of 
the relation between CKD and hypertension, that we have just mentioned, hyperten-
sion in CKD has a very intricate pathogenesis [57]. Our understanding at that time 
was mainly based on a couple of traditional explanations (high volemia due to 
sodium and water retention; activation of the renin-angiotensin-aldosterone system 
(RAAS)), but other mechanisms were also considered, such as increased sympa-
thetic activity, high endothelin production and/or decreased availability of 
endothelium- derived relaxing factors (EDRFs), arterial remodeling, renal ischemia, 
and sleep apnea [57]. Thus, autonomic dysfunction, with a focus on sympathetic 
overactivation, was already discussed at that time as possibly involved in hyperten-
sion pathogenesis, in general and in CKD in particular.

A rather simple terminological delineation helped in finding out that in CKD the 
pseudoresistance of hypertension to medication predicts renal outcome but is not 
associated with increased cardiorenal risk, while true resistance is prevalent and iden-
tifies patients with the highest CVD risk [58]. Here we use the term of resistant hyper-
tension to generically designate a decreased efficiency of traditional antihypertensive 
remedies, but we emphasize the constant efforts of the medical community toward 
enhanced terminological precision in using such terms, e.g., resistant hypertension vs. 
refractory hypertension and controlled hypertension vs. uncontrolled hypertension 
[59]. Under such circumstances we consider that explicit reference to the antihyper-
tensive scheme and to the determined vs. targeted ABP values should be made when-
ever appropriate in the context. We mention that hypertension control in CKD was 
found to be poor in the USA 10 years ago, mainly due to systolic hypertension [59].

 Sympathetic Overactivation, Resistant Hypertension, 
and Chronic Kidney Disease

General aspects regarding sympathetic activity in hypertension have already been 
presented in this chapter (sections “Influence of Renal Sympathetic Nerve Activity 
on Blood Pressure Control by the Kidneys”, “Sympathetic Overactivation in 
Resistant Hypertension”, and “Non-pharmacological Suppression of Sympathetic 
Activity in Hypertension”), so here below we focus just on sympathetic overactiva-
tion in CKD (Fig. 10.1).

About 20 years ago the evidence for sympathetic overactivity in CKD started 
accumulating rather quickly, but it was still not clear if reducing sympathetic over-
activity could be therapeutically relevant [57, 60]. Starting with the simple further 
reduction of glomerular filtration rate (GFR), by preferential constriction of afferent 
vs. efferent arterioles, various mechanisms were known by which chronic sympathetic 
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overactivity could be involved in CKD progression, such as facilitation of hyperten-
sion target organ damage, directly and/or mediated by angiotensin II [60]. Now we 
know that sympathetic activation and CKD go hand in hand, starting early in CKD 
evolution [61].

Mechanisms are far from elucidated, but now we do know that in CKD there is 
first a deficit in the baroreflex afferent component and then a gradual impairment of 
central control of renal sympathetic nerve activity and heart rate; both these earlier 
and later components are associated with serious baroreflex dysfunction [62]. A 
relevant study used the subtotal nephrectomy model and α2A-adrenoceptors knock-
out mice to investigate whether in renal failure the actual mechanism of increased 
noradrenaline release from renal sympathetic nerve endings involves altered intrin-
sic synaptic autoregulation [63]; the study revealed that those presynaptic adreno-
ceptors are less efficient in inhibiting noradrenaline release in renal failure. On the 
other side, it has been known for almost 40 years that reduced baroreflex sensitivity 
could contribute to hypertension in patients with end-stage chronic glomerulone-
phritis [64].

Baroreflex activation (discussed in some detail in the previous sections) has 
recently been shown to be effective in CKD with resistant hypertension, by decreas-
ing ABP and proteinuria and by stabilizing estimated glomerular filtration rate 
(GFR) [65]. Baroreflex activation has also been shown to be a safe and effective 
therapy in end-stage renal disease (ESRD) [66]. Several small-scale studies investi-
gated renal sympathetic denervation in CKD and, on purpose, the benefits of such 
procedures regarding resistant hypertension in CKD and, to some extent, the mech-
anisms involved.

Sympathetic vasoconstrictor tone itself can be more important as hypertensive 
mechanism than any “vascular amplifier effect,” as shown in the Lewis polycystic 
kidney rat model of CKD [67]. It has been directly shown, by telemetry of ABP and 
of renal sympathetic nerve activity, that the increase in the latter could be a major 
hypertension mechanism in a rat model of genetic CKD [68].

Renal sympathetic denervation (by intravascular radiofrequency catheter), a safe 
and efficient remedy in hypertension resistant to antihypertensive drugs, possibly 
including hypertension in CKD [69, 70], does not affect patient adherence to the 
respective ongoing medication [71], while it was already known that renal 
 denervation is more efficient in patients with resistant hypertension who also have 
impaired cardiac baroreflex sensitivity [72].

CKD

Na+ reabsorption RAAS

Resistant hypertension

Sympathetic outflow

Fig. 10.1 The key role of 
sympathetic overactivation 
in the frame of pathogenic 
relations between chronic 
kidney disease (CKD) and 
hypertension
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There are many different mechanisms by which vascular dysfunction contributes 
to the vicious circles discussed here, the ones involving the multiple relations 
between CKD, resistant hypertension, and autonomic dysfunction. In this highly 
complex context, it is known that deficit of nitric oxide (NO) and baroreflex dys-
function associate with various cardiovascular conditions. There is this interesting 
example of most recent finding with possible wide impact: sinocarotid baroreceptor 
artificial stimulation in rabbits enhanced the vasodilation induced by the NO donor 
sodium nitroprusside [73]. On the other side, one should keep in mind that auto-
nomic dysfunction, as in sympathetic overactivation, could actually favor arterial 
dysfunction, as it has been shown that arterial baroreflex dysfunction promotes the 
development of atherosclerosis in rats and owing to inflammatory mechanisms [74].

Many studies, both in experimental models and in human subjects, have described 
the relation between hypertension and arterial stiffness, but connection to the arte-
rial baroreflex has been more thoroughly addressed only recently, when it was 
shown, for example, that arterial stiffness, not strictly related to endothelial dys-
function, contributes to abnormal baroreflex in patients with hypertension [75]. 
Within this line of evidence it had been already suggested that reduced baroreflex 
sensitivity may be relevant for the pathophysiology of hemodialysis patients with 
vascular calcification [76], while one of our recent studies shows as well that vol-
ume overload in hemodialysis patients contributes to increased arterial stiffness but 
without affecting endothelium-independent or endothelium-dependent arterial reac-
tivity [77].

We believe that, especially regarding such intricate mechanisms, careful results 
interpretation in the current knowledge context is crucial, as in the case of this study 
suggesting that “primary hypertension can be attributed to a mechanogenic etiology 
without challenging current conceptions of renal and sympathetic nervous system 
function” [78]. Refined multiparameter analysis indicates that estimation of barore-
flex sensitivity using the causal method is the best marker for autonomic nervous 
system function [79].

Very fine control of intrarenal pressures and blood flow rate is ensured under 
normal conditions, while in CKD such regulatory mechanisms are progressively 
affected. So, there is a related substantial interest in the general features and mecha-
nisms for vascular smooth muscle contractile activity and for the ways this is influ-
enced by neural and humoral factors. But, aspects particular to the afferent and 
efferent arterioles are at least as important, if not even more, as suggested by an 
example of recent progress in understanding such differences based on the func-
tional implications of certain subtypes of voltage-dependent calcium channels [80]. 
Peritoneal dialysis is useful in CKD, but it leads to a further increase of arterial 
stiffness together with a further decrease of baroreflex sensitivity [81]. Along with 
the various intended beneficial effects on renal and cardiovascular function, renal 
transplantation seems able to also normalize baroreflex sensitivity, and this occurs 
together with a decrease in the stiffness of central arteries [82]. Last but not least, 
spontaneous baroreflex indices correlate to local carotid mechanical properties, an 
aspect that should be considered when discussing baroreflex function in both patho-
logical and normal conditions [83].
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Chapter 11
Secondary Causes: Work-Up and Its 
Specificities in CKD: Influence of Volume 
Overload, Excess Sodium Intake and 
Retention in CKD

Luminita Voroneanu, Dimitrie Siriopol, and Adrian Covic

Worldwide, it is estimated that more than 1 billion adults have hypertension; its 
prevalence is projected to climb to 1.5 billion by the year 2025 [1]; it is associated 
with premature death, stroke, and heart disease. The pathogenesis of hypertension 
is complex, involving increased systemic vascular resistance, arterial stiffening, car-
diac output, excess salt intake, fluid retention, or a combination of all of these fac-
tors. The kidney plays an essential role in blood pressure (BP) pathogenesis, by 
appropriate renal adjustments of sodium balance and blood volume.

 New Pathological Mechanisms Beyond Guyton’s Theory

According to the classic concept of Guyton, high salt intake expands circulatory 
volume, which leads to an increase in perfusion pressure of the kidneys and in natri-
uresis that tends to restore the increased circulating volume to normal [2]. This 
pressure-natriuresis mechanism prevents the increase in BP that could arise from 
transient increase of circulating volume. In the context of induced renal dysfunction 
in animal experiments or in patients with chronic kidney disease (CKD), sodium 
loading causes extracellular volume expansion and volume loaded hypertension.
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According to this hypothesis, hypertension can develop only when the excretory 
ability of the kidney is impaired; in this context, the kidney plays an essential role 
in BP regulation. Moreover, it has been shown that mutations in a large number of genes 
related to the salt transport in the kidney determine monogenic forms of hyperten-
sion [3]. Fujita et al. recently identified two important signaling pathways in renal 
tubules that play key roles in electrolyte balance and the maintenance of normal BP: 
the β2-adrenergic stimulant-glucocorticoid receptor (GR)-with-no-lysine kinase 
(WNK)4-Na(+)-Cl(−) cotransporter pathway, which is active in the distal convo-
luted tubule (DCT) 1, and the Ras-related C3 botulinum toxin substrate (Rac)1-
mineralocorticoid receptor (MR) pathway, which is active in DCT 2, connecting 
tubules, and collecting ducts. β2-Adrenergic stimulation due to increased renal 
sympathetic activity in obesity- and salt-induced hypertension suppresses histone 
deacetylase 8 activity via cAMP/PKA signaling, increasing the accessibility of GRs 
to the negative GR response element in the WNK4 promoter. This results in the sup-
pression of WNK4 transcription followed by the activation of Na(+)-Cl(−) cotrans-
porters in the DCT and elevated Na(+) retention and BP upon salt loading. The 
authors suggested that these new pathways might be novel therapeutic targets for 
the treatment of salt-sensitive hypertension and new diagnostic tools for determin-
ing the salt sensitivity of hypertensive patients [4].

However, in the last 15 years, the Guyton’s traditional view was contradicted. In 
an elegant study, Heer et al. found that high sodium intake increases plasma volume 
in a dose-dependent manner, but not total body water. They concluded that in con-
trast to the traditional view, high sodium intake does not induce total body water 
storage but induces a relative fluid shift from the interstitial into the intravascular 
space [5]. More recently, Tietze et al. demonstrated that considerable quantities of 
nonosmotic sodium are accumulated in various tissues, such as skin, cartilage, bone, 
and muscle without water retention [6].

Experimental studies have shown that negatively charged glycosaminoglycans 
(GAG) in the skin interstitium are responsible for sodium storage. In rats, excess 
dietary sodium has been linked with (1) increased interstitial GAG content, (2) 
increased polymerization and sulfation of these GAGs, and (3) increased skin 
sodium concentrations (180–190 mmol/L) which exceed plasma sodium concentra-
tions and was not accompanied by extracellular water retention.

It seems that nonosmotic sodium accumulation, which occurs acutely, is followed 
by amplified removal from skin via the newly developed lymphatics for ultimate renal 
excretion. In rats, a high-salt diet leads to interstitial hypertonic sodium accumulation 
in skin [7], resulting in increased density and hyperplasia of the lymph and capillary 
network. The mechanisms underlying these effects on lymphatics involve activation of 
tonicity-responsive enhancer binding protein (TonEBP) in mononuclear phagocyte 
system (MPS) cells infiltrating the interstitium of the skin. TonEBP binds the pro-
moter of the gene encoding vascular endothelial growth factor C (VEGF-C) and 
causes VEGF-C secretion by macrophages [8] (Fig. 11.1). As a consequence, increased 
density and hyperplasia of the skin lymphocapillary network and increased endothe-
lial nitric oxide synthesis is observed. MPS cell depletion or VEGF-C trapping by 
soluble VEGF receptor-3 blocks VEGF-C signaling, augments interstitial hypertonic 
volume retention, decreases endothelial nitric oxide synthase expression, and elevates 
BP in response to high-salt diet. The MPS cells act as onsite controllers of interstitial 
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volume and BP homeostasis, providing a local regulatory salt-sensitive tonicity-
responsive enhancer binding protein/vascular endothelial growth factor C-mediated 
mechanism in the skin to maintain normal blood pressure in states of interstitial Na(+) 
and Cl(−) accumulation. Failure of this physiological extrarenal regulatory mecha-
nism leads to a salt-sensitive blood pressure response [7].

Another important player in this concept is the endothelial surface layer, a 
dynamic layer on the luminal side of the endothelium that is in continuous exchange 
with flowing blood. This soft surface layer, named endothelial glycocalyx layer 

NaCl intake

Plasma Na+ CI-

Na uptake by EGL Na uptake by skin GAG

TonEBP by MPS

VEGF secretion

NO synthesis

Protects Na+ access
to endothelial cells

Density and
hyperplasia of the lymph

and capillary network

Maintain blood pressure in normal range

Fig. 11.1 Potential defensive mechanisms for high salt intake. EGL endothelial glycocalyx layer, 
GAG glycosaminoglycans, MPS mononuclear phagocyte system, NO nitric oxide, TonEBP  
tonicity-responsive enhancer binding protein, VEGF vascular endothelial growth factor
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(EGL), is a negatively charged biopolymer known to preferentially bind sodium, 
because negatively charged GAG are abundantly present in this layer. Additionally, 
it is involved in regulating vascular permeability, has antiatherogenic and anti-
inflammatory properties, and is an important mediator in shear-induced nitric 
oxide (NO) production.

At present, the sodium binding capacity of the EGL is not known. However, the 
sodium excess determines a reduction of heparin sulfate residues by 68%, which 
leads to destabilization and collapse of the EGL. Subsequently, sodium is bringing 
into the endothelial cells. Sodium overload transformed the endothelial cells from a 
sodium release into a sodium-absorbing state. These results might elucidate endo-
thelial dysfunction and arterial hypertension associated with sodium abuse [9].

Additionally, in some pathological situation such as severe sepsis, CKD, or end-
stage renal disease (ESRD), or during acute or chronic hyperglycemia, the EGL is 
perturbed, which is accompanied by an expanded extracellular volume, higher BP, 
or both, suggesting that variability in sodium homeostasis and salt sensitivity may 
be related to the quality of the EGL, in which endothelial GAGs act as an intravas-
cular buffer compartment for sodium. For example, in 23 stable dialysis patients, 
the EGL alteration was associated with an increased need for ultrafiltration.

Endothelial surface layer has also been reported to influence the availability of NO 
production via mediating the epithelial sodium channel on the endothelial luminal 
surface (EnNaC). When the plasma sodium was increased, the density of EnNaC has 
been shown to be increased to leading to increasing sodium uptake, stiffen the endo-
thelial cellular cortex, and diminishing NO production. Taken together, an increase of 
sodium delivery to the endothelial cell resulted in an increase in vascular tone [10].

 Salt and Hypertension in the General Population

Alteration in dietary sodium determines different BP responses; if BP increases dur-
ing a period of high dietary sodium or declines during a period of low sodium, these 
individuals have salt-sensitive hypertension. If there is no change in BP with sodium 
restriction, that individual has salt-resistant hypertension. Salt sensitivity in normo-
tensives is associated with future hypertension; salt sensitivity hypertension is asso-
ciated with increased mortality.

Salt sensitivity has been shown to be mainly prevalent in black, in obese, and 
in elderly hypertensive patients. It is frequently associated with diminished renal 
function and by a significantly enhanced cardiovascular risk. Furthermore, it is 
also associated with microalbuminuria, absence of the nocturnal decrease in arte-
rial pressure, and absence of modulation of renal blood flow in response to 
sodium loading.

Excess salt intake is one of the most common and important risk factors involved 
in the pathogenesis of hypertension. Numerous animal studies [11–13] and clinical 
trials found a causal relation between salt intake and hypertension [14–19]. 
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Additionally, data from epidemiological studies have shown a direct and positive 
association between excess salt intake and cardiovascular disease.

The INTERSALT Study engaged a standardized protocol with careful attention 
to the measurement of BP and collection of “gold standard” 24-h urinary Na esti-
mates in 10,079 adults from 32 countries, providing a wide range in Na (the expo-
sure variable). A significant positive relationship was shown between dietary Na 
and BP for both within- and across-population analyses. Recently, the Prospective 
Urban Rural Epidemiology (PURE) study provided new evidence about the asso-
ciation between sodium and potassium intake, estimated from morning urine speci-
mens, BP, death, and major cardiovascular events [20]. In this study of 102,216 
adults from 18 countries and 5 continents, the authors found a positive but hetero-
geneous association between estimated sodium excretion and BP. Approximately 
90% of the participants had either a high (>5.99 g per day) or moderate (3.00–
5.99 g per day) level of sodium excretion; approximately 10% excreted less than 
3.00 g per day, and only 4% had sodium excretion in the range associated with 
current US guidelines for sodium intake (2.3 or 1.5 g per day). The authors found 
a steeper slope for this association among study participants with sodium excretion 
of more than 5 g per day, a modest association among those with sodium excretion 
of 3–5 g per day, and no significant association among those with sodium excretion 
of less than 3 g per day. The authors concluded from the findings that a very small 
proportion of the worldwide population consumes a low-sodium diet and that 
sodium intake is not related to BP in these persons, calling into question the feasi-
bility and usefulness of reducing dietary sodium as a population-based strategy for 
reducing BP [20, 21]. Another very important finding of this study is the relation 
between sodium excretion and potassium excretion in regard to BP: high sodium 
excretion was more powerfully associated with increased BP in persons with lower 
potassium excretion; they proposed that the alternative approach of recommending 
high-quality diets rich in potassium might achieve greater health benefits, includ-
ing blood pressure reduction, than aggressive sodium reduction alone. The major 
limitations of this study are (1) the absence of the direct measurements on 24-h 
urinary excretion on numerous occasions, which is the accepted model for evaluat-
ing electrolyte intake, and (2) the lack of an intervention component to assess the 
direct effects of altering sodium and potassium intake on blood pressure, thus mak-
ing it unfeasible to establish causality.

On the other hand, sodium restriction determines a significant reduction in BP, 
with multiple meta-analysis and systematic reviews of randomized controlled tri-
als showing this effect. The last one, published last year, from the Global Burden 
of Diseases Nutrition and Chronic Diseases Expert Group (NutriCode) including 
107 randomized interventions in 103 trials, showed a linear dose–response rela-
tionship between reduced sodium intake and BP, jointly modified according to age, 
race, and the presence or absence of hypertension. The authors explained that 
larger effects in older adults and hypertensive persons would be consistent with 
decreasing vascular compliance and renal filtration; in blacks, larger effects would 
be consistent with differences in renal handling of sodium [22].
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 Salt and Hypertension in CKD

Evidence shows that almost all CKD patients are salt sensitive; in these patients, 
high salt intake is linked to risk factors for both heart disease and worsening kidney 
function, including high BP, excess proteinuria, and fluid overload. The effect of 
sodium intake on BP is traditionally thought to be driven primarily through changes 
in fluid volume, mediated by the renin-angiotensin-aldosterone system (RAAS), 
although recent research indicates that other mediators, like vascular stiffness or 
inflammation, may play an important role.

High sodium intake is thought to have direct toxic effects on blood vessels 
through mediating factors such as oxidative stress, inflammation, endothelial cell 
dysfunction, and vascular stiffness. High sodium intake enhances the generation of 
superoxide anion accompanied by enhanced renal expression and nicotinamide 
dehydrogenase activation. In addition, dietary salt increases the glomerular expres-
sion of TGF-β1 on renal tissue and also augments nitric oxide production. High salt 
intake also induces the intrarenal aldosterone receptor and promotes renal fibrotic 
injury; it might also determine tissue inflammation by triggering IL-17-producing 
CD4+ T cell development [23].

Moreover, the excess sodium intake abrogates the antiproteinuric effects of 
angiotensin converting enzyme inhibitors (ACEi) or angiotensin receptor blockers 
(ARBs), thereby exacerbating proteinuria. Sodium restriction amplifies the top of 
the dose response of RAAS-blockade for both blood pressure and proteinuria. The 
effect of moderate sodium restriction during RAAS-blockade on blood pressure and 
proteinuria is almost similar to the effect of adding a diuretic. In a recent systematic 
review and meta-analysis, including 11 studies and 516 participants, sodium intake 
reduction markedly reduces albumin excretion, more so during concomitant RAAS-
blocking therapy and among patients with kidney damage. An average reduction in 
sodium intake of 92 mmol/d was associated with a 32.1% reduction in urinary albu-
min excretion. A greater reduction of urinary albumin excretion was associated with 
a higher decrease in BP during the intervention [24].

There were several short-term studies on the effect of restricting salt intake on 
BP levels in CKD patients. In a small prospective trial of patients with CKD, 
McMahon and colleagues determined that a low-sodium diet (60–80  mmol/d) 
resulted in a reduction of 10 mmHg systolic pressure compared with a high-sodium 
diet. The authors also demonstrated that the low-sodium diet in this trial reduced 
protein excretion by more than 300 mg/d and also the extracellular volume [25, 
26]. In a recent Cochrane meta-analysis including 8 studies and 258 people (with 
early-stage CKD, renal transplantation, one study, and peritoneal dialysis, one 
study), reduced sodium intake significantly reduced BP and antihypertensive med-
ication dosage [27]. However, the authors found a critical evidence gap in long-
term effects of salt restriction in people with CKD; they were unable to determine 
the direct effects of sodium restriction on primary endpoints such as mortality and 
progression to ESRD.
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 Volume Overload and Hypertension

It is now recognized that unidentified, clinically unapparent volume expansion is an 
important cause for hypertension and resistance to antihypertensive treatment [28]. 
Several methods have been used for optimal determination of volemia, including 
clinical examination, measurement of inferior cave vein diameter using echocar-
diography, and the evaluation of cardiac biomarkers—mainly N-terminal prohor-
mone brain natriuretic peptide (NT proBNP) or impedance measurements.

A positive correlation between measured plasma volume and systolic and dia-
stolic BP was shown in several studies [29]; additionally, intensified diuretic treat-
ment improved BP control via a quantifiable decrease in plasma volume [30, 31]. In 
the last 15 years, thoracic bioimpedance was used to evaluate hemodynamic status 
and to adjust complex antihypertensive treatment in general population. Taler et al. 
in a series of 104 patients with resistant hypertension randomized to hemodynamic 
guided treatment or specialist care showed that the patients treated according to 
hemodynamic measurements had an improved BP control rate (56% versus 33% in 
the control group, P < 0.05) and incremental reduction in systemic vascular resis-
tance measurements compared with the group of patients treated as per clinical 
judgment alone. Higher doses of diuretics (not a greater prevalence of use) were 
prescribed for the hemodynamically managed group, leading to a greater blood 
pressure lowering [32]. Smith et al. investigated the role of hypertension therapy 
guided by impedance in 164 patients with uncontrolled hypertension and no signifi-
cant accompanying diseases [33]. After 3 months of treatment, therapy based on 
hemodynamic evaluation was associated with considerably better BP control, 
including a significant decrease in average systolic and diastolic BP values. The 
hemodynamic arm achieved the BP goal (<140/90 mmHg) more frequently (77% 
versus 57% P < 0.01 and 55% versus 27% for a more aggressive BP control – at 
<130/85 mmHg P < 0.0001) compared with the control group. Similar results were 
obtained by Krzesinski et al. in 128 patients with uncontrolled hypertension [34]. 
Therapy based on impedance cardiography significantly increased the reduction in 
office systolic BP (11.0 vs. 17.3 mmHg; p = 0.008) and diastolic pressure (7.7 vs. 
12.2 mmHg; p = 0.0008), as well as 24-h mean systolic BP (9.8 vs. 14.2 mmHg; 
p = 0.026), daytime systolic BP (10.5 vs. 14.8 mmHg; p = 0.040), and night-time 
systolic BP (7.7 vs. 12.2 mmHg; p = 0.032) [35].

Subclinical volume overload is present in more than 20% of CKD patients. In a 
prospective cohort study including 338 patients with CKD stage 3–5, fluid overload 
was associated with BP, proteinuria, renal inflammation with macrophage infiltra-
tion and tumor necrosis factor-α overexpression, glomerular sclerosis, and cardiac 
fibrosis [36]. Hung et al. used the body composition monitor, a multifrequency bio-
impedance device, to measure the level of overhydration in CKD patients. Of the 
338 patients with stages 3–5 CKD, included in this study, only 48% were euvolemic. 
Patients with volume overload were found to use significantly more antihyperten-
sive medications and diuretics but had higher systolic BP and an increased arterial 
stiffness than patients without volume overload [37].
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The value of guiding hypertension treatment based on subclinical extracellular 
fluid excess has been tested in one pilot study. Verdalles et al. used bioimpedance to 
assess fluid status and to guide diuretic therapy for treating hypertension in CKD 
patients [38]. They treated 30 patients with extracellular volume (ECV) expansion 
with a diuretic in contrast to 20 patients without ECV expansion who as an alterna-
tive received another additional antihypertensive medication. At 6 months of fol-
low-up, systolic BP decreased by 21  mmHg in patients with expansion of ECV 
compared with 9 mmHg in patients without expansion of ECV (P < 0.01). In addi-
tion, nine of 30 patients with ECV expansion and two of 20 without ECV expansion 
achieved the target blood pressure of less than 140/90 mmHg at 6 months.

In hemodialysis, approximately 25% of the patients are overhydrated; based on 
bioimpedance and BP measurements, Wabel et al. described four distinct categories 
of individuals in dialysis: (i) normotensive, normovolemics; (ii) hypertensive, normo-
volemics; (iii) hypertensive, hypervolemics; and (iv) normotensive, hypervolemics. It 
is obvious that BP management by different classes of drugs could be tailored much 
easier and related to prevailing underlying pathophysiological mechanisms [39].

Furthermore, the impact of volume overload correction on BP management has 
been tested in several studies. In the DRIP study, Agarwal et  al. included 150 
patients without obvious volume overload; 50 patients were randomized to a control 
group and 100 patients randomized to ultrafiltration group, and all underwent inter-
dialytic ambulatory BP monitoring three times (at baseline, 4 weeks, and 8 weeks). 
In the ultrafiltration group, the ambulatory BP was reduced within 4  weeks by 
7/3 mmHg. This antihypertensive effect was sustained for 8 weeks of observation. 
Despite provoking occasional uncomfortable intradialytic symptoms, the quality of 
life was not impaired with reducing dry weight [40].

Additionally, bioimpedance-guided fluid management was associated with an 
improvement in BP control, intradialytic symptoms, left ventricular mass index, or 
arterial stiffness. Moissl et al. optimized the fluid status of 55 HD patients using a 
bioimpedance device over the course of 3 months. This active fluid management 
improved significantly the BP control; every 1 l change in fluid overload was accom-
panied by a 9.9 mmHg/L change in predialysis systolic BP [41].

Similar results were reported by Hur et  al. in a prospective randomized trial 
including 156 hemodialysis patients; in the interventional group (n = 78), the fluid 
management was guided using bioimpedance; in the control group (n = 78), the 
fluid removal during dialysis was determined according to usual clinical practice. 
Pre- and post-dialysis systolic and diastolic BP significantly decreased in the inter-
vention group compared with the control group. Moreover, a significant reduction 
in the left ventricular mass index was also observed in the intervention group as 
compared with the control group (mean difference between groups: −10.2; 95% CI 
−19.2 to −1.17; p = 0.04) [42]. Moreover, in another randomized trial, Onofriescu 
et al. showed that strict volume control guide by bioimpedance is associated with 
better survival rate (P  =  0.03). After 2.5 years there was also an improvement  
arterial stiffness (measured with pulse wave velocity [m/s]) was significantly higher 
in the intervention group (−1.50 compared with 1.2; mean difference in change: 
−2.78; 95% CI −3.75 to 1.80; p < 0.001) [43].
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In contrast, Ponce et al. founded that volume control was not associated with 
better BP control in 189 hemodialysis patients from 23 dialysis centers, although 
bioimpedance measurements provided a better volume control, BP, the number of 
hypotensive events, and hospitalizations were similar between the two groups [44].

Hypertension is also common in peritoneal dialysis; the presence of latent hyper-
volemia or insufficient patient compliance to salt and fluid retention might have a 
major role. Results of the recently published European Body Composition study 
showed that fluid overload is a frequent problem in this group of patients (severe 
fluid overload was present in 25.2% of 639 PD patients) [45]. Chen et al., in a pro-
spective study including 121 HD and 84 PD patients, observed that all patients with 
overhydration had hypertension in both the hemodialysis and peritoneal dialysis 
groups [46]. Yilmaz et  al. investigated the association between hydration status, 
measured with BIA methods and BP and left ventricular mass index (LVMI) in 43 
HD and 33 PD patients. Systolic BP in both post-HD and PD groups and LVMI in 
the PD group were found to be significantly higher in overhydrated patients. In 
multiple linear regression analyses, fluid overload was independently associated 
with higher systolic BP and LVMI [47].

The impact of strict volume control on BP, LVMI, or mortality was evaluated in 
several studies. In 47 hypertensive PD patients, antihypertensive medications were 
discontinued, and salt restriction was initiated. In patients with persistent elevation 
of BP, enhanced peritoneal ultrafiltration was implemented by the use of a hyper-
tonic dialysis solution (4.25% dextrose). Salt restriction alone or combined with 
ultrafiltration led to a decline in body weight by a mean of 2.8 kg, and BP decreased 
from a mean of 158.2  ±  17.0/95.7  ±  10.3 to 119.7  ±  16.0/779  ±  9.7  mmHg. 
Additionally, a significant decrease of the cardiothoracic index on the chest radio-
graph was also noted: from 48.0% ± 5.6% to 42.9% ± 4.5% [48].

In a randomized controlled study, Tang et al. used bioimpedance to improve the 
volume control and BP in 160 PD patients. The patients were randomly allocated to 
2 groups: in Group 1 the patients and their primary nurses were informed of the 
overhydration values provided by bioimpedance spectroscopy, whereas in Group 2 
the values were not revealed, and patients’ volume was measured by the standard 
methods; the use of bioimpedance was associated with a better volume control and 
a significant improvement in systolic BP [49].

Another bedside method that received growing attention in recent years is lung 
ultrasonography (LUS) (Fig.  11.2). It determines the extravascular lung water, a 
small, but important component of total body fluids that represents the water con-
tent of lung interstitium and is strictly dependent on the filling pressure of the left 
ventricle. The comet-tail artifacts, also known as B-lines, are a type of reverberation 
phenomenon that occurs as a consequence of the mismatch between edematous 
septa and the overlying pleura [50, 51].

Although B-lines are a reliable diagnostic tool for the assessment and staging 
of the pulmonary congestion in heart failure patients, this method could be also of 
help in managing hypertension, especially in CKD patients. Several studies found 
a significant association between B-lines score and BP [52–55], but only in the 
simple correlation analysis. There was also observed an association between the 
B-lines score and bioimpedance parameters in some [57] but not all studies [52, 58]. 
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In hemodialysis patients, the B-line score is associated with cardiovascular events 
[54] and all-cause mortality [54, 56, 59]. However, Siriopol et  al. showed that 
only bioimpedance, and not lung ultrasonography, improves risk prediction for 
death, beyond classical and echocardiographic-based risk prediction scores/
parameters [59]. Bioimpedance and lung ultrasonography may be complemen-
tary, providing different information, with bioimpedance being more specific to 
fluid status and lung ultrasonography to cardiac function. Although bioimpedance 
seems to possess more prognostic capabilities, in specific patients, a dry weight 
estimation based on lung ultrasonography could be considered. Currently, two 
randomized controlled trials regarding this approach are ongoing (ClinicalTrials.
gov Identifiers: NCT01815762 and NCT02310061).

 Conclusions

In conclusion, salt and volume matters. Maybe it is time to use individualized hemo-
dynamic measures and individualized antihypertensive treatment in all patients. 
Although we have numerous drugs to lower BP, we have never aligned how we 
think they work with any phenotyping (or genotyping). So we have a “one size fits 
all” approach to raised BP. In CKD, we can see the folly of this all too clearly. Salt 
and water could make the difference. Given that we can now measure volume 
expansion reliably and noninvasively, and titrate BP treatment, why do we not 
bother, in all patients?

Fig. 11.2 B-lines by lung ultrasonography
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Chapter 12
Resistant Hypertension in Elderly People 
with Chronic Kidney Disease

Raúl Fernández-Prado, Esmeralda Castillo-Rodríguez, and Alberto Ortiz

 Aging of the Population

Individuals over 60 years are usually considered elderly. Inside this group, two catego-
ries are recognized, those 60–80-year-olds and those aged over 80 years. It is likely that 
as the population ages, a new category of centenarians will be considered.

In recent decades, global life expectancy for both sexes increased from 65.3 
years in 1990 to 71.5 years in 2013, and the trend is to a continuous increase. In 
1950, the elderly were 8% of the world population; in 2000 they were 10%; and in 
2050, according to United Nations projections, the proportion will reach 21% [1]. 
The issue is most pressing in most advanced economies (Fig. 12.1).

Reductions in the main causes of death are extending life expectancy. In high- 
income countries, age-adjusted death rates for cardiovascular diseases and cancers 
have decreased. In developing countries, child deaths from diarrhea, lower respira-
tory infections, and neonatal causes have also decreased. The reduction of the main 
causes of death and the aging of the population have resulted in an increase in other 
noncommunicable causes of death, like chronic kidney disease, which was the 
cause of death that increased the most in the past 20 years, after human immunode-
ficiency virus infection [2].

Raúl Fernández-Prado and Esmeralda Castillo Rodríguez contributed equally to this work.

R. Fernández-Prado 
IIS-Fundación Jiménez Díaz-Universidad Autónoma de Madrid, Madrid, Spain 

E. Castillo-Rodríguez 
IIS-Fundacion Jimenez Diaz, Madrid, Spain 

A. Ortiz (*) 
Unidad de Diálisis, IIS-Fundación Jiménez Díaz, Av Reyes Católicos 2, 28040 Madrid, Spain
e-mail: aortiz@fjd.es

mailto:aortiz@fjd.es


184

 Chronic Kidney Disease in the Elderly

Aging is associated with a progressive decrease in glomerular filtration rate. Indeed, 
the “physiological” loss of glomerular filtration rate has been quantified as a loss of 
1 ml/min per year. However, the rate of loss of glomerular filtration rate is very vari-
able: some individuals display stable glomerular filtration rate over the years, while 
some lose glomerular filtration rate at a faster rate and develop chronic kidney dis-
ease [3].

In this regard, the prevalence of chronic kidney disease increases with age 
(Fig. 12.2) [4]. Most elderly individuals with chronic kidney disease have not been 
diagnosed. However, the prevalence of chronic kidney disease is around 60% for 
those aged 80 years or older. Thus, population studies in such elderly individuals 
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more probably reflect individuals with chronic kidney disease than not. While this 
has been characterized as the “physiological” decrease of glomerular filtration rate 
with age, a diagnosis of chronic kidney disease in the elderly has serious prognostic 
implications. Mortality of elderly individuals increases as glomerular filtration rate 
decreases, as in younger individuals (Fig.  12.3) [5]. However, while the relative 
increase in risk of death with decreasing glomerular filtration rate or increasing 
albuminuria may be higher in younger individuals, the absolute increase in risk is 
much higher in the elderly since their baseline risk is already higher than in younger 
population.

 Blood Pressure Targets in the Elderly

During aging, both systolic blood pressure and pulse pressure progressively increase. 
It is important to note that there is no consensus among different guidelines for blood 
pressure targets in the elderly and even less in the elderly with chronic kidney disease. 
In part this is due to a scarce evidence base since the elderly and patients with chronic 
kidney disease are frequently excluded from clinical trials.
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The table summarizes current and recent guidelines [6]. The definition of blood 
pressure targets is a key issue since treatment-resistant hypertension is usually 
defined as failure to reach those targets. The diversity of guidelines promotes a 
nihilistic approach to therapy of hypertension in the elderly. In this regard, and 
given the rapidly increasing segment of the population that is elderly (Fig. 12.1), 
adequately powered clinical trials with hard endpoints are urgently needed in elderly 
patients of different age ranges and categories of renal dysfunction. We must 
remember that aging is a process, and, thus, what is adequate for the 60–70 years 
age range may not be appropriate for the 80–90 years age range or for the growing 
number of centenarians. Conversely, a patient with chronic kidney disease and glo-
merular filtration rate category G1 and albuminuria category A2 may not benefit 
from the same approach as someone with glomerular filtration rate category G5. 
Health authorities should actively promote such trials since blood pressure can be 
adequately controlled with non-expensive medications, and pharma companies are 
unlikely to commit funding for this purpose.

 Definition of Resistant Hypertension in Elderly People

Resistant hypertension is defined as blood pressure above goal despite adherence to 
a combination of at least three optimally dosed antihypertensive medications, one of 
which is a diuretic [6–9]. As discussed before, this is a nonspecific definition, since 
the precise goal is key to the definition. In this regard, the blood pressure goal for 
elderly individuals with chronic kidney disease ranges from 130/80 mmHg recom-
mended by KDIGO for patients with chronic kidney disease and albuminuria, since 
no specification is made for the elderly, to <150/90 mmHg for those aged 80 years 
or older, without specification of exceptions for chronic kidney disease, as recom-
mended by NICE and ESH/ESC (Table 12.1). Specifically, Eighth Joint National 
Committee (JNC 8) recommendations are as follows [10]:

Recommendation 1: In the general population aged ≥60 years, initiate pharma-
cologic treatment to lower blood pressure at systolic blood pressure (SBP) ≥150 
mmHg or diastolic blood pressure (DBP) ≥90 mmHg, and treat to a goal SBP <150 
mmHg and goal DBP <90 mmHg (strong recommendation – Grade A).

Recommendation 4: In the population aged ≥18 years with chronic kidney 
disease, initiate pharmacologic treatment to lower BP at SBP ≥140 mmHg or DBP 
≥90 mmHg, and treat to goal SBP <140 mmHg and goal DBP <90 mmHg (expert 
opinion – Grade E).

Recommendation 5: In the population aged ≥18 years with diabetes, initiate 
pharmacologic treatment to lower BP at SBP ≥140 mmHg or DBP ≥90 mmHg, 
and treat to a goal SBP <140 mmHg and goal DBP <90 mmHg (expert opinion – 
Grade E).

Notice that while the goal for the elderly (aged ≥60 years) in the general popu-
lation is <150/<90 mmHg and that this is a strong recommendation, no such age 
limit is provided for chronic kidney disease and diabetics, in whom based on expert 
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opinion a < 140/<90 mmHg goal is recommended. This variability contributes to 
further confusion about the epidemiology and consequences of treatment-resistant 
hypertension in the elderly.

 Prevalence of Resistant Hypertension in Elderly People 
with Chronic Kidney Disease

A recent study found that 13% of hypertensive patients met the American Heart 
Association criteria for resistant hypertension [11]. However, the incidence mark-
edly differed by age: 5.5% for those <50 years (8.5% men and 3.2% women) and 
25% of those >80 years (16% of men and 31% of women). In patients <50 years, 
resistant hypertension was associated with male sex, obesity, and chronic kidney 
disease, while in those >80 years, resistant hypertension was associated with female 
sex diabetes mellitus, obesity, and chronic kidney disease. Chronic kidney disease 
was the common element. Resistant hypertension in chronic kidney disease has 
been recently reviewed in depth [6]. However this review raised more questions 
regarding this subject, especially in the elderly.

The prevalence of true resistant hypertension is unknown because most studies 
did not include key diagnostic criteria (e.g., antihypertensive medication doses, 
treatment adherence, and systematic exclusion of measurement artifacts) [6]. 
Estimates vary widely: 0.5–14% of people treated for hypertension have apparent 
treatment-resistant hypertension. However, this reflects apparent treatment-resistant 
hypertension since in the general population, only 50% of patients with apparent 
treatment-resistant hypertension have been prescribed optimum antihypertensive 
therapy. Moreover, 40% of apparent treatment-resistant hypertension could be 
white-coat hypertension or caused by medication nonadherence. Indeed, nonadher-
ence is extremely hard to detect and even more so in large epidemiological study.

 Etiology

The etiology of resistant hypertension in elderly patients with chronic kidney dis-
ease is most likely chronic kidney disease, the most frequent cause of secondary 
hypertension. It is still possible that elderly chronic kidney disease patients have a 
low frequency cause of secondary hypertension. However, in the context of chronic 
kidney disease and old age, most likely this will not be searched for in routine clini-
cal settings. In this regard, three issues merit discussion: the cause and effect rela-
tionship between chronic kidney disease and hypertension, dietary habits, and 
noncompliance.

Hypertension is widely acknowledged to be the second major cause of end-stage 
renal disease after diabetes [12, 13]. However, recent genetic evidence has uncov-
ered a mutation in the APOL1 gene as the cause of nephropathy in a majority of 

R. Fernández-Prado et al.



189

African-American patients diagnosed as hypertensive nephropathy [14]. Since 
hypertensive nephropathy is most frequently diagnosed in African-Americans, this 
raises questions about any diagnosis of hypertensive nephropathy in other nephrop-
athies. In this regard, hypertensive nephropathy is a frequent diagnosis in the elderly 
in whom no other cause of nephropathy is suspected not searched for. However 
most likely, hypertensive nephropathy represents a nephropathy of unknown cause 
that has slowly progressed under the radar since albuminuria is not routine assessed 
in nondiabetics, and the threshold to diagnose chronic kidney disease based on 
serum creatinine has been evolving over time. In this regard, chronic kidney disease 
is by far the most frequent cause of secondary hypertension in the elderly and, con-
sequently, of treatment-resistant hypertension.

A high salt intake is, together with noncompliance, the most frequent cause of 
apparent treatment-resistant hypertension. There are some trends that may impact 
on both factors in elderly patients with chronic kidney disease. On one hand, both 
the elderly and patients with chronic kidney disease progressively decrease their 
dietary intake. A lower total dietary intake implies a low intake of most dietary 
components, including salt. This would suggest that excessive salt intake would not 
be expected to play a key role in apparent treatment-resistant hypertension in elderly 
patients with chronic kidney disease. However, chronic kidney disease may limit 
the ability of the kidney to excrete a salt load. In addition, it is difficult to start a 
low-sodium diet at age 80 when this has not been part of your lifestyle for eight 
decades. In this regard, malnutrition is a serious concern in elderly chronic kidney 
disease patients and may limit the possibility to reduce dietary salt.

Prescription of multiple medications is frequent in the elderly, especially if they 
have chronic kidney disease. This may negatively impact compliance. The problem 
is magnified in healthcare systems that do not cover the full cost of medication, 
since the elderly are frequently economically fragile.

 Diagnostic Approach

The two essential steps in diagnosis treatment-resistant hypertension in the elderly 
are to confirm the presence of uncontrolled hypertension by a 24-h blood pressure 
monitoring to exclude white coat hypertension and a correct assessment of drug 
prescription and compliance.

Assessment of compliance in the elderly is difficult since they may need helpers 
that take care of the medication, and these helpers may not be present at the clinic 
visit. However, this is a key element of the diagnostic approach, as in the absence of 
compliance, blood pressure control will not improve despite multiple adjustments in 
medication. Exploration of noncompliance should be cautious, and respectful, oth-
erwise we will get lies from the patient. The patient should perceive empathy and be 
offered the opportunity to acknowledge noncompliance without feeling guilty. If 
noncompliance is confirmed, a frank discussion should follow to understand the 
motives, since only by understanding these issues will help prescribe drugs that the 
patient will comply with. Specifically, the benefits of compliance should be emphasized 
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and the motivation of the patient explored. This will save a lot of time and effort for 
both patient and doctor. In the past, the best way to explore noncompliance with diet 
or medication was to intern the patient. In our experience, most if not all patients 
became hypotensive within a week of in-hospital low-salt diet and direct observed 
of the intake of the medication that had been prescribed at home while “treatment 
resistant.” The outcome was usually a reduction in the number of medications at 
discharge and improved compliance.

In addition, the physician should be alert to signs and symptoms of additional 
causes of secondary hypertension, atherosclerotic renal artery stenosis being one of 
the most common in this context.

Finally, a 24-h urine collection should be used to assess sodium intake, if feasi-
ble, since elderly patients may have difficulty collecting urine.

Twenty-four hour monitoring of blood pressure will allow exclusion of white- 
coat hypertension and disclose non-dipper night patterns characteristic of chronic 
kidney disease patients that might benefit from chronotherapy. Among hypertensive 
chronic kidney disease patients under nephrology care with a mean age of 65 years, 
22% had true resistant hypertension patients (office blood pressure is ≥130/80 
mmHg, despite adherence to ≥3 full-dose antihypertensive drugs including a 
diuretic agent or ≥4 drugs and ambulatory average blood pressure ≥ 125/75 mmHg) 
and 7% pseudoresistance (ambulatory average blood pressure < 125/75 mmHg). 
Pseudoresistance was not associated with an increased cardiorenal risk, while true 
resistance identified patients with the highest cardiovascular and renal risk [15].

A further concept is false isolated-office resistant hypertension (elevated clinic 
blood pressure, controlled awake blood pressure means, but elevated asleep systolic 
or diastolic blood pressure mean while treated with three hypertension medications 
in a non-dipper pattern) which was present in 9% of patients with a mean age of 65 
years treated with ≥3 hypertension medications and evaluated by 48-h ambulatory 
blood pressure monitoring. These patients had higher prevalence of chronic kidney 
disease. Thus, the classification of resistant hypertension patients into categories of 
isolated-office resistant hypertension (i.e., with normal 24-h ambulatory blood pres-
sure) masked resistant hypertension (i.e., normal office blood pressure and abnor-
mal normal 24-h ambulatory blood pressure), and true resistant hypertension (i.e., 
both abnormal office blood pressure and abnormal normal 24-h ambulatory blood 
pressure) cannot be based on the comparison of clinic blood pressure with either 
daytime home blood pressure measurements or awake blood pressure mean from 
ambulatory blood pressure monitoring, especially in the elderly plus chronic kidney 
disease setting [16].

 Therapeutic Approach

The therapeutic approach to the elderly patient with confirmed treatment-resistant 
hypertension and chronic kidney disease relies first on promoting compliance. 
While noncompliance associated apparent resistant hypertension is not really resis-
tant hypertension, achieving compliance is the first step in clinical practice. The 
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second step is to adjust the diuretic that patients should be taken before they are 
diagnosed of resistant hypertension. In this regard, in advance chronic kidney dis-
ease a loop diuretic may be needed, and low-dose thiazide from combination pills 
may be insufficient.

Once compliance has been achieved and diuretic therapy optimized, a next step may 
be the addition of low-dose mineralocorticoid receptor blocker, although potassium 
should be monitored and the patient provided with specific instructions to stop the 
medication if they develop risk factors for acute kidney injury or hyperkalemia such as 
dehydration. Special care is required for patients already under renin- angiotensin sys-
tem blockade, as it is frequent among chronic kidney disease patients [17].

Emphasis should be made on avoiding hypotension, especially orthostatic hypo-
tension, since it may result in falls that may bring the patient’s demise. In this regard, 
24-h blood pressure monitoring is underused in this age range and may allow the 
confirmation of hypotensive episodes that may not be reported by the patient.

Given the dismal outcome of patients with end-stage kidney disease [18], a care-
ful correction of all cardiovascular risk factors since the earliest stage of disease is 
required to improve outcomes. In this regard, recognition and treatment of resistant 
hypertension in the elderly with chronic kidney disease, which is the fastest growing 
segment of chronic kidney disease patients, should be a key goal.

 The Impact of SPRINT

The recently published Systolic Blood Pressure Intervention Trial (SPRINT) on 
patients at high risk for cardiovascular events but without diabetes observed that 
targeting a systolic blood pressure of less than 120 mmHg, as compared with less 
than 140 mmHg, resulted in lower rates of fatal and nonfatal major cardiovascular 
events and death from any cause, although significantly higher rates of some adverse 
events [19]. The reduction in major cardiovascular events and all-cause mortality 
with intensive blood pressure control was observed in older individuals, including 
patients with chronic kidney disease and mild proteinuria [20, 21]. This is likely to 
impact clinical practice in the near future.

While there were no significant interactions between treatment and subgroup 
with respect to the primary outcome, in subgroup analysis the elderly (≥75 years 
old) obtained clear benefit with regard to the primary outcome (hazard ratio (95% 
CI); 0.67 (0.51–0.86)). However, no significant benefit was observed in patients 
with chronic kidney disease (0.82 (0.63–1.07)), while benefit was observed for 
those without chronic kidney disease (0.70 (0.56–0.87)). Thus, it is unclear what the 
effect in elderly patients with kidney disease might be. This population might be 
more sensitive to certain adverse effects, such as acute kidney injury. In this regard, 
in the overall population, there was a higher rate (more than double) of acute kidney 
injury in the intensive-treatment group, which may be of particular concern for the 
chronic kidney disease and elderly population. Furthermore, there are two caveats. 
First, diabetics were excluded. Thus, results do not apply to the most frequent cause 
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of chronic kidney disease. Second, patients with estimated glomerular filtration rate 
below 20 ml/min/1.7 m2 were not included. Thus, results do not apply to subjects 
with advanced G4 or G5 chronic kidney disease categories.

In our opinion, at present there is no solid new evidence base from SPRINT to 
modify blood pressure targets for patients with chronic kidney disease, although 
expert opinion may extrapolate the results on secondary endpoints or benefits 
obtained in the overall population aged 75 years or more to the elderly chronic kid-
ney disease population and support lower targets also for the nondiabetic elderly 
population with mild to moderate but not sever chronic kidney disease. In this 
regard, KDIGO will assess the impact of the SPRINT trial on its 2012 Blood 
Pressure Guideline [22]. A report on the outcomes of the specific elderly and chronic 
kidney disease population in SPRINT would be most welcomed.
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Chapter 13
Obstructive Sleep Apnea and Resistant 
Hypertension

Lauren A. Tobias and Francoise Roux

 Introduction

Obstructive sleep apnea (OSA) is increasingly recognized as a modifiable contribu-
tor to systemic arterial hypertension. Patients with OSA have almost five times the 
risk of having resistant hypertension [1], and studies of patients with resistant 
hypertension demonstrate that a majority have OSA. Evidence suggests that treat-
ment with positive airway pressure (PAP) therapy results in significant blood pres-
sure reduction in these patients, supporting the need for accurate diagnosis and 
prompt treatment.

OSA is a very common disorder, estimated to affect approximately 20% of men 
and 10% of women, with increases seen in recent decades that likely relate to the 
increasing prevalence of obesity [2, 3]. OSA is characterized by repeated, intermit-
tent episodes of upper airway collapse during sleep that result in recurrent breathing 
pauses. Pauses may cause either partial or complete obstruction of the upper airway 
during sleep and are terminated either hypopneas or apneas, respectively. Clinical 
consequences of OSA include loud snoring, transient oxygen desaturation, brain 
arousals from sleep, and disruptions in sleep causing poor sleep quality [4].

Daytime consequences of these events include hypersomnolence, impaired con-
centration, an increased risk of motor vehicle accidents [5, 6], and reductions in 
quality of life.
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 OSA and Hypertension

Studies have consistently supported a role for obstructive sleep apnea (OSA) as a 
risk factor for diurnal hypertension. A significant body of literature has now accu-
mulated in both cross-sectional and prospective population-based epidemiologic 
studies to suggest a dose-response relationship between severity of OSA and likeli-
hood of incident HTN that is independent of the risk factors common to both disor-
ders such as obesity and metabolic syndrome [7, 8]. Both US and European 
guidelines for hypertension management recognize OSA as a frequent and modifi-
able contributor to systemic arterial hypertension [9].

Furthermore, in patients with preexisting hypertension as well as OSA, treatment of 
OSA may confer improvements in blood pressure control. Despite increasing evidence 
supporting that it is a major cause of refractory hypertension, OSA remains signifi-
cantly underdiagnosed, particularly among women and nonobese patients [10].

While early studies of hemodynamics in patients with OSA relied on invasive 
blood pressure monitoring, more recent studies have employed ambulatory moni-
tors with frequent sampling (e.g., every 15–30 min) in order to examine circadian 
variation in systolic and diastolic blood pressure. It is generally accepted that ambu-
latory blood pressure monitoring has greater prognostic value than office BP 
measurements.

 OSA and Incident Hypertension

The prevalence of hypertension in patients with OSA ranges from 35 to 80% across 
studies [9], and the prevalence of resistant hypertension is expected to increase in 
the coming years [11]. Although some of the association between OSA and hyper-
tension may be mediated by risk factors common to both disorders, such as obesity, 
a large body of evidence now supports an independent role of OSA in the pathogen-
esis of hypertension [7, 12–15].

The first prospective studies examined the relationship between OSA and the 
development of future hypertension in patients who were normotensive at baseline 
[7]. Early data came from the Wisconsin Sleep Cohort, an ongoing prospective lon-
gitudinal study of the causes and natural history of sleep disorders. Investigators 
found a significant dose-response relationship between sleep-disordered breathing 
at baseline and a diagnosis of new hypertension 4 years later, independent of poten-
tial confounding factors. Patients with even mild OSA were even at risk, with a 
twofold greater risk of becoming hypertensive, whereas those with moderate OSA 
had a threefold greater probability, compared with participants without OSA at 
baseline (AHI <1 event per hour) [7]. Another observational study by Marin and 
colleagues following nearly 2000 non-hypertensive subjects presenting to a sleep 
clinic over 10 years found an increased incidence of hypertension in patients with 
untreated OSA compared with controls [8].
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Data from the Sleep Heart Health Study has been less conclusive. This multi-
center longitudinal cohort study examining the cardiovascular consequences of 
sleep-disordered breathing in over 6000 individuals also found an increased odds of 
HTN in patients with sleep-disordered breathing in a dose-response manner [16, 17]. 
Although some of this relationship was explained by body mass index (BMI), the 
odds ratio for HTN after adjustment for possible confounders remained 1.37 com-
paring the highest and lowest categories of AHI (≥30 versus <1.5). It has been 
postulated that the weaker association between obesity and HTN seen in this popu-
lation as compared with the Wisconsin Sleep Cohort may be related to the older age 
of patients and the reference category of AHI 0–4.9, which may have included sub-
jects with very mild OSA.

Taken together, these data suggest that CPAP can be expected to result in a mod-
est reduction in blood pressure on the order of 2–3 mmHg for the population at 
large. However, this degree of reduction should be considered significant, as it has 
been shown to reduce cardiovascular mortality by 4–8% [18]. In patients with resis-
tant hypertension, the magnitude of BP reduction attributable to CPAP appears to be 
even greater.

The strength of the association between OSA and hypertension may be modu-
lated by other factors including age and somnolence status. For example, the asso-
ciation between OSA and hypertension appears to be stronger in young to 
middle-aged adults than older adults [17, 19]. Haas et al. conducted a large cross- 
sectional study of participants in the Sleep Heart Health Study stratified by age [20] 
and found that an association between systolic and diastolic hypertension existed 
only in those patients under the age of 60 years. However, it is possible that the 
higher medical comorbidity that accumulates with aging has obscured an indepen-
dent association between OSA and HTN in such studies. Data are inconsistent 
regarding the role of sex in mediating the relationship between OSA and HTN [19, 
21]. Nonetheless, given evidence that OSA is often underdiagnosed and under-
treated in women, it is important to remain cognizant that the presence of OSA 
confers a likely similar risk of subsequent hypertension as it does in males [10].

 Circadian Variability of BP in Patients with OSA

Most patients with OSA lack the normal physiological reduction in blood pressure 
(“nocturnal dipping”) that occurs during sleep [22, 23]. The normal nocturnal dip-
ping phenomenon is defined as a reduction in BP by at least 10% during the night 
as compared with the daytime. A “non-dipping” phenomenon has been observed 
commonly in both normotensive and hypertensive patients with OSA [24] and is 
thought to represent one mechanism by which OSA leads to an increased risk of 
target organ damage and cardiovascular events, as compared with subjects who 
experience the normal BP decline during sleep [22, 25, 26]. For example, left ven-
tricular hypertrophy appears more closely linked to HTN during sleep than during 
wakefulness [27]. Data from the WSCS showed a dose-response relationship 
between the severity of baseline OSA and odds of developing an incident non- 
dipping profile in systolic blood pressure.
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 OSA and Resistant HTN

The prevalence of unsuspected OSA in patients with resistant hypertension is very 
high, estimated at 83% in one study [28, 29]. Refractory hypertension in patients 
with OSA is primary systolic rather than diastolic and is especially pronounced at 
night. This is particularly important given that systolic BP has stronger prognostic 
value for cardiovascular outcomes than does diastolic pressure [30].

One study of 125 patients with resistant hypertension was systematically evalu-
ated for known secondary causes of hypertension including aortic coarctation, 
Cushing’s syndrome, obstructive sleep apnea, drugs, pheochromocytoma, primary 
aldosteronism, renal parenchymal disease, renovascular hypertension, and thyroid 
disorders [31]. OSA (defined as an AHI of 15 or greater) emerged as by far the most 
common condition associated with resistant hypertension, seen in 64% of patients. 
Risk factors for the presence of OSA included age over 50 years, neck circumfer-
ence ≥41 cm for women and ≥43 cm for men, and the presence of snoring in this 
population. Another smaller study evaluating patients with treatment-resistant 
hypertension found that 83% had unsuspected sleep apnea based on an apnea- 
hypopnea index ≥10 events/h [28].

There appears to be a dose-response relationship between the severity of OSA 
and the risk of resistant hypertension. Walia et al. recruited nearly 300 patients at 
high risk for cardiovascular disease despite medical management and found that 
patients with severe OSA had a fourfold higher adjusted odds of resistant hyperten-
sion (OR 4.1, 95% CI: 1.7–10.2) [32]. In addition, resistant hypertension was sig-
nificantly more common in patients with untreated severe than moderate OSA (58% 
vs. 29%, respectively, p = 0.01).

Current guidelines on the management of resistant hypertension from the 
American Heart Association (2008) recommend screening for the presence of OSA 
in patients with resistant hypertension [33], and the seventh report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure recognizes OSA as an identifiable cause of hypertension [18]. Joint 
recommendations from the European Respiratory Society and European Society of 
Hypertension echoed this recommendation in 2013, citing OSA as a “novel, fre-
quent and modifiable cause of systemic arterial hypertension” [9].

 Pathophysiologic Mechanisms Linking Hypertension 
and Sleep Apnea

A constellation of factors may underlie the relationship between HTN and OSA, 
including sympathetic activation, activation of the renin-angiotensin-aldosterone 
system, intermittent hypoxemia, inflammation, oxidative stress, and endothelial 
dysfunction. These are shown in Figs. 13.1, 13.2, and 13.3. Some of these mecha-
nisms may act in a bidirectional manner.
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 Sympathetic Activation and Intermittent Hypoxia

Sympathetic activation is a key mechanism responsible for the resistant hyperten-
sion seen in patients with OSA. Several studies have demonstrated deranged auto-
nomic function during both the night and day in patients with OSA, suggesting that 
the hypertension observed at night has a carryover effect that extends into the day-
time hours and persists over time. The repetitive cessation of airflow during apneic 
and hypopneic episodes leads to recurrent hypoxemia and hypercapnia. This trig-
gers chemoflex activation, resulting in stimulation of sympathetic activity. Studies 
of healthy human subjects have shown that periods of intermittent hypoxemia 
resulted in elevations in blood pressure and sympathetic activation [36, 37] that 
decreased with resumption of ventilation after apneic episodes. Interestingly, the 
frequency of hypoxic episodes, captured as an oxygen desaturation index, appears 
to be more important that the AHI in predicting the odds of OSA-related prevalent 
hypertension [38].

 Activated Renin-Angiotensin-Aldosterone System

Aldosterone excess has also been hypothesized to play a role in the relationship 
between OSA and hypertension. Plasma aldosterone levels have been found to cor-
relate strongly and significantly with AHI, a relationship seen in subjects with resis-
tant hypertension but not in normotensive controls [29]. In support of the concept that 
fluid accumulation may worsen OSA, one study showed that drug-resistant hyperten-
sive patients exhibited a great shift in the volume of fluid that migrated rostrally from 
the legs overnight and had a correspondingly higher AHI, than patients whose hyper-
tension was well controlled [39]. A small but provocative study also suggested that 
anti-aldosteronic diuretics may reduce parapharyngeal edema and secondary upper 
airway obstruction, thereby improving both OSA severity and BP [40]. These data 
support the possibility of a bidirectional relationship between OSA and hypertension, 
whereby treatment of hypertension may improve OSA severity.

 Inflammation and Oxidative Stress

The repeated cycles of deoxygenation and subsequent reoxygenation seen in OSA 
are associated with generation of reactive oxygen species and oxidative stress, with 
increases in levels of circulating adhesion molecules and inflammatory cytokines 
including TNF-alpha and IL-8.
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 Endothelial Dysfunction

Research has supported a relationship between OSA and endothelial dysfunction as 
measured by forearm vascular flow, carotid intima-media thickness, carotid-femoral 
pulse-wave velocity and number of circulating endothelial progenitor cells, and lev-
els of vascular endothelial growth factor (VEGF).

 Metabolic Factors

Obesity is common to both HTN and OSA; studies have shown that obese individu-
als (BMI > 40) are five times as likely to require three antihypertensive medications 
as compared with patients whose body mass index is normal [41]. It is therefore 
crucial that any examination of the relationship between OSA and hypertension 
attempt to control for the presence and degree of obesity. OSA has also been linked 
to impaired glucose tolerance and prediabetes [42].

 Other Consequences of OSA

Aside from its contribution to hypertension, OSA has been linked with other long- 
term health consequences and impairments in quality of life. Patients with OSA are 
also at increased risk of pulmonary arterial hypertension, coronary artery disease, 
cardiac arrhythmias, heart failure, stroke, insulin resistance, type 2 diabetes, and 
nonalcoholic fatty liver disease. Motor vehicle crashes are two to three times more 
common among patients with OSA than those without the disorder.

 Diagnosis of OSA

The diagnosis of OSAS is based on a constellation of symptoms, clinical findings, 
and overnight sleep testing, as shown in Table 13.2. In adults, a diagnosis of OSA is 
made when either of the following is present:

• Five or more obstructive respiratory events per hour of sleep in a patient with 
appropriate clinical symptoms or medical comorbidities

• Fifteen or more obstructive respiratory events per hour of sleep regardless of 
associated symptoms or comorbidities

Qualifying clinical symptoms in the above diagnosis include excessive sleepiness, 
non-restorative sleep, fatigue, insomnia, habitual snoring, subjective nocturnal respira-
tory disturbance, and observed apneas, while comorbidities include HTN, mood disor-
der, cognitive dysfunction, coronary artery disease, stroke, congestive heart failure, atrial 
fibrillation, and type 2 diabetes.
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Respiratory events are characterized as either apneas (defined as a >90% reduc-
tion in tidal volume lasting ≥10 s) or hypopneas (defined as a ≥30% reduction in 
airflow lasting ≥10 s and accompanied by either a ≥3% reduction in oxygen satura-
tion or an arousal from sleep as seen on electroencephalogram [44].

OSA severity is defined according to the apnea-hypopnea index (AHI), where 
mild OSA is defined by AHI 5–14 events/hour, moderate OSA by AHI 15–29 
events/hour, and severe OSA by ≥30 or more events per hour. While somewhat 
clinically arbitrary, these thresholds have provided a structure for research purposes 
and may influence treatment decisions and in some cases insurance reimbursement 
for CPAP therapy.

 Clinical Features of OSA

 History and Risk Factors

Snoring and daytime sleepiness are common symptoms of OSA, but are not specific 
to the disorder. Nocturnal gasping or choking appears to be the most reliable indica-
tor or sleep apnea [45]. Table 13.2 lists the varied clinical characteristics that may 
be seen in association with obstructive sleep apnea. While many patients may pres-
ent with several of the features listed, some may have very few. It is common for a 
bedpartner’s concerns to outweigh those of the patient. Risk factors for OSA include 
male gender, smoking, older age, larger neck circumference, and obesity.

Table 13.1 Diagnostic criteria for OSA. The presence either of both A and B, or of C alone, is 
needed for diagnosis

A. The presence of one or more of the following
  1. The patient complains of sleepiness, non-restorative sleep, fatigue, or insomnia symptoms
  2. The patient wakes with breath holding, gasping, or choking
 3.  The bed partner or other observer reports habitual snoring, breathing interruptions, or both 

during the patient’s sleep
  4.  The patient has been diagnosed with hypertension, mood disorder, cognitive dysfunction, 

coronary artery disease, stroke, congestive heart failure, atrial fibrillation, or type 2 diabetes 
mellitus

B. Polysomnography (PSG) or out-of-center sleep testing (OCST) demonstrates
  1.  Five or more obstructive respiratory events (obstructive or mixed apneas, hypopneas, or 

respiratory effort-related arousals) per hour of sleep during PSG or per hour of monitoring 
(OCST)

C. PSG or OCST demonstrates
  1.  Fifteen or more obstructive respiratory events per hour of sleep during PSG or per hour of 

monitoring (OCST)

Adapted from American Academy of Sleep Medicine [43]
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 Screening Questionnaires

Several questionnaires and clinical prediction rules have been developed to aid in 
the diagnosis of OSA.  The most commonly employed of these is the Epworth 
Sleepiness Scale (ESS) [46], an eight-item score in which patients rate their subjec-
tive sleepiness during everyday activities, with a score of 10 and above consistent 
with excessive sleepiness. Others include the Stanford Sleepiness Scale, the Berlin 
Questionnaire, and the STOP-BANG which was initially validated in perioperative 
patients. Although the ESS and other measures have been shown to correlate signifi-
cantly with objective measures of sleepiness, test accuracy is variable across popu-
lations. Furthermore, their false-negative rates are unacceptably high, such that 
reliance on these tests alone is likely to lead to significant underdiagnosis of obstruc-
tive sleep apnea [47, 48].

Table 13.2 Clinical 
characteristics suggestive of 
obstructive sleep apnea 
(OSA)

Clinical characteristics
  Male sex
  Postmenopausal females
  Overweight, especially if central 

adiposity
  History of cardiovascular disease
Nighttime symptoms
  Witnessed apneas
  Loud, frequent snoring
  Dry mouth
  Nocturia
  Awakening from sleep with choking, 

gasping, or dyspnea
  Night sweats
Daytime symptoms
  Excessive daytime sleepiness
  Daytime fatigue
  Concentration difficulties
  Morning headaches
Physical examination
  Neck circumference > 16″ in women 

and >17″ in men
  Upper airway anatomic 

abnormalities (enlarged tonsils/
uvula, macroglossia)

  Retrognathia
  Signs of right heart failure (lower 

extremity edema)
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 Physical Examination

Examination may be normal, or may reveal obesity, a narrow oropharynx, or a large 
neck circumference, but no particular features on physical examination are suffi-
cient to rule in or exclude the possibility of OSA.

 Diagnostic Evaluation for OSA

Testing options for OSA include traditional laboratory polysomnography and out- 
of- center sleep testing (also referred to as ambulatory or OCST or home sleep apnea 
testing) [49]. While laboratory testing remains the “gold standard,” OCST is an 
acceptable initial option for patients in whom there is a strong clinical suspicion of 
OSA. For many patients, OCST has the added benefits of convenience and improved 
tolerability, allowing patients to sleep in their habitual environment. It should be 
noted, however, that OCST often underestimates the frequency of respiratory events 
because recording time, rather than sleep time, is used as the denominator for the 
AHI [50]. Furthermore, OCST is intended only to evaluate for the presence of sleep- 
disordered breathing and should not be ordered if other sleep disorders including 
narcolepsy or periodic limb movements are suspected. Patients with comorbidities 
that increase the risk of additional or alternative sleep-related breathing disorders 
such as hypoventilation or central sleep apnea should also undergo laboratory test-
ing rather than OCST. Nocturnal oximetry is not considered an adequate screening 
tool as it has poor sensitivity for detection of OSA.

 Treatment Options for OSA

The goal of treating OSA is to reduce or ideally eliminate apneas, hypopneas, and 
oxygen desaturation during sleep and thereby improve sleep quality and daytime 
function and reduce medical comorbidities.

 Weight Loss

Given the tight link between OSA and overweight/obesity, most patients warrant 
counseling on strategies for shedding excess body weight. There is evidence that 
bariatric surgery may improve OSA severity and blood pressure control [51]. 
Although it was initially hoped that CPAP might help patients to lose weight, sub-
sequent data unfortunately has not supported this notion. Many of the studies exam-
ining the relationship between OSA and weight loss have been limited by small 
sample size, retrospective nature, lack of blinding, and imprecise measures of 
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weight and/or adherence. However, a large multicenter double-blind, randomized 
study employing a sham-CPAP control group demonstrated a dose-response rela-
tionship between CPAP adherence and weight gain, with greater CPAP use associ-
ated with more weight gain over 6  months of follow-up [52]. One possible 
explanation for these results is greater energy expenditure due to increased work of 
breathing in those with untreated OSA.

 CPAP

Nocturnal continuous positive airway pressure is considered first-line therapy for 
treating obstructive sleep apnea in the majority of patients. CPAP therapy involves 
a small device that delivers a set air pressure via a mask that fits over the patient’s 
nose or nose and mouth in order to pneumatically stent open the airway, thereby 
eliminating the repetitive breathing pauses seen in OSA. CPAP is intended to be 
used during all hours of sleep, whether at night or during daytime naps. CPAP ther-
apy effectively treats OSA in almost everyone and improves symptoms of OSA in 
many [53]. The more consistently a patient adheres to PAP therapy, the more likely 
he or she is to experience its benefits [54]. Greater hours of nightly PAP usage have 
been associated with several different clinical outcomes including quality of life and 
excessive daytime sleepiness [54]. Fortunately, all modern PAP devices come 
equipped with data chips and/or modems that enable providers to objectively moni-
tor adherence and efficacy.

 Effect of CPAP on Blood Pressure

Most trials suggest a modest but significant benefit of PAP on blood pressure reduc-
tion [55]. It is important to note that studies on PAP therapy are limited by several 
factors. First, it is difficult to establish the true impact of a therapy with which 
patients are variably and imperfectly adherent. Second, despite CPAP being, in 
practice, more often a lifelong therapy that may render its benefit over years rather 
than weeks, there are practical challenges with performing long-term studies in this 
area. Indeed, although early studies suggested more significant effect sizes of CPAP 
on BP, many of these were seen exclusively among PAP-compliant patients. Not 
surprisingly, the effect of CPAP on blood pressure reduction does appear to be mod-
ified by CPAP adherence [56]. Somnolence status also appears to contribute to the 
effect of CPAP on blood pressure, with sleepier patients gleaning more benefit from 
CPAP. Figure 13.4 shows one example of the beneficial effect of CPAP on mean 
arterial pressures in patients with OSA [57].

A prospective observational cohort study following patients with both OSA and 
hypertension for 2 years found an average decline by 4.9 mmHg in 24-h mean blood 
pressure after 6 months after PAP initiation [58]. Effects were greatest in patients 
reporting greater hypersomnolence and higher baseline BMI, suggesting that perhaps 
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more obese and sleepier patients have more to gain as far as a BP reduction with 
CPAP use. Another study of non-sleepy patients with OSA found that the prescription 
of CPAP compared with usual care did not result in a significant reduction in the inci-
dence of hypertension or cardiovascular events, lending further support to the greater 
effect of CPAP in sleepy patients, for reasons that are not fully understood [59].

In order to control for effects PAP might have on BP independent of its effect on 
sleep-disordered breathing, another group evaluated the effect of CPAP on blood pres-
sure in hypertensive patients with and without OSA. They found that 3 weeks of CPAP 
resulted in a significant reduction in nocturnal blood pressure only in patients with 
underlying OSA (−10.3 mmHg systolic and −4.5 mmHg diastolic).

Fig. 13.4 Mean arterial pressures in patients with OSA before and after effective CPAP (a) and 
subtherapeutic CPAP (b). Substantial blood pressure reductions were seen in the group whose 
OSA was effectively treated with CPAP for 9 weeks. Mean arterial blood pressure decreased by 
9.9  ±  11.4  mmHg with effective nCPAP treatment, whereas no relevant change occurred with 
subtherapeutic nCPAP (P = 0.01) (From Ref. [57]; with permission)
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In a large prospective cohort study of nearly 2000 patients studied for over a 
decade, Marin and colleagues found that compared with participants without OSA, 
the presence of OSA was associated with increased adjusted risk of incident hyper-
tension; however, treatment with CPAP therapy was associated with a lower risk of 
hypertension [8]. A large meta-analysis of 16 trials also supported a small but statis-
tically significant effect of CPAP on both systolic (−2.5  mmHg) and diastolic 
(−1.8  mmHg) blood pressures [60] although the short duration of PAP therapy 
(<24 weeks across studies) may have led to an underestimate of its true impact. A 
more recent meta-analysis of 28 trials showed similar results, with reductions in 
systolic (−2.58 mmHg) and diastolic (−2.01 mmHg) blood pressures favoring PAP 
treatment [60]. In a long-term study of patients with OSA and HTN randomized to 
either CPAP or conservative treatment, those adherent with CPAP usage for at least 
5.6 h per night were found to have significant reductions in blood pressure at 1-year 
follow-up [61]. Another trial examining the effects of CPAP in hypertensive patients 
over a year found that CPAP facilitated de-escalation of the antihypertensive treat-
ment in 71% of subjects with resistant hypertension, but had no effect on the num-
ber of antihypertensives required by the controlled group [62].

 Effect of CPAP on Resistant Hypertension

Studies suggest that CPAP may affect blood pressure more strongly in those OSA 
patients with resistant hypertension than in the general population of hypertensive 
patients. For instance, a meta-analysis focusing specifically on patients with resis-
tant hypertension found an even stronger effect, with reductions in systolic BP by 
3 mmHg and in diastolic BP by 5 mmHg on average [63].

The recent HIPARCO trial further supports the notion that CPAP may be espe-
cially effective in patients with resistant hypertension [64]. This multicenter ran-
domized controlled trial of nearly 200 patients with OSA of at least moderate 
severity (AHI ≥ 15 using 4% hypopnea criteria) was randomized to 12 weeks of 
CPAP versus no CPAP.  Patients were taking an average of 3.8 antihypertensive 
drugs per patient and had a mean AHI of 40 events/hr. In an intention-to-treat analy-
sis, those who used CPAP regularly experienced statistically significant reductions 
in 24-h mean blood pressure by 4.4 mmHg, respectively, in a per-protocol analysis 
and a 14% increase in the percentage of patients with a normal nocturnal blood 
pressure dipper pattern at 12 weeks. There was a dose-response relationship between 
the hours of CPAP use and the degree of 24-h mean blood pressure reduction, 
whereby each additional hour of CPAP use translated into a 2 mmHg reduction in 
systolic and 1 mmHg reduction in diastolic blood pressure. It is notable that since 
patients with a history of poor antihypertensive medication adherence were excluded 
from this study, these results may have magnified the benefits of CPAP relative to 
the general population.

Another small randomized study of patients with resistant hypertension and at 
least moderate OSA randomized to either CPAP or sham-CPAP for 8 weeks found 
the CPAP promoted a 5 mmHg greater reduction in systolic blood pressure [65]. 
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Additionally, recent meta-analyses have provided further support for the therapeutic 
benefit of CPAP therapy specifically on resistant hypertension [66]. Table  13.3 
shows the magnitude of blood pressure reduction across the six studies included in 
this meta-analysis. CPAP was found to have a greater effect on blood pressure 
reduction in patients with resistant hypertension than those without resistant hyper-
tension, with average reductions of 6–7 and 5–6 mmHg in ambulatory systolic and 
diastolic blood pressures.

Taken together, these studies suggest that CPAP can be expected to result in a 
modest, favorable effect on blood pressure reduction, on the order of 2–3 mmHg for 
the population at large. However, this degree of reduction should be considered 
significant, as it has been shown to reduce cardiovascular mortality by 4–8%. In 
patients with severe and resistant hypertension, the magnitude of BP reduction 
attributable to CPAP appears to be even more significant.

 CPAP vs. Antihypertensives for Blood Pressure Control

The effect of CPAP on blood pressure does not appear to be as potent as that of 
antihypertensives, albeit from the limited direct comparisons that exist. An impor-
tant clinical question, and one likely of interest to patients, is how CPAP impacts 
blood pressure relative to that obtained with standard antihypertensive medications. 
The first such trial randomized patients to receive either CPAP or an antihyperten-
sive regimen with valsartan using a crossover design [67]. Valsartan was found to be 
superior to CPAP, with patients on valsartan experiencing a fourfold greater reduc-
tion in 24-h mean blood pressure than those on CPAP alone (11 mmHg vs. 3 mmHg) 
over an 8-week time period. Another study sought to evaluate the blood pressure 
response to CPAP as “add-on” therapy in patients already taking losartan [68]. They 
found that losartan resulted in blood pressure reductions but to a lesser degree in 
patients with OSA than those without OSA.

Table 13.3 Nocturnal blood pressure reduction with CPAP use in patients with resistant 
hypertension

No. of 
studies

Mean change 
(mmHg) 95% CI, P value

Mean difference in SBP after CPAP 5 −6.79 −13.86 to 0.26, 
P = 0.05

Mean difference in DBP after CPAP 5 −3.67 −8.05 to 0.71, 
P = 0.10

Mean net change in SBP between 
CPAP and control

3 −2.08 −4.33 to 0.16, 
P = 0.06

Mean net change in DBP between 
CPAP and control

3 −1.47 −3.22 to 0.28, 
P = 0.10

From reference Iftikhar et al. [66]; with permission
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Although CPAP can be expected to achieve a lesser magnitude of blood pressure 
reduction than antihypertensive medications, the effect of both therapies may be 
additive. It may be prudent to manage patients’ expectations about CPAP therapy 
for OSA by explaining that it is unlikely to produce blood pressure reduction suffi-
cient to allow discontinuation of antihypertensive therapy. Figure 13.5 shows one 
proposed algorithm for the diagnostic management of patients with hypertension 
and suspected OSA.

 Mandibular Advancement Devices

Despite its established effectiveness and recent technological advances in the 
device, many patients still have difficulty tolerating CPAP therapy and exhibit sub-
optimal compliance. CPAP intolerance can affect a large number of OSA patients 
[70], and additional interventions, such as group education, generally fail to increase 
compliance to a level that would prevent the development of comorbidities [71]. 
Long-term CPAP adherence rates vary widely across studies but have been as low 
as 30% after 6 months of treatment [72]. In patients unable or unwilling to tolerate 
CPAP, mandibular advancement devices (MADs) represent the best therapeutic 
alternative [73, 74].

 Efficacy of MADs on OSA

MADs are indicated for the treatment of mild-to-moderate OSA (AHI of 5–29.9) in 
patients intolerant of CPAP therapy or a rescue therapy in severe OSA patients who 
are unable to achieve regular CPAP adherence. MADs advance the mandible for-
ward relative to the maxilla, thereby increasing the upper airway volume by widen-
ing the lateral dimensions of the velopharyngeal space [75]. Randomized controlled 
trials and crossover studies have confirmed the efficacy of the MADs in reducing 
snoring, the AHI, and the arousal index and in improving oxygenation compared to 
control oral devices that do not advance the lower jaw, but there is high interindi-
vidual variability in the response to MAD therapy [76–79].

A parallel randomized controlled trial in mild-to-moderate OSA patients found 
that MAD therapy was as effective as CPAP therapy when polysomnography- 
controlled titration was done for both treatment modalities and superior to placebo 
in mild-to-moderate OSA patients [80].

Several studies have shown that MADs are more successful in patients with milder 
OSA, positional OSA, and lower BMI and in females [76, 77, 81–83]. However, other 
studies have reported superior efficacy of CPAP compared to MADs in treating OSA 
[82], and a recent review of all the studies comparing the effectiveness of the MADs to 
CPAP confirmed that CPAP therapy has a superior therapeutic success rate than the 
MADs even in mild-to-moderate OSA [84]. Given that adherence is at the crux of both 
therapies, the superior efficacy of CPAP may not translate into better clinical outcomes 
if CPAP patients are less compliant than those using MADs.
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 Effect of MADs on Blood Pressure

A few studies have demonstrated a favorable effect of MADS on blood pressure 
reduction in patients with OSA. A prospective randomized, controlled crossover 
study found that 4 weeks of MAD therapy resulted in a 24-h ambulatory blood pres-
sure reduction of ±1.1 mmHg for systolic blood pressure and 3.4 ± 0.9 mmHg for 
diastolic blood pressure compared with the control group. The magnitude of blood 
pressure reduction with MADs has been overall similar to that seen with CPAP 
therapy, despite MAD therapy’s less potent effect on AHI reduction [85]. It is note-
worthy that many studies have quoted longer durations of MAD usage than are typi-
cally seen in studies of CPAP.

Another randomized, crossover trial evaluated patients with mild-to-moderate 
OSA assigned to 3 months of MAD versus CPAP therapy versus no therapy [86] 
and found that CPAP therapy was more effective in improving sleep-disordered 
breathing than MAD and placebo. However, MAD treatment was effective in 
decreasing nocturnal diastolic blood pressure and in restoring the physiologic noc-
turnal dipping in blood pressure among OSA patients in contrast to CPAP therapy. 

Pre-test probability
of OSA#

High

ABPM and PSG
according to guidelines

PSG
according to guidelines

ABPM

Nondipper Dipper

PSG
according to guidelines Clinical follow-up

If OSA +

ABPM (if not performed previously)

Adequate treatment

Follow-up PSG + ABPM

Low

Elevated or high normal
conventional BP (SBP   130

or DBP   85 mmHg)
>_

>_

Normal conventional BP
(SBP <130 and DBP

<85 mmHg)

Elevated or high normal
conventional BP (SBP >_130

or DBP >_85 mmHg)

Normal conventional BP
(SBP <130 and DBP

<85 mmHg)

Fig. 13.5 Proposed algorithm for the diagnostic management of patients with hypertension asso-
ciated with obstructive sleep apnea (OSA). BP blood pressure, SBP systolic BP, DBP diastolic BP, 
ABPM ambulatory BP monitoring, PSG polysomnography. # denotes according to clinical evalua-
tion and questionnaires, for example, Epworth and Berlin; z indicates hypertension guidelines 
recommend the use of home BP monitoring in most hypertensive patients (Reproduced with per-
mission of the European Respiratory Society © [69])
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Self-reported compliance with MAD was greater than the objectively measured one 
with CPAP therapy, raising the possibility that OSA was better treated with MADs. 
Another case series study showed that MAD treatment led to blood pressure declines 
in OSA patients over a 3-year period [87]. A more recent trial from the same author 
among hypertensive OSA patients showed that MAD treatment could reduce the 
24-h mean systolic blood pressure compared to the controls and with a greater mag-
nitude of decrease in the subgroup of patients with a baseline daytime mean blood 
pressure higher than 135/85 and among OSA patients with a baseline AHI > 15 [88]. 
A meta-analysis confirmed that MADs can decrease systolic, diastolic, and noctur-
nal blood pressure, albeit, modestly, in mild-to-moderate OSA [89]. A large ran-
domized crossover controlled trial [90] comparing the efficacy of MAD to CPAP 
found that, after 1 month of therapy, blood pressure reductions among patients with 
moderate-to-severe OSA were equivalent between patients on CPAP and MAD, 
despite CPAP more effectively treating patients’ sleep-disordered breathing. Most 
patients preferred MAD over CPAP therapy and showed higher compliance with the 
MAD compared to CPAP therapy.

As far as long-term data, a randomized controlled study following patients over 
2 years found no clinically significant difference in efficacy in mild-to-moderate 
OSA patients treated with MADs compared to CPAP [91]. A cohort study found 
that the efficacy of the MADs on the respiratory indices of severe OSA patients was 
slightly inferior to the one of CPAP therapy over a 5-year period but was non- 
inferior to CPAP in reducing the cardiovascular risks associated with OSA [92]. A 
single study has provided evidence for reduced cardiovascular mortality in severe 
OSA patients using MADs compared to controls, in a manner non-inferior to the 
efficacy of CPAP [93].

In summary, the beneficial effects of MAD treatment on blood pressure param-
eters in patients with OSA appear to be modest but likely sustained over the long 
term [87], perhaps in part due to higher adherence with the therapy than is typically 
seen with CPAP.

 Other Therapies

Nocturnal supplemental oxygen therapy has been proposed as another possible 
alternative for patients unable to tolerate CPAP. Based on the results of a study of 
patients with cardiovascular disease or risk factors in whom treatment of obstructive 
sleep apnea with CPAP—but not oxygen—resulted in significant blood pressure 
reductions, we cannot recommend this as an acceptable first-line therapy [94].

Other alternative therapies include upper airway surgeries (e.g., uvulopalatopha-
ryngoplasty), nasal expiratory resistance devices, or implantation of a hypoglossal 
nerve stimulator, but none of these therapies is as effective as CPAP in treating OSA 
[95, 96]. A small group of carefully selected patients may be appropriate candidates 
for more invasive options including maxillomandibular advancement surgery or 
tracheostomy.
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 Conclusions

A large body of evidence supports the role of OSA as an independent factor in the 
pathogenesis of daytime hypertension and appears to represent the single greatest 
modifiable factor in patients with resistant hypertension specifically. The relation-
ship between OSA and hypertension persists even after controlling for obesity as a 
modifier of the OSA-hypertension association. CPAP reduces blood pressure to a 
modest degree in patients with resistant hypertension but has a more potent effect in 
this population than the more general population of hypertensive individuals. 
Greater CPAP adherence may be expected to result in larger BP reductions in a 
dose-response fashion. Given that even mild reductions in blood pressure may result 
significant reductions in cardiovascular risk, we recommend aggressive screening 
for OSA in all patients with resistant hypertension, including the elderly. Sleep cen-
ters should generally have a low threshold for testing such patients, even in the 
presence of minimal daytime symptoms, since treatment is generally well 
tolerated.
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Chapter 14
Interference with Pharmacological Agents 
to Resistant Hypertension in Chronic Kidney 
Disease

Mikail Yarlioglues

 Introduction

The accepted definition of resistant hypertension is a seated office systolic blood 
pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP) ≥90 mmHg on max-
imally tolerated doses of three or more antihypertensive agents, one of which must 
be a diuretic appropriate for the level of kidney function. The National Institute for 
Health and Care Excellence (NICE) guidelines recommend the use of triple combi-
nation therapy that includes a thiazide or a thiazide-like diuretic, a renin-angiotensin 
system (RAS) blocker including angiotensin converting enzyme inhibitors (ACEi) 
or angiotensin receptor blockers (ARB), and a calcium channel blocker [1]. White 
coat hypertension should be excluded using daytime ambulatory blood pressure 
measurement (ABPM) (readings of SBP ≥135 mmHg or DBP ≥85 mmHg on the 
same regimen) to confirm resistant hypertension.

True resistant hypertension is a diagnosis of exclusion of pseudo-resistance 
which refers the situation associated with poor drug adherence, secondary hyperten-
sion including endocrine and vascular causes, casual factors, and white coat hyper-
tension. Inadequate blood pressure (BP) control is often related with poor drug 
adherence. It is very important to deal with barriers for optimum drug therapy 
including adverse effects of ongoing treatment, insufficient treatment, interfering 
vasopressor substance or medication, and excessive salt or alcohol intake. Therefore, 
the first step is to provide appropriate antihypertensive drug combinations with opti-
mal dosage and good patient compliance [2].
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The approach to treatment of resistant hypertension in patients with chronic kid-
ney disease (CKD) should target several factors that contribute to the pathogenesis 
of hypertension including impaired handling of sodium and volume expansion, 
increased activity of the renin-angiotensin-aldosterone system, enhanced sympa-
thetic activity, and reduced endothelium-dependent vasodilation [3]. In addition, 
particular attention should be given to non-dipping BP pattern which leads to 
increase the risk of target organ damage. In this chapter, we focus on the pharmaco-
logical agents to deal with resistant hypertension in CKD.

 Treatment Options

 Deal with Volume Overload and Salt Retention

 Modifying Treatment According to Volume Status

Subclinical volume overload is present in more than one fifth of patients with 
CKD. It is an important contributor to resistant hypertension. The value of guiding 
resistant hypertension treatment based on subclinical extracellular fluid excess can 
be useful to arrange the appropriate type and dose of antihypertensive agents. 
Thoracic bioimpedance allows to get actual hemodynamic information about altera-
tions in thoracic fluid volume, cardiac output, and systemic vascular resistance by 
the use of skin electrodes using together with BP measurement. It was tested in an 
interesting prospected study comparing hemodynamic management using thoracic 
bioimpedance to hypertension specialist care based on clinical evaluation during 
3 months [4]. One hundred and four patients with resistant hypertension were ran-
domized to group of drug selection based on thoracic bioimpedance findings and 
drug selection by a hypertension specialist. At the end of the study, target of ≤140/90 
was gained in 56% of patient in hemodynamic measurement group while 33% of 
patients in specialist group. The number of patients taking diuretics did not differ 
between groups, but final diuretic dosage was higher in the hemodynamic group. 
Thus, impedance measurements can provide useful data about actual volume expan-
sion resulting resistant hypertension in CKD patients (particularly in patients with 
subclinical volume overload) and may guide to determine appropriate diuretic dose.

 Dietary Sodium Intake Leads to Resistant to RAS Blockage Agents

Dietary sodium intake is closely related with action of antihypertensive agents par-
ticularly those with RAS blockage. Both animal and human studies have indicated 
that it is closely interacting with RAS, particularly aldosterone, and mediates hyper-
tension, vascular and tissue damage, and kidney disease [3, 5]. Most of patients with 
CKD are salt sensitive, increasing sodium intake causing BP elevation and failure in 
action of RAS blockers and diuretics. In a randomized study, 34 patients were 
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prospectively enrolled to compare high and low-sodium diet according to antihyper-
tensive and antiproteinuric effects of ARB and thiazide-type diuretic [6]. At the end 
of the study, investigators found that sodium restriction provides similar effects with 
diuretic in reducing proteinuria and BP when added to ARB. And, strongest effects 
on proteinuria and BP were obtained with combining of ARB, diuretic, and low 
sodium, together. They mentioned that sodium status is an effective method to max-
imize the antiproteinuric and antihypertensive efficacy of RAS blockade. Thus, 
approaches to reduce salt intake can be beneficial because of synergism with the 
actions of thiazides, ACEi, or ARB, resulting in improved BP control and less pro-
teinuria. The Kidney Disease: Improving Global Outcomes (KDIGO) guideline on 
hypertension in patients with CKD recommends limiting sodium intake to 2–4 g per 
day in patients not on dialysis [7]. However, most of no added salt diets contain 
nearly 4 g sodium which already overdoes the limit that the kidney can excrete 
without diuretic administration in CKD patients. It should be noted that selection of 
low-sodium foods contributes to improving effectiveness of antihypertensive agents.

 Appropriate Diuretic Therapy

Most commonly accepted hypothesis for resistant hypertension is excessive sodium 
retention due to impaired sodium excretion during the day. Usage of diuretics suf-
ficiently to deal with sodium retention is one of the most effective treatments to 
achieve BP target. But diuretics remain underutilized and underdosed in many 
patients. Particularly, CKD patients are more predisposed to sodium retention and 
volume overload because of impaired renal function. Thus, the use of appropriate 
diuretics is principal therapy in patients with CKD and resistant hypertension.

Switching Thiazide-Like Diuretic to a More Potent Diuretic

Hydrochlorothiazide (HCTZ) is the most commonly prescribed antihypertensive 
drug worldwide. More than 97% of all HCTZ prescriptions are for 12.5–25 mg per 
day. But, in a meta-analysis of 14 studies of HCTZ dose 12.5–25 mg with 1234 
patients and 5 studies of HCTZ dose 50 mg with 229 patients, it was reported that 
decrease in ABPM with HCTZ dose 12.5–25  mg (SBP:6.5  mmHg and 
DBP:4.5 mmHg) was inferior compared to the ABPM reduction of ACEi (mean BP 
reduction 12.9/7.7), ARB (mean BP reduction 13.3/7.8  mmHg), beta-blockers 
(mean BP reduction 11.2/8.5 mmHg), and calcium antagonists (mean BP reduction 
11.0/8.1 mmHg) [8]. Another remarkable result was that there was no significant 
difference in both SBP and DBP in ABPM reduction between HCTZ 12.5 mg and 
HCTZ 25 mg, but HCTZ 50 mg provided significant higher reduction in ABPM 
which was comparable to that of other agents. Thus, first step using should be using 
HCTZ in appropriate dose before switching to other diuretics.

Chlorthalidone is approximately twice as potent as HCTZ with a much longer 
duration of action (8–15 h for HCTZ compared with >40 h for chlorthalidone) [9]. In 
a randomized study, investigators compared the effect of chlorthalidone 12.5 mg/day 
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(force-titrated to 25 mg/day) and HCTZ 25 mg/day (force-titrated to 50 mg/day) on 
ABPM in untreated hypertensive patients after 8 weeks [10]. As compared to HCTZ, 
chlorthalidone indicated a greater reduction in SBP primarily due to its effect on 
reducing nighttime mean SBP (−13.5 ± 1.9  mmHg versus −6.4 ± 1.8  mmHg). 
Therefore, strong consideration should be given to using chlorthalidone over HCTZ, 
especially in patients with CKD. Thiazide diuretics are most effective in patients with 
an eGFR >50 mL/min/1.73 m2, although chlorthalidone can be effective to a GFR of 
30–40 mL/min/1.73 m2 in the absence of severe hypoalbuminemia. Consequently, BP 
control can also be improved by increasing diuretic dosage or by switching to a more 
potent, thiazide-like diuretic with a longer duration of action than the existing drug 
such as chlorthalidone and indapamide instead of hydrochlorothiazide when GFR is 
30 mL/min or over.

The Use of Loop Diuretics

A loop diuretic is preferred for patients with advanced CKD. It has suggested that 
loop diuretics should be prescribed when eGFR is less than 30 mL/min [11]. It is 
indicated in the presence of edema or volume overload due to nephrotic syndrome 
or heart failure. Furosemide and bumetanide should be administered twice daily 
(preferentially concurrent with sodium ingestion) because of their short duration of 
action, whereas longer-acting torasemide can be administered once daily. Higher 
loop diuretic doses might be needed in patients with severe chronic kidney disease 
with or without albuminuria. However, counter-regulatory rebound sodium reten-
tion could abolish the efficacy of loop diuretics in patients with chronic kidney 
disease in both the short and long term. To overcome this phenomenon, the diuretic 
dose or dosing frequency could be increased, or sequential nephron blockade using 
a combination of loop diuretics and thiazides might be needed for patients with 
resistant hypertension, especially in the presence of edema or heart failure [12]. But, 
careful monitoring of renal function, serum electrolytes, and fluid status is needed 
to detect dehydration, hypokalemia, hyponatremia, hypovolemia, or progressive 
renal dysfunction.

 Aldosterone Blockage

 Mineralocorticoid Receptor Antagonists as a Fourth-Line Therapy

The suggested fourth-line therapy is to add mineralocorticoid receptor antagonists 
(MRA, 12.5–25 mg per day spironolactone or 25–50 mg per day eplerenone, to be 
adapted according to eGFR level) in patients with GFR of 30 mL/min or over and 
plasma potassium concentrations 4.5  mmol/L or lower or in patients with other 
indications, such as heart failure with left ventricular dysfunction [13]. MRA 
reduces BP and left ventricular hypertrophy in patients with resistant hypertension 
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and an eGFR 50–60 mL/min, but it doubles the risk of hyperkalemia when added to 
ACEi or ARB in patients with moderate chronic kidney disease (eGFR 30–90 mL/
min per 1.73 m2) [14]. The long-term effects of MRA on renal and cardiovascular 
outcomes, mortality, and safety in patients with CKD still remain to be established. 
ESH guidelines do not recommend the routine use of MRA in patients with CKD, 
especially in combination with RAS blockers, because of the risk of further renal 
impairment and hyperkalemia [13].

 Spironolactone Versus α-Blocker and/or Beta-Blocker

As mentioned previously, most commonly accepted hypothesis for resistant hyper-
tension is excessive sodium retention due to impaired sodium excretion during the 
day. Usage of diuretics sufficiently to deal with sodium retention is also one of the 
most effective additional treatments. Thus, spironolactone would be superior to 
non-diuretic add-on drugs at lowering BP in resistant hypertension.

In this perspective, in PATHWAY study, investigators compared the effectiveness 
of spironolactone (25–50 mg) as add-on drugs to bisoprolol (5–10 mg), doxazosin 
modified release (4–8 mg), and placebo according to BP control during 12 months 
[15]. They enrolled 314 patients with resistant hypertension who were receiving at 
least three antihypertensive agents, including a diuretic, at full or maximum toler-
ated doses in the study. The primary endpoints consisted of the difference in home 
SBP between spironolactone versus placebo, average of doxazosin and bisoprolol, 
and each of doxazosin and bisoprolol. The average reduction in home SBP by spi-
ronolactone was superior to placebo (−8.70 mmHg), superior to the mean of the 
other two active treatments (doxazosin and bisoprolol; −4.26 mmHg), and superior 
when compared with the individual treatments, versus doxazosin (−4.03 mmHg) 
and versus bisoprolol (−4.48 mmHg). Spironolactone was the most effective treat-
ment for almost 60% of all patients, and they concluded that it was at least three 
times the proportion in whom doxazosin or bisoprolol was the most effective. 
Spironolactone was well tolerated and did not increase drug discontinuation owing 
to renal impairment, hyperkalemia, or gynecomastia compared with placebo and the 
other active treatments. Serum potassium exceeded 6.0 mmol/L in only six of the 
285 patients, who received spironolactone. Consequently, they suggested that spi-
ronolactone was the most effective add-on drug for the treatment of resistant hyper-
tension. As indicated above, ESH guideline does not recommend the routine use of 
MRA in patients with CKD, especially in combination with RAS blockers, but 
12.5–25 mg per day spironolactone can be given safely to patients as add-on drugs 
with eGFR of 30 mL/min or over and plasma potassium concentrations 4.5 mmol/L 
or lower, and close monitoring should be done when using higher dose of 
spironolactone.
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 Deal with Enhanced Sympathetic Activation: Beta-Blockers

The sympathetic nervous system is activated in CKD which acts an important role 
in the progression of renal dysfunction and contributes to the onset and progression 
of cardiovascular disease including resistant hypertension. It has demonstrated that 
patients treated with metoprolol had similar clinical composite outcomes (renal 
function decline, onset of end-stage renal disease, and/or death) with patients treated 
with amlodipine [16]. β-blockers are the drug of choice and can be used at any stage 
in CKD, especially in patients with coexisting coronary artery disease, heart failure, 
or arrhythmias. If BP remains uncontrolled, a β-blocker (preferably with a hepatic 
elimination route including metoprolol, carvedilol, nebivolol, and propranolol to 
avoid drug accumulation which could lead to an increased risk of bradyarrhythmias) 
could be appropriate agent to deal with resistant hypertension [2].

 A New Approach: Endothelin Receptor Antagonists

Endothelin is a potent vasoconstrictor peptide derived from the endothelium. 
Increased circulating endothelin concentrations are determined in patients with 
hypertension indicating the potential therapeutic value of the endothelin receptor 
blockade. Especially, it might meet a significant need in patients with resistant 
hypertension. Because none of the standard antihypertensive therapies including 
renin-angiotensin system blockers, diuretics, and calcium-channel blockers do not 
inhibit vasoconstrictor effects of endothelin type A receptor, effectively. To date, 
several clinical studies have investigated whether endothelin receptor antagonists 
(ERAs), both selective and nonselective, might be a promising treatment option in 
hypertensive patients.

Bosentan is a nonselective, sulfonamide-type ERA which is often used in pulmo-
nary hypertension. Its antihypertensive effect was studied in 93 patients with mild- 
to- moderate essential hypertension [17]. Patients were randomly assigned to receive 
one of four oral doses of bosentan (100, 500, or 1000 mg once daily or 1000 mg 
twice daily), placebo, or the enalapril (20 mg once daily) for 4 weeks. As compared 
with placebo, bosentan provided further decline in both DPB and SBP with a daily 
dose of 500 or 2000 mg (an absolute reduction of 5.7 mmHg at each dose in DBP) 
which was similar to the reduction with enalapril (5.8 mmHg) without activation of 
the sympathetic nervous system. In addition, the reductions in mean 24-h, daytime, 
and nighttime DP in the bosentan groups (greatest with 2000 mg) were significantly 
larger than those in the placebo group.

Darusentan is a selective, propionic acid-based ERA with higher affinity for the 
type A receptor. In a multicenter randomized, dose-response study, 392 patients 
with stage 1 or 2 hypertension were randomized to darusentan (10 mg, 30 mg, and 
100  mg) and placebo [18]. As compared with placebo, darusentan at a dose of 
100  mg once daily significantly decreased both DBP (8.3  mmHg) and SBP 
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(11.3 mmHg) after 6 weeks of treatment. Later studies have focused on the impact 
of ERAs in the setting of resistant hypertension. In a randomized trial, 379 patients 
(96 of them were CKD patients) with resistant hypertension who were receiving at 
least three antihypertensive agent, including a diuretic, at full or maximum tolerated 
doses were randomly assigned to 14 weeks treatment with placebo or darusentan 
50  mg, 100  mg, or 300  mg taken once daily [19]. The primary endpoints were 
changes in office SBP and DBP. As compared to placebo, darusentan provided fur-
ther reduction in both SBP (9 mmHg) and DBP (5 mmHg) in patients with resistant 
hypertension who already receiving standard antihypertensive treatment. In addi-
tion, darusentan produced sustained BP reductions across the 24-h dosing interval 
and obtained significant reduction in ABPM. Moreover, in subgroup analysis, simi-
lar decreases in SBP and DBP with darusentan were achieved in CKD patients with 
resistant hypertension. Generally, darusentan was well tolerated, the main adverse 
effects being related to fluid retention.

Despite clear evidence of a key role for the endothelin system in BP control and 
hypertension, the clinical use of ERAs to treat hypertension has not yet been 
approved. A major disadvantage has been the relatively high incidence of side 
effects, notably hepatotoxicity with the sulfonamide drugs bosentan, and fluid 
retention with all ERAs. Fluid retention fortunately seems amenable to manage-
ment with diuretics, and to some degree, these side effects appear dose related, and 
certain studies have been criticized for excessive dosing. Probably ERAs will not 
have been destined to become first-line therapy for treating essential hypertension, 
but ERAs have excellent potential for providing benefit to select subgroups of 
patients especially with resistant hypertension accompanied by fluid management 
with effective diuretic therapy.

 Dual ACE/ARB Inhibition

Proteinuria can be lowered by dual RAS blockade with ACEi and ARBs or with 
direct renin inhibitors to a greater extent than either RAS blocker alone.  
However, this combination has not been shown to improve BP control or improve 
cardiovascular outcomes compared with single RAS blockade in patients with resis-
tant hypertension, although it might preserve renal function in patients with diabetes 
and chronic kidney disease to some extent, according to a recent network meta- 
analysis [20]. Additionally, this combination increases the risk of hyperkalemia, 
hypotension, and acute renal failure. Dual RAS blockade is discouraged by the 
guidelines [13]. Replacement of ACEi and ARB with other antihypertensive drugs 
in patients with advanced chronic kidney disease (stages 4–5) should be considered 
when there are no contraindications, such as heart failure or when discontinuation 
of the drug is expected to relieve side effects such as hyperkalemia, acute kidney 
injury, or symptomatic hypotension [2].
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 Deal with Non-dipping Status: Chronotherapy

The non-dipping pattern refers the situation of impaired circadian BP rhythm, and 
it is defined as decrement in SDP and/or DBP less than 10% during the night. Non- 
dipper has particular importance, and the prevalence of abnormally high sleep BP is 
very often in CKD patients. It was shown that the capacity of excreting sodium dur-
ing daytime is a significant determinant of nocturnal BP and dipping pattern as 
reduced capacity leads to higher nocturnal BP and non-dipping pattern [21]. Non- 
dipping BP is associated with target organ damage including left ventricular hyper-
trophy, higher prevalence of proteinuria and higher risk of CKD progression, and 
poorer cardiovascular outcomes. In patients with true resistant hypertension, non- 
dipping pattern is associated with nearly twofold increased risk of cardiovascular 
morbidity and mortality. Thus, therapeutic restoration of normal physiologic BP 
reduction during nighttime sleep (dipping status) is the most significant indepen-
dent predictor of decreased risk and the basis for the chronotherapy. Chronotherapy 
is a therapeutic strategy of taking at least one dose of antihypertensive medications 
at bedtime, instead of all in the morning time to provide dipping status (normal 
circadial variation) and ABMP control.

 Chronotherapy Against to Non-dipping Pattern

Several studies have investigated the effect of chronotherapy on the ABPM control 
and the non-dipping pattern. The Monitorización Ambulatoria para Predicción de 
Eventos Cardiovasculares (MAPEC) is a prospective randomized study which 
examines the effect of chronotherapy on ABPM and clinical outcomes (primary 
endpoint including composite of all-cause mortality and cardiovascular events) in 
2156 patients with untreated or resistant hypertension [22]. Study population 
divided into two groups consisting of control group, took all antihypertensive medi-
cations in the morning and the treatment group and took one or more antihyperten-
sive at bedtime. Patients were followed during median of 5.6 years with a primary 
composite endpoint of all-cause mortality and total cardiovascular events. 48-h 
ABPM was performed to patients at least annually. Patients randomized to the treat-
ment arm (bedtime administration) demonstrated lower sleep-time BP, a higher rate 
of controlled ABPM (62% vs. 53%, p < 0.001), and a much lower incidence of the 
non-dipper status (34% versus 62%, p < 0.001). As a clinical outcome, those in the 
bedtime administration group had a reduction in the primary endpoint of 11.95 ver-
sus 27.8 events per 1000 patient-years, NNT = 63 over 1 year. All-cause mortality 
alone was also reduced (2.11 versus 4.16 events per 1000 patient-years, NNT 488 
over 1 year). It has been concluded that switching at least one medication to bedtime 
administration is cost-effective, simple intervention that contributes to improve BP 
control and reduce cardiovascular events. In another interesting study, 27 consecu-
tive patients with resistant hypertension and non-dipper BP pattern on ABPM were 
enrolled to investigate whether shifting all non-diuretic antihypertensive drugs from 
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morning to evening (maintaining the same drugs at the same doses) improves 
ABPM control after 6 weeks. At the end of the study, they determined significant 
decrement in ABPM (SBP: 140.5 ± 10.4 to 135.7 ± 12.5 mmHg and DBP: 80.5 ± 9.6 
to 73.8 ± 9.3 mmHg), and 15% of the patients restored dipping pattern (normal 
circadian rhythm) after the drug shift, while no changes were observed in the con-
trol group [23]. Consequently, chronotherapy suggests a prospect to recover noctur-
nal BP control and the non-dipper pattern without changing the total number of 
medications.

 Chronotherapy: A Promising Approach in Hypertensive Patients 
with CKD

Several studies suggest that chronotherapy is a promising approach in hypertensive 
patients with CKD. In one of them, 32 patients with CKD (eGFR of 46 ± 12 mL/
min/1.73m2) and night-day ratio of mean ABPM greater than 0.9 indicating non- 
dipper status but with normal daytime ABPM (<135/85 mmHg) were enrolled in the 
study [24]. They were treated with 2.4 ± 1.4 of antihypertensive drugs consisted of 
ACEi, ARB, thiazide diuretic, calcium channel blockers, and beta-blockers. It was 
investigated whether shifting 1 antihypertensive drug from morning to evening 
(except diuretics to avoid patient discomfort caused by nocturnal diuresis) after 
8  weeks provides changing in the percentage of patients with night-day ratio of 
mean ABPM from greater than 0.9–0.9 or less. After the drug shift, normal circa-
dian rhythm is restored in 87.5% of patients independently from number and class 
of shifted drug. In addition, significant decrement in office blood pressure in the 
morning (from SBP: 136 ± 16 to131 ± 13, DBP: 77 ± 10 to 75 ± 8 mmHg) and in 
proteinuria (especially in patients with >300 mg proteinuria) were obtained at the 
end of the study. It was concluded that changing the timing of antihypertensive 
therapy decreased nocturnal blood pressure and proteinuria in non-dipper patients 
with CKD with limitation of the absence of a control group and patients with severe 
proteinuria or uncontrolled daytime ABPM. Consequently, it has shown that time of 
ingestion of hypertension medications can affect circadian patterns of BP in this 
study, but whether this translates into an effect on clinical outcomes has been inves-
tigated in another prospective, randomized study. They enrolled 661 patients with 
CKD (eGFR <60 mL/min/1.73m2 and/or albuminuria defined as albumin excretion 
≥30  mg/24-h urine) to compare the effects of taking at least one of prescribed 
hypertension medications at bedtime to taking them all upon awakening according 
to cardiovascular outcomes (a composite of death, myocardial infarction, angina 
pectoris, revascularization, heart failure, arterial occlusion of lower extremities, 
occlusion of the retinal artery, and stroke) [25]. After a median follow-up period of 
5.4 years, it was reported that patients who took at least one antihypertensive medi-
cation at bedtime had nearly one third risk of patients who took all medications 
upon awakening for total cardiovascular events. In addition, patients on bedtime 
treatment had a significantly lower mean sleep-time BP and a greater proportion 
demonstrated control of their ABPM (56% versus 45%, P = 0.003). Each 5-mmHg 
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decrease in mean sleep-time systolic BP was related with a 14% reduction in the 
risk for cardiovascular events during follow-up. They concluded that patients with 
CKD and hypertension, taking at least one antihypertensive medication at bedtime, 
improve control of BP and reduce the risk for cardiovascular events. Therefore, 
changing at least one antihypertensive medication to bedtime dosing should be con-
sidered in CKD patients with resistant and/or non-dipping hypertension.

 Other Drugs

If BP remains uncontrolled, an α-blocker or a centrally acting α-agonists, which 
preferably do not require dose adjustments (methyldopa or clonidine), could be 
used. Direct vasodilators such as hydralazine or minoxidil are sometimes used but 
could induce severe fluid retention and tachycardia, especially minoxidil which has 
other side effects (hirsutism, pericardial effusion).

 Conclusion

Resistant hypertension is failure to achieve target blood pressure despite the use of 
three or more appropriately dosed antihypertensive drugs including a diuretic. It is 
still a common clinical problem, especially in patients with chronic kidney disease. 
First approach should be dealing with barriers for optimum drug therapy including 
adverse effects of ongoing treatment, insufficient treatment, interfering vasopressor 
substance or medication, and excessive salt or alcohol intake. Subsequently, next 
approach should target factors that contribute to the resistant hypertension including 
impaired handling of sodium and volume expansion, increased activity of the renin- 
angiotensin- aldosterone system, enhanced sympathetic activity, and reduced 
endothelium- dependent vasodilation. Pharmacological interferences should be 
applied including appropriate diuretic therapy, aldosterone blockage, beta-blocker, 
and chronotherapy to deal with resistant hypertension in chronic kidney disease. An 
algorithm for resistant hypertension treatment in CKD is shown in Fig. 14.1.
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Chronotherapy

Change dosing of one or more antihypertensive medication at AM time 
to PM time

Confirmation of true resistant hypertension

Good drug adherence 

Sufficient treatment (type and dose adapted to eGFR)

Avoid to vasopressor substance or medication and excessive salt or 
excessive alcohol intake

Exclusion of white coat hypertension

Appropriate diuretic therapy

Switching thiazide-like 
diuretic to chlorthalidone and 

indapamide instead, when 
GFR is 30 mL/min or over.

A loop diuretic should be 
prescribed when eGFR is less 

than 30 mL/min.

Mineralocorticoid receptor 
antagonists 

Add 12.5 to 25 mg per day 
spironolactone or 25 to 50 mg 
per day eplerenone in patients 

with GFR of 30 mL/min or 
over and plasma potassium 

concentrations 4.5 mmol/L or 
lower.

Add Beta and/or Alfa Blocker

Fig. 14.1 An algorithm for resistant hypertension treatment in chronic kidney disease
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Chapter 15
Public Health Efforts for Earlier Resistant 
Hypertension Diagnosis, Reduction of Salt 
Content in Food, Promotion of the Use 
of Polypills to Facilitate Better Adherence, 
and Reimbursement Policies

Nursen Keles, Yusuf Yilmaz, and Mustafa Caliskan

 Introduction

In the developed and developing world, one in three adults suffers from hypertension, 
which is the most common chronic condition that primary care physicians and other 
health practitioners deal with.

There are many other risk factors seen in patients alongside hypertension; these 
include lipid abnormalities, glucose intolerance or diabetes, a history in the family 
of early cardiovascular events, obesity, as well as smoking.

Even though there are well-established approaches to the diagnosis and treat-
ment of the disease, there has been limited success in treating hypertension, and in 
many communities less than half of all hypertensive patients have well-controlled 
blood pressure [1].

 Resistant Hypertension Definition in Patients with High 
Cardiovascular Risk

The Eighth Joint National Committee (JNC 8) has released hypertension guidelines 
which recommend the goal of treatment of hypertension to be <140/90 mmHg for 
patients with CKD although the American Society of Hypertension (ASH) in 
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collaboration with the International Society of Hypertension suggests the goal of 
treatment of hypertension to be <140/90 mmHg for patients with CKD without 
albuminuria, and they have also acknowledged that it is recommended by some 
experts that the goal of hypertension treatment be <130/80 mmHg for patients with 
CKD with albuminuria [1].

Resistant hypertension (RHT) is a clinical situation in which, despite concomi-
tant intake of at least three antihypertensive drugs, one of these preferably being a 
diuretic at full doses, blood pressure remains uncontrolled [2]. The American Heart 
Association (AHA) [3] defines patients who need four or more drugs to control their 
blood pressure as resistant.

Originally defined to identify a group of high-risk patients who may benefit 
from specialized care, resistant hypertension included the evaluation and treat-
ment of the secondary causes of hypertension. JNC 7 defined resistant hyperten-
sion as the inability to achieve blood pressure that is lower than 140/90 mmHg 
even with optimal doses of three of more hypertensive drugs including one diuretic 
[4]. Resistant hypertension is defined by the 2008 AHA as uncontrolled hyperten-
sion despite treatment with at least three hypertensive drugs or controlled hyper-
tension with at least four drugs [3]. This definition of resistant hypertension does 
not even attempt to make a distinction between resistant and pseudo-resistant 
hypertension. Patients suffering from pseudo-resistant hypertension are those 
individuals with elevated office BPs due to white-coat hypertension, improper BP 
measurement, or medication nonadherence, which is not true resistant hyperten-
sion [5, 6] (Table 15.1). To emphasize that pseudo-resistance hadn’t been excluded, 
the term apparent resistant hypertension was adopted in epidemiological studies 
for those patients with an office BP of >140/90 mmHg while taking ≥3 antihyper-
tensive medications [7]. After 24 h of ambulatory BP monitoring, pseudo-resis-
tance is excluded; the true resistance can be made from the apparent resistance 
through the proper office BP measurement technique and confirmation of medica-
tion adherence. Due to this, true resistant hypertension is defined as a properly 
measured office BP >140/90 mmHg with a mean 24-h ambulatory BP >130/80 
mmHg in a patient confirmed to be taking ≥3 antihypertensive medications. 
Excluding participants from the test population with pseudo-resistant hyperten-
sion is one of the challenges in establishing the prevalence of true resistant 
hypertension.

Table 15.1 Causes of 
“pseudo-resistant” 
hypertension

Inaccurate measurement of BP
Inappropriate drug choices or doses
Nonadherence to prescribed therapy
White-coat effect
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 Public Health Efforts for Earlier Resistant Hypertension 
Diagnosis

From a public health sense, hypertension is the flagship contributor to the pioneering 
cause of premature death and disability worldwide – cardiovascular disease [8]. For 
these reasons, family physicians have been overpowered over the years by informa-
tion and admonishments concerning hypertension. Such information comes from 
diverse sources. Industry representatives encourage physicians to prescribe drug A 
instead of drug B. Specialists and key influencers provide complicated messages on 
which drugs and diagnostic or therapeutic strategies to exercise. Clinical trials are 
conflicting or contradictory from time to time. Guidelines are comprehensive and 
often seem to differ between various medical institutions. It is no doubt that family 
physician has confused for that reason. The last disrespect is that published articles, 
specialists, and various organizations continuously tell family physician what a 
loose job they are doing in the management of hypertension, either straight-out or 
by implication. Articles in journals assert that “specialized” hypertension care is 
better than “ordinary” care. On the contrary, publications that actually furnish real-
life, helpful advice in hypertension management are scarce, if any. Furthermore, in 
spite of the reprimand toward family physicians, almost no infrastructure or 
resources have been given to improve the level of “ordinary” care. Many of these 
issues have begun to be recognized by professional institutions, health authorities, 
and governments. The constructive problems with regard to the hypertension man-
agement in primary care have not gone overlooked. Consequently, a few initiatives 
are initiated to give better support to family physicians and to the health-care system 
in the management of hypertension in general. Therefore, chronic care model is 
established to improve the level of care for persons having chronic diseases [9]. In 
this model, the presentation of care is treated under various domains that include 
health system organization, community resources, information systems, decision 
support, patient self-management, and delivery system design. Until now, there has 
been rare organized effort for prevention, early detection, and ongoing management 
of chronic diseases. Furthermore, two systems of care appear to be developed: the 
specialist-based acute care system and family physician- based primary care system. 
These two systems have separated and appear to function independently from each 
other. The diseases like hypertension are now being mentioned system-wide in an 
integrated fashion. For instance, the presentation of hypertension care may begin 
with a central disease registry. This lets the system to know a submitted patient with 
a particular disease. Later, the level of disease complexity and severity may pave the 
way for triaging patients to the most suitable care. This may refer to that patients 
such as those with just diagnosed hypertension are treated by family physician, 
whereas patients with resistant or complex hypertension are treated by a specialized 
team. The association of family doctors creates primary care networks that  is 
responsible for managing patients with chronic diseases and  granted with extra 
funding for this purpose. To cater this care, these primary care networks are recruit-
ing allied health professionals such as nurses, nurse practitioners, pharmacists, 
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social workers, and other individuals. These health-care professionals work with 
doctors, usually benefiting from care maps or algorithms to give care to patients 
with hypertension. A significant element of this partnership is the upkeep of ordi-
nary follow-up, assuring guidelines are tracked, promoting patient self-manage-
ment, and founding defined linkages to specialist services and the health-care 
infrastructure. In practice, when the hypertension is diagnosed, a clinic nurse may 
take patient’s blood pressure regularly, arrange medications within preset parame-
ters, and assure that necessary testing is conducted. The family physician may 
observe the patient periodically or in the event of difficulties that arise. If the pri-
mary care team faces difficulties in patient management, a specialist or specialty 
team should be consulted. In this system, there is a change in the responsibility of 
the specialist. First of all, the specialist may serve with their own multidisciplinary 
team. Instead of seeing every patient, the specialists now observe only the more 
complicated patients. While this may give way to more suitable use of specialist 
talents, it may also pave the way for financial fines for the specialist. Another 
responsibility of the specialist under the chronic care system is to help educate and 
coach the primary care-based physicians and teams. By this way, specialists may 
realize satellite clinics in primary care, communicate in academic detailing, ensue 
group education sessions, or be ready for several distant consultation. In this altered 
health-care system, extended evaluation and monitoring are predominant. Health-
care teams and regions are responsible for results. Indicator’s system is regularly 
expanded, with feedback being displayed to respective physicians and to the system 
in overall. For instance, a physician may submit an information on the number of 
hypertensive patients at blood pressure objectives in his or her practice. Definitely, 
the unnatural separation between diseases is eliminated, and the system endeavors 
to cure the patient as a whole rather than the disease.

Information systems are important for enabling the changes as specified above. 
An electronic central registry assures beneficial data to public health officers which 
enable preventative or screening measures for hypertension to be aimed at high-risk 
populations. A central registry also ensures information on disease load that sup-
ports in the planning and prediction of health-care services. Central registries are 
entwined to other data repositories to ensure patient and physician reminders and 
alerts. For instance, local disease management software may associate an accus-
tomed lipid level with the fact that a patient is hypertensive, reminding the physician 
to start lipid-lowering therapy. Decision support installed in electronic schedules 
can cater for similar support at primary care. Care to patients with hypertension and 
other chronic diseases is generally compromised by the failure to share medical 
information about patients. By this way, the medication record of a patient with 
hypertension who alters physicians may not be fully recognized, potentially giving 
way to adverse drug effects. The Western Health Information Collaborative project 
is commonly financed by the federal government and four western regional govern-
ments. A significant aim of this project is to create data standards for chronic 
disease that will ensure the sharing of core data between jurisdictions and care 
providers [10]. Three main chronic diseases have been classified by the Western 
Health Information Collaborative project: diabetes, chronic kidney disease, and 
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 hypertension. Thus, data sharing around hypertensive patients should be achievable 
in the four western provinces soon.

The self-management of hypertension is significant of its treatment. The patient 
can manage their conditions. For instance, blood pressure monitoring at home has 
been gradually underscored over the years, with available 2006 recommendations 
bringing forward that all patients with hypertension monitor themselves [11] and 
the results of the recent studies support that own blood pressure monitoring is useful 
prognostic predictor and succeed better in blood pressure control [12, 13]. In the 
similar way, adherence to lifestyle advice can also mostly enhance blood pressure 
levels and decline other cardiovascular risk factors (Table 15.2). The primary care 
physician is important for both introducing and continually reassuring patient self- 
management. In the same way, primary care groups or the health system itself can 
ease self-management by courtesy of the arrangement of educational and motiva-
tional programs, patient portals, and engagement of other community resources.

 Pseudo-Resistant Hypertension due to Poor Medication 
Adherence

In the beginning, a large number of the patients were considered to have resistant 
hypertension; in clinical trials in which the participants were aggressively titrated to 
reach a target BP, the prevalence of RHT was estimated to be 20–30% [14]. Although 
a large amount of the studies determine RHT based on the medical adherence and 
optimal levels of drug prescriptions and blood pressure first, it should be confirmed 
that the patients with resistant hypertension do have true RHT; this can be done by 
ruling out or correcting factors associated with pseudo-resistance which include an 
inaccurate measurement of BP, inappropriate drug choices or doses, and the nonad-
herence to prescribed therapy or the white-coat effect [15, 16]. The prevalence of 
RHT has been re-estimated to be below 15% as a significant group of patients with 
RHT were actually considered to have “pseudo-resistant” hypertension [17].

A major methodological strength is the exclusion of patients with pseudo- 
resistance due to nonadherence with prescribed antihypertensive medications; this 
determination has been lacking in prior epidemiologic assessments of RHT [17]. It 
was observed that 152 (43.9%) of 359 patients did not adhere to antihypertensive 

Table 15.2 Lifestyle 
changes as adjunctive therapy 
for antihypertensive 
medication

Weight reduction
Increasing physical activity
Moderation of alcohol consumption
Adoption of the Dietary Approaches 
to Stop Hypertension (DASH) diet
Dietary salt reduction
Smoking cessation
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therapy in an investigation to determine the association between adherence to anti-
hypertensive treatment and BP control in hypertensive outpatients, and 40 patients 
(11.1%) met criteria for RHT. “Pseudo-resistance” is commonly misdiagnosed as 
resistant hypertension, so in that sample, 98 of the 157 (62.4%) patients who showed 
uncontrolled BP with the correct antihypertensive treatment were nonadherers and 
therefore could be diagnosed as patients with resistant hypertension. This data indi-
cated that nonadherence is an important although lesser known problem with 
patients suffering from RHT. These data indicate that nonadherence is an important, 
yet lesser known, problem among patients with RHT.  Prior studies on resistant 
hypertension are limited by the failure to apply a uniform definition of resistant 
hypertension, a lack of longitudinal blood pressure data, and an inability to identify 
“pseudo-resistant” hypertension due to poor medication adherence, according to 
Daugherty et al. [18]. Because of this, trained pairs of pharmacy students and health 
community agents used a standardized protocol to measure BP with the values of 
systolic (SBP) and diastolic (DBP) blood pressure being obtained by the mean of 
six blood pressure measurements, carried out by the research team during three 
visits over a 2 week period, using mercury sphygmomanometers calibrated with a 
minimum interval of 10 min between each double measurement. The measurements 
were taken at the patients’ homes with the effect being the reduction of the influence 
of the white-coat effect [19]. A validated Portuguese version of the eight-item 
Morisky Medication Adherence Scale (MMAS-8) was used to assess adherence 
[20]. If the patients had a score greater or equal to 6 in the MMAS-8, they were 
considered to be adherent in this study [21]. Each patient supplied informed con-
sent, and the study protocol and consent form was approved by the Federal 
University of Alagoas’ institutional review board. As the self-reporting methods 
have a major limitation in underestimating the number of nonadherent individuals, 
the proportion of nonadherent patients could be even higher. The adherence behav-
ior of patients and potential reasons for nonadherence can be gained from self- 
reporting scales as they are usually simple, rapid, noninvasive, and economical in 
their methods. An objective technique that is used to assess drug intake in these 
cases of apparent resistant hypertension is toxicological urine screenings. Since the 
1980s, there has been a systematic development of the analytical procedures for a 
general toxicological screening in urine, first using gas chromatography–mass spec-
trometry (GC–MS) [22, 23]. The development of analytical procedures for the 
detection of various drug classes [24, 25] including antihypertensive drugs [26, 27] 
is thanks to the recent improvement of liquid chromatography–mass spectrometry 
(LC–MS) instrumentation. Individuals with a lower quality of life in terms of health 
are more likely to have lower adherence to antihypertensive medications, and there-
fore the diagnosis of resistant hypertension should fundamentally include investiga-
tion of nonadherence and its causes [28]. This may result in the successful treatment 
of hypertension as well as avoiding the expense and invasive therapeutic approaches 
that include excessive antihypertensive therapy (although polypharmacy is difficult 
to avoid because blood pressure can be controlled by using one drug in only about 
50% of patients [17], electrical stimulation of carotid baroreceptors, catheter-based 
renal denervation, and recent drug therapies (e.g., selective endothelin type A 
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 compounds, such as darusentan)) [16]. To summarize, a relevant or possibly the 
main cause of pseudo-resistant hypertension appears to be nonadherence to pre-
scribed anti-hypertensives. The identification and removing of this factor provides 
the normalization of BP levels and the ability of ruling out the resistant hypertension 
diagnosis that prevents overtreatment and expensive or excessive evaluation.

 How the Public Health Policies Promote Lifestyle 
Interventions to Prevent Development of RHT

As the popularity of RHT is supposed to increase [3], effective treatments to enhance 
results among individuals with RHT are required. Treatment methods being 
researched for the management of RHT contain invasive, irreversible procedures or 
implantable devices such as renal denervation and carotid baroreceptor stimulation. 
Nonetheless, it is significant to specify the efficacy of less invasive approaches to 
spare individuals the inconvenience and possible complications that come from 
these procedures. Hypertension guidelines generally advise lifestyle changes, 
including weight reduction, increasing physical activity, moderation of alcohol con-
sumption, adoption of the Dietary Approaches to Stop Hypertension (DASH) diet, 
dietary salt reduction, and smoking cessation, as adjunctive therapy to antihyperten-
sive medication [2, 4]. Partly, these advices rise from studies that have shown a 
relation between lifestyle factors and morbidity/mortality among hypertensive indi-
viduals [29, 30].

All patients with resistant hypertension should be advised on lifestyle changes to 
lower blood pressure. Sodium intake is a great factor contributing to resistant hyper-
tension. Meta-analyses of clinical trials showed that sodium restriction to approxi-
mately 1.7 g/day was related with a reduction in office blood pressure by 5/3 mmHg 
in patients with mild uncomplicated hypertension [31]. The antihypertensive effects 
of sodium restriction are even more addressed in patients with resistant hyperten-
sion. In one study, 24-h ambulatory blood pressure was decreased by 23/9 mmHg 
when sodium intake was shortened to 1.1 g/day in patients with unchecked blood 
pressure on a 3-drug regimen that built a diuretic [32]. However, the average sodium 
consumption in the USA is higher than the level recommended (8.5 g of salt per 
day). Approximately 75% of the sodium consumed in the USA is acquired from 
processed foods or restaurant cuisine. Circa 25% of consumed sodium is added at 
meals [33]. Recommending the patients to read nutritional labels carefully is neces-
sary to limit sodium intake and have a better blood pressure control. Physical inac-
tivity has been specified in more than 40% of patients. Guidelines advised that 
patients with hypertension should engage in at least 30 min per day of aerobic phys-
ical activity most days of the week [2, 3]. A recent randomized trial containing 
patients with resistant hypertension indicated that a training program, making up of 
walking on a treadmill three times weekly for 8–12 weeks, significantly declined 
ambulatory blood pressure by 6/3 mmHg compared with a sedentary control group 
[34]. By this way, aerobic exercise should be suggested in most patients with resis-
tant hypertension.
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Although the value of lifestyle interventions in patients already taking antihyper-
tensive drugs has not been widely examined, the current evidence, obtained firstly 
in patients treated with one or two drugs, seems promising. Regular exercise alone 
lowered DBP and led to regression of left ventricular hypertrophy (LVH) in a small 
study of medicated African-American men with uncontrolled hypertension [35], 
and the TONE study showed that in elderly patients receiving antihypertensive 
monotherapy, sodium restriction and weight loss paved the way for improved BP 
control [36]. Notably, there are limited data showing the effects of the DASH diet in 
medicated hypertensive patients. In a study of 55 hypertensive patients treated with 
an angiotensin receptor blocker (ARB), the DASH diet was related with a 5-mmHg 
greater reduction in ambulatory SBP compared to patients taking the ARB with 
their regular diet [37]. The ADAPT trial [38] was an Australian study of hyperten-
sive patients treated with one or two drugs in which an intervention designed to 
promote consumption of a modified DASH diet gives way to a modest (4/2 mmHg), 
but statistically important, decline in ambulatory BP and declined dependence on 
antihypertensive medications. In the DEW-IT study [39], a 9-week “feeding” study 
of 44 overweight adults on a single BP-lowering agent and the DASH diet coupled 
with weight loss also resulted in significant BP reductions. Notably, lifestyle change 
has not been correctly evaluated in patients with RHT.

Several small studies, however, put forward that modifications in diet and physi-
cal activity have the potential to lower BP substantially in these persons. For 
instance, in a study of 12 subjects with RHT, 24-hour ambulatory BP was 23/9 
mmHg lower on a 50 mmol/day (1150 mg/day) sodium diet compared to a 250 
mmol/day (5750 mg/day) sodium diet [32]. In this study, however, the periods of 
treatment were short (7 days), and all food was prepared in a clinical research center. 
In the longer term and the absence of specially prepared meals, the similar results 
may not be accomplished. In another small study, Dimeo et al. [34] checked the 
value of physical activity in 50 patients with RHT who were randomized to thrice 
every week treadmill exercise or a control condition; exercise decreased ambulatory 
daytime BP by 6/3 mmHg. For that reason, preliminary evidence puts forward that 
lifestyle changes may be effective in diminishing BP in RHT patients, but these 
efforts required to be examined in more rigorous randomized clinical trials (RCTs.)

 Public Policies for Prevention and Treatment of RHT 
in Europe and the USA

A thorough consideration of public policy is vital to efforts to both prevent and treat 
hypertension (Table 15.3). This is true not only in Europe, where the public sector 
is largely responsible for financing health care; it is also the case in the USA, home 
to an ever-increasing public tranche of costs since the 1960s’ implementation of 
Medicare and Medicaid, growing to 45.6% by 2003, 48.1% in 2006, and predictions 
of close to 50% [40]. Unfortunately, public funds for prevention do not account for 
a large share of expenditure. Health data compiled by the Organisation for Economic 
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Co-operation and Development (OECD) show a range of public spending on 
“prevention and public health” over 2003/2004 as varying from 7.6% of public sec-
tor expenditure in the USA and 8.3% Canada, down to 4.0% in Germany and just 
0.8% in Italy [41]. Much of the spread of these figures can be explained by how the 
private sector is proportionately more important to North American health spending 
than it is in Europe; this leaves preventative spending greater room within the over-
all scope of public expenditure. The extent of public spending in Europe is also very 
likely underreported by the OECD due to official statistics describing state- 
sponsored prevention “programs” as health-care “treatments.” A 2002 study con-
ducted in France which incorporated statistics concerning both approaches 
concluded that, while spending formally dedicated to prevention was 2.9% of total 
health expenditure, a further 3.5% termed as “soins et biens médicaux” [medical 
care and goods] was preventative in nature, leading to a more robust total of 6.4%. 
This analysis explicitly adds hypertension to the latter group during its discussion of 
risk factors and the difficulty of distinguishing between care and prevention: “We 
have in effect considered that uncomplicated forms of diabetes, arterial hyperten-
sion and hyperlipidemia are not treated for themselves but rather in order to avoid 
the advent of serious cardiovascular illness, which justifies their inclusion in the 
area of prevention” [author’s translation of the French original] [42]. And yet there 
is a large imbalance between preventative expenditures and those on treatment even 
after this expansion to the scope of prevention, due to the political and economic 
pressures on public budgets. Strong and immediate demands for medical treatment 
have effectively discouraged investments in prevention which would pay out in the 
longer term. In addition to direct public expenditure, policy stakeholders in the pub-
lic sector can take steps either to advance or to retard private sector actions and 
spending in the fields of primary and secondary prevention.

 Public Policy and Patients’ Organizations

If we are to recognize “prehypertension” as being prognostic of possible illness, 
patients’ organizations are natural and committed conduits to reach those people 
who could benefit from information and advice regarding lifestyle, medication, and 
risk factors as a means of realizing the challenging personal process of behavioral 
change. It was for this reason that patient groups organized around cardiovascular 
disease and hypertension were advised to expand their focus to encompass “pre- 
patient” education and assistance at the special session in St Gallen. To do so 
requires a certain, not large, outlay, but patient groups typically rely on outside 

Table 15.3 Public policies 
for prevention and treatment 
of RHT in Europe and the 
USA

Patients’ organizations
Pharmaceutical reimbursement
Prevention and financial 
incentives for physicians
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funding, and some consumer activists suggest they may be vulnerable to financial or 
informational manipulation by pharmaceutical industry. Gaps in communication 
between medical professionals and patients could be bridged by a system offering 
accreditation from the public sector and/or opening the door to reimbursement or 
eligibility for funds from public coffers to organizations seeking effectively to 
prevent hypertension. The behavior-altering benefits for (pre-)patients of public 
funding for patients’ organizations could be substantially cheaper and potentially 
more effective than the “top-down” model of most public sector programs.

 Public Policy and Pharmaceutical Reimbursement

Throughout Europe, government intervention in pharmaceutical markets, including 
pricing and access to reimbursement, has a pronounced effect upon the access of 
patients to medication, whether this effect be one of denial, delay, rationing, or 
promotion. This governmental footprint is especially prominent for innovative 
products, costly as they often are. An overview of a series of Finnish studies of 
hypertension from 1982–2002 noted that the European emphasis has changed from 
detecting to treating high blood pressure. The report highlighted reimbursement as 
an important challenge above and beyond the doctor/patient issues discussed above: 
“In Finland, the strict reimbursement criteria for antihypertensive drug treatment 
presented by the national social insurance institution may also play some role in 
unsatisfactory BP control. In these criteria, the BP levels justifying the reimburse-
ment of antihypertensive drug costs are clearly higher than those recommended by 
the hypertension guidelines,” leading to the conclusion that “in particular, effective 
antihypertensive drug treatment should have been prescribed for individuals with a 
moderate or high absolute CVD risk more frequently than at present” [43]. To pre-
scribe medications after the optimum moment, in insufficient amounts, or ones 
which are cheaper but less effective is hardly a phenomenon unique to Finland, but 
sadly merely one more instance of the public sector overvaluing short-term budgets 
over long-term prevention of cardiovascular disease. Governmental policies can 
stop their own hearts in this way.

 Prevention and Financial Incentives for Physicians in the USA

The USA has been the site of a long-running debate on the merits of creating 
incentives for caregivers to emphasize preventive care. This debate is one more 
indication of the widely acknowledged need of the US system to provide signifi-
cantly better care.

Compared with the monolithic nature of European national services, the plural-
ism characteristic of health-care finances in the USA is simultaneously advanta-
geous and not toward providing incentives to hospitals and individual doctors. This 
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pluralism promotes experimentation and the creation of multiple mechanisms, 
while systems based upon a “single-payer” principle are often inefficient and slow 
to change, albeit with exceptions such as the incentive system recently introduced 
by the NHS in the UK. Unfortunately, single payers have a tendency to hew to sin-
gle models, often regardless of whether they work well or not.

The opposing weakness of the US system is the multiplicity of health-care insur-
ers and purchasers, which greatly complicates efforts to create incentives effective 
with group practices and hospitals that may deal with patients insured by a plethora 
of health-care plans. This situation makes administrative costs high relative to finan-
cial incentives. One possible solution to motivate hospitals and physicians would be 
the creation of collaborative programs between large insurers, supported by CMS 
(Centers for Medicare and Medicaid Services) [44], the biggest public sector pur-
chaser. One thousand interviews with 35 health plans across 12 major US metro 
areas indicated that 77% of the plans “. . .had hospital- or physician-based pay-for- 
performance strategies that were being actively developed or had pilot or full pro-
grams that had already been implemented. Most of the health plan efforts were new, 
with about one-third of all reported efforts being in the planning or developmental 
stages...(They) uniformly reported that their goal is to reduce costs through improved 
quality and provider efficiency.” [45].

The same cannot be said of QOF – “Quality and Outcomes Framework” of the 
UK NHS.

 Public Policy Developments in the UK: Financial Incentives 
for Physicians

QOF was introduced to general practitioners (GPs) in April 2004 by the NHS as a 
voluntary contractual component. In terms of cardiovascular disease and hyperten-
sion, the quality objectives of QOF are preventative to a strong degree, emphasizing 
improved outcomes by ensuring patients are on the right medication to meet their 
needs and through early and continued monitoring of risk factors, including choles-
terol and BP. The incentives use a “point” system and are rewarded to practices, not 
single doctors. Good record keeping and diagnosis are reasons for points, as are 
management both initially and ongoing. The most points are awarded for such 
improvements of outcomes as meeting or surpassing clinical guidelines across a 
broad span of patients [46]. QOF is widely seen as a leap forward for preventative 
care. When it was introduced, an American observer called QOF “. . .the boldest 
such proposal attempted anywhere in the world. . .With one mighty leap, the NHS 
has vaulted over anything being attempted in the United States, the previous leader 
in quality improvement studies” [47].

Striking differences between QOF and initiatives forwarded in America include:

• Systemic and national extent
• The near unanimity over its goals and methods
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• Its primary care scope, excluding hospitals
• Disinclusion of cost containment among its objectives
• Ample financial incentives to practices to amassing points
• The following steep increase in the NHS’s costs, making cutting or ending the 

program risky for future governments.

Reports about P4P initiatives from America talk about “gaming the system” – a 
sport that the administrative bureaucracy even of schemes lean on great concepts 
and requests will often be a loser.

Regardless, although it will take time to see if the outcomes of QOF related to 
hypertension match the pronouncements of its advocates, it represents a noteworthy 
attempt to create a new incentive structure for preventative care.

 Public Policies for Prevention and Treatment of RHT 
in Developing Countries Compared to Developed Countries

The low level of awareness of hypertension in developing countries is alarming, and 
outcomes relating to its treatment and control are no better. Most studies about per-
ceptions of hypertension in these countries show that a mere third or so of their 
hypertensive population were aware of their condition at the beginning of the study 
[48–50], a rate which is as low as 18% in some areas [51]. Yet, for whatever reason, 
this form of self-knowledge is a challenge even in parts of developed countries, for 
example, Australia, where even with improved rates of screening, some poorer areas 
still report an awareness of their status among only approximately one-third of 
hypertensive patients [52]. Complicating the situation, in the developing world, the 
proportion of known hypertensive patients who have controlled the situation is still 
low [53]; a study of six middle-income nations reported that control rates were 
especially low among adult men. In Africa, few countries have a rate of control 
among hypertensive patients higher than 5% – Gabon reaches 5.6% [54], while one 
study from Tanzania reported that fewer than 1% of patients with hypertension had 
BP readings beneath 140/90 mmHg [55]. One way to account for these low rates of 
awareness and control is that national policy-makers across the developing world 
may underestimate or misunderstand the threat from noncommunicable diseases, 
which may be new threats in rapidly changing societies. Undeniably caused at least 
in part by a shortage of resources for health care, the bigger problem may some-
times be poor prioritization or a lack of medium- to long-term planning, leading to 
a lack of such basic elements of primary care detection and monitoring as a basic 
sphygmomanometer. Unfortunately, even when a sphygmomanometer is available, 
in large parts of the developing world, blood pressure is not measured routinely at 
primary care checkups. One explanation could be that practitioners are more alert to 
dramatic complaints such as trauma, infectious disease, or complications of preg-
nancy. Nonetheless, the threshold among primary care practitioners in middle- and 
low-income countries is known to be quite low [56]. Innovative new data compiled 
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from collaborative and comparative studies in Southeast Asia and Africa [57] show 
that much or most of the poor detection and treatment may rise from lack of under-
standing of hypertension’s chronicity made worse by the asymptomatic presenta-
tion of the disease, as well as underdeveloped societal conditions including the high 
cost of often poor-quality health care, the difficulty of finding proper treatment 
expertise and materials, and unequal access to often inefficient health services.

However, some of the risk factors for the development and for worse outcomes 
of hypertension appear to be both overnutrition and undernutrition. The complexi-
ties of many developing societies undergoing urban transitions are that both of these 
two forms of malnutrition will coexist within the same population.

One result of the convoluted nature of rapidly urbanizing societies in the devel-
oping world is that both forms of malnutrition can be found side-by-side in a 
population.

An ineluctable first step in the treatment of hypertension anywhere is to under-
stand its epidemiology as well as its natural history; these are often underdescribed 
in poorer nations, especially in sub-Saharan Africa. Where systematic monitoring of 
hypertension is in its initial stages, it must be remembered that alongside greater 
incidence, early estimates may be exaggerated due to greater awareness among the 
population, facilitating detection, as well as better methods of control, allowing a 
greater number of people to survive with high BP [58]. A lessened intake of salt 
directly decreases hypertension [52] and, like obesity, is a rare reversible cause of 
high blood pressure. As such, it is key in the struggle with hypertension [59]. 
Additionally, salt intake may be restricted at the individual level through counseling 
as well as among the population at large through policies limiting the salt found in 
processed foods like bread [59, 60]. These policies work in the long run because an 
individual’s taste buds can grow accustomed to differing levels of salt content in 
food. Unfortunately, it is much harder to grow accustomed to a lower salt content 
than to a higher one, so reducing salt intake will remain a serious challenge for 
health-care providers and officials [52]. Reducing salt taste thresholds can be done, 
however, as we know that high salt-content food typically loses its appeal within 
4–6 weeks of switching to a diet low in salt [52]. This is why salt reduction at the 
population level has proved, to date, more cost-effective than clinical interventions 
[52]. The Global Burden of Disease Study from the World Health Organization 
(WHO) indicates that lowering the amount of salt in processed foods through action 
at the level of societies could preserve 21 million or more disability-adjusted life 
years worldwide – every year [61]. Beneficial effects on blood pressure have been 
shown to derive from fruit and vegetable fiber, magnesium, and potassium, as well 
as calcium from low-fat dairy [52, 62]. Obesity is a major cause of hypertension and 
the efforts increasing physical activity among the population beginning at young 
ages and decreasing caloric intake may lessen the prevelance of the obesity in the 
general population. 

There have been many success stories in developed countries regarding decreased 
CVD risk stemming from reduced consumption at the population level of energy- 
dense and high-fat diets but few parallel examples in developing ones. One excep-
tion is Iran, which introduced a program based on the high-risk factor and population 
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strategies to implement positive lifestyle choices in communities and notably 
brought down the prevalence of hypertriglyceridemia, hypercholesterolemia, 
abdominal obesity, and hypertension [63]. For individuals, it has been suggested to 
be beneficial for hypertension to walk a minimum of 10  min a day [49], which 
should be possible even in urban areas of developing countries.

It will remain difficult to implement clinical approaches to hypertension in 
poorer countries for a variety of reasons. Many countries in the developing world 
maintain no precise guidelines regarding hypertension management in their indi-
vidual setting, and as much as practitioners will be able to look to international 
guidelines for guidance in their daily practice, the investigations, materials, and 
medications indicated there may not be available locally. Moreover, in following 
guidelines not adapted to local needs, considerable variation exists in which inter-
national guidelines are adhered to and at what point the practitioners begin to impro-
vise. Adherence to orderly norms in the successful treatment of hypertension is 
required not just of practitioners, who must follow protocols regarding early detec-
tion, but also of patients, especially in taking their medication. Both practitioner 
awareness of and adherence to protocol were found to be low even where national 
guidelines had been introduced and broadly promoted among the clinical commu-
nity [56]. Despite the inevitability of encountering patients with a greater or lesser 
degree of hypertensive resistance to treatment, the most common cause for poor 
control of BP remains patient noncompliance with his or her medication regimen.

Stroke is a relatively immediate complication of hypertension under poor con-
trol, and reports from South Africa indicate that, among hypertensive patients, those 
of African descent die at twice the rate of their European-descended counterparts 
[53]. This likely stems from the fraught interplay of poor education, unequal access 
to quality health care, and lack of patient compliance. The best way to encourage 
compliance from a patient’s perspective is through education and making the medi-
cation regimens simpler. There was a treatment-adherence trial of 500-plus patients 
for hypertension in Nigeria, both urban and rural but all new to treatment [64]. The 
treatment program was led by nurses with a doctor for backup and involved the 
administration of simple treatment of a b-blocker and thiazide diuretic to patients at 
no charge. The patients were followed up once a month for 6 months. Impressively, 
after 6 months, 81% of the patients were adhering to treatment, and 66% have con-
trolled hypertension. These excellent results likely come from high-quality patient 
education, a simple regimen for medication, and the free service they received at the 
hospital. In Africa, studies have shown that regular attendance at the clinic, avoid-
ance of prescription medication of non-Western origin, and social support were 
among the factors positively affecting self-reported compliance [65]. Oddly or not, 
compliance was not associated with beliefs as to the cause thereof. Furthermore, 
similarly to the rest of the world, and regardless of the method of treatment (tradi-
tional or modern), many patients mistakenly believe that they can discontinue their 
medication when they feel better [66]. Yet data from other countries in the underde-
veloped word demonstrates the avidity with which patients with hypertension, a 
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fairly unobtrusive, silent disease, seek out informal care providers for answers and 
alleviation. Authorities in Bangladesh have acknowledged the importance in the 
public sector’s struggle with an epidemic chronic disease of fostering relationships 
with informal allopathic practitioners and have acknowledged efforts to standardize 
information and practice among them [66].

On the whole, the key to increasing medication compliance and to sponsoring 
healthier lifestyles seems to be education, whether personalized or of a population 
overall. In both Pakistan and across several different Asian communities, the com-
bined effects of health education at home and a trained GP in controlling blood 
pressure have been shown to have better cost-effectiveness than standard strategies 
or either intervention alone, at the same time as being affordable.

Portable kiosks to distribute health information outside either the home or the 
clinic have proven themselves as an effective means of health education in settings 
both rural and urban [67]. An alliance of traditional and conventional means of 
health care was sought in Tanzania by means of the founding of an institute of tra-
ditional medicine. These efforts and similar ones in varied developing countries 
discussed by Joshi et al. [67] are widely perceived as beneficial. Closer to the formal 
health-care system, pharmacists are often providers of instant BP monitoring and 
advice about medication. Reports on the impact of pharmacist-provided services 
suggest improvements to hypertension control and overall quality of life but only in 
countries with middle-income profiles [68], potentially because of greater use of 
superior guidelines concerning hypertension management in such countries and 
more effective regulation and monitoring of pharmacist practice in those countries. 
A high-tech intervention that takes into account the reliance upon mobile technolo-
gies in countries where many have never had home Internet or land-based phone 
service is the use of cell phones to remind patients when to take their tablets. In 
combination with BP monitoring performed at home according to clear step-by-step 
guidance, automated management of this sort has been shown as beneficial for 
hypertension outcomes [69]. A telephone-based management system, using an 
automated caller to remind the patient when to take their medication and which 
gives self-care management tips to each patient based on their own BP measure-
ments and diet, has been shown as beneficial in two middle-to-low-income coun-
tries in South America. These systems can even travel over the head of the patients 
to contact health workers when a patient might be having excessively many high BP 
readings or if they have self-reported a suboptimal level of compliance [69]. Finally, 
the lack of social support shown to contribute to poor levels of compliance [70] is 
addressed with weekly updates sent to a close friend or family member [69]. 
Unsurprisingly, the greatest reductions in blood pressure were seen among those 
with lower levels of literacy and those requiring frequent communications regarding 
the blood pressure – the most vulnerable groups in conventional practice in terms of 
worse outcomes. This intervention seems in these ways to have hurdled the provider- 
to- patient barrier in the management of hypertension. Still, like any other interven-
tion, there are gaps concerning our knowledge of the risks, acceptability, effects, 
and costs over the long term [71].
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 Treatment of Resistant Hypertension

 Medical Treatment

The approach to treatment of resistant hypertension in patients with CKD should 
have objective to address the multitude of factors that contribute to the pathogenesis 
of hypertension in this population, including disturbed handling of sodium and vol-
ume expansion, increased activity of the renin–angiotensin–aldosterone system 
(RAAS), improved sympathetic activity, and declined endothelium-dependent 
vasodilatation. Specific focus should be on the patterns of elevated blood pressure 
that have been discovered to be more prevalent in this population and to enhance the 
risk of target organ damage, including elevated nighttime BP and the presence of 
non-dipping.

 Volume

Salt restriction has been indicated to lower blood pressure in patients with and with-
out hypertension. In the Dietary Approaches to Stop Hypertension (DASH)-Sodium 
trial, sodium reduction from 100 to 50 mmol per day generally had twice the effect 
on blood pressure as reduction from 150 to 100 mmol per day [72]. The effect of 
dietary sodium restriction on the degree of BP reduction seems to be particularly 
powerful in patients with resistant hypertension. In a small, randomized crossover 
trial of patients with resistant hypertension, a low (50 mmol/day) compared with 
high (250 mmol/day) sodium diet diminished mean office SBP by 22.7 mmHg and 
initiated significant declines in daytime, nighttime, and 24-h ambulatory blood pres-
sure [32]. For that reason, patients with resistant hypertension, as well as those with 
CKD, show salt-sensitive hypertension. Patients with CKD have an impaired skill 
to effectively excrete sodium and will reply to a sodium load by increasing blood 
pressure for reconstructing salt balance; this “pressure natriuresis” arrives at the 
expense of hypertension-related target organ damage [73]. Besides, dietary sodium 
intake has been indicated to interact with the RAAS, especially aldosterone, in both 
animal models and human studies, to mediate hypertension, vascular and tissue 
damage, and kidney disease [74]. In a study of patients with resistant hypertension 
and high 24-h urinary aldosterone, urinary protein excretion increased considerably 
with progressively greater salt intake, putting forward that aldosterone excess and 
high dietary sodium intake interact to increase proteinuria [75]. In fact, in a random-
ized, double-blind, placebo-controlled crossover study in proteinuric patients with-
out diabetes, salt restriction itself exerted an antihypertensive and antiproteinuric 
effect and further enhanced the antiproteinuric effects of RAAS blockade to almost 
the same magnitude as, and in an additive manner with, diuretics [76]. While this 
study and others have showed the beneficial impact of sodium restriction on inter-
mediate renal outcomes in CKD, it is significant to address that no large cohort 
studies have indicated sodium restriction to decline BP or long-term cardiovascular 
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and general mortality specifically in CKD patients [77]. For that reason, the recom-
mendation for sodium restriction in the treatment of hypertension in CKD and in the 
decline of cardiovascular and general mortality in CKD patients is largely opinion- 
based. The salt-excreting handicap of CKD and resulting extracellular volume 
expansion also ensures the basis for treating hypertensive CKD patients with diuret-
ics. Studies of resistant hypertension bring forward that, even in the absence of 
CKD, this group of patients manifest enhanced extracellular volume, as measured 
by brain-type natriuretic peptide (BNP) and atrial natriuretic peptide (ANP) [78]. 
For that reason, the use of appropriate diuretics is a milestone of therapy in patients 
with CKD and resistant hypertension [4]. Nevertheless, diuretics remain underuti-
lized and underdosed, and a modification in diuretic therapy may help a significant 
proportion of patients with resistant hypertension to achieve BP goals [79]. For 
instance, while the major trials supporting the use of diuretic therapy used chlortha-
lidone at 25 mg/day, the weaker hydrochlorothiazide (HCTZ) at doses of 12.5–25 
mg/day remains the most commonly prescribed antihypertensive medication world-
wide [80]. However, when evaluated with 24-h ambulatory BP monitoring (ABPM), 
the antihypertensive efficacy of HCTZ at doses of 12.5–25 mg/day has been indi-
cated to be inferior to that of other commonly prescribed drug classes [80]. 
Chlorthalidone is approximately twice as potent as HCTZ with a much longer dura-
tion of action (8–15 h for HCTZ compared with >40 h for chlorthalidone) [81]. In 
clinical studies using 24-h ABPM, chlorthalidone 25 mg/day results in greater 
reductions in 24-h mean SBP compared with HCTZ 50 mg/day, primarily due to its 
effect on reducing nighttime mean SBP [82]. For that reason, strong consideration 
should be given to using chlorthalidone over HCTZ, especially given the growing 
importance of nocturnal blood pressure on cardiovascular results and kidney disease 
progression in patients with CKD. Thiazide diuretics are most effective in patients 
with a GFR >50 mL/min/1.73 m2, although chlorthalidone can be effective to a GFR 
of 30–40 mL/min/1.73 m2 in the absence of severe hypoalbuminemia [79]. A loop 
diuretic is preferred for patients with advanced CKD. Typically, loop diuretics such 
as furosemide and bumetanide should be dosed at least twice daily given their short 
duration of action and the potential for intermittent natriuresis leading to a reactive 
increase in the RAAS (with ensuing sodium retention) if dosed once daily [83]. The 
longer-acting torsemide can be dosed once or twice daily. Consideration should also 
be granted to combining the loop diuretic with a diuretic that acts more distally in 
the nephron, such as a thiazide or a low-dose potassium-sparing diuretic [84].

 Cost-Effectiveness and Public Health Benefit of Primary 
and Secondary Cardiovascular Disease Prevention 
from Improved Adherence Using a Polypill

The complexity of the treatment regimen, socioeconomic status, lifestyle, and psy-
chological influences affect adherence to medication [85]. With regard to the factors 
that can be modified, reducing dosage demands is defined as the most effective 
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single approach to improve adherence by the European Society of Cardiology [86]. 
Reducing dosing can be provided by the use of a fixed-dose combination (FDC) 
polypill consisting of the recommended treatments in a single daily capsule. This 
approach has improved adherence and reduced costs [87–90]. For this purpose, 
Wald and Law have originally suggested a polypill that contains aspirin, thiazide, 
β-blocker, ACE inhibitors, statin, and folic acid, in 2003 for primary prevention. A 
simpler and more evidence-based formulation consisting of an aspirin, a statin, and 
ACE inhibitors for the secondary prevention of cardiovascular (CV) events was 
developed in Spain by a private–public partnership between the Centro Nacional de 
Investigaciones Cardiovasculares (CNIC) and Ferrer Internacional [88]. This latter 
polypill contains 100 mg aspirin, 20 mg atorvastatin, and 2.5, 5, or 10 mg ramipril.

Several studies have been reported on the efficacy, safety, tolerability, and afford-
ability of FDC polypills for the primary and secondary prevention of cardiovascular 
diseases (CVD).

Several pilot studies have showed the feasibility of the primary prevention strat-
egy [91–94]. These are TIPS-1 (Indian Polycap Study) [91], PolyIran (Phase II 
Study of Heart Polypill Safety and Efficacy in Primary Prevention of CV Disease) 
[92], Combination Therapy Trial [93], and IMPACT (Improving Adherence Using 
Combination Therapy) [94]. The large one TIPS-1 was a phase II randomized trial 
that included 2053 participants aged 40–80 years without CVD and with at least one 
CV risk factor in India [91]. The polypills used in those studies contained aspirin, 
statin, ACE inhibitors, and thiazide diuretics at various doses. The outcomes of 
those trials were feasibility, effect on risk factor levels, safety, and tolerability of 
polypills.

The IMPACT (Improving Adherence Using Combination Therapy) trial included 
513 adults at high risk of CVD (with established CVD or 5-year risk of ≥15%). 
They were suggested for treatment with antiplatelet, statin, and ≥2 BP-lowering 
drugs, and were randomized to continued usual care or to FDC treatment. The 
investigators discovered that, parallel to other studies, adherence to all 4 suggested 
drugs was greater among FDC than usual care participants at 12 months (81% vs. 
46%; relative risk, 1.75 [95% confidence interval, 1.52 to 2.03]; p < 0.001) [94].

For secondary prevention, TIPS-2 (Second Indian Polycap Study) [95] reported 
significant declines in BP and low density lipoprotein (LDL-C) in patients with 
stable CVD or diabetes with the use of the combination drugs used in TIPS-1.

The UMPIRE (Use of a Multidrug Pill in Reducing Cardiovascular Events) study 
that was the first randomized trial designed to detect the long-term effect of a FDC 
strategy in improving patients’ adherence to medication in CV prevention has 
recently announced [96]. Adherence to medication in the polypill group was 85%, 
compared with 60% in the standard-care group (p < 0.001). BP and LDL-C levels 
were decreased with the FDC strategy to a greater extent than with standard care. 
No significant differences were noted in the incidence of serious adverse effects 
between the groups [96].

The latest trial to investigate the effect on adherence of the polypill in secondary 
prevention has just been noticed, and 623 patients with CVD or an estimated 5-year 
CVD risk ≥15% were enrolled in this study. After a median of 18 months, patients 
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randomized to the polypill exposed a significantly higher adherence than those 
receiving usual care (70% vs. 47%; p < 0.001). The study showed no significant 
differences in BP or LDL-C levels between groups, possibly due to the limited 
power of the study.

Available clinical data aid the viability of the polypill in CVD prevention and 
management but with a limited area. The role of the polypill in CV prevention has 
been gradually described. Further research of the polypill is necessary, with the col-
lective results to have the potential power changing the face of health care across the 
world.

 Chronotherapy

Investigators have assessed whether chronotherapy – the strategy of bedtime, rather 
than morning, dosing of antihypertensive medications – can have an influence on 
the circadian rhythm of BP, including 24-h ambulatory BP control and the preva-
lence of non-dipping. In the study of 250 patients with resistant hypertension, 
patients who were randomly selected to the strategy of modifying one drug but 
administering the new drug at bedtime showed a statistically important ambulatory 
blood pressure reduction (9.4/6.0 mmHg for systolic/diastolic BP, p < 0.001) com-
pared with the strategy of modifying one drug but continuing all medications in a 
single morning dose [97]. The effect was greater on the nocturnal than on the diur-
nal mean BP, and the prevalence of non-dipping diminished from 84 to 43% over 
the 12-week study period. The benefit of chronotherapy has also been showed in 
resistant hypertension by moving all non-diuretic antihypertensive drugs from 
morning to bedtime dosing without altering any medications or doses [98]. By this 
way, chronotherapy gives an opportunity to enhance nocturnal BP control and the 
non-dipper pattern without changing the total number of medications with CKD are 
encouraging.

 Device Therapy for Resistant Hypertension

Devices to treat resistant hypertension significantly aim the sympathetic nervous 
system, which is recognized to contribute to the pathogenesis of necessary hyper-
tension and many forms of secondary hypertension [99] (Table  15.4). However, 
these devices are not uniformly fruitful in treating resistant hypertension. Chronic 
electrical stimulation of the carotid sinus nerves with a surgically implantable 
device, which was designated to trigger baroreflex-mediated inhibition of sympa-
thetic nerve activity, has been indicated to decline blood pressure in 54% of patients 
with resistant hypertension in a randomized, double-blind, parallel-designed clini-
cal trial (n = 181) [100]. However, enhanced blood pressure con control was also 
examined in 46%of control group patients (n = 81) in whom the devices were 
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deactivated for unknown reasons (p = 0.97) [100]. Catheter-based renal sympathetic 
denervation is another potential therapeutic strategy for resistant hypertension. This 
technique exercises radiofrequency energy to ablate renal nerves alongside renal 
arteries in the adventitial layers [101]. Although the initial unblended trial using this 
technology showed fruitful results [101], a subsequent randomized sham-controlled 
trial (SYMPLICITY-HTN3) [102] indicated no difference in the office blood pres-
sure or 24-h ambulatory blood pressure in a denervation group compared with a 
sham-procedure group treated with medical therapy alone. It is unclear whether 
renal denervation may benefit a subset of patients with resistant hypertension.

 Conclusions

One of the major causes of pseudo-resistant hypertension appears to be nonadher-
ence to prescribed anti-hypertensives, and modifications in diet and physical activ-
ity have the potential to lower BP substantially in patients with RHT. On the other 
hand, it is not obvious whether renal denervation benefits a subset of patients with 
RHT. Therefore; the best choice for treatment of RHT appears to be providing well 
adherence to medication and lifestyle change of patients with RHT. The public pol-
icy is vital to efforts to both prevent and treat RHT.
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Chapter 16
Treatment of Hypertension in Light of the 
New Guidelines: Salt Intake

Baris Afsar and Alper Kirkpantur

 Introduction

Presence of hypertension (HT) is commonly seen in patients with chronic kidney 
disease (CKD). Additionally, as kidney function declines, blood pressure (BP) ele-
vation occurs and as BP rises, kidney function deteriorates [1]. This reciprocal inter-
action between kidney function and BP was observed both in experimental and 
clinical conditions. Besides, with advancing CKD, control of BP becomes more 
difficult [2]. Indeed, it can be stated that there is resistance to BP lowering effects of 
lifestyle modifications and antihypertensive drugs in CKD patients. The mecha-
nisms of BP elevation and resistance to BP lowering in CKD are many but the exact 
causes are still unknown. However, one of the most important factors for resistant 
HT in CKD is salt intake. Indeed, nearly 2000 years ago, in ancient China, there is 
a statement of suspicion that there is link between renal disease, salt, and hyperten-
sion stated as: “when the pulse is full and hard … the illness dominates the kidneys 
and has its seat therein.” “If large amounts of salt are taken, the pulse will stiffen or 
harden” [3].

A part from increased HT prevalence, resistant hypertension (RHT) is also highly 
prevalent in CKD patients. Indeed, overt or incipient CKD has long been considered 
one of the most frequent medical causes of RHT [4–6].

In this chapter, we tried to summarize the definition, incidence, pathophysiologic 
mechanisms, and studies especially focusing on salt intake and resistant HT in CKD.
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 Definition of Resistant Hypertension and Incidence in CKD

Resistant hypertension is a condition when BP is not controlled despite maximal 
effective dosing of ≥3 medications of different classes; one is being a diuretic [7]. 
Resistant hypertension should not be confused with pseudoresistance. 
Pseudoresistance implies uncontrolled office BP while receiving ≥3 medications in 
the setting of medication nonadherence, improper BP measurement technique, and/
or white coat HT. It is suggested that pseudoresistance is suggested to contribute to 
as much as 50% of RHT [8]. Factors associated with pseudoresistance include use 
of cuffs in an inappropriate size, recent smoking, improper BP measurement tech-
nique, inappropriate drug combinations and doses, poor compliance by patients to 
the prescribed antihypertensive regimen, poor doctor-patient relationship, and poor 
education of patients to the significance of achieving goal BP [9]. Thus it is impor-
tant to differentiate true RHT or pseudoresistance while evaluating the patients and 
performing investigations.

Resistant hypertension is either not to be confused with refractory HT. Refractory 
HT is a condition which meet the definition of RHT but BP is not controlled despite 
maximal medical therapy (i.e., ≥4 antihypertensive medications at maximal effec-
tive dosing and of different class) [10, 11]. This means that patients with RHT may 
achieve target BP, patients with refractory HT cannot achieve optimal BP [12]. A 
part from RHT, one of the important concepts is masked hypertension (MHT) in 
CKD. This is important since as many as 40–70% of patients with CKD present 
MHT and MHT is related also with RHT [4, 13]. Masked hypertension was defined 
as controlled office BP (<140/90 mm Hg) with an elevated overall average BP by 
24-h ABPM (>130/80 mm Hg) or home BP > 135/85 mm Hg [14].

Despite all these confirmed data, there is only scarce data regarding epidemiol-
ogy of RHT both in general and CKD population. This is due to fact that until a few 
years ago, information regarding the epidemiology of RHT was obtained from indi-
rect sources, such as cross-sectional studies on hypertension control in large cohorts 
from tertiary hypertension centers and outcome trials in hypertension. However, 
during recent years, large population- based studies have provided direct epidemio-
logic data on RHT and estimated its prevalence at 8–12% of adult patients with 
hypertension. Chronic kidney disease in particular has been long considered a fre-
quent underlying cause of RHT; however, recently, direct epidemiologic data for this 
entity in patients with CKD were brought to light again, suggesting an even higher 
prevalence of resistant hypertension (approximately 20–35%) among such individu-
als. In one study which specifically focused on RHT in CKD, De Nicola et al. dem-
onstrated that in 300 hypertensive CKD patients, 38% had RHT after 6 months of 
BP management, with a higher prevalence of diabetic nephropathy and higher levels 
of proteinuria with RHT [15]. Furthermore, recent prospective cohort studies have 
suggested incident RHT to be associated with increased cardiovascular and renal 
risk in both the general hypertensive population and patients with CKD [9].

Thus it is of no question that RHT is prevalent and has potential impact on 
cardiovascular outcomes in patients with HT including CKD.
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 Blood Pressure Targets in CKD

In recent years, there are a number of guidelines in medical literature providing 
recommendations for the management of high BP in HT including patients with 
CKD [16–20]. The potential danger in such guidelines resides in the fact that they 
focus on setting a BP threshold for treatment yet harm may exist with overtreatment 
of HTN in patients with CKD. In a cohort of over 650,000 Veteran Americans with 
CKD, extremes of both high and low BPs were associated with increased mortality, 
with the highest mortality for patients with high pulse pressures. The authors con-
clude that it may not be advantageous to achieve an ideal systolic BP (<130 mm Hg) 
in patients who have existing low diastolic BP (<70 mm Hg) [21].

Looking at this perspective, it is surprising to realize that there is still no suffi-
cient evidence to recommend a lower BP goal less than 140/90 mm Hg in patients 
with CKD [8]. It is also a fact that, though some evidence informing the best treat-
ment BP target in CKD is available, not all groups looking at the same data agree on 
exactly what the evidence shows.

The other important issue in CKD is the presence of albuminuria/proteinuria, 
and increased urine protein/albumin excretion needs extra level of consideration 
[22]. Thus the Kidney Disease Improving Global Outcomes BP work group advised 
a lower BP goal of less than 130/80 mm Hg for individuals with CKD and moderate- 
to- severe albuminuria (e.g., urine albumin-to-creatinine ratio  >  30  mg/g) [23]. 
However, as suggested this recommendation was based on an evidence level equiva-
lent to expert opinion.

Thus studies especially interventional ones are still needed to determine which 
BP values are optimal for better health outcomes in CKD patients.

 Salt and Resistant Hypertension in CKD: Pathophysiologic View

The detailed pathophysiologic explanation for the RHT is beyond the scope of this 
chapter. However, a brief explanation will be useful. Before beginning, it is impor-
tant to remember that the exact pathobiology of RHT is not known, although many 
factors are thought to play a role. These include increased reduced renal mass, age, 
arterial stiffness, vascular calcification and endothelial dysfunction, presence of dia-
betes, increased sympathetic nervous system activation renin angiotensin aldoste-
rone system (RAAS) imbalance, and altered sodium chloride handling in the distal 
nephron or some combination of the earlier mentioned conditions [24] (Fig. 16.1).

It is also well recognized that high dietary salt intake not only exacerbates HT in 
patients with CKD but also has the potential to directly worsen kidney function. 
Rats receiving a high salt diet show sustained increases in kidney levels of 
transforming growth factor-β, polypeptides associated with kidney fibrosis [25]. 
Since this chapter is primarily focused on RHT in CKD, from now on we will 
explain this issue in more detail.
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The most important thing is to acknowledge that BP in CKD is very closely 
related with salt and salt intake in CKD patients. This relationship between salt and 
BP is also valid in patients with RHT in which salt is thought to play a major role in 
the development of RHT, a condition known as “salt sensitivity.”

But how does salt induce RHT? To answer this question one must first know the 
normal physiology. Under normal physiologic conditions with healthy kidneys, 
there is autoregulation of BP after salt intake within certain limits. This means that 
under normal physiologic conditions, a high sodium intake drives sodium excretion 
by increasing blood volume, BP, cardiac output, and filtered sodium load [26]. This 
classical concept known as pressure-natriuresis describes the association between 
BP and sodium balance. As CKD develops and advances, this physiologic adapta-
tion is lost gradually and kidney damage alters pressure-natriuresis curve and results 
in positive sodium balance with increased salt intake. This is due to fact that, as 

Fig. 16.1 Factors related with the development of resistant hypertension (CNS central nervous 
system, RAS renin angiotensin system)
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CKD progresses, glomerular filtration rate (GFR) is reduced and, consequently, fil-
tered sodium and fluid load is reduced. It is important to realize that this net fall in 
GFR is due to decreased GFR in some nephrons while hyperfiltration in other neph-
rons. This brings additional risk of glomerular damage and microalbuminuria in 
remaining nephrons and additional decrease of GFR in time [27].

There is also an opinion that high salt intake directly blunts kidney autoregula-
tion, which exposes the glomerulus to higher filtration pressures [28]. Over time, 
the high glomerular filtration pressure leads to glomerular sclerosis and nephron 
loss. However, these compensatory mechanisms may be inadequate as CKD pro-
gresses and, hence, the resultant sodium retention and ECV expansion cause HT.

Second mechanism between salt intake and RHT may reside an amplification of 
the effects of constrictors including angiotensin II or norepinephrine [26, 29].

Third mechanism may be independent of BP; salt has unwanted effects on vessel 
wall structure and endothelial function. Ying et al. have shown the involvement of 
the fibrosis-promoting cytokine transforming growth factor-β (TGF-β) by salt. 
Dietary salt intake, working through shearing stress at the endothelial level, acti-
vates the proline-enriched tyrosine kinase-2 pathway. Proline-enriched tyrosine 
kinase-2, in turn, signals endothelial cells to produce TGF-β. By stimulating TGF-β 
production, salt contributes to accelerated aging and fibrosis in the vessel wall [30]. 
It was also concluded that an excess of total body salt likely also contributes to arte-
rial stiffness, which is approximated by pulse pressure and known to be associated 
with worsened kidney function [31].

Johnson and colleagues hypothesized a fourth mechanism regarding CKD, 
hypertension, and salt. They have suggested that primary subclinical renal micro-
vascular disease leading to afferent arteriolopathy and tubulointerstitial disease may 
be responsible for the development of HT [32]. Progressive tubulointerstitial dis-
ease will eventually result in microalbuminuria before the development of clinically 
apparent impairment of glomerular filtration. Concurrent microvascular damage is 
thought to result in renal vasoconstriction and subsequent local generation of angio-
tensin II. The resulting increased vascular resistance, reduced rate of ultrafiltration, 
and decreased sodium excretion cause sodium retention, volume expansion, and 
hypertension [33].

Thus by the light of aforementioned data one can say that BP in CKD patients is 
salt sensitive and with decreasing renal function, the salt sensitivity of BP increases 
[34]. The potential mechanisms related with increased salt and development of HT 
in CKD are summarized in Table 16.1.

Indeed clinical observations have also confirmed the specific role of salt in HT in 
CKD patients. For instance, salt-loading in CKD patients and healthy subjects over 
several days results in a predictable expansion of ECV and an increased fractional 
excretion of sodium; however, patients with CKD show an increase in arterial BP 
concomitant with the increase in ECV, whereas healthy subjects have no significant 
change in arterial BP [35]. It is also interesting to observe that the extent of ECV 
expansion correlates with the severity of renal impairment and contributes to 
approximately 5–10% of body weight even in the absence of peripheral edema [36]. 
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A recent systematic review also demonstrated that worsened kidney function, 
defined as a decline in creatinine clearance, doubling of serum creatinine, or pro-
gression to end-stage renal disease, is associated with high sodium intake compared 
to a low sodium intake [37].

Other proofs regarding salt and HT include reduced salt intake which is associ-
ated with an enhanced response to antihypertensive therapy [38] and high salt intake 
that diminishes nighttime dipping of BP in salt-sensitive HT [39].

Thus all these data suggest that salt has an extraordinary role in development, 
maintenance, and resistance of HT in CKD. Indeed, it was suggested that salt and 
water balance in the kidney plays a role as the central long-term regulator of BP and 
one can reasonably attribute a large portion of HTN in CKD to an impaired salt 
excretion that is exacerbated by excess salt intake [24].

In sum, all of these findings suggest that there is very close relationship between 
salt and RHT in CKD [29, 40].

In the next section we will summarize the performed studies regarding salt, RHT, 
and CKD.

 Studies

Despite all these extensive research, it is very surprising to find that there are very 
few studies regarding salt intake, salt restriction, and BP in CKD patients [41]. The 
studies are mostly observational, have low patients numbers, and lack of control 
groups. Therefore, as suggested above, the recommendation for sodium restriction 
in the treatment of hypertension in CKD and in the reduction of cardiovascular and 
overall mortality in CKD patients remains largely opinion-based.

Yu et al. investigated the role of dietary sodium intake on BP control among non- 
dialysis Chinese CKD patients. They included 176 non-dialysis hypertensive CKD 
patients. Sodium intake was measured by 24-h urine sodium excretion (24-h UNa). 
Additionally, 20 patients with immunoglobulin A nephropathy (IgAN) participated 
in a 7-day sodium restriction study (100 mmol/day). The average 24-h UNa of the 
study cohort was 149.0 ± 66.4 mmol/day. The OR for each 17 mmol increment in 

Table 16.1 The potential mechanisms related with increased salt and development of HT in CKD

↑ in extracellular volume and glomerular hypertension
↑ effect of vasoconstrictor substances and ↓ the effect of vasodilator substances
↑ sympathetic activity
Potentially ↑ the structural and functional pathologies in the vessel wall (vascular sclerosis, 
endothelial dysfunction)
↑ oxidative stress
↑ urinary protein and albumin excretion
Blunts the effect of antihypertensive drugs (diuretics, ACE inhibitors, etc.)
↑ transforming growth factor-β production and kidney fibrosis
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24-h UNa (salt 1 g/day) for BP > 130/80 mm Hg was 1.26 (95% CI 1.10–1.44, 
P = 0.001). The sodium restriction group achieved significantly more reduction in 
systolic BP (−11.1 mm Hg vs. −5.0 mmHg, P = 0.022), diastolic BP (−9.4 mm Hg 
vs. −2.1 mmHg, P = 0.009), and urine protein excretion [−465 (−855 to −340) mg/
day vs. −150 (−570 to 40) mg/day, P = 0.024]. A positive correlation was observed 
between the change of 24-h UNa and the change of SBP (r = 0.450, P = 0.047) in 
the sodium restriction group. The change of 24-h UNa was also correlated with the 
24-h TGF-β1 excretion (r = 0.558, P = 0.011) in these patient. The authors recom-
mended that dietary sodium intake restriction should be monitored and intensified 
in the treatment of Chinese CKD patients [42].

In one recent observational study, Meng et  al. investigated the relationship 
between salt intake and BPs in non-dialysis CKD patients. To determine salt intake, 
patients were given written instructions on how to collect the 24-h urine under nor-
mal eating habits. A urine aliquot (100  ml) from the 24-h urine collection was 
assayed. BP/dietary sodium intake was regarded as salt sensitivity index. The 
authors demonstrated that there was a linear positive relationship between the salt 
intake and the SBP but there was no relationship between salt intake and 
DBP. According to CKD stages, there was no correlation between the salt intake 
and the SBP in stage 1–2, but there was a linear regression relationship in stage 3, 4 
and strongest in stage 5 [43].

Regarding the effect of salt intake on resistant HT, there is even scarce data. In 
an evaluation of subjects with severe hypertension (but not specifically mentioned 
as resistant HT), Fotherby et al. assessed the BP effects of low dietary salt ingestion 
in 17 untreated hypertensive subjects with a mean office BP of 176  ±  17 and 
96 ± 11 mm Hg. After 5 weeks of low-salt diet (80–100 mmol/24 h), 24-h systolic 
and diastolic BP decreased by 5 and 2 mm Hg [44].

In a study by Gavras et al., a greater BP reduction was observed with extreme 
dietary salt restriction in combination with intense diuretic therapy in subjects with 
uncontrolled BP on maximal doses of at least two agents (a diuretic and a sympa-
tholytic agent). In this study, BP decreased on average by 21/7 mm Hg during inges-
tion of a diet limited to 10 mmol of sodium with concurrent administration of either 
hydrochlorothiazide 100 mg or furosemide 80–200 mg daily. However, again there 
was no specific mention on RHT in this study [45].

The direct evidence between salt intake and RHT was shown in at least one clini-
cal study. Pimenta et al. examined the effects of dietary salt restriction on office and 
24-h ambulatory blood pressure in 12 subjects with resistant hypertension on an aver-
age of 3.4  ±  0.5 antihypertensive medications and a mean office BP of 
145.8 ± 10.8/83.9 ± 11.2 mm Hg. Patients entered into a randomized crossover evalu-
ation of low (50 mmol/24 h × 7 days) and high sodium diets (250 mmol/24 h × 7 
days) separated by a 2-week washout period. The mean urinary sodium excretion was 
46.1 ± 26.8 versus 252.2 ± 64.6 mmol/24 h during low-salt versus high-salt intake. A 
low-salt compared with a high-salt diet decreased office systolic and diastolic BPs by 
22.7 and 9.1 mm Hg, respectively. This was the first study, to assess the effects of low 
dietary salt ingestion in subjects with resistant hypertension. However, in this study 
patients with creatinine clearance <60 mL/min were excluded from the study [46].
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In another trial, the effect of sodium restriction on BP and proteinuria was 
investigated in CKD patients. The study involved 20 hypertensive stage 3–4 CKD 
patients. Dietary education was individualized to the participant’s food prefer-
ences and was provided by an accredited practicing dietitian. A double-blind 
placebo- controlled randomized crossover trial was performed to assess the effects 
of high versus low sodium intake on ambulatory BP, 24-h protein and albumin 
excretion, fluid status (body composition monitor), renin and aldosterone levels, 
and arterial stiffness (pulse wave velocity and augmentation index) in 20 adult 
patients with hypertensive stage 3–4 CKD as phase 1 of the LowSALT CKD 
study. Ambulatory BP showed a mean reduction of 9.7/3.9 mm Hg (systolic BP/
diastolic BP) which was achieved from the high salt period to the low salt period. 
Fluid volume, body weight, proteinuria, and albuminuria were also reduced in the 
low salt period. Plasma renin and plasma aldosterone increased. This is the first 
double-blind randomized controlled trial to assess the effect of sodium restriction 
on ambulatory BP and other cardiovascular risk factors in non-dialyzed, non-
transplanted CKD patients. This study found that reducing dietary sodium intake 
by 100 mmol reduced extracellular volume by 0.8 L with concurrent BP reduc-
tions of approximately 10/4  mm Hg SBP/DBP, a considerable magnitude of 
change comparable with that expected from the addition of an antihypertensive 
medication [47].

In the post hoc analysis of LowSALT CKD study, peripheral systolic BP was 
reduced by mean 10 [95% CI 1–20] mm Hg from mean ±SD 159 ± 14 mm Hg at the 
high sodium period to 148 ± 21 mm Hg at the low sodium period (p = 0.04), while 
diastolic BP was reduced by 6 [95% CI 1–10] mm Hg from 87 ± 10 mm Hg at the 
high sodium to 82 ± 12 mm Hg at the low sodium period (p = 0.03). Central systolic 
BP was reduced by 13 [95% CI 2–24] mm Hg from 143 ± 20 mm Hg at the high 
sodium period to 130 ± 21 mm Hg at the low sodium period (p = 0.03) Central pulse 
pressure was significantly reduced by 9 [95% CI 2–17] mm Hg from 59 ± 16 mm 
Hg at the high sodium period to 50 ± 12 mm Hg at the low sodium period (p = 0.02). 
Fluid markers including extracellular/intracellular fluid ratio and NT–proBNP were 
decreased in low sodium group compared to high sodium group [48].

In hemodialysis (HD) patients, sodium mass balance is primarily dependent on 
dietary salt intake and sodium removal during dialysis. Thus simply reducing 
sodium intake is the most logical approach to prevent hypervolemia. However, salt 
restriction has not been performed in many dialysis centers [49] though the fact that 
plasma sodium is closely related with BP in hemodialysis patients [50, 51]. In 
hypertensive peritoneal dialysis patients, total sodium load, daily total sodium 
removal, extracellular water, and normalized extracellular water were all higher 
compared to normotensive group [52].

Kayikcioglu et al. investigated the effect of salt restriction in HD patients. They 
divided the patients into two groups. In first group (n: 190) salt restriction strategy 
(5 g/day) was performed. In second group (n: 204) antihypertensive-based strategy 
was applied. Salt restriction was defined as managing high BP via lowering dry 
weight by strict salt restriction and insistent ultrafiltration without using antihyper-
tensive drugs. Antihypertensive drugs were used in 7% of the patients in first group 

B. Afsar and A. Kirkpantur



267

and 42% in second group (P < 0.01); interdialytic weight gain was significantly 
lower in Centre A (2.29 ± 0.83 kg versus 3.31 ± 1.12 kg, P < 0.001). Mean systolic 
and diastolic BPs were similar in the two groups. However, first group had lower left 
ventricular (LV) mass index and cardiac hypertrophy [53].

In another prospective study, the effects of strict salt control on blood pressure 
and cardiac condition in end-stage renal disease were investigated. A total of 12 
peritoneal dialysis (PD) and 15 prevalent hemodialysis (HD) patients were enrolled. 
All patients with either PD or HD were allocated to intervention of strict salt restric-
tion according to basal hydration state of empty abdomen in PD and midweek pre-
dialysis HD which were estimated by body composition monitor (BCM) and 
echocardiography. Systolic BP decreased in PD and HD from 133.1  ±  28 and 
147.3 ± 28.5 to 114.8 ± 16.5 and 119.3 ± 12.1 mmHg, respectively (P < 0.00) [54].

Despite these studies showing the beneficial effect of sodium restriction, there 
are no large-scale, long-term prospective studies investigating the effect of strict 
sodium restriction on cardiovascular outcomes.

As seen, there are very few studies regarding sodium, CKD, and HT, especially 
resistant HT. It is obvious that more prospective, randomized studies are needed to 
define the role of salt restriction on BP and cardiovascular outcomes in CKD 
patients. The following chapter will focus on the management of RHT in CKD 
especially focusing on salt restriction.

 Management of Salt Restriction

As suggested most patients with HT and CKD are salt sensitive. Sodium intake in 
CKD populations is generally high, and often above population average. Recent 
evidence suggests that independent of BP, high salt induces structural and func-
tional deterioration in vessels. Additionally, moderately lower sodium intake in 
CKD patients is associated with substantially better long-term outcome of RAAS 
blockage, in diabetic and nondiabetic CKD, related to better effects of RAAS block-
age on proteinuria independent of BP [55, 56].

Therefore, educating patients with CKD on a low salt diet is critical to achieving 
BP control while maintaining a simple BP medication regimen. However, it should 
be remembered that reducing salt intake is a hard task to achieve. Effectively reduc-
ing salt intake is not achieved even under supervision [57]. Due to low palatability 
of low sodium diets, convenience and lack of knowledge regarding the benefits of 
low sodium diet [58].

In 2005, the US Department of Health and Human Services recommended that 
adults consume no more than 2300 mg of sodium per day and those patients in speci-
fied subgroups (including persons with CKD) consume no more than 1500 mg/d. 
However, it was criticized that the evidence is not strong enough to indicate that 
these subgroups should be treated differently than the general US population [59].

In a double-blind placebo-controlled crossover trial, 20 hypertensive adults 
with stage 3–4 CKD were randomized to a low sodium diet by dietary education 
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plus 120 mmol of sodium or a low sodium diet plus matched placebo capsules. 
Participants received each diet with capsules for 2 weeks with a 1-week washout 
period in between. Mean 24-h urinary sodium excretions were 168 mmol (95% 
confidence interval [CI], 146–219) and 75 mmol (95% CI, 58–112) for the high 
and low salt interventions, respectively. Mean BP by 24-h ambulatory monitor-
ing was lower by 9.7/3.9  mm Hg (95% CI, 4.5–14.8/1.3–6.4) in the low salt 
intervention [47].

A modest dietary sodium restriction can enhance the effects of antihypertensive 
medications like angiotensin-converting enzyme inhibitors or angiotensin receptor 
blockers when treating HT in CKD. In a small randomized trial, 52 patients with 
nondiabetic nephropathy receiving lisinopril 40 mg daily were randomized to val-
sartan 320 mg daily or placebo combined with consecutively a low sodium (target 
50 mmol/d) or a regular sodium (target 200 mmol/d) diet in a crossover design for 
four 6-week periods. Mean urinary sodium excretion was 106 and 184 mmol/d in 
the low and regular sodium interventions. This difference in dietary sodium intake 
resulted in a larger BP reduction (7% vs. 2% reduction, P: 0.003) compared with the 
addition of the angiotensin receptor blocker to lisinopril 40 mg daily. Besides, mod-
est dietary sodium restriction inpatients receiving ACE medicines showed 11 mm 
Hg reduction in SBP in nondiabetic nephropathy [38].

Importantly, low dietary salt intake also augments the antiproteinuric effect of 
diuretics and RAAS blocking drugs. In 34 proteinuric patients with diabetes melli-
tus, reductions in mean baseline proteinuria were increased from 30% to 55% with 
the addition of a low salt diet to losartan monotherapy. The combination of a low 
salt diet and hydrochlorothiazide reduced proteinuria by 70% from baseline. 
Conversely, a high salt diet offsets the efficacy of diuretics and renin-angiotensin- 
aldosterone blockers to both reduce BP and proteinuria [60].

Thus these studies suggest that sodium restriction not only directly reduces BP 
but indirectly augments the natriuretic effects of antihypertensive drugs.

One of the important concern is the J-curve between sodium intake and renal and 
cardiovascular outcome during rigorous sodium restriction [61, 62]. However, these 
observational data should be interpreted with caution, as a habitual salt intake below 
5 g daily is a rarity in the outpatient population, and quantification of sodium intake 
was questionable in some of the studies, by lack of 24-h urine data on sodium 
intake. This may have contributed to the substantial differences in the level of the 
nadir of the J-curve [55].

 Future Directions

The most important issue is the need for prospective, placebo-controlled studies 
regarding reducing sodium intake and RHT.  The interventional studies are also 
needed whether reducing salt intake will translate into health outcomes including 
cardiovascular diseases.
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The second important concern is the education. Behavioral intervention studies 
have previously demonstrated that knowledge is a key contributing factor to adher-
ence to low-salt diet [63] and that lack of knowledge is a key barrier in dietary 
modification and adherence [64]. Dietary advice to lower salt intake routinely given 
to patients with CKD in the form of an information sheet is ineffective. By contrast, 
the dietitian-led intervention may be of more value in decreasing sodium intake 
[65]. There is compelling evidence from behavioral sciences that sustained lifestyle 
changes require a dedicated, behavioral approach [66–68]. However, such 
approaches are not yet part of the clinical routine in renal care. Thus it is of para-
mount importance to educate patients actively to decrease sodium intake.

Cultural background and orientation are also important issues regarding salt 
intake. Efforts to understand their cultural mores interpret and convey health- 
promotion messages in culturally appropriate ways will probably result with a posi-
tive response in CKD patients [69].

A part from personalized care, national strategies regarding reducing salt intake 
is of paramount importance. The vitality of this action is already recognized and a 
review of salt reduction strategies undertaken in 2010 identified 32 national salt 
reduction strategies worldwide [70].

Although the limitation of salt intake as a national strategy seems a hard issue, salt 
reduction strategy has highlighted feasibility, demonstrating a 15% reduction in pop-
ulation salt intake between 2003 and 2011 in United Kingdom with average blood 
pressure in the adult population falling by 3/1.4 mm Hg over the same period [71].

It is important to remember that estimation of salt intake is a hard issue. The gold 
standard for the assessment of sodium intake is from well-collected 24-h urine, as 
dietary recall and food frequency questionnaires are notoriously unreliable due to 
fact that only 15% of the sodium ingested is added during cooking or during meals, 
whereas the remainder is present in the food in hidden form, as additives in pro-
cessed foods [72]. For this reason, new, simple, and accurate methods should be 
performed to investigate sodium intake.

The potential strategies and suggested investigations regarding sodium restric-
tion are summarized in Table 16.2.

Table 16.2 The potential strategies and suggested investigations regarding sodium restriction

Planning prospective, placebo-controlled studies regarding reducing sodium intake and RHT 
and exploring whether these studies will translate into better health outcomes
New, simple, and accurate methods should be performed to investigate sodium intake
Understand the cultural norms, beliefs, habits, and barriers regarding high sodium intake
Exploring strategies to reduce sodium intake nationally
Individual education to decrease sodium intake (better in the form of active education rather 
than passive dietary advice)
Explain the health gains regarding decreased sodium intake
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 Conclusions

Chronic kidney disease and RHT are closely related with each other and as CKD 
progresses, the proportion RHT increases. Although currently the cause and effect 
relationship cannot be suggested, studies confirm that there is reciprocal relation-
ship between progression of CKD and development of RHT. The causes of RHT in 
CKD are thought to be many but the most important factor is the salt. Indeed the BP 
in CKD is salt sensitive. Although studies are rare, recent evidence suggests that salt 
intake is closely related with the development of RHT in CKD. Thus reduction of 
salt intake (both individually and nationally) is very important. To accomplish this 
issue, active education seems mandatory. Prospective, placebo-controlled studies 
are needed whether reducing salt intake will translate into heath outcomes including 
cardiovascular diseases.
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Chapter 17
Treatment of Hypertension in Light of the 
New Guidelines: Drug Adherence

Alper Kirkpantur and Baris Afsar

 Introduction

Hypertension is frequently observed in patients with chronic kidney disease (CKD) 
[1] with an increasing prevalence as the glomerular filtration rate falls. Hypertension 
is an important issue in the care of CKD patients as it is an important determinant 
of the progression to end-stage renal disease and to protect against cardiovascular 
disease [2]. Therefore, an adequate control of blood pressure in these patients results 
in a slower decline in renal function [3] and is recommended in all patients with 
CKD. However, to achieve these goals, adherence to treatment plays a major role.

When we examine the blood pressure control rates in CKD patients, the story is 
different. It was shown that the BP control rate remains low in CKD patients with 
13.2% of patients having <130/80 mmHg Kidney Early Evaluation Program (KEEP) 
[4]. Moreover, blood pressure targets were achieved only in 35% of CKD patients 
in a more recent work [5]. Furthermore, in the Reasons for Geographic and Racial 
Differences in Stroke (REGARDS) study, while 36.2% of CKD patients had a BP 
of >140/90 mmHg, 61.6% of patients had a BP of >130/80 mmHg [6].
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 The Term “Adherence” in Patients with Chronic Kidney 
Disease: The Facts

When the patient reaches to end-stage renal disease, clinical comorbidities like 
renal anemia, secondary hyperparathyroidism, and infection are much morely added 
to hypertension that all are involved in the clinical course and survival of the CKD 
patient. Therefore, progression of CKD is generally associated with introduction of 
new drugs to be taken by the patient to minimize the effects of these disorders that 
might be difficult to be controlled only by dietary measures and dialysis therapy 
itself. Pre-dialysis patients have been shown to be treated with a mean of 6–12 
medications [2, 7]. Moreover, a recent study on maintenance dialysis therapy 
revealed a median number of 19 pills with one-quarter of them taking >25 medica-
tions daily [2, 8]. In the light of these findings, the term “drug adherence” defined 
as patient’s respect to taking his/her prescribed medication(s) is a significant issue 
in this patient population. Additionally, adherence in hypertension emphasizes the 
need for agreement between the physician and patient in the treatment of hyperten-
sion and consequently focuses on the patient’s ability and willingness to accept an 
antihypertensive regimen. Moreover, the World Health Organization (WHO) says 
that, “adherence is a person’s behavior concerning taking medication, following a 
diet, and making changes in lifestyle in accordance with a medical or non-medical 
health professional recommendations” [9].

 Studies in Chronic Kidney Disease Population

Adherence might be lower in these patients due to such a high pill burden in patients 
with CKD. Supporting this idea, a low adherence to drug treatments (down to 3%) 
as well as a low adherence to nutritional recommendations has been reported in 
CKD and dialysis patients [2, 10]. Moreover, adherence to drug therapy in CKD 
was assessed via the medication possession ratio [5] and the Morisky questionnaire 
[6]. The findings of these abovementioned studies revealed that more than 30% of 
the study patients which is a quite significant number were poorly adherent to medi-
cal therapy. Interestingly, a study measuring drug adherence in CKD patients 
reported improving drug adherence (by self-report) while renal function further 
declines  – indicating both doctors and patients have become more interested in 
blood pressure control with the progression of CKD [11]. A pre-dialysis study 
showed that medication nonadherence was lower (17.4%) at the baseline period of 
the study than after 1 year of the study (26.8%) [11]. Compared to the baseline 
period, the percentage of adherent patients who became nonadherent (22%) was 
lower than the percentage of nonadherent patients who became adherent (50%) 
[11]. Similar numbers were demostrated in CKD patients not on dialysis by Moreira 
et al. (18.5%) [12] – using the self-report method and a drug profile – and by Lee 
et al. (18%) [13], based on two methods, pill count and electronic monitoring. It is 

A. Kirkpantur and B. Afsar



277

also a common finding that in several studies in pre-dialysis, CKD patients reveal 
that [11, 14, 15] the number of nonadherent patients increases throughout the obser-
vation period. This study also showed that nonadherent CKD patients had a higher 
mean age, were using a larger amount of pills per day at baseline and at the final 
period, did not self-administer medications, and had higher mean serum creatinine, 
lower GFR, and a lower frequency of coronary heart disease [11]. In this study, the 
logistic regression model, adjusted for statistically significant variables in univariate 
analysis, showed that intake of five or more tablets per day, as well as drug admin-
istration by caregivers, was significantly associated with patient’s nonadherence 
[11]. However, problems in adherence to antihypertensive therapy are common in 
end-stage renal disease patients on dialysis. An Italian hemodialysis study reported 
that 53% of patients were inadherent to their prescribed drugs, and younger age, 
male gender, poor social support, increased comorbidities, health beliefs, and 
depression were the main factors associated with poor adherence [16]. Another 
European study identified factors associated with nonadherence in hemodialysis 
patients [10]. Associated parameters were as follows: demographic factors (age, 
gender, educational level, marital status/living arrangements, race/ethnicity, income/
employment status, cost/payment/insurance/socioeconomic situation, smoking/
drinking/drug abuse, religion/religiosity), clinical factors (length of time on hemo-
dialysis, chronicity/chronic conditions, diabetic status, former transplant history, 
treatment regimen complexity/high tablet burden, tablet size and taste, treatment 
side effects), and psychosocial factors (health beliefs/knowledge/motivation, self- 
esteem cognitive behaviour/function, health locus of control, social support and 
family dynamics, psychiatric illness like anxiety/depression) [10].

How can we detect adherence in our patients in a reliable way? Well, the meth-
ods – including the widely used Morisky questionnaire, used to measure drug adher-
ence  – have disadvantages. They were generally inconsistent and are not very 
reliable [2]. Moreover, antihypertensive pill counts, questionnaires, patient diaries, 
and measurement of plasma drug concentrations have been shown to overestimate 
treatment adherence. Also, there is absence of a common taxonomy in this area. 
More interesting is that, when different methods are used in the same study, large 
variations in adherence are observed [2]. Therefore, the lack of effective methods to 
diagnose adherence problems yields to ineffective improvement in adherence prob-
lems. Methods that can be named to near ideal have been mentioned recently [2] as 
follows: retrospective analysis of prescription refill records [17], analysis of chemi-
cal markers of drug exposure [18], and automatic electronic time stamping and 
compilation of events more or less strongly linked to the act of taking medication 
(e.g., package opening, dosage form dissolution) [19].

It should always be kept in mind that patients with CKD are so-called a complex 
medical population that might exhibit significant medication-related problems and 
medication safety issues during their clinical follow-up [20]. These problems are 
classified as adverse drug reactions, drug interactions, inappropriate doses, and sub-
optimal laboratory monitoring [21, 22]. Several studies have examined the rates of 
adherence to prescribed drugs in patients with CKD involving maintenance renal 
replacement therapies. The common result of these studies was the frequent finding 
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of poor adherence among these patients [2]. For example, in recent years, two large 
studies on hypertension management in CKD population showed that approxi-
mately 30% of patients were defined to have a poor antihypertensive drug adherence 
resulting in uncontrolled blood pressure [5, 6]. Reduced adherence does not only 
lead to uncontrolled blood pressure but also to poor CKD outcomes [8, 23–25] and 
to increased mortality in hemodialysis patients as well [26].

 Causes of Problems in Drug Adherence in CKD Patients

Potential reasons for nonadherence to pharmacological therapy in both CKD and 
non-CKD populations can be grouped under three main titles:

 Patient-Related Reasons

There are several patient-related reasons for nonadherence to antihypertensive med-
ications. These are as follows:

 (a) Forgetting to take medication perhaps because of a busy work or social life [27],
 (b) A negative behaviour toward medication
 (c) Cultural beliefs
 (d) Lack of education
 (e) Preconceived beliefs regarding medication
 (f) Poor language proficiency

Moreover, patients can make a conscious decision, that is, deciding for them-
selves the dose and frequency of their antihypertensive regimen.

 Physician-Related Reasons

Main thing in this heading is the poor communication between physician and patient 
as a significant problem that may influence the adherence of patients [28, 29]. The 
lack of information given by the physician regarding the reason of the initiation of 
therapy, the impact of hypertension on cardiovascular risk, and the clinical conse-
quences of discontinuation of therapy is of critical importance.

 Medication-Related Reasons

Treatment characteristics like complicated regimens (i.e., multiple daily doses of 
medications), long duration of medical therapy, medications with high cost, and 
adverse side effect of prescribed therapies (i.e., impotence and effects on mood and 
sedation) might lead to lower adherence to antihypertensive therapy.
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 Solutions to Improve Adherence

There are various strategies that can be employed to improve adherence to medication 
in CKD patients with hypertension:

 1. To identify reasons like concerns about polypharmacy, drug interactions, pill 
size and frequency, cost of drugs, and doubts on the real efficacy of some of the 
prescribed drugs [30]

 2. To educate and maintain significant contact with the CKD patient and the 
family [31]:

 (a) Information about medications, when written in simple language, is useful 
[32].

 (b) To avoid broken appointments to clinics by mail, telephone, and clinician 
reminders [33].

 3. To focus on both the patient’s and physician’s motivations on the necessity of 
taking antihypertensive therapy [2]

 4. To work on simplifying antihypertensive regimens, i.e., the use of fixed-dose 
combinations or drugs with longer duration of action to prevent the effect of 
missed doses [2, 34]

 5. To work on a team-based strategy involving nephrologists, specialized nurses, 
and/or community pharmacists in order to enhance the control rates of the vari-
ous risk factors [35, 36]

 Conclusions

Adherence to antihypertensive therapy is a critical component to reduce complica-
tions associated with elevated BP in CKD. We should keep in mind that nonadher-
ence is a very common observation in CKD. All the physicians need to understand 
the importance of improving adherence in their patients and should use or develop 
the tools to be able to measure it effectively in order to make decisions regarding 
medication intensification. This would be necessary to achieve optimal clinical out-
comes for their patients in the future.
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Chapter 18
Treatment of Hypertension in Light of the 
New Guidelines: Pharmacologic Approaches 
Using Combination Therapies

Liviu Segall

 Introduction

Resistant hypertension (RH) is very common in patients with chronic kidney  disease 
(CKD), with a prevalence of 20–35%, according to various studies [1].

Unfortunately, since individuals with advanced CKD and end-stage renal disease 
(ESRD) have usually been excluded from randomized controlled trials (RCTs), 
there is very little evidence to guide the pharmacological therapy of hypertension, 
and particularly RH, in these patients [2].

Nevertheless, it is widely thought that the multifactorial pathogenesis of RH in 
CKD requires multiple drug therapy, to simultaneously target factors like the intra-
vascular volume expansion and the hyperactivity of the renin-angiotensin system 
(RAS) and the sympathetic nervous system [3]. Combined therapy, however, has to 
be individualized, depending on the patient’s pathophysiologic profile, comorbidi-
ties, and contraindications. Moreover, the optimal combination should be well toler-
ated, to ensure long-term adherence [3]. Most antihypertensive agents available for 
the general population can also be used in CKD patients, after consideration of their 
metabolism and dosing adjustments according to the level of renal function [4]. The 
pharmacological armamentarium includes diuretics, angiotensin-converting enzyme 
inhibitors (ACEIs), angiotensin receptor blockers (ARBs), calcium channel block-
ers (CCBs), beta-blockers (BBs), alpha-blockers, centrally acting drugs, and other 
vasodilators [3] (Table 18.1).
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Table 18.1 Indications, additional benefits, caution, and combined use of the different 
antihypertensive drug groups in CKD patients [5]

Type of drug

Other indications 
besides 
hypertension

Additional 
benefits Caution

Combined 
use

RAS blockers

ACEIs and 
ARBs

Proteinuria
Heart failure
Post-AMI

Reduction of 
intraglomerular 
pressure, 
reduction of 
proteinuria, and 
CKD progression
Reduction of 
fibrosis and 
cardiovascular 
remodeling

Hyperkalemia
Monitor kidney function 
and K+ after starting 
treatment
Use of NSAIDs
Use of COX-2 inhibitors
Combined use with other 
RAS blockers
Bilateral renal artery 
stenosis
Volume depletion

Diuretics
CCBs
BBs

MR 
antagonists

Heart failure
Post-AMI

Reduction of 
albuminuria
or proteinuria

Hyperkalemia
Monitor kidney function 
and K+ after starting 
treatment
Use of NSAIDs
Use of COX-2 inhibitors

ACEIs
ARBs

DRIs Reduction of 
albuminuria or 
proteinuria

As above
Increased risk of
complications in diabetic
or CKD patients when
combined with ACEIs or 
ARBs

Diuretics
CCBs

Diuretics

Thiazides Reduced risk of 
hyperkalemia

May aggravate
hyperglycemia
Replace with or add loop 
diuretic if GFR <30 ml/
min/1.73 m2

ACEIs
ARBs

Loop 
diuretics

Edema Reduced risk of 
hyperkalemia

CCBs

DHP Angina ACEIs
ARBs
BBs
Diuretics

Non-DHP Angina
Supraventricular 
tachycardia

Reduction of 
intraglomerular 
pressure
Reduction of 
heart rate

They increase the levels 
of CNIs and mTOR 
inhibitors
Do not associate with 
BBs

ACEIs
ARBs
Diuretics

(continued)
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 Treatment of Resistant Hypertension in the General 
Population

 Triple Therapy

For hypertensive patients requiring a triple therapy, the European Society of 
Hypertension (ESH) and the European Society of Cardiology (ESC) recommenda-
tion of 2013 indicates that the choice should be made between four classes of anti-
hypertensive drugs: RAS inhibitors (ACEIs and ARBs), BBs, CCBs, and thiazide 
diuretics [6]. However, in the past decade, BBs have been slightly “downgraded,” 
after the publication of a meta-analysis [7] which revealed the association of these 
drugs with a 16% higher stroke rate, as compared to the other agents [8]. Therefore, 
other expert societies, including the British Hypertension Society [9], American 
Heart Association [10], and French Society of Arterial Hypertension [11], suggest 
that the triple combination should consist of ACEI/ARB  +  CCB  +  diuretic (the 
“ACD regimen”), although there are no RCTs to support this suggestion.

Table 18.1 (continued)

Type of drug

Other indications 
besides 
hypertension

Additional 
benefits Caution

Combined 
use

BBs

Heart failure 
(bisoprolol, 
carvedilol, and 
metoprolol)
Angina
Post-AMI

Reduction of 
heart rate

Risk of bradycardia
Do not use with non-DHP 
CCBs

ACEIs
ARBs
Diuretics
DHP 
CCBs

Others

Centrally 
acting 
alpha- 
agonists

Reduce moxonidine dose 
if GFR <30 ml/
min/1.73 m2

Diuretics

Alpha- 
blockers

Prostatic 
hypertrophy

Orthostatic hypotension BBs
Diuretics

Direct 
vasodilators

Salt and water retention
Tachycardia

BBs
Diuretics

NSAIDs nonsteroidal anti-inflammatory drugs, ARBs angiotensin receptor blockers, COX2 cyclo-
oxygenase 2, DHP dihydropyridines, CKD chronic kidney disease, AMI acute myocardial infarc-
tion, ACEIs angiotensin-converting enzyme inhibitors, RAS renin-angiotensin system
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 Definition of RH

Resistant hypertension is defined as uncontrolled hypertension (i.e., office BP 
≥140/90 mmHg in a patient <80 years or systolic blood pressure [BP] ≥150 mmHg 
in a patient ≥80 years, confirmed by home self-measurement or ambulatory moni-
toring of BP), despite antihypertensive treatment consisting of appropriate lifestyle 
changes and triple drug therapy for at least 4 weeks, in optimal doses, including a 
diuretic [11]. However, before making the diagnosis of RH, adherence to prescribed 
therapy should be confirmed (e.g., by using specific questionnaires or serum drug- 
level measurements), and possible interference of pro-hypertensive factors, such as 
high salt intake, excess alcohol consumption, or use of vasopressor drugs (like 
cyclosporine, steroids, erythropoietin, or oral contraceptives), should be searched 
for [11]. If true RH is established, causes of secondary hypertension including pri-
mary aldosteronism, pheochromocytoma, hypercorticism, renal artery stenosis, or 
sleep apnea syndrome should also be considered and investigated [11].

 Treatment of RH

In patients with RH for which no curable cause can be identified, the addition of a 
fourth antihypertensive agent is indicated. This should preferably be an MR antago-
nist (spironolactone or eplerenone), in the absence of contraindications [11].

MR antagonists are weak diuretics, but they play a special role in the manage-
ment of RH, for several reasons. Patients with RH often have secondary hyperal-
dosteronism and may also exhibit the so-called aldosterone escape or 
breakthrough. This phenomenon is defined as an increase in aldosterone levels 
after initiation of ACEIs or ARBs, most likely by non-ACE pathways of angio-
tensin II activation [12]. However, MR antagonists were shown to improve BP 
control in patients with RH, regardless of circulating aldosterone levels [13]. The 
RCT Addition of Spironolactone in Patients with Resistant Arterial Hypertension 
(ASPIRANT) [14] evaluated the antihypertensive effects of spironolactone 
25 mg/day in 117 patients with RH after treatment for 8 weeks. Existing antihy-
pertensive treatment was continued during this period. The study showed that 
systolic BP was reduced significantly in treated patients, with no adverse effects. 
More recently, the Prevention and Treatment of resistant Hypertension With 
Algorithm-Guided Therapy (PATHWAY-2) study [15] demonstrated the superior 
BP-lowering effect (and similarly good tolerance) of spironolactone 25–50 mg/
day, as compared to each of bisoprolol, doxazosin, and placebo, in patients with 
RH already on ACD regimen.

In cases with contraindications, resistance, or intolerance to spironolactone, the 
use of a BB, an alpha-blocker, or a centrally acting agent is recommended [11].
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Another important therapeutic measure, given the role of volume overload in the 
pathogenesis of RH, is to reinforce diuretic medication, together with the low-salt 
diet [11]. This involves a dose increase or a change in diuretic therapy.

Recently, there has been much debate about which diuretic is better: hydro-
chlorothiazide (HCTZ), chlorthalidone, or indapamide? Chlorthalidone is often 
thought to be superior to HCTZ in terms of efficacy and reduction of cardiovas-
cular events, as it has been shown by two meta-analyses [16, 17]; however, in 
these meta- analyses there was no head-to-head comparison, and also, in the 
Multiple Risk Factor Intervention Trial (MRFIT), chlorthalidone was used in 
higher doses than HCTZ [13]. Indapamide is considered a good alternative to 
chlorthalidone. If the BP target is still not reached, a sequential blockade of 
tubular sodium reabsorption, using both thiazides and loop diuretics, is sug-
gested [8].

With thiazides and/or loop diuretics, the risk of hypokalemia should be con-
sidered and avoided. In contrast, with aldosterone antagonists, hyperkalemia 
may occur, in particular in cases of CKD or if combined with a RAS inhibitor, a 
BB or a nonsteroidal anti-inflammatory drug (NSAID). Therefore, during treat-
ment with any of these drugs, monitoring of serum potassium and creatinine is 
indicated [8].

Some authors have proposed the guidance of antihypertensive therapy in RH by 
plasma renin activity (the Cambridge αβΔ-guideline) [8]. This method can be 
applied in patients without concomitant diseases, taking into consideration the 
results of plasma renin testing. According to this strategy, inadequately controlled 
patients should receive (in addition to the ACD regimen) a BB in case of high renin 
levels, an alpha-blocker in case of normal renin levels, and diuretic reinforcement in 
case of low renin levels [8]. In the PATHWAY-2 study, the BP response to spirono-
lactone was superior to bisoprolol and doxazosin across most of the plasma renin 
distribution; however, the magnitude of spironolactone superiority was much higher 
at the low-renin pole of the distribution [15].

Other drugs, including centrally acting antihypertensive agents (e.g., clonidine) 
and direct vasodilators (e.g., minoxidil, hydralazine), are often indicated as drugs of 
last resort, when previously recommended treatments have failed. However, their 
use is not supported by evidence from large interventional studies [8]. Clonidine is 
a potent antihypertensive drug, and patients with RH seem to respond well to this 
medication [8]. Minoxidil is a strong vasodilator and has been successfully used for 
many years, as well as clonidine, in patients with RH, including those with advanced 
CKD. Its use is limited, however, because of numerous side effects, like tachycar-
dia, salt retention, pericardial effusion, and hirsutism [8]. Hydralazine is less effec-
tive than minoxidil but may be used in cases with contraindications or intolerance 
to the latter. Due to its short duration of action, hydralazine has to be administered 
three or four times daily. It can also induce tachycardia, requiring the association of 
BBs [8].
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 Treatment of Resistant Hypertension in Pre-dialysis CKD 
Patients

 Definition of RH and Target BP According to Guidelines

The general definition of RH is largely applicable to the CKD population. Most of 
the current guidelines, including those from the ESH/ESC 2013 [6], American 
Society of Hypertension/International Society of Hypertension (ASH/ISH) 2014 
[18], Eighth Joint National Committee (JNC 8) 2014 [19], American Heart 
Association/American College of Cardiology/Centers for Disease Control and 
Prevention (AHA/ACC/CDC) 2014 [20], Caring for Australasians with Renal 
Impairment (CARI) 2013 [21], and Canadian Hypertension Education Program 
(CHEP) 2014 [22], recommend a BP goal for these patients <140/90 mmHg, but 
some suggest a lower target (<130/80 mmHg) for the subgroup with proteinuria [6, 
18, 21].

 Triple Therapy

The triple regimen ACD seems to be a reasonable choice for patients with CKD and 
difficult-to-treat hypertension.

The efficacy/safety of the ARB olmesartan (OM) 40 mg, the CCB amlodipine 
10 mg (AML), and the diuretic hydrochlorothiazide 25 mg (HCTZ) versus the com-
ponent dual combinations (OM/AML, OM/HCTZ, and AML/HCTZ) was evaluated 
in participants with diabetes, CKD, or cardiovascular diseases in the Triple Therapy 
with Olmesartan Medoxomil, Amlodipine, and Hydrochlorothiazide in Hypertensive 
Patients Study (TRINITY) [23]. At 12 weeks, OM/AML/HCTZ resulted in signifi-
cantly greater systolic BP reductions in participants with CKD.  The BP goal 
achievement was greater for participants receiving triple-combination treatment 
compared with the dual-combination treatments. At week 52, there was sustained 
BP lowering with the OM/AML/HCTZ regimen. Overall, the triple combination 
was well tolerated.

Although RCTs comparing it with other triple therapies have never been per-
formed, the ACD combination is thought to be scientifically sound, effective, and 
well tolerated, and it is widely used in everyday clinical practice. It should be tried 
in optimum doses as the first therapeutic step in patients with CKD and RH, in the 
absence of contraindications and after all forms of pseudo-resistance have been 
excluded. This regimen might be applied in terms of switching previous therapy or 
of treatment intensification in patients already using this combination in lower 
doses [3].
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 ACEIs and ARBs

ACEIs and ARBs are RAS blockers, with both cardioprotective and renoprotective 
effects. They reduce cardiac and vascular remodeling and myocardial fibrosis, as 
well as intraglomerular pressure and proteinuria [4, 5]. Therefore, they are not only 
very effective antihypertensive agents, but they are also beneficial in patients with 
heart failure, post-myocardial infarction, and proteinuric CKD [5], in whom they 
can prevent cardiovascular mortality and CKD progression, respectively.

Adverse effects of ACEIs and ARBs include hypotension, acute kidney injury, 
and hyperkalemia. Caution is required when using these drugs in patients with bilat-
eral renal artery stenosis, volume depletion, and concurrent use of NSAIDs or other 
RAS inhibitors. Monitoring of serum creatinine and potassium is indicated after 
starting treatment, especially in such high-risk cases [5]. The use of these drugs in 
women of child-bearing age should be balanced with the risk of pregnancy, since 
they are potentially teratogenic [24].

Most available ACEIs have active moieties that are largely excreted in the urine. 
Fosinopril and trandolapril are partially (approximately 50%) excreted by the liver, 
such that the blood levels are less influenced by kidney failure than levels of other 
ACEIs which are predominantly excreted by the kidneys. Since ACEIs are generally 
titrated to achieve optimal clinical effect, the mode of excretion is not regarded as a 
major factor in dosing. If hyperkalemia occurs in CKD patients taking a renal- 
excreted ACEI, possible interventions include dietary advice, reducing the dose, or 
adding a potassium-losing diuretic [24]. If strategies to minimize hyperkalemia 
(Table 18.2) fail to maintain serum potassium concentrations below 5.6 mEq/L, the 
RAS inhibitor should be discontinued, and another class of antihypertensive drugs 
should be used instead [25].

Virtually all guidelines recommend ACEIs/ARBs as first-line therapeutic agents 
in hypertensive CKD patients, regardless of proteinuria levels and diabetic status [5, 
6, 18–21, 24]. However, some guidelines suggest that these drugs are particularly 
preferable in CKD patients with micro- or macroalbuminuria [24, 26], in which they 

Table 18.2 Strategies to minimize risk of hyperkalemia caused by RAS inhibitors in patients with 
CKD [25]

Wherever possible, discontinue drugs that can impair renal potassium excretion (e.g., NSAIDs, 
including selective COX-2 inhibitors)
Prescribe a low-potassium diet; advise patients to avoid use of salt substitutes that contain 
potassium
Prescribe thiazide diuretics (and/or loop diuretics if estimated GFR is <30 mL/min/1.73 m2)
Prescribe sodium bicarbonate to correct metabolic acidosis; decrease dose of ACEI or ARB
Measure serum potassium level 1 week after initiating ACEI or ARB therapy or after increasing 
the dose
If patient is taking some combination of an ACEI, an ARB, and a MR antagonist, discontinue 
one and recheck serum potassium level
Do not exceed a 25-mg daily dose of spironolactone when used in combination with an ACEI 
or an ARB
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are associated with better kidney and cardiovascular outcomes [24]. ACEIs and 
ARBs are probably equivalent with respect to renal outcomes [26]. They should be 
considered for use particularly in patients with CKD who also have heart failure, 
recent myocardial infarction, a history of stroke, or a high cardiovascular risk, 
although this KDIGO recommendation is largely based on data from studies in non- 
CKD patients [24].

The support for the recommendation of ACEIs/ARBs as first-line therapeutic 
agents in hypertensive CKD patients is provided by several studies. The KDIGO 
recommendations cite five relevant trials: reanalyses of the Heart Outcomes 
Prevention Evaluation (HOPE) trial [27], the Candesartan Antihypertensive Survival 
Evaluation in Japan (CASE-J) trial [28], the Telmisartan Randomised Assessment 
Study in ACE Intolerant Subjects with Cardiovascular Disease (TRANSCEND) 
[29], as well as the Investigation on Type 2 Diabetic Nephropathy (INNOVATION) 
study [30] and the Irbesartan in Development of Nephropathy in Patients with Type 
2 Diabetes (IDNT) trial [31]. A meta-analysis of 11 RCTs [32] included studies of 
patients with nondiabetic CKD treated with BP-lowering regimens containing 
ACEIs to those not containing ACEIs. All trials included in the analysis targeted a 
BP <140/90 mmHg, and nearly all patients were hypertensive at baseline. In this 
analysis, the use of an ACEI was associated with a significant reduction in the risk 
of progression of kidney disease as defined by doubling of serum creatinine or the 
need for dialysis. This effect was independent of other important covariates, includ-
ing baseline BP and urinary protein excretion. Of relevance, there was no significant 
interaction between current urinary protein excretion and treatment allocation. In 
other words, there was no evidence that the degree of protein excretion modified the 
relationship between the use of ACEIs and the progression of kidney disease. The 
results of the meta-analysis suggest that ACEIs should be the antihypertensive drugs 
of choice in individuals with CKD. However, another analysis of the same data set 
[33] suggested that baseline urinary protein excretion was an important effect modi-
fier, in that those with baseline urine protein excretion ≥500 mg/day seemed to have 
greater benefits with ACEI therapy. Those with proteinuria <500 mg/day at baseline 
appeared to receive little if any benefit compared to other antihypertensive regi-
mens. TRANSCEND [34] randomized patients at high vascular risk to telmisartan 
or placebo. No difference was observed between groups in the primary cardiovascu-
lar endpoint or the secondary renal endpoint of dialysis, doubling of serum creati-
nine, or death. In a reanalysis of TRANSCEND, individuals without microalbuminuria 
had an increased risk of the renal endpoint, while there was no significant difference 
in those with urinary albumin excretion ≥30 mg/day, although the trend favored 
telmisartan.

There are also some other significant controversies between guidelines regarding 
ACEIs and ARBs. First, according to the ERBP guideline [35], it is unclear if the 
renoprotective superiority of ACEIs and ARBs is truly a BP-independent effect or 
simply a reflection of better BP control. Second, in contrast with the KDIGO guide-
lines, the authors of ERBP recommend that, due to increased risk of side effects, 
consideration should be given to stopping ACEIs/ARBs in patients with advanced 
CKD (stages 4 and 5) when there are no other compelling indications for these 
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agents (such as heart failure), especially in those with renovascular disease, or when 
discontinuation of the drug may enable the start of renal replacement therapy to be 
postponed or avoided [35].

 Diuretics

Diuretics are the cornerstone of hypertension treatment in CKD and, by definition, 
a component of any antihypertensive drug combination for RH. Most patients with 
CKD should receive a diuretic as their first or second agent to manage volume and 
sodium retention, with the possible exception of those with autosomal dominant 
polycystic kidney disease, in which there is concern that diuretic therapy can stimu-
late the RAS and subsequent cyst growth [4]. However, the efficacy of diuretics is 
limited in CKD, because both the tubular secretion of these drugs and the fractional 
reabsorption of sodium are reduced. Therefore, CKD patients often require large 
doses of diuretics, which are achieved in practice by sequentially doubling the dose 
until a response is seen or a ceiling dose is reached [12].

Verdalles et al. [36] used bioimpedance spectroscopy (BIS) to assess fluid status 
and guide the use of diuretics to treat hypertension in CKD patients not on dialysis. 
They treated 30 patients with extracellular volume (ECV) expansion with a diuretic, 
which were compared to 20 patients without ECV expansion who instead received 
another additional antihypertensive medication. At 6 months of follow-up, systolic 
BP decreased by 21  mmHg in patients with ECV expansion versus 9  mmHg in 
patients without ECV expansion (P < 0.01). In addition, 9 of 30 patients with ECV 
expansion and 2 of 20 without ECV expansion achieved the target BP of 
<140/90 mmHg at 6 months. This novel approach to managing hypertensive CKD 
patients based on BIS assessment of volume status will need further study in larger 
cohorts before it can be considered for wider use.

Except for diuretics, most antihypertensive drugs induce sodium retention and 
ECV expansion. Diuretics counteract this by inhibiting sodium reabsorption. In 
addition, diuretics may also reduce the risk of hyperkalemia associated with RAS 
inhibitors. On the other hand, volume loss caused by diuretics activates neurohor-
monal pathways, particularly the RAS. Hence, the combination of diuretics with an 
ACEI or an ARB is synergistic and very effective [12].

Thiazide diuretics are less potent than loop diuretics when used alone in patients 
with moderate-to-severe CKD, because only 3% to 5% of filtered sodium is reab-
sorbed at the thiazide site of action and because the decrease in filtered sodium load 
in CKD causes a reduction in sodium reabsorption [12]. Most clinicians choose to 
switch to a loop diuretic in patients with CKD stage 4, particularly if hypertension 
is becoming resistant to therapy or if edema is an issue [24]. However, thiazides 
may still be useful for the treatment of high BP in CKD, as they have been shown to 
possess multiple nephron target sites and also to lower peripheral vascular resis-
tance, by direct or indirect mechanisms [12]. By sequential tubular blockade, thia-
zide diuretics may augment the natriuretic effect of loop diuretics and improve BP 
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control. However, when thiazides and loop diuretics are used together, the incidence 
of adverse effects is higher and requires close monitoring [12]. Knauf and Mutschler 
[37] showed that HCTZ alone or in combination with furosemide increased diuresis 
in patients with CKD even at a GFR <30 ml/min/1.73 m2. Dussol et al. [38] con-
ducted an RCT involving 23 patients with hypertension and stage 4 or 5 CKD, who 
received long-acting furosemide (60 mg) and HCTZ (25 mg) for 3 months, and then 
both diuretics for the next 3  months. The authors found no differences between 
furosemide and HCTZ with respect to natriuresis and BP control. Another trial [39] 
enrolled 60 CKD patients with a mean eGFR of 39 ml/min/1.73 m2 and a systolic 
BP of 151  mmHg, under 1.8 antihypertensive drugs on average. After a run-in 
phase, all patients were treated with chlorthalidone, and at the end of the 8-week 
intervention, systolic BP was significantly reduced by 20 mmHg. Notably, the nine 
patients with eGFR <30 ml/min/1.73 m2 had a similar reduction in BP.

 Calcium Channel Blockers

The major subclasses of CCBs are the dihydropyridines (e.g., amlodipine, nifedip-
ine, lercanidipine) and the non-dihydropyridines, including benzothiazepines (dil-
tiazem) and phenylalkylamines (verapamil). Dihydropyridines tend to be more 
selective for the vascular smooth muscle (vasodilation) than for the myocardium. 
Accordingly, the side effects may include fluid retention and ankle edema, which 
can be problematic in patients with CKD. Dizziness, headache, and facial flush are 
also common. Non-dihydropyridines have direct effects on the myocardium, includ-
ing the sinoatrial and atrioventricular nodes, causing reductions in heart rate and 
contractility [24].

CCBs are widely used in the treatment of hypertension, angina, and supraven-
tricular tachycardia. Non-dihydropyridine CCBs have been shown to reduce pro-
teinuria. In contrast, dihydropyridines completely abolish renal autoregulation, 
which is already impaired in CKD, and may thus aggravate proteinuria when used 
as monotherapy. Therefore, the use of dihydropyridines is not advisable without 
concomitant use of an ACEI or ARB [24, 35].

Most CCBs do not accumulate in patients with impaired kidney function, with 
the exception of nicardipine and nimodipine. Accumulation of these agents may 
also be due to reduced blood flow to the liver in the elderly. Caution is thus advised 
when using these two agents in elderly patients with CKD [24].

The combination of a RAS inhibitor with a dihydropyridine CCB attenuates the 
reflex vasoconstriction and tachycardia resulting from increased sympathetic ner-
vous system activity in response to CCB-induced systemic vasodilation [25]. Fluid 
retention, seen particularly with dihydropyridines, can be problematic in patients 
with CKD, such that avoiding other vasodilators may be sensible. The combination 
of non-dihydropyridines such as verapamil and diltiazem with BBs can lead to 
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severe bradycardia, particularly in patients with advanced CKD and if drugs like 
atenolol and bisoprolol (which accumulate in CKD) are used. CCBs, particularly 
non-dihydropyridines, also interfere with the metabolism and excretion of calcineu-
rin inhibitors (CNIs), as well as with the mammalian target of rapamycin (mTOR) 
inhibitors. In patients taking such combinations, careful monitoring of CNIs and 
mTOR inhibitor blood levels is required if drugs or dosages are changed [24].

 Dual Blockade of the RAS

Although dual blockade of the RAS with ACEI + ARB or ACEI/ARB  +  direct 
renin inhibitor (DRI) combinations may seem like a rational strategy for improv-
ing renal and cardiovascular outcomes, there is no conclusive evidence of the long-
term renal and cardiovascular benefit of such combinations in hypertensive CKD 
patients [25].

In Ongoing Telmisartan Alone and in Combination With Ramipril Global 
Endpoint Trial (ONTARGET) [40], investigators randomized patients ≥55 years of 
age with cardiovascular disease or diabetes with end-organ damage to ramipril, 
telmisartan, or the combination of both drugs. The primary outcome of interest was 
the combined endpoint of dialysis, doubling of serum creatinine, or death. There 
was no significant difference in this outcome between ramipril and telmisartan 
alone, whereas combination therapy actually increased the risk. In addition, the 
ONTARGET trial found no benefit of combination therapy over ramipril mono-
therapy in reducing the cardiovascular risk. The Veterans Affairs Nephropathy in 
Diabetes (VA NEPHRON-D) trial [41] enrolled 1448 patients with diabetic 
nephropathy, with or without hypertension. Subjects were randomized to losartan + 
lisinopril versus losartan + placebo for prevention of a primary composite endpoint 
of renal events or death. The trial was halted early because of lack of efficacy, as 
well as because of increased risk of hyperkalemia and acute kidney injury in the 
dual therapy group. Notably, BP was not different between groups.

The Aliskiren in the Evaluation of Proteinuria in Diabetes (AVOID) trial [42] 
studied the DRI aliskiren in combination with the ARB losartan versus losartan 
alone in 599 patients with type 2 diabetes and diabetic nephropathy. Combination 
therapy reduced the urinary albumin/creatinine ratio by 20%, as compared with 
losartan alone. There were only small differences in BP between the two groups and 
no differences between the rates of adverse events. In contrast, the Aliskiren Trial in 
Type 2 Diabetes Using Cardiovascular and Renal Disease Endpoints (ALTITUDE) 
[43], involving the same combination of aliskiren + losartan in patients with diabe-
tes and CKD, has been terminated early due to an increased risk of adverse events 
and no evidence of benefit in the dual therapy group. Consequently, the US Food 
and Drug Administration (FDA) [44] and the ERBP guideline [35] have counseled 
against the use of this combination.
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 Mineralocorticoid Receptor Antagonists

Aldosterone may mediate CKD progression, independently of its BP-increasing 
effect. Animal studies suggest that MR antagonists reduce proteinuria in diabetic 
nephropathy. MR antagonists may also ameliorate early renal injury and prevent 
renal fibrosis, presumably via the inhibition of macrophage infiltration, reduction 
in local oxidative stress, and the decreased expression of fibronectin, plasminogen 
activator inhibitor-1, and transforming growth factor-β1 [12].

In CKD, MR antagonists have been tried for anti-proteinuric and renoprotective 
purposes, as well as for the treatment of RH. In the largest relevant RCT [45] involv-
ing CKD patients with proteinuria and type 2 diabetes, the addition of eplerenone to 
enalapril resulted in a significant decrease in albuminuria, as compared to placebo, 
without an increase in the risk of hyperkalemia. The PATHWAY-2 study [15] unfor-
tunately excluded patients with eGFR <45 ml/min. Based on current data, the long- 
term effects of MR antagonists on renal and cardiovascular outcomes, mortality, 
and safety in patients with CKD are unknown [24].

Because of the risk of hyperkalemia and acute kidney injury, MR antagonists 
should be used with caution in CKD patients. Plasma potassium levels and kidney 
function should be monitored closely during the introduction of these agents and 
during intercurrent illnesses, such as dehydration. Great care should be taken when 
MR antagonists are combined with ACEIs, ARBs, or NSAIDs. Caution is also 
advised when used together with other cytochrome P450-metabolized agents, such 
as verapamil [24]. Predictors of hyperkalemia include baseline renal function, serum 
potassium levels, the dose of MR antagonists, and the use of other RAS blockers or 
drugs that interfere with renal potassium handling [12]. MR antagonists are usually 
combined with thiazide or loop diuretics, which enhance potassium loss in the urine.

The ESH/ESC guidelines [6] suggest the addition of a MR antagonist as fourth- 
line therapy for RH (12.5–25 mg/day spironolactone or 25–50 mg/day eplerenone, 
to be adapted according to eGFR level) in patients with GFR ≥30  ml/min and 
plasma potassium concentrations ≤4–5 mmol/L or in patients with other indica-
tions, such as heart failure. However, the ESH guidelines do not recommend the 
routine use of MR antagonists in patients with CKD, especially in combination with 
RAS blockers, because of the risk of further renal impairment and hyperkalemia. 
The KDIGO [24] and ERBP [35] guidelines only state that the place of MR antago-
nists as an add-on therapy in hypertensive patients with CKD needs to be explored 
in further studies.

 Beta-Blockers

BBs are one of the most extensively investigated drug classes, having been used to 
treat hypertension, as well as coronary artery disease, heart failure, and cardiac 
arrhythmias, for over 40 years. Although all BBs are effective for reducing BP, other 
issues may influence their indication in a given patient and which specific drug is 
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chosen, since BBs vary widely in their pharmacological profile [24]. A recent sys-
tematic review and meta-analysis [46] endorsed the use of BBs in CKD patients 
with heart failure, but did not provide any definitive specific advice on their efficacy 
in preventing mortality, cardiovascular outcomes, or renal disease progression in 
CKD patients without heart failure [24].

Notable adverse effects associated with BBs include bradycardia, erectile dys-
function, fatigue, and lipid and glucose abnormalities [47]. In patients with CKD, 
the accumulation of BBs or active metabolites could exacerbate side effects like 
bradycardia. Such accumulation occurs with atenolol and bisoprolol, but not with 
carvedilol, propranolol, or metoprolol [24].

BBs have often been combined with diuretics in RCTs and clinical practice. 
They can also be combined with ACEIs or ARBs. On the other hand, the combina-
tion of atenolol or bisoprolol with bradycardia-inducing drugs such as nondihydro-
pyridine CCBs is not recommended. The association of lipophilic BBs (e.g., 
propranolol and metoprolol), which cross the blood-brain barrier, with other cen-
trally acting drugs such as clonidine may lead to drowsiness or confusion, particu-
larly in the elderly [24].

 Centrally Acting Alpha-Adrenergic Agonists

Centrally acting alpha-agonists cause vasodilatation by reducing sympathetic out-
flow from the brain. The main agents in use are methyldopa, clonidine, and moxoni-
dine. The use of centrally acting alpha-antagonists is limited by side effects, but 
since they interact minimally with other antihypertensives, they are valuable as 
adjunct therapy for RH in CKD patients [24].

Doses of methyldopa or clonidine are not generally reduced in patients with 
impaired kidney function. Moxonidine is largely excreted by the kidney, and accord-
ingly it has been recommended that the dosage should be decreased in the presence 
of a low GFR [24].

Combination of alpha-agonists with thiazides may be particularly advantageous 
to reduce vasodilatation-induced fluid retention. Because of the side-effect profile, 
however, caution is advised when using alpha-agonists in the elderly, in patients 
with advanced CKD, and in those taking sedating drugs. Since clonidine can slow 
the heart rate, it should be avoided if bradycardia or heart block is present [24].

 Alpha-Blockers

Alpha-adrenergic blockers (e.g., prazosin, doxazosin, and terazosin) selectively act 
to reduce BP by causing peripheral vasodilatation. In general, they are not consid-
ered a preferred choice, because of common side effects like postural hypotension, 
tachycardia, and headache. These drugs should be started at a low dosage to avoid 
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a first-dose hypotensive reaction. They are useful in CKD patients with RH, as well 
as in those with symptoms of prostatic hypertrophy. Vasodilatation can lead to 
peripheral edema, so they are commonly combined with diuretics. Alpha-blockers 
do not require dose modification in CKD, since they are excreted via the liver [24].

 Direct Vasodilators

Hydralazine and minoxidil both act by directly causing vascular smooth-muscle 
relaxation and vasodilatation. Hydralazine is rarely used in CKD. Minoxidil is some-
times indicated in patients with RH; however, its side effects limit its use to the most 
resistant cases. Because of fluid retention and tachycardia, these drugs (especially 
minoxidil) are usually combined with a BB and a loop diuretic. Hydralazine and min-
oxidil do not require dose adjustment in patients with impaired kidney function [24].

 Treatment of RH in Dialysis-Dependent (CKD-5D) Patients

In patients who are receiving renal replacement therapy, specific BP targets derived 
from RCTs are lacking. The National Kidney Foundation Kidney Disease Outcomes 
Quality Initiative (KDOQI) guidelines suggest that pre-hemodialysis (HD) and 
post-HD BP should be 140/90 mmHg and 130/80 mmHg, respectively, but these 
targets are mainly based on the expert judgment of the working group, applying 
weak evidence [48, 49].

 ACEIs and ARBs

The KDOQI guidelines suggest RAS inhibitors to be the preferred antihypertensive agents 
in dialysis patients, particularly in those with diabetes or a history of heart failure [49].

Several studies demonstrated a 5–12 mmHg reduction in systolic BP with ACEIs 
[50, 51]. Retrospective analyses and small clinical trials also suggest that ACEIs 
may help preserve residual renal function [52], decrease arterial stiffness [50] and 
left ventricular hypertrophy [53], reduce mortality after acute coronary syndromes 
[54], and improve overall survival [55, 56] in HD patients. In the Fosinopril in 
Dialysis (FOSIDIAL) trial [51], 397 HD patients with left ventricular (LV) hyper-
trophy were randomized to fosinopril or placebo and followed for 2 years. The pri-
mary outcome was a combined endpoint of cardiovascular death, nonfatal 
myocardial infarction, unstable angina, stroke, cardiovascular revascularization, 
hospitalization for heart failure, and resuscitated cardiac arrest. At the end of the 
study, there was a nonsignificant reduction in the primary endpoint with fosinopril.

Some studies found ACEIs to be relatively safe in dialysis patients, with no sig-
nificant effect on serum potassium, while others suggested that ACEIs may increase 
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the risk of hyperkalemia in these patients, potentially by inhibiting extrarenal potas-
sium loss. Therefore, monitoring of serum potassium after initiation of RAS inhibi-
tors is recommended [47]. ACEIs have also been associated with higher dose 
requirements for erythropoietin-stimulating agents in HD [47].

Most ACEIs (with the exception of fosinopril) are removed by HD. This is not 
problematic in most hypertensive patients and may help avoid intradialytic hypoten-
sion. However, in those who experience intradialytic hypertension, dialyzable 
ACEIs should be switched to either fosinopril or an ARB [47].

The effects of ARBs on BP were variable in different studies. Some trials have 
shown an association of ARBs with a reduction of cardiovascular events and mortal-
ity in dialysis patients [57, 58], while others did not confirm this benefit [59].

ARBs can be administered once daily, they are not removed by HD, and they are 
well tolerated in dialysis patients [47]. In two trials, the use of an ARB was not 
associated with hyperkalemia or with higher erythropoietin requirements [57, 58].

 Diuretics

In 16,420 HD patients from the Dialysis Outcomes and Practice Patterns Study 
(DOPPS) diuretic use was associated with lower interdialytic weight gain, lower 
risk of hyperkalemia (>6.0 mmol/L), and higher odds of retaining residual renal 
function after 1 year, as compared to patients not on diuretic therapy. Patients on 
diuretics also had a 7% lower all-cause mortality risk (P = 0.12) and 14% lower 
cardiac mortality risk (P = 0.03) than patients without diuretics [60].

 Calcium Channel Blockers

CCBs can effectively lower BP in dialysis patients. They are not removed by HD 
and, thus, do not require additional post-dialysis dosing [47]. A recent RCT found 
that amlodipine lowered systolic BP by 10 mmHg more than placebo, without an 
increased risk of intradialytic hypotension [61]. In an RCT comparing amlodipine 
to placebo in 251 hypertensive HD patients, Tepel et al. [62] found no difference in 
all-cause mortality at 30  months; however, amlodipine significantly reduced the 
secondary combined endpoint of all-cause mortality and cardiovascular events.

 Dual Blockade of the RAS

A small study [63] randomized 33 incident diabetic HD patients to an ACEI versus 
ARB versus combination of ACEI + ARB and achieved good BP control and regres-
sion of LV mass index (LVMI) at 1 year in all groups. However, the patients treated 
with the ACEI + ARB combination exhibited an additional 28% reduction in LVMI 
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when compared with those treated with monotherapy. Larger studies are required to 
determine whether this therapeutic combination can improve cardiovascular out-
comes in HD patients.

A multicenter RCT [64] investigated the antihypertensive effect of the DRI 
aliskiren in comparison with the CCB amlodipine in 83 HD patients with difficult- 
to- treat or resistant hypertension. The baseline medications were dual therapy in 
60% and therapy with ≥3 drugs in 40% of cases. Most patients (77%) were on 
ARBs or ACEIs. A significant decrease in BP was found only in the amlodipine 
group, but not in the aliskiren group.

 Mineralocorticoid Receptor Antagonists

The use of these agents in HD patients has not been thoroughly investigated, but it 
may be limited because of fear of the risk of hyperkalemia, particularly in anuric 
patients [47]. In two small open-label studies of low-dose (25 mg) spironolactone 
[65, 66], there was no significant increase in serum potassium with thrice weekly 
administration, but 7% of patients with daily dosage of the drug were withdrawn 
because of severe hyperkalemia. In a larger study of spironolactone 25 mg/day in 61 
oligoanuric HD patients, potassium levels increased overall (from 4.6 to 5.0 mEq/l) 
with treatment; however, no patients had a potassium >6.8 mEq/l or required ion 
exchange resin therapy [67]. While these studies suggest that MR antagonists may 
be relatively safe, further research is required prior to their use in dialysis patients.

 Beta-Blockers

BBs are important antihypertensive agents for HD patients and are particularly indi-
cated in those with coronary artery disease and heart failure [47]. In a secondary 
analysis of 11,142 prevalent HD patients from the United States Renal Database 
Systems (USRDS) Wave 3 and 4 Study, Foley et al. [68] found that the use of BBs 
was associated with a 16% lower adjusted risk of death. Two small RCTs by Cice 
et al. [69, 70] showed that carvedilol therapy, as compared to placebo, improved 
cardiac structure and function, as well as survival, in HD patients with heart 
failure.

Atenolol and metoprolol are dialyzable and require supplementation after dialy-
sis, while combined α- and β-blockers (e.g., carvedilol) are not significantly cleared 
by HD. Metoprolol is mainly metabolized by the liver and therefore does not require 
dose adjustment, while atenolol is excreted mainly by the kidneys, and, thus, its half-
life is prolonged in HD patients. Carvedilol is a nonselective inhibitor of β-adrenergic 
receptors and, theoretically, may increase the risk of hyperkalemia [47].
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 Other Agents

Alpha-blockers are seldom used in dialysis patients. However, in those requiring multiple 
antihypertensive agents, they can be safely prescribed and do not require additional dos-
ing after HD. Nocturnal administration is preferred, in order to prevent postural hypoten-
sion. These agents should be avoided in patients with intradialytic hypotension [47].

Centrally acting alpha-adrenergic agonists are also rarely used, because of their 
high rate of adverse side effects. However, they may still be useful in dialysis 
patients, particularly those with RH [47].

Hydralazine and minoxidil are potent vasodilators and can be effective in dialy-
sis patients with RH. These drugs are not removed by HD. Because of reflex stimu-
lation of the sympathetic nervous system, they should be administered together with 
a BB. Fluid retention, including pleural and pericardial effusions, may occur during 
therapy and may require drug discontinuation [47].

 New Antihypertensive Agents for CKD Patients

 Phosphodiesterase Type 5 (PDE5) Inhibitors

In CKD, relative deficiency of circulating nitric oxide (NO) may contribute to 
hypertension and atherosclerosis, whereas NO deficiency within the kidneys may 
promote a sharper decline in renal function. Abundant PDE5 expression has been 
identified in the kidney, and, therefore, it has been proposed that, through its inhibi-
tion, the function of the renal NO-cGMP pathway in the kidney can be enhanced, 
improving the NO deficit associated with CKD. The benefits of PDE5 inhibitors 
may extend from BP-lowering effects to renoprotective properties [71]. Experimental 
studies have demonstrated favorable effects of PDE5 inhibition on mesangial cell 
proliferation, extracellular matrix expansion, tubulointerstitial injury, renal cell 
apoptosis, oxidative stress, inflammation, and proteinuria in CKD models [71].

To date, only one clinical trial of PDE5 inhibition in CKD has been published 
[72]. In this study, 40 men with type 2 diabetes mellitus were treated for 1 month 
with either 50 mg sildenafil daily or placebo. The sildenafil-treated group had a 50% 
reduction in albuminuria and the drug was well tolerated. A randomized, placebo- 
controlled trial is currently investigating the impact of a long-acting PDE5 inhibitor 
on patients with diabetes mellitus and overt nephropathy [71].

 Endothelin Antagonists

Endothelin-1 (ET-1) upregulation plays a pathogenic role in endothelial dysfunction 
and atherosclerosis and may also contribute to cardiovascular complications of 
CKD [71]. Selective endothelin type A (ETA) receptor antagonist darusentan, but 
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not ETA/ETB receptor antagonist bosentan, prevented the aggravation of hyperten-
sion in renal failure rats treated with erythropoietin-stimulating agents [73]. 
Administration of a selective ETA receptor antagonist to hypertensive patients with 
CKD produced a substantial reduction in BP (10 mmHg) and increased renal blood 
flow [74]. In addition, chronic treatment with the mixed ETA/ETB receptor antago-
nist, avosentan [75], and the selective ETA receptor antagonist, atrasentan [76], in 
addition to standard ACEI/ARB treatment, substantially decreased albumin excre-
tion in patients with diabetic nephropathy.

While ET receptor antagonists are generally well tolerated in clinical trials, the 
major adverse effects are peripheral edema, a mild decrease in hemoglobin (thought 
to be related to hemodilution secondary to increased extracellular fluid), headache, 
and flushing. As these drugs are primarily metabolized and eliminated by the liver, 
one significant adverse effect is hepatic dysfunction, which is dose dependent and 
reversible upon discontinuation of the drug [47].

 Conclusions and Recommendations

In patients requiring a triple therapy, this should consist of an ACEI or 
ARB + CCB + diuretic (ACD regimen) for most patients. This regimen is thought 
to be effective and well tolerated in CKD. It should be tried in optimum doses as 
the  first therapeutic step in patients with CKD and RH, in the absence of 
contraindications.

ACEIs and ARBs are especially preferred in patients with CKD and heart failure, 
post-myocardial infarction, and proteinuria. Adverse effects include hypotension, 
acute kidney injury, and hyperkalemia. Monitoring of serum creatinine and potas-
sium is indicated after starting treatment. If strategies to minimize hyperkalemia fail 
to maintain serum potassium concentrations <5.6 mEq/l, the RAS inhibitor should 
be discontinued, and another class of antihypertensive drugs should be used instead. 
In patients with advanced CKD (stages 4 and 5), consideration should be given to 
stopping ACEIs/ARBs when there are no other compelling indications for these 
agents and especially when there is high risk of hyperkalemia and/or acute kidney 
injury, which may precipitate dialysis initiation. Dual therapy ACEI + ARB or 
ACEI/ARB + DRI is not indicated, because of increased risk of adverse events and 
lack of proven benefits.

Diuretics are the cornerstone of hypertension treatment in CKD and, by defini-
tion, a component of any antihypertensive drug combination for RH. The combina-
tion of diuretics with RAS inhibitors, CCBs, and BBs is synergistic and very 
effective. In patients with CKD stage 4 (GFR <30 ml/min/1.73 m2) or with signifi-
cant edema, thiazide diuretics should be replaced or combined with loop diuretics.

CCBs are particularly useful in hypertensive patients who also have angina and/
or supraventricular tachycardia. Most CCBs do not accumulate in patients with 
impaired renal function. Dihydropyridines may induce fluid retention, which can be 
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counteracted with diuretics. Non-dihydropyridines should not be associated with 
BBs, because of risks of bradycardia and depression of myocardial inotropism.

MR antagonists may be used as fourth-line therapy for RH in patients with GFR 
≥30 ml/min and plasma potassium concentrations ≤4–5 mmol/L or in patients with 
other indications, such as heart failure. However, they should be used with caution 
in CKD patients, particularly in combination with ACEIs or ARBs, because of 
increased risk of hyperkalemia and acute kidney injury. Although, these drugs were 
shown to be very effective in patients with essential RH, the long-term effects of 
MR antagonists on renal and cardiovascular outcomes, mortality, and safety in 
patients with CKD are still to be determined.

BBs have been widely used for decades to treat hypertension, as well as coronary 
artery disease, heart failure, and cardiac arrhythmias. Adverse effects associated 
with BBs include bradycardia, erectile dysfunction, fatigue, and lipid and glucose 
abnormalities. Agents like metoprolol and carvedilol should be preferred over aten-
olol, which may accumulate in patients with CKD.

Other fourth- or fifth-line antihypertensive agents include centrally acting alpha- 
agonists, alpha-blockers, and direct vasodilators. They are potent BP-lowering 
drugs and do not require dose adjustments in CKD (except for moxonidine). 
However, their use is limited by numerous side effects; among these, fluid retention 
usually requires the association with diuretics.
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Chapter 19
Devices for Neural Modulation (Renal 
Denervation, Barostimulation)

Marcin Adamczak, Magdalena Bartmańska, and Andrzej Więcek

 Introduction

One of the pathogenic factors of arterial hypertension in chronic kidney disease 
(CKD) patients besides others like hypervolemia, increased activity of renin angio-
tensin system (RAS), or endothelial dysfunction is increased activity of the sympa-
thetic nervous system (SNS). In CKD patients, SNS overactivity may also contribute 
to the pathogenesis of cardiovascular morbidity, mortality, and progression toward 
end-stage kidney disease (ESKD). In this chapter, first the issue of SNS activity in 
CKD patients will be briefly discussed. Next, we will review the current status of 
interventional nonpharmacological methods of treatment which aim to reduce SNS 
activity – such as renal denervation (RDN) and baroreflex activation therapy (BAT) 
in resistant hypertension and experience with such therapies in patients with CKD.

 Sympathetic Nervous System Overactivity in Chronic  
Kidney Disease

Early observations of the sympathetic nervous system overactivity in CKD were 
based on increased catecholamines plasma concentrations. More precisely, SNS 
activity can be estimated directly by the analysis of nerve discharge of the nervus 
peronaeus, i.e., by the muscle sympathetic nerve activity (MSNA) measurement. 
Converse et al. in 1992 were first to report that MSNA is increased in hemodialysis 
CKD patients. They showed about 2.5-fold MSNA increase in hemodialysis CKD 
patients when compared to healthy subjects. In this study, it was also shown that 
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MSNA in CKD patients undergoing hemodialysis after bilateral nephrectomy did 
not differ from healthy subjects [1]. Hausberg et al. have proven that despite correc-
tion of uremia in patients after renal transplantation with adequate transplanted kid-
ney function but preserved native kidneys, MSNA is increased as in CKD 
hemodialysis patients. MSNA in kidney transplant patients after bilateral nephrec-
tomy was comparable to healthy volunteers [2]. Increased MSNA has been also 
reported in patients with autosomal dominant polycystic kidney disease (ADPKD) 
even in the presence of a normal glomerular filtration rate (GFR). In another study, 
Grassi et al. demonstrated that increased activation of SNS is present in the early 
stages of CKD (mean estimated glomerular filtration rate – eGFR – in the studied 
patients: 41 ml/min per 1.73 m2) [3]. Results of the above-quoted clinical studies 
suggest that SNS overactivity in CKD is caused by diseased kidneys themselves.

Results of the animal experiments confirmed such a hypothesis. Ye et al. showed 
that applying a small lesion in one kidney by an intrarenal phenol injection, not 
affecting kidney function, increases SNS activity and leads to a long-term increase 
of noradrenaline secretion and arterial hypertension. These effects are abolished by 
afferent surgical denervation [4]. It has been showed in subtotally nephrectomized 
rats that blood pressure increase and elevation of norepinephrine (NE) turnover in 
sympathetic brain centers was reduced by afferent surgical denervation (dorsal rhi-
zotomy, a procedure in which the dorsal roots from Th10-L2 were damaged).

The number of abovementioned evidence suggests that the kidneys are both 
recipients and generators of increased SNS activity (Fig. 19.1). To explain this, a 
short description of the function of the renal nerves should be given.

Kidneys are innervated by two types of fibers: (1) sensory afferent fibers leading 
from the central nervous system (axons of the neurons located in thoracic and lum-
bar sympathetic trunks) to the kidneys and (2) sympathetic efferent fibers which 
start in the kidneys and conduct nerve impulses to the central nervous system (cell 
bodies localized ipsilateral Th6-L4 trunks). Both types of fibers localized along the 
renal arteries in adventitia enter the kidneys at the hilum and extend to the vascular 
and tubular compartments.

Efferent sympathetic
nerves

BLOOD PRESSURE

Efferent sympathetic
nerves

Afferent sympathetic
nerves

β1receptor -  renin secretion β1receptor -  cardiac output
heart rateα1receptor -  Na+ reabsorption α1 - vasoconstriction

Fig. 19.1 The role of renal sympathetic nerves in blood pressure regulation
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Activation of the efferent fibers leads to blood pressure increase. Norepinephrine 
is released from nerve endings, and it activates β1 adrenoreceptors located on renin- 
containing juxtaglomerular granular cells and α1 receptors on the basolateral mem-
brane of renal tubular epithelial cells in the proximal tubule and on the vascular 
smooth muscle cells of the intrarenal resistance vasculature. These receptor activa-
tions result in enhanced renin secretion (with subsequent RAS stimulation), 
increased renal tubular sodium reabsorption and renal vasoconstriction, reduced 
renal blood flow, and decreased glomerular filtration rate [5].

Afferent fibers are located in almost every part of human kidney, however at the 
highest density in renal pelvis. These fibers project to brain regions involved in 
cardiovascular control: the subfornical organs, the brainstem, and the hypothalamus 
[5]. Messages concerning hydrostatic pressure in renal pelvis are transmitted by 
mechanoreceptors. It was shown that afferent fibers are activated in response to 
pelvic wall tension increase. The afferent sensory nerves are stimulated also by 
chemoreceptors responding to ischemia and chemical changes in kidney intersti-
tium. Probably, from the clinician point of view, the important factor causing sym-
pathetic afferent sensory nerve stimulation in CKD patients is kidney ischemia. 
Experimental studies have shown that in rats, acute ischemia caused by renal artery 
stenosis activates SNS. Rise in blood pressure was abolished in these animals after 
renal denervation of stenotic kidneys. Another data indicate that in two-kidney, one- 
clip hypertension in rat, denervation is associated with decrease of SNS activity. In 
clinical study, it was shown that SNS activity is higher in patients with renovascular 
hypertension. It was also shown that renal blood flow increase as a result of success-
ful angioplasty normalizes MSNA. Above-quoted results of both experimental and 
clinical studies suggest that afferent activation affects SNS centers in central ner-
vous system and thereby increases central SNS activity and can cause 
hypertension.

As it was discussed above, SNS overactivity is present in CKD patients even 
with normal kidney function. However, magnitude of SNS activity increases with 
the CKD progression. Grassi et al. showed that the intensity of the SNS overactiva-
tion is inversely related to the glomerular filtration rate and parallels the severity of 
CKD [3].

What are the consequences of SNS overactivity in CKD patients? There are 
some lines of evidence that SNS overactivity may contribute to the pathogenesis of 
cardiovascular morbidity and mortality in these patients. Penne et  al. assessed 
MSNA in 66 CKD stage 3–4 patients and followed them for 7 years. They showed 
that MSNA was significantly associated with the composite of all-cause mortality 
and nonfatal cardiovascular events [6].

Zoccali et al. studied the activity of SNS estimated by plasma norepinephrine 
concentration in 228 patients undergoing regular hemodialysis treatment for at least 
6 months. During the 34 ± 15 months follow-up period, the cardiovascular events 
such as angina episodes documented with ECG, myocardial infarction, arrhythmia, 
or stroke were recorded. Plasma NE concentration was above the normal range in 
45% of patients. It was also shown in this study that overactivity of SNS was associ-
ated with the number of fatal and nonfatal cardiovascular events [7]. In a study of 
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197 hemodialyzed patients with chronic kidney disease (with more than 6 months 
vintage of hemodialysis therapy), it has been shown that among subjects with NE 
plasma concentration located in third tertile, mean heart wall thickness was higher, 
and concentric left ventricular hypertrophy was more prevalent then in patients from 
two other tertiles. In these patients, plasma NE concentration was an independent 
cardiovascular risk factor. In another study, it has been shown that patients undergo-
ing continuous ambulatory peritoneal dialysis (CAPD) have 3.5 times higher plasma 
NE concentration than in healthy subjects. It is also important to stress that in 
patients treated with CAPD, plasma NE concentration was 1.7 times higher than in 
hemodialysis patients.

Results of animal experiments suggest that SNS overactivity participates in CKD 
progression. Dorsal rhizotomy both in subtotally nephrectomized rats and in unine-
phrectomized Dahl salt-sensitive hypertensive rats prevents albuminuria and 
glomerulosclerosis.

Given the pathophysiological evidence described above, the reduction of SNS 
activity in CKD is a promising aim of therapy. In the recent years, two nonpharmaco-
logical interventional methods of such a treatment RDN and BAT were introduced.

 Renal Denervation

The earliest invasive methods of hypertension treatment, introduced in 1920s, was 
surgical thoracolumbar sympathectomy (splanchnicectomy). The operation proce-
dure leads to the section of sympathetic trunks along with removal great splanchnic 
nerves from the celiac ganglion to mid-thoracic levels. This surgical early experi-
ence of 1226 splanchnicectomies was summarized by Smithwick et  al. [8]. This 
method reduced blood pressure and improved mortality but was characterized by 
high surgical risk and led to severe long-term complications (urine and fecal incon-
tinence, erectile dysfunction, orthostatic hypotension) mainly due to extensive and 
nonselective damage of SNS nerves, and therefore the use of this antihypertensive 
treatment method was finally ceased. To avoid such complications, the methods of 
more selective ablation of renal SNS nerves were needed. Before current status of 
these methods will be described in this chapter, some data concerning anatomy of 
renal nerves in humans should be given.

Kidney sympathetic innervation begins in intermediolateral column of the spinal 
cord. Neuronal track leads from through pregangliotic fibers to sympathetic trunk 
which includes splanchnic ganglia and then aortorenal ganglia. Sympathetic fibers 
leave aortorenal ganglia as postgangliotic nerves run alongside with renal artery and 
reach the kidney at the hilus. From this point, nerve fibers are dividing simultane-
ously with the divisions of arteries. It should be mentioned that in case of additional 
renal arteries, the presence of parallel to these vessels sympathetic nerves was 
revealed. Sakakura et al. investigated distribution of periarterial sympathetic nerve 
fibers located around kidney arteries [9]. The autopsy studies showed that there 
were fewer nerves surrounding the renal arteries in the distal segments compared 
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with the proximal and middle segments and the mean distance from renal artery 
lumen to nerve location is the lowest in the distal segments. Additionally the higher 
total number of nerves in ventral region than in dorsal part of renal arteries was 
shown. Nevertheless, on average, more than 75% of nerves are placed within a dis-
tance of 4.3 mm from renal artery lumen. This anatomy of renal nerves (i.e., vicinity 
to renal arteries lumens) allowed to develop procedures of selective renal SNS 
nerve damages by applying different stimuli through devices placed in renal arter-
ies, i.e., RDN.

Unfortunately currently, there are no clinically useful methods to precisely define 
the anatomical localization of renal SNS nerves in particular patient. The preferred 
segment of renal artery for the effective intervention is also unknown. It is unclear 
whether it is better to ablate renal SNS nerves in proximal segment (where bigger 
but fewer nerves are localized) or in distal segment (where smaller but more nerves 
are present).

Percutaneous, intravascular catheter-based procedures, described below, aimed 
to damage selectively renal nerves are still under development and investigations 
(Table 19.1). The agents used to damage renal arteries in experimental or clinical 
studies are radiofrequency energy (RF), ultrasound energy, and pharmacological 
ones (Table 19.1).

RF ablation is so far the most developed method of RDN.  The procedure 
using RF generator enables to injury renal sympathetic nerves with controlled heat 
(45–70 °C). Systems using single electrode (e.g., Symplicity) need several applica-
tion of energy in every renal artery. Multielectrode systems (like EnligHTN) are 
composed of a several-arm tip and deliver energy in a few positions at the same 
time. It results in shorter duration of the treatment and reduces the volume of con-
trast medium used in the procedure. The Celsius ThermoCool RFA catheter system 
uses a saline- irrigated catheter for RDN. Saline irrigation was used in this catheter 

Table 19.1 Methods of endovascular renal nerve ablation

Method of renal 
denervation Product name Type of catheter Current experience

Radiofrequency 
ablation (RFA)

Symplicity RFA 
catheter

Single-electrode RFA 
catheter

Randomized clinical 
study

EnligHTN RFA 
catheter

Multielectrode  
catheter

Nonrandomized 
clinical study

ThermoCool RFA Irrigated RFA  
catheter

Nonrandomized 
clinical study

Ultrasonic ablation PARADISE 
ultrasonic catheter

Ultrasonic balloon 
catheter

Nonrandomized 
clinical study

TIVUS ultrasonic 
catheter

Ultrasonic 
autoregulating  
balloon catheter

Proof-of-concept 
clinical study

Pharmacological 
ablation

Bullfrog 
microinfusion 
catheter

Microneedle- equipped 
balloon catheter

Experimental study

RFA radiofrequency ablation
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to prevent the thrombus formation and endothelium damage during RF RDN at the 
ablation site. Furthermore, given the adventitial location of the renal SNS nerves, 
saline irrigation might project ablation lesions deeper within the tissue, which 
potentially may increase RDN effectiveness.

To date the most data concerning safety and effectiveness of RDN in treatment 
of resistant hypertension comes from the Symplicity HTN-1, HTN-2, and HTN-3 
trials. In these studies, RDN were done with single RF electrode catheter Symplicity. 
Similar inclusion and exclusion criteria were used in all Symplicity trials, and these 
studies involved patients in whom despite at least triple antihypertensive therapy 
office systolic blood pressure (SBP) were not lower than 160 mmHg (150 mmHg in 
the presence of diabetes type 2). In Symplicity HTN-3 trial besides the abovemen-
tioned office blood pressure criteria, additionally systolic 24 h ambulatory blood 
pressure monitoring (ABPM) higher or equal 135 mmHg was required as inclusion 
criterium. Exclusion criteria included eGFR <45 ml/min/1.73 m2, diabetes mellitus 
type I, secondary causes of hypertension, and renovascular anatomical abnormali-
ties such as renal artery stenosis, previous angioplasty, or double and multiple renal 
arteries. The first of these studies (Symplicity HTN-1) was a nonrandomized “proof 
of concept” study [10]. In this study, 144 patients with resistant hypertension were 
observed after RDN. A reduction of SBP by 27 mmHg and diastolic blood pressure 
(DBP) by 17 mmHg at 6 months of follow-up was found. In the second study 
(Symplicity HTN-2), 106 patients with resistant hypertension were randomly allo-
cated to RDN with previous treatment or to maintain previous treatment alone (con-
trol group) [11]. A SBP reduction of 32 and DBP reduction of 12 mmHg was 
observed after renal denervation compared with the control group (1 and 0 mmHg, 
respectively). Long-term data (36 months follow-up) from both abovementioned 
studies showed that antihypertensive effect was maintained and even became 
greater. Both these trials did not reveal any significant safety issues. However, there 
were concerns about the design of the Symplicity HTN-1 and HTN-2 studies (lack 
of ABPM and the unblinded design). To overcome these limitations, the prospec-
tive, single-blind, randomized, sham-controlled study was done (Symplicity HTN- 
3) [12]. In this study, 535 patients with resistant hypertension were randomly 
allocated to RDN or sham procedure (control group). Six months after procedure, 
there was significant office SBP reduction from baseline in both groups (14 vs 12 
mmHg, respectively), but between the active and control group, both office and 24 
h ABPM did not differ significantly.

Results of the Symplicity HTN-3 study are difficult to interpret due to the num-
ber of methodological issues. Further analysis of data from Symplicity HTN-3 has 
shown that only 19 patients (5%) had complete procedure of ablation that covered 
360° of both renal arteries and only 68 patients complete procedure of ablation of 
one renal artery. It might be linked to the fact that 60 of 111 operators performed 
during the study only 1 or 2 renal denervation intervention. Office systolic BP in the 
group with complete RDN procedure of both arteries was reduced by 24 ± 23 mmHg 
in comparison to patients with incomplete RDN procedure where office SBP 
decreased only by 14 ± 24. In contrast to previous studies conducted in Europe, 
about 25% of patients in the Symplicity HTN-3 were African-Americans. There 
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were racial differences in antihypertensive RDN effects. In a group of non-African- 
Americans, office systolic blood pressure was decreased by 15 mmHg after RDN 
and 9 mmHg after sham procedure (the difference was significant). No significant 
difference was observed in African-Americans between RDN and sham group 
(reduction in office SBP was 15 mmHg and 18 mmHg, respectively). Moreover in 
39% of patients, changes in antihypertensive medication during the study period 
were noted. Symplicity HTN-3 study confirmed, however, that RDN seems to be 
safe.

Results of two randomized studies comparing RDN with intensified drug treat-
ment in patients with resistant hypertension were recently published  – DENER- 
HTN and PRAGUE-15 study. In the DENER-HTN study, 106 patients with resistant 
hypertension were randomly assigned to receive either RDN (with the use single RF 
electrode catheter Symplicity) together with standardized intensification of medical 
antihypertensive therapy or standardized intensification of medical antihypertensive 
therapy alone (control group). In this trial, blood pressure reduction after 6 months 
follow-up was significantly greater in the interventional than in the control group 
(systolic daytime and nighttime blood pressure differences between groups were 
6/6 mmHg, respectively). Results of the study acknowledge superiority of renal 
denervation over the intensification of pharmacological treatment of resistant hyper-
tension. In the PRAGUE-15 study, 106 patients with resistant hypertension were 
randomly assigned to receive either renal denervation (with the use single RF elec-
trode catheter Symplicity) or to intensify pharmacological treatment including spi-
ronolactone (if tolerated) [13] . In this study, antihypertensive effect of RDN was 
similar to group with intensified medical treatment (significant reduction in 24 h 
ABPM SBP after 6 months 9 vs 8 mmHg, respectively).

Recently, Desch et al. published results of a randomized, sham-controlled study 
in patients with so-called mild resistant hypertension. In this study, 71 patients with 
mild resistant hypertension were randomly allocated to RDN (with Symplicity 
FLEX catheter) or sham procedure (control group). Six months after procedure, 24 
h ABPM systolic blood pressure reduction was similar in studied groups (7 vs 4 
mmHg, respectively) [14].

Despite whole spectrum of clinical studies (i.e., intervention vs control vs sham 
procedure vs standardized pharmacotherapy), effectiveness of RF RDN ablation in 
hypertensive patients is still a matter of debate and needs further studies.

Another agent used to induce renal nerve damage is ultrasound energy. Catheters 
in renal arteries emitting ultrasound energy generate heat resulting in degeneration 
of renal nerves. The systems PARADISE and TIVUS utilize such energy [15]. 
PARADISE (ReCor Percutaneous Renal Denervation System) catheter consists of 
self-centering ultrasonic wave generator and balloon. The ultrasonic sound waves 
emitted from the central core of the balloon produce frictional heating of soft tissues 
outside of the artery leading to circumferential ablation of renal SNS nerves, while 
the fluid-filled balloon cools the endoluminal surface of the artery. Therefore 
 endothelium is protected by cooled fluid inside inflated balloon. Additionally, using 
ultrasound probe allows to eliminate contact between the device and vessel wall. 
Preliminary clinical data from 11 patients showed the reduction of office SBP of 36 
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and DBP of 17 mmHg 3 months after RDN done with this system. In the TIVUS 
(therapeutic intravascular ultrasound) system, the ultrasound beam, delivered by the 
ultrasonic wave generator, does not contact arterial wall directly and remote thermal 
energy delivery to the adventitia of arteries sparing intimal arteries layers. This sys-
tem offers self-regulating safety technology that monitors local tissue temperature 
that prevents overtreatment if blood temperature becomes excessively elevated. In 
the TIVUS-I study, in 17 patients, SBP reduction of 26 mmHg and DBP reduction 
of 10 mmHg 3 months after treatment with the TIVUS system was found.

Another method of RDN relies on renal sympathetic nerve injury caused by neu-
rotoxins. For this purpose, the Bullfrog microinfusion catheters with microneedle 
and protective balloon system was designed. The needle penetrates vessel wall and 
delivery sympatholytic neurotoxin guanethidine in the perivascular area of nearby 
SNS fibers causing nerve degeneration. Another proposed chemical agent for nerve 
injury is the alkaloid vincristine. These approaches so far were used in experimental 
studies only.

Currently under investigation, it is also the methods of noninvasive RDN. This 
method uses low-intensity focused ultrasound that avoids many of the challenges of 
invasive endovascular intervention. Kona Medical developed such a noninvasive 
method of external focused ultrasound aimed to destroy renal SNS nerves. The pre-
liminary results of WAVE III study used noninvasive RDN with such a system 
showed in 22 patients with resistant hypertension a SBP reduction of 20 mmHg and 
DBP reduction of 6 mmHg at 3 months after procedure.

 Renal Denervation in CKD

Taking into account the pathophysiological evidence described above (i.e., SNS 
overactivity in CKD and the role of renal SNS nerves in pathogenesis of hyperten-
sion), the use of RDN in the treatment of CKD patients may be proposed. The aim 
of RDN in CKD patients may be both renoprotection (measured by reduction of 
GFR decline and proteinuria lowering) and improved blood pressure control.

In experimental studies, the renoprotective effect of renal denervation has been 
showed. In Dahl salt-sensitive hypertensive rats after nephrectomy, RDN is associ-
ated with local inhibition of SNS within the kidney and prevention of glomerular 
sclerosis. In rats with aortic regurgitation (as a model of chronic heart failure), RDN 
and olmesartan lead to decrease of albuminuria and limit podocyte injury. In rats 
after 5/6 nephrectomy after dorsal rhizotomy, the reduction of creatinine serum con-
centration, blood pressure decrease, and less glomerulosclerosis was found. In 
another experimental study, it was shown that dorsal rhizotomy in rats after 5/6 
nephrectomy also reduces albuminuria.

So far, in most of clinical studies evaluating RDN, CKD was an exclusion crite-
rium. However, some data concerning the influence of RDN on kidney function 
comes from the studies involving hypertensive patients without overt kidney dis-
ease. Symplicity HTN-1 and HTN-2 trials revealed that renal function after RDN 
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assessed by serum creatinine and cystatin C concentrations or eGFR was preserved 
during 1 year follow-up. Nevertheless in some patients, slight decrease of eGFR 
after RDN was observed. This worsening of renal function might be caused by pro-
cedure itself or was related to progression of hypertensive kidney disease. In 
Symplicity HTN-2 study, the decrease of urine albumin-to-creatinine ratio (UACR) 
6 months after RDN was shown [11]. Similarly, in the other clinical studies, a sig-
nificant decrease of albuminuria measured by UACR in resistant hypertension 
patients treated with RDN was found.

There are three preliminary clinical studies evaluating the effect of RDN on kid-
ney function in CKD patients (Table 19.2). Hering et al. studied 15 patients with 
stage 3–4 CKD (eGFR 31 ml/min.) and resistant hypertension. Taking into account 
impaired kidney function in these studied patients, CO2 angiography was performed. 
It was revealed that renal function after RDN in this group of patients was preserved 
during 1 year follow-up. In this study, RDN did not affect significantly proteinuria 
[16]. Ott et al. in other clinical study in a group of 27 patients with stage 3–4 CKD 
(eGFR 48 ml/min.) and resistant hypertension found that RDN slows decline of 
renal function. They found significant annual difference in eGFR changes before 
and 1 year after RDN (−5 vs +1.5 ml/min per 1.73 m2 per year, respectively) [17]. 
Kiuchi et.al. had shown that patients with CKD stage 2-4, treated by renal denerva-
tion benefit not only by lowering the blood pressure but also improving kidney 
function. RDN in 24-month observation led to renal function (measured by mean 
eGFR) improvement by 42% and albuminuria decrease by 87% [18]. These promis-
ing results suggesting nephroprotective properties of RDN need to be however con-
firmed in larger studies.

Dörr et al. in resistant hypertension patients with preserved and slightly impaired 
kidney function (i.e., with eGFR <45 ml/min/1.73 m2) analyzed the influence of 
RDN on acute kidney injury biomarkers (urinary concentrations of neutrophil 
gelatinase- associated lipocain, NGAL, and kidney injury molecule – KIM-1). In 
this study, no significant changes of eGFR and urinary NGAL and KIM-1 concen-
trations after RDN were found [19].

As SNS hyperactivity is one of the causes of blood pressure increase in CKD 
patients, it raises the question whether RDN might be an effective antihypertensive 
treatment in this group of patients. Hering et al. in already-quoted study had shown 
that RDN is an effective antihypertensive treatment in patients with CKD stage 3–4 
and resistant hypertension (mean blood pressure reduction 1 year after RDN was 
33/19 mmHg) (Table 19.2). Additionally in this study, it was found that RDN sig-
nificantly decreased nighttime ABPM [16]. Similarly Ott et  al. in other clinical 
study in patients with CKD stage 3–4 and resistant hypertension found that RDN 
leads to significant blood pressure reduction (1 year after RDN SBP reduction was 
20 mmHg and DBP reduction was 8 mmHg) [17]. Case reports and results of small 
observational study (12 patients) showed that RDN leads to blood pressure reduc-
tion also in hemodialysis CKD patients.

Besides antihypertensive properties, SNS afferent nerve disruption by RDN may 
be advantageous in the case of renal pain control. In some patients with ADPKD, 
chronic and abdominal, flank, or back pain is present due to enlarged cystic kidneys 
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stimulating nociceptive afferent SNS.  There is also a case report describing the 
ADPKD patient in whom RDN leads to immediate resolution of 5-year chronic 
flank pain.

There are some limitations of the RDN use in CKD patients. In some patients 
with advanced CKD, atrophic renal arteries are characterized by too low diameter 
to perform RDN.  Also the measures to prevent contrast media nephrotoxicity 
(mainly proper hydration) should be strictly applied before RDN in this group of 
patients. Alternatively carbon dioxide as contrast agent might be used [16].

Promising results from small clinical studies (presented in Table 19.2) and case 
reports may suggest that in CKD patients, RDN demonstrates nephroprotective 
effects. However the role of RDN in the long-term treatment of these patients needs 
to be confirmed by further clinical studies.

 Baroreflex Activation Therapy

Another method of invasive nonpharmacological antihypertensive treatment, based 
mainly on SNS activity reduction, is BAT.

Baroreceptors participate in baroreceptor reflex, which is one of the crucial 
homeostatic mechanisms of maintenance the adequate blood pressure. Baroreceptors 
are mechanoreceptors located in aortic arch, carotid sinuses, and carotid arteries. 
Afferent nerves run from carotid sinus within glossopharyngeal nerve, and afferent 
nerves from aortic arch run along with the vagus nerve. Both abovementioned 
nerves terminate in nucleus of the tractus solitarius localized in the medulla oblon-
gata. Efferent fibers are the part of both sympathetic and parasympathetic nervous 
system. Baroreceptors are activated by stretch of the vessel wall. Pressure induces 
excitation and generates signals transmitted to the central nervous system. Due to 
blood pressure increase, the further distension of the carotid sinuses and aortic arch 
is observed. The greater stretch increases baroreceptor signalization. With the baro-
receptor activation, SNS is inhibited, and the parasympathetic nervous system is 
activated. Sympathetic restrain is associated with reduction of peripheral vascular 
resistance, while parasympathetic activation results in depression of the heart rate 
and contractility. Both actions result in blood pressure decrease.

Clinical studies have shown that baroreflex sensitivity is lower in the elderly 
subjects and hypertensive patients as well as CKD patients. Impaired baroreflex 
control of HR is directly correlated with the severity of CKD and is an independent 
risk factor of sudden cardiac death in people with CKD.

The first study concerning the effect of the baroreceptor stimulation on blood 
pressure was done in 1965. Bilgutay and Lillehei used implantable device attached 
to the carotid sinus in hypertensive dogs. The baroreceptors stimulation resulted in 
blood pressure decrease. Subsequently these authors used this technique in two 
hypertensive patients. It also resulted with the significant blood pressure reduction. 
More recently experimental studies confirmed these early observations. It was 
found that bilateral electric activation of carotid baroreflex in dogs lowered mean 
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arterial pressure and reduced plasma norepinephrine concentration. Assessment of 
acute electric baroreflex activation was done in 11 patients undergoing elective 
carotid surgery. Significant voltage-dependent blood pressure reduction was 
observed (SBP was reduced by 18 mmHg and DBP by 8 mmHg).

For clinical use of BAT, the Rheos system was developed. This system is com-
posed of implantable pulse generator with two electrodes attached bilaterally to 
carotid sinuses. The multicenter Rheos feasibility trial that included ten hyperten-
sive patients [20] was designed to assess safety, device performance, and protocol 
parameters of the Rheos system in patients with resistant hypertension. The surgical 
procedure was successful in all cases. Generator discharge resulted in acute, energy 
dose-depended SBP decrease of 41 mmHg. No significant bradycardia was 
observed. BAT using Rheos system results not only in decreased blood pressure but 
also leads to the reduction of MSNA and both decrease of plasma norepinephrine 
and renin concentrations. Scheffers et al. confirmed short- and long-term antihyper-
tensive effect of BAT. Forty-five patients with resistant hypertension were involved 
in the Device-Based Therapy Hypertension Trial (DEBuT-HT). Blood pressure 
decreased from SBP 179 to 158 mmHg and DBP from 105 to 93 mmHg after 3 
months of BAT was found. Further reduction of blood pressure (SBP to 146 mmHg 
and DBP to 83 mmHg) was observed after 2 years of BAT. It should be stressed, 
however, that in this clinical study with Rheos system, eight patients experienced 
serious adverse effects related to the procedure or related to the device [21].

The double-blind, randomized, placebo-controlled Rheos Pivotal Trial involved 
265 hypertensive patients [22]. Patients were randomized to Group A and Group 
B.  The difference in the two groups was period of delayed device activation (1 
month after the implantation in Group A and after 7 months in Group B). It was 
shown that 42% subjects from Group A and 24% subjects from Group B reached the 
target SBP ≤ 140 mmHg after 6 months BAT. The vast majority of subjects (~81%) 
benefits of SBP reduction over 10 mmHg.

The second-generation BAT systems is Barostim neo. The main differences 
between Barostim and previously used Rheos system are unilateral carotid sinus 
activation and largely reduced electrode size. The device consists of one lead elec-
trode and pulse generator controlled with computer system via radiofrequency 
telemetry. The device was tested in a single-arm, open-label, nonrandomized study 
that included 30 patients with refractory hypertension. The blood pressure reduction 
observed during 6 months observation (SBP reduced by 26 mmHg and DBP by 12 
mmHg) was comparable to those achieved previously with bilateral baroreflex acti-
vation. It is worth noted that this procedure and system seems to be safe. There were 
no related to the procedure or device adverse effects in 90% of subjects [23]. Recent 
research confirms the effectiveness of BAT for the treatment of resistant arterial 
hypertension [24].

Results of the abovementioned studies suggest that BAT with the use of Barostim 
neo is not only effective antihypertensive therapy but also seems to be safe 
procedure.
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 Baroreflex Activation Therapy in CKD

Based on the pathophysiological evidence described above (i.e., SNS overactivity 
and the impaired baroreflexes in CKD and the role of baroreflexes in blood pressure 
regulation), the use of BAT in the treatment of CKD patients is worth to study. The 
aim of BAT in CKD patients might be both renoprotection and improved blood 
pressure control.

There is only single preliminary clinical study evaluating the effect of BAT on 
kidney function in CKD patients (Table 19.2). Wallbach et al. studied prospectively 
23 CKD patients with resistant hypertension. The evaluation of kidney function 
and proteinuria was done before and 6 months after Barostim system implantation. 
It was found that BAT improved renal function (eGFR increase from 54 to 60 ml/
min) and reduced proteinuria (from 284 to 136 mg/g creatinine) [25]. These pre-
liminary results showed a potentially nephroprotective effect of BAT in hyperten-
sive CKD patients.

Two preliminary clinical studies evaluated the effect of BAT on blood pressure in 
CKD patients. Wallbach et al. in already-quoted study have shown that BAT is an 
effective antihypertensive treatment in hypertensive CKD (Table 19.2). The reduc-
tion of blood pressure in this study (mean BP was reduced from 117 to 104 mmHg) 
was comparable with the achieved in the already-quoted studies with non-CKD 
patients [25]. Recently, Beige et al. in preliminary clinical study demonstrated that 
BAT is well tolerated and effective nonpharmacological, interventional, antihyper-
tensive therapy in hemodialysis CKD patients with resistant hypertension [26]. In 
this study in six hemodialysis patients, Barostim neo system was implanted. At the 
baseline, SBP was 194 mmHg and DBP 97 mmHg. Twelve months BAT leads to 
SBP reduction to 137 mmHg and DBP reduction to 73 mmHg.

Described above the promising results of preliminary clinical studies suggest 
that in CKD patients, BAT is characterized by some nephroprotective effect and that 
BAT is an effective antihypertensive treatment in this group of patients need to be 
confirmed in the further studies.

 Conclusions

Patients with chronic kidney disease are characterized by sympathetic nervous sys-
tem hyperactivity, which leads to hypertension and/or organ damage. Experimental 
and clinical studies have shown that reduction in sympathetic nervous system 
activity with pharmacological treatment, catheter-based renal denervation, or 
baroreceptor activation inhibits the progression of chronic kidney disease and 
improves renal function and survival. However, properly planned and performed 
randomized clinical trials are still needed in order to confirm the clinical value of 
this type of treatment.
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Chapter 20
The Effect of CPAP Therapy on Resistant 
Hypertension in Obstructive Sleep Apnea 
Syndrome Patients with Chronic Kidney 
Disease

Abdullah Özkök, Asiye Kanbay, and Oğuz Köktürk

 Obstructive Sleep Apnea Syndrome (OSAS), Hypertension 
(HT) and Chronic Kidney Disease (CKD)

Obstructive sleep apnea syndrome (OSAS) is caused by repeated episodes of 
apnea- hypopnea due to upper airway obstruction leading to oxygen desaturation. 
OSAS is an independent risk factor for cardiovascular disease including hyperten-
sion, coronary artery disease, and stroke [1, 2]. OSAS is common affecting 5–20% 
of the general population, and it is still underdiagnosed in many cases [3, 4].

A strong relationship exists between OSAS and hypertension (HT). Approximately 
half of the patients with OSAS are hypertensive, and 30–40% of patients with HT 
have been reported to have OSAS [5, 6]. In a prospective study, patients with OSAS 
were found to have three times higher risk of HT [7]. Furthermore, a dose-response 
relationship between the severity of OSAS and HT was detected in this study. 
Confirming this finding, in Wisconsin Sleep Cohort Study, apnea-hypopnea index 
was found to be associated linearly with higher 24-h ambulatory blood pressure 
(BP) levels [8]. The important role of OSAS in hypertension has also been recog-
nized by the Joint National Committee VII report [9], American Heart Association 
[10], and the European Society of Hypertension Guidelines [11].

OSAS may also be related to the development of incident HT in normotensive 
patients; however controversy exists in this issue. In the Wisconsin Sleep Cohort 
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Study [7], patients with moderate-to-severe OSAS were found to have 3.2-fold 
increased odds of developing HT relative to subjects without OSAS in 4 years of 
follow-up period. In another large prospective cohort study, untreated OSAS 
patients including patients who were non-adherent to continuous positive airway 
pressure (CPAP) or refused CPAP treatment were all associated with increased 
risk for incident hypertension [12]. However, in contrary to these results, no 
increased risk of incident HT could be found in Sleep Heart Health Study at 5 years 
of follow- up period [13].

HT associated with OSAS tends to be resistant, nocturnal, and non-dipper [14, 
15]. Prevalence of OSAS in patients with resistant hypertension (RH) has been 
reported to be around 64–83% [16, 17]. In a study performed on patients with RH, 
96% of the male and 65% of the female patients had significant OSAS [16]. Indeed, 
OSAS has been regarded as the most common secondary cause of RH [17].

Non-dipping pattern of HT is associated with increased risk of cardiovascular 
events [18], end-organ damage, and less favorable outcomes [19]. Non-dipping HT 
is very frequent in patients with OSAS. In untreated patients with mild to severe 
OSAS, prevalence of non-dipping has been reported to be 84% [20].

OSAS, HT, and chronic kidney disease (CKD) are closely related to each other. 
HT is well established to be a major etiological factor for the development and pro-
gression of CKD [21]. Treatment of HT is shown to decrease the rate of kidney 
dysfunction [22]. In a study performed on CKD and non-CKD subjects, RH and 
severe OSAS were found to be more prevalent in patients with advanced kidney 
disease [23]. Furthermore, patients with end-stage renal disease with severe OSAS 
were found to have seven times higher risk to have RH. A direct reciprocal associa-
tion between OSAS and CKD has also been hypothesized; CKD may increase the 
risk of OSAS and OSAS may accelerate the progression to end-stage renal disease 
(ESRD). OSAS was found to be present in 50–70% of patients with ESRD [24].

 Pathophysiology of HT in OSAS

Many pathophysiological mechanisms have been proposed for the development of 
HT in patients with OSAS such as increased renin-angiotensin-aldosterone system 
(RAAS) activity, sympathetic nervous system (SNS) activity, increased inflamma-
tion and oxidative stress, increased endothelin release, endothelial dysfunction, and 
arterial stiffness.

RAAS is the principal pathway in the regulation of BP and thus the overactivity 
of RAAS is shown to be the main inciting event in HT. Patients with OSAS were 
shown to have increased serum aldosterone levels [25] and 24-h urinary excretion of 
aldosterone [26]. Furthermore, plasma aldosterone levels were found to be directly 
associated with the severity of OSAS in patients with resistant HT [25]. Aldosterone 
may contribute to the pathogenesis of OSAS by the way of renal sodium retention 
leading increased airway resistance due to parapharyngeal edema. Supporting this 
hypothesis, treatment with aldosterone antagonists has been shown to improve 
OSAS in patients with RH [27].
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Patients with OSAS were also found to have increased plasma angiotensin II 
levels. Moreover, treatment of OSAS with CPAP significantly decreased plasma 
renin and angiotensin II levels in parallel to reductions in BP [28]. In several other 
studies, increased inflammation and oxidative stress were shown to reduce nitric 
oxide (NO) levels leading to impaired vasodilatation in patients with OSAS, and 
CPAP treatment reversed NO levels [29, 30]. In the other study, both serum endo-
thelin levels and BP were significantly reduced after CPAP therapy [31].

Importance of SNS overactivity has been clearly shown in OSAS-induced HT. In 
animal experiments, chronic hypoxemia due to OSAS was shown to induce SNS 
activity which in turn activated RAAS and increased vascular resistance leading to 
hypertension [32]. However recent findings suggested that SNS overactivity could 
cause OSAS. In a renal denervation study, central SNS outflow and BP were signifi-
cantly decreased and OSAS was improved with denervation treatment [33]. In 
another words, SNS overactivity might be the trigger for both RH and OSAS.

Increased arterial stiffness is a well-known risk factor for HT and it may also 
play a role in OSAS-induced HT [34, 35]. In several studies performed on patients 
with severe OSAS, CPAP treatment was found to significantly decrease arterial 
stiffness in 4 weeks [36, 37]. In contrary, in the study by Jones et al. [38], arterial 
stiffness was not affected after 12 weeks of CPAP treatment. However, in a recent 
meta-analysis, significant improvements were found in all parameters of arterial 
stiffness after CPAP treatment [39].

A part of the strong relationship between OSAS and HT may also be explained by 
common risk factors such as obesity. Obesity may induce HT by the way of RAAS acti-
vation, impaired sodium excretion, and increased SNS activity in patients with OSAS.

 Role of Continuous Positive Airway Pressure (CPAP) 
for the Treatment of Hypertension (HT) in OSAS

The contributive effect of OSAS on HT has been clearly demonstrated in the previous 
studies. However, there are conflicting results about the role of CPAP on the treat-
ment of hypertension. Controversies on these results may stem from multiple issues 
including differences in study designs, degree of OSAS and CPAP compliances, 
treatment durations and accuracy, and methods of BP measurements.

In a prospective, multicenter randomized controlled trial (RCT), 194 patients 
with OSAS and RH were randomized to two groups as CPAP group or no therapy 
group [40]. After a 12-week follow-up period, significant decrease in 24-h mean BP 
(3.1; 95% confidence interval, 0.6–5.6 mmHg) and 24-h diastolic BP (3.2; 95%con-
fidence interval, 1.0–5.4) were observed in the CPAP group. Furthermore, nocturnal 
BP dip was evident in the CPAP group.

In another randomized prospective trial performed on patients with OSAS and 
RH with a 3-month follow-up period, CPAP treatment significantly reduced 24-h 
BP. Moreover number of patients with a dipping pattern significantly increased in 
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the CPAP group. These positive findings were only observed in patients who used 
CPAP more than 5.8 h [41]. In the study by Dernaika et al., CPAP treatment resulted 
in de-escalation of antihypertensive treatment in 71% of subjects with RH [42].

In a study by Cantolla et al. [43] performed on patients with a new diagnosis of 
HT and OSAS, 12 weeks of CPAP treatment significantly decreased 24-h ambula-
tory BP of 2 mmHg and nocturnal systolic BP of 3.1 mmHg. Also percentage of 
patients with non-dipping HT was reduced in the CPAP group. Adherence to CPAP 
treatment is known to be important in effective treatment of OSAS-induced HT [13, 
44]. Similarly in this study, the reduction in BP was higher in patients with a CPAP 
use of more than 3 h/night.

In the study by Pedrosa et al. [45], patients with confirmed RH and moderate to 
severe OSAS were randomized to medical therapy or to medical treatment plus 
CPAP for 6 months. The treatment of OSAS with CPAP significantly reduced day-
time BP in patients with RH.

In the study by Muxfeldt et al. [46], 117 patients with RH and moderate to severe 
OSAS were randomized to 6 months of CPAP treatment or no therapy while main-
taining antihypertensive treatments. CPAP treatment was not effective on clinic and 
ambulatory BP levels; however nighttime systolic and nocturnal BP levels might be 
affected favorably in patients with uncontrolled ambulatory BP levels.

In a large prospective multicenter RCT performed on 725 non-sleepy patients with 
OSAS, CPAP did not result in a statistically significant reduction in the incidence of 
HT or cardiovascular events during a median follow-up period of 4 years [47].

CPAP treatment may also be effective in patients with prehypertension and 
masked HT. In the randomized study by Drager et al. [48] performed on patients 
with severe OSAS, 3  months of effective treatment with CPAP significantly 
decreased BP and resulted in a 42% decrease in the frequency of prehypertension 
and an 87% decrease in the frequency of masked HT. Authors concluded that these 
results might suggest that OSAS might be a risk factor for both prehypertension and 
masked HT and that the early treatment of OSAS might prevent the development of 
sustained HT.

Summary of the meta-analyses about the role of CPAP on the treatment of HT is 
presented in Table 20.1. Accordingly, the overall treatment effects were modest but 
still significant except one meta-analysis by Alajmi et al. [49]. Even these moderate 
improvements in BP have been shown to reduce morbidity and mortality [50].

 Importance of CPAP Adherence

The efficacy of CPAP as an antihypertensive treatment is significantly associated 
with the numbers of hours of adherence to CPAP. Each hour of CPAP use was found 
to be associated with a 1.3 mmHg reduction in mean BP in patients with OSAS and 
RH [40]. Similarly, in several other studies, at least 5  h of CPAP use/night was 
shown to significantly decrease BP [41, 44]. However, adherence to CPAP is usually 
low. Average CPAP use in clinical trials is usually around 4–5 h/night. Even if the 
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patients are adherent to CPAP treatment, BP control could not be established in 
nearly 30% of patients using CPAP treatment for more than 4 h/night [40, 47]. Until 
recently, no clinical or laboratory parameter has been known to predict the patients 
who will respond favorably to CPAP treatment. In a promising study by Torre et al. 
[51], a singular cluster of miRNAs associated with cardiovascular system appeared 
to specifically define the patients with RH and OSAS who responded to CPAP with 
favorable decreases in mean BP. The measurement of a specific cluster of miRNAs 
may enable generation of a predictive screening tool (HIPARCO Score) to predict 
the responders.

Table 20.1 Meta-analyses about the role of CPAP on the treatment of HT in patients with OSAS

Study, 
reference, 
year

Number 
of 
studies

Sample 
size

Change in 
SBP, mmHg
(95% CI)

Change in 
DBP, mmHg
(95% CI) Note

Bazzano 
et al. [58]

16 818 −2.46
(−4.31 to 
−0.62)

−1.83
(−3.05 to 
−0.61)

Net reductions in BP not 
statistically different 
between day- and nighttime

Haentjens 
et al. [59]

12 572 −1.64
(−2.67 to 
−0.60)

−1.48
(−2.18 to 
−0.78)

Better BP control with 
increasing OSAS severity 
and CPAP adherence

Alajmi et al. 
[49]

10 587 −1.38
(3.6 to 
−0.88)

−1.52
(3.1 to 
−0.07)

Nonsignificant

Montesi 
et al. [60]

28 1948 −2.58
(−3.57 to 
−1.59)

−2.01
(−2.84 to 
−1.18)

Significant reductions in BP 
seen in studies with sleepier 
patients with more severe 
OSAS and higher CPAP 
adherence

Hu et al. 
[61]

7 794 −2.32
(−3.65 to 
−1.00)

−1.98
(−2.82 to 
−1.14)

Better improvement in 
nocturnal SBP. Patients 
with resistant HT or 
receiving antihypertensives 
benefited most from CPAP

Liu et al. 
[62]

5 446 −4.78
(−7.95 to 
−1.61)

−2.95
(−5.37 to 
−0.53)

Included only the studies 
performed on patients with 
resistant HT. CPAP also 
associated with reductions 
in nocturnal DBP

Schein et al. 
[63]

16 1166 −4.92 
(−8.70 to 
−1.14) 
(night-time)

−3.46
(−6.75 to 
−0.17) 
(24-h)

Significant reductions in
mean 24 h BP
[−3.56 mmHg (−6.79 to 
−0.33)]

Iftikhar 
et al. [64]

6 329 −7.21
(−9.04 to 
−5.38)

−4.99 
(−6.01 to 
−3.96)

Included only the studies 
performed on patients with 
resistant HT

Fava et al. 
[65]

29 1820 −2.6 ± 0.6 −2.0 ± 0.4 Higher baseline AHI 
associated with greater 
mean decrease in systolic 
BP

Abbreviations: AHI apnea-hypopnea index, CI confidence interval, DBP diastolic blood pressure, 
HT hypertension, SBP systolic blood pressure
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 Possible Mechanisms of Action of CPAP Treatment on Blood 
Pressure Control

Mechanism of action of CPAP on the treatment of HT is not clearly known; however 
CPAP was shown to reduce RAAS [52] and SNS activity [53, 54]; decrease plasma 
noradrenaline levels [55], free-oxygen radicals, and inflammatory mediators [56, 
57]; and improve the endothelial dysfunction [30] and arterial stiffness [36, 37] 
associated with OSAS.

 Possible Role of CPAP in HT Treatment of CKD Patients

Although OSAS was found to be related to RH in patients with both CKD and 
kidney failure [23], no study has been designed to address the possible favorable 
effects of CPAP treatment on BP control in patients with both OSAS and 
CKD.  Mainly three mechanisms have been proposed in the strong relationship 
between OSAS, RH, and CKD: hypervolemia, high RAAS, and SNS activity. Since 
treatment of OSAS with CPAP has been shown to reduce RAAS and SNS activity 
[52–54], CPAP is strongly expected to be effective in BP control also in CKD 
patients.

Arterial stiffness is common and exaggerated in CKD patients, and it plays an 
important role in HT of CKD. CPAP was shown to effectively improve arterial stiff-
ness in non-CKD patients [39]; thus it may also be effective in this population in the 
treatment of arterial stiffness and HT.

In addition to favorable effects on BP control, CPAP may also increase renal 
survival by reducing glomerular hyperfiltration, intraglomerular HT, glomeruloscle-
rosis, and renal fibrosis.
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Chapter 21
Teaching Programmes

David Goldsmith and Silvia Badarau

The disease burden attributable to arterial hypertension is substantial, accounting 
for or contributing to 62% of all strokes and 49% of all cases of heart disease, cul-
minating in an estimated 7.1 million deaths a year, equivalent to 13% of total world-
wide deaths. Although most cases of hypertension can be effectively treated with 
lifestyle changes or drugs, or both, hidden within this population lies a cohort at the 
extreme end of the cardiovascular risk spectrum—those with hypertension that is 
truly resistant to treatment. Finding this relatively small but important group of 
patients is a diagnostic and practical challenge, even more so if the patient already 
has a significant pathology, such as severe left ventricular hypertrophy (LVH), heart 
failure or chronic kidney disease.

What is resistant hypertension? Resistant hypertension is defined in the 2008 
American Heart Association scientific statement and the 2013 guidelines from the 
European Society of Hypertension and Cardiology (ESH/ESC) as blood pressure that 
remains above goal—typically seated clinic blood pressure > 140/90 mmHg—in spite 
of concurrent use of three antihypertensive agents of different classes (1, 2), one of 
which should be a diuretic, at optimal or maximally tolerated doses. The NICE guid-
ance from 2012 suggests that resistant hypertension should be diagnosed only after 
confirming inadequate blood pressure control despite treatment, by the use of ambula-
tory blood pressure monitoring (i.e. mean daytime blood pressure > 135/85 mmHg), 
thereby excluding the so-called white coat hypertension. The optimal target blood pres-
sure in patients treated for resistant hypertension is widely accepted to be < 140/90 mmHg 
though lower targets than this should be considered in both diabetes and chronic kidney 
disease (especially with proteinuria). Patients whose blood pressure is controlled to 
goal with four or more medications are considered to have resistant hypertension (1, 2).
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Patients with resistant hypertension are at high risk for adverse cardiovascular 
events and are more likely than those with controlled hypertension to have a second-
ary cause, which is usually at least in part reversible.

 Typical Characteristics of Patients with Resistant 
Hypertension

• Older age; especially >75 years
• High baseline blood pressure and chronicity of uncontrolled hypertension
• Target organ damage (e.g. left ventricular hypertrophy, chronic kidney disease)
• Diabetes
• Obesity
• Atherosclerotic vascular disease
• Aortic stiffening—systolic > > diastolic BP elevation
• Female gender
• Black race
• Excessive dietary sodium intake

 Biochemical Evaluation for Patients with Suspected Resistant 
Hypertension

Preliminary biochemical tests should be conducted before specialist referral. These 
can help to delineate a potential secondary cause of resistant hypertension whether 
unearthed by the patient’s history and physical examination or not, signal the devel-
opment of renal dysfunction and help monitor the response to and side effects from 
antihypertensive agents.

• Urea and electrolytes
• Estimated glomerular filtration rate
• Plasma glucose
• Plasma renin/aldosterone levels
• 24-hour urinary metanephrines or normetanephrines (for phaeochromocytoma)
• Urine analysis—microalbuminuria and macroalbuminuria, invisible haematuria
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 Factors Associated with Pseudo-Resistant Hypertension

Clinicians should first attempt to exclude pseudo-resistant hypertension. For this to 
happen, they have to actively consider, look for and eliminate the factors associated 
with pseudo-resistant hypertension before a diagnosis of true resistant hypertension 
is made. These factors can be patient or physician related.

 Factors Associated with the Patient

• White coat effect.
• Severely calcified or arteriosclerotic arteries that are poorly compressible on pal-

pation, giving rise to cuff-related artefact (especially in elderly patients). Plain 
X-ray of forearms and upper arms is usually sufficient to disclose heavily calci-
fied upper limb arteries.

• Poor patient concordance with treatment/non-adherence to medications.
• Side effects of antihypertensive medication.
• Complicated dosing regimens.
• Inadequate patient education.
• Memory or psychiatric issues or poor cognition (especially in elderly patients).
• Difficult relationship between patient and doctor.
• Costs of drugs (in some healthcare systems).

 Factors Associated with the Physician

• Poor office blood pressure measurement technique
• Clinical inertia
• Inadequate doses of antihypertensive drugs
• Inappropriate choice of antihypertensive combinations
• Poor communication and lack of time, or desire, to invest in patient education

It should be recognised that systolic BP elevation is much likelier, in older 
patients, to prove to be resistant, because of the natural age-related widening of 
aortic pulse pressure, due to progressive age-related arterial stiffening. Indeed, it is 
important to stress that overzealous efforts to ‘crack’ systolic elevation of BP might 
lead to inappropriate and potentially dangerous reductions in diastolic BP, upon 
which coronary arterial blood flow is heavily dependent.
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 Factors Contributing to Resistant Hypertension/Risk Factors 
for Resistant Hypertension

 Lifestyle Factors

• Obesity
• Excess alcohol intake
• Excess dietary sodium

 Drug-Related Causes (Short-Circuiting Pharmacological Actions, Sodium 
Retention and Others)

Patients themselves can be taking drugs, formally or informally, which can interfere 
with antihypertensive medications or be pressor (3).

• Non-steroidal anti-inflammatory drugs.
• Contraceptive hormones—combined oral contraceptives are more often associ-

ated with elevated blood pressure, whereas menopausal hormone therapy has 
minimal effects on blood pressure.

• Adrenal steroid hormones.
• Sympathomimetic agents (nasal decongestants, diet pills).
• Erythropoietin, cyclosporine and tacrolimus.
• Liquorice (suppresses the metabolism of cortisol).
• Herbal supplements (ephedra, bitter orange, etc.).
• Cocaine and amphetamines misuse.

 Chronic Volume Overload

• Impaired, and declining, kidney function
• High salt intake
• Inadequate diuretic therapy

Suboptimal therapy is usually represented by failure to use an adequate diuretic 
therapy and lack of properly selected drugs and dosage.
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 Secondary Causes of Resistant Hypertension and their 
Pertinent Features

• Primary hyperaldosteronism—Hypokalaemia, fatigue, low renin levels despite 
drug treatment that would be expected to elevate rennin levels (i.e. ACE inhibitor 
or angiotensin receptor blocker plus a calcium channel blocker and diuretic) and 
usually raised aldosterone levels

• Renal artery stenosis—Carotid, abdominal or femoral bruits; history of flash pul-
monary oedema; young females (fibromuscular dysplasia); history of atheroscle-
rotic disease

• Renal parenchymal disease—Albuminuria/proteinuria, or microscopic haematu-
ria, reduced eGFR or formally measured renal function, nocturia and oedema

• Renal cystic disease—classically ADPKD

• Obstructive sleep apnoea—Obesity, short neck, daytime somnolence, snoring, 
frequent night-time awakenings and witnessed apnoea

• Phaeochromocytoma—Episodic palpitations, labile BP, headaches and 
sweating.

• Thyroid diseases—Eye signs, weight loss or gain, heat or cold intolerance, heart 
failure, tachycardia, bradycardia and anxiety or fatigue.

• Cushing’s syndrome—Centripetal obesity, moon facies, abdominal striae and 
interscapular fat deposition

• Coarctation of the aorta—Radio-radial or radio-femoral delay, diminished femo-
ral pulses and rib notching on chest radiograph

• Intracranial tumours—Early morning headache and family history

• Porphyria

In patients with true resistant hypertension, thiazide diuretics, particularly 
chlorthalidone, should be considered as one of the initial agents. The other two 
agents should include calcium channel blockers and angiotensin-converting enzyme 
inhibitors for cardiovascular protection. An increasing body of evidence has sug-
gested benefits of mineralocorticoid receptor antagonists, such as spironolactone 
(grade 2B) and eplerenone, in improving blood pressure control in patients with 
resistant hypertension, regardless of circulating aldosterone levels. Thus, this class 
of drugs should be considered for patients whose blood pressure remains elevated 
after treatment with a three-drug regimen to maximal or near-maximal doses. 
Resistant hypertension may be associated with secondary causes of hypertension 
including obstructive sleep apnoea or primary aldosteronism. Treating these disor-
ders can significantly improve blood pressure beyond medical therapy alone (4–6).

A number of new interventions and devices might help target truly refractory 
patients—these include renal sympathetic denervation, formation of a large proxi-
mal arteriovenous fistula, carotid sinus baroreflex stimulation and several other 
options (7–9).
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 Teaching and Disseminating Guidelines

In terms of teaching, and disseminating the guidelines that do exist, in a practical 
and pragmatic way, this is best done in three complementary ways:

 (a) A referral system to a specialist centre which mandates the provision of ‘check- 
list’ information on the patient referral pathway screen or sheet. Links to expla-
nations for the need to provide the information should be readily accessible, 
ideally prompted as the form is completed by the referring team. This will 
prompt referrers to recognise the features which are the most insightful in terms 
of making a correct diagnosis.

 (b) In the patient evaluation and treatment recommendation report which the sec-
ondary or evaluating centre sends back to the referring physician or unit, a styl-
ised check-list response should list the relevant questions selected from the 
whole investigation set, with an explanation as to why some tests were done 
(e.g. patient blood levels of measurable antihypertensive drugs, renal angiogra-
phy, adrenal vein sampling) and why other tests were not done (e.g. adrenal 
gland imaging, cardiac MRI). Not all investigations will necessarily be needed 
to be repeated if they have been done before—if a coarctation of the aorta has 
previously been excluded by imaging, it is unlikely that repeat imaging to detect 
that condition will be diagnostically fruitful.

 (c) A physical or video/VOIP linked complex case multidisciplinary meeting, to 
provide service needs but also to allow for teaching and training of juniors. 
Ideally, the patient history would be presented by the referring team, additional 
features then added by the attending physician team and then biochemical, 
radiological, haemodynamic, psychological, pharmacological, pathological and 
other relevant perspectives would be added in. This case presentation and the 
associated discussion and recommendations could easily be recorded as a file, 
and perhaps as a CD, and, with some anonymization, could act as an excellent 
teaching case to permit trainees and less experienced consultants learn the 
nuances and finer points of this challenging condition. Formalising a service of 
this type will help encourage and refine future referrals; help to coordinate 
future research, teaching and training initiatives; and allow for potential research 
study participation now and in the future.

 Future Perspectives

Prospective epidemiological studies are required to delineate the true prevalence, 
incidence and prognostic implications of resistant hypertension, and a consensus 
between national and international professional bodies is required on a universal defi-
nition of resistant hypertension to allow robust comparisons between future studies.
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 Unanswered Questions

• Is there one class of drug that is commonly the most effective in resistant 
hypertension?

• What patient characteristics, if any, define which drug is likely to be the most 
effective?

• What are the ideal constituents of multidrug regimens in resistant hypertension? 
A prospective randomised controlled trial of different drug combinations is 
required

• Is there a role for routine plasma renin measurements to stratify drug treatment 
for resistant hypertension, and would this be cost-effective? Is there a role for 
renin profiling in the management of resistant hypertension?

• What is the future role of device therapies in resistant hypertension manage-
ment? Do they have an additive effect to antihypertensive drugs?

• What strategies are most effective in supporting adherence to drug regimens and 
lifestyle factors?

• Are there system-based or team-based strategies that can organise the health sys-
tem to better identify, monitor and treat resistant hypertension?

 Ongoing Audit and Research

 Audit

• Any specialist centre, or referral unit, should keep an ongoing audit of the num-
ber of patients needing three BP-reducing drugs, or more than three drugs, to 
achieve BP target, and also the number of patients on more than three BP- 
reducing drugs whose BP remains above target.

• Of those above, an ongoing audit should be kept of checks of accuracy of clinic, 
and home, BP, use of ambulatory BP, checks of compliance with BP medication 
(interview, pill counting, blood level measurement) and diagnostic effort under-
taken to exclude underlying endocrine or renal causation for secondary 
hypertension.

• In patients sent to a specialist centre for further evaluation, diagnosis and treat-
ment, an ongoing audit should be kept of the new perspectives, and findings, 
arising from a specialist referral, compared to assumptions or diagnoses made 
prior to referral. This would help to identify any clinical ‘blind spots’ in the 
referring units.
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 Research

• Studies of the effect of continuous positive airway pressure in patients with 
resistant hypertension secondary to obstructive sleep apnoea (ClinicalTrials.gov 
Identifiers: NCT01508754 and NCT00929175).

• The Resistant Arterial Hypertension Cohort Study (RAHyCo) (ClinicalTrials.
gov Identifier NCT01083017) is investigating the epidemiology of resistant 
hypertension and evaluating the efficacy and feasibility of a standardised treat-
ment regimen (including randomisation of two doses of chlortalidone). It is 
also studying two interventions in a group of non-compliant patients and will 
study environmental and genetic variables of individuals with resistant hyper-
tension within a family design. It plans to enrol 200 patients and is due to com-
plete in April 2018.

 Teaching Points

• Resistant hypertension is the uncontrolled blood pressure despite treatment 
with at least three antihypertensive agents (one of which is a diuretic) at best 
tolerated doses.

• Patients with resistant hypertension are almost 50% more likely to experience an 
adverse cardiovascular event compared with patients with blood pressure con-
trolled by three or fewer antihypertensive agents.

• The prevalence of resistant hypertension is 10–20% of the general hyperten-
sive population.

• The diagnosis of true resistant hypertension should exclude apparent or pseudo- 
resistant hypertension has been undertaken.

• 5 to 10% of resistant hypertension patients have an underlying secondary cause 
for their elevated blood pressure.

• The best available evidence supports the use of spironolactone as the preferred 
fourth drug if the patient’s blood potassium level is ≤4.5 mmol/L.

• Attention should be paid to SBP, PP and DBP to try to ensure a sensible and safe 
therapeutic outcome.

With higher blood potassium levels, intensification of thiazide-like diuretic 
therapy should be considered.
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Chapter 22
Resistant Hypertension and the General 
Practitioner (Monitoring and Treatment)

Yalcin Solak

Patients with resistant hypertension (RH) deserve a special attention because RH is 
associated with higher absolute renal and cardiovascular risks, more health-care 
expenditure, and greater prevalence of secondary hypertension and target organ 
damage. This translates into more human suffering and health-care dollars com-
pared with hypertension under control. Notably, the single and the most effective 
way of reducing this increased cardiovascular risk is just achieving sustained blood 
pressure (BP) control. Thus, this fundamental aim of hypertension management 
becomes more compelling and challenging in RT patients [1].

RH is quite common. Although its prevalence varies from study to study owing 
to differences in definition of RH and population characteristic, it has been reported 
somewhere between 10 and 30%. Some clinical settings are associated with much 
higher prevalence rates; De Nicola et al. [2] reported that approximately 38% of 
the  patients in a chronic kidney disease clinic had fulfilled the definition of 
RH. Considering that hypertension is the most common disease worldwide and the 
increasing share of RH among hypertensive patients, it’s likely that general practi-
tioners (GPs) will encounter patients with RH in their routine practice. Thus, GPs 
should have the essential knowledge of monitoring and treatment of RH.

In this chapter the author will review the fundamental components of follow-up 
and treatment of RH from a GP point of view.
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 Monitoring of the Patient with Resistant Hypertension

Since the scope of this chapter is monitoring and treatment issues, we assume that 
the patient with RH has been assessed in terms of pseudoresistance to antihyperten-
sive therapy. At this point, recognition of causes of pseudoresistance should be 
investigated one-by-one in a patient who fulfills the definition of RH. Since many 
patients in Western health-care systems first see their GP and attend GP clinics more 
frequently than specialized ones, GPs have the unique advantage of monitoring their 
patients more closely and generally have more data regarding their patients’ compli-
ance with treatment. GPs can also more frequently see their patients and track their 
progress with antihypertensive treatment.

Perhaps, the most important aim of the management of a patient with RH is the 
sustained achievement of BP goals. To this end, GPs first determine the way with 
which they monitor BP goals. These means of monitoring include office BP mea-
surements, ambulatory BP monitoring (ABPM), and home BP monitoring (HBPM).

 Ambulatory Blood Pressure Monitoring

Office measurements of blood pressure offer some readily available data, but they 
cannot provide as many measurements as attained with ABPM or home blood pres-
sure monitoring (HBPM). Moreover, office BP measurements cannot rule out 
white-coat effect as a cause of resistant hypertension.

ABPM is an important component of both the diagnosis and monitoring of 
RH. The technique allows the physician to correctly diagnose RH while excluding 
white-coat hypertension. In addition, in a previously diagnosed patient with RH, 
ABPM this time may be required to rule out white-coat effect as a potential cause 
of RH. The American Heart Association recommends the use of ABPM in patients 
with RH to rule out white-coat effect in a position statement [3]. Some other authors 
also implemented ABPM in the diagnosis and monitoring of RH [4].

In a cross-sectional study, Muxfeldt et  al. [5] evaluated 286 patients with 
RH. Based on results of ABPM measurements, 161 of these patients were diag-
nosed as “true” RH, whereas 125 (43.7%) were white-coat RH. As can be seen with 
the results of this study, ABPM can also provide additional data such as dipping 
pattern and early morning surge, which are independent predictors of future cardio-
vascular risk. If a patient is diagnosed as white-coat RH, then treatment decisions 
should not be based on office BP measurements; instead ABPM data should be used 
to achieve BP targets.

ABPM can predict fatal and nonfatal cardiovascular outcomes more accurately 
in patients with RH compared to office blood pressure measurements. Magnanini 
et al. [6] studied 328 women with RH. Patients with true RH had a higher cardiovas-
cular event rate compared to patients with white-coat RH after a follow-up of 
approximately 4 years. Daytime ambulatory BP was a significant predictor of 
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 cardiovascular events, while office BP measurements were not. Salles et al. [7] also 
demonstrated that in patients with RH, one standard deviation increase in ambula-
tory night time SBP and DBP was associated with 38 and 36% higher risk of future 
cardiovascular events, respectively. These authors also demonstrated that office BP 
results were not associated with adverse cardiovascular events.

One additional benefit of implementing ABPM in the diagnosis and management 
of RH is recognition of masked hypertension (MH). MH is fairly common (up to 
20% of the population) and is associated with adverse cardiovascular outcomes [8]. 
Unfortunately, there is no way to diagnose MH solely with office BP measurements, 
because ABPM is not generally ordered in patients who are found to be normoten-
sive in the office.

The role of ABPM in the diagnosis and monitoring of RH is much less studied in 
patients with kidney disease. In a study of 156 patients with chronic kidney disease 
(CKD) and RH, prevalence of white-coat RH, MH, and true RH were 29.5, 5.8 and 
58.3%, respectively. Thus, if ABPM had not been performed, one in every three 
patients would be managed inappropriately just based on office blood pressure mea-
surements. Then, this would lead to increased cost and adverse events owing to 
inappropriate management of RH [9]. A larger and more recent study conducted on 
patients with stages 1–5 chronic kidney disease found that misclassification of BP 
control at the office was observed in one out of three patients with hypertension. 
Thus, this latter study reinforces the importance of implementation of ABPM in 
monitoring of hypertensive patients as well [10].

ABPM takes on greater importance in patients with CKD and hypertension, 
because high-risk features which can only be identified by ABPM such as MH and 
nondipping status are more common in patients with CKD [11]. Better prognostic 
role of ABPM has also been shown in CKD patients compared to office BP mea-
surements [12].

Routine use of ABPM in the diagnosis of hypertension is still an active matter of 
debate. Only British guidelines recommend routine use of ABPM to exclude white- 
coat hypertension while making a diagnosis of hypertension [13]. Only some coun-
tries have included ABPM in reimbursement plans and in limited settings [14]. 
Thus, there is still some time ahead for implementation of ABPM as a standard 
diagnostic and monitoring tool of hypertension in the general practice (also in the 
evaluation of RH). In the meantime, home blood pressure monitoring (HBPM) 
seems a reasonable alternative.

 Home Blood Pressure Monitoring

HBPM, if the measurement device is appropriate and calibrated, can provide mul-
tiple daytime measurements. However, HBPM is prone to errors owing to greater 
role of the patient in the process and cannot offer data during sleep, which is impor-
tant prognostically. In a very recent study, Muxfeldt et al. [15] evaluated 240 patients 
who provided ABPM and 5-day HBPM results. The authors found a good 
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agreement between ABPM and HBPM results. In another study of 73 subjects with 
RH, HBPM was found to be a reliable alternative to ABPM in the diagnosis of true 
RH [16]. Although HBPM cannot provide blood pressure data during sleep, never-
theless it allows the detection of white-coat hypertension, masked hypertension, and 
blood pressure pattern during the day and the awake night [17].

In summary, general practitioners should monitor antihypertensive therapy pref-
erentially with multiple blood pressure measurements. Office blood pressure mea-
surements must be fully in compliance with best practice guidelines. GPs should be 
knowledgeable about advantage and disadvantages of ABPM and HBPM tech-
niques. They should be aware of the high prevalence of pseudoresistant hyperten-
sion (mainly owing to white-coat RH) and the ability of ABPM and HBPM to 
exclude pseudoresistance before undertaking further costly investigations for the 
true causes of RH.

 Important Factors Related to Resistance and the Role 
of the GP

 Nonadherence

Once the true nature of RH is confirmed, GP should investigate whether the nonad-
herence is at play in the RH patient. Nonadherence to prescribed medications is 
more common in primary care compared to tertiary centers [18]. Several factors are 
related to nonadherence such as adverse effects of the drugs, pill number and com-
plexity of the antihypertensive regimen, education level, and cultural issues. Number 
of the pills is particularly relevant in RH because as the definition implies, these 
patients simultaneously use at least three medications from different classes. A 
study by Jung et al. [19] showed that out of 108 patients with RH, 40 patients were 
nonadherent based on toxicological urine analysis.

Nonadherence may be a more challenging problem in CKD population because 
of increased number of the elderly patients, polypharmacy, and decreased cognitive 
function. Thus, GPs should look for possible adherence problems when they 
encounter with a CKD patient who has RH. Education, prescribing combined phar-
maceutical forms (two drugs in one pill), frequent review of possible adverse effects 
of medications, and close follow-up may help reducing nonadherence.

 Salt Intake

Salt restriction can reduce blood pressure both in the hypertensive and normotensive 
subjects. This blood pressure reducing capacity is particularly prominent in patients 
with RH [20]. CKD, particularly in advanced stages, is a salt-retaining disease. 
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Pressure natriuresis tries to compensate decreased salt excretion at the expense of 
elevated systemic blood pressures. Increased salt intake also have detrimental 
effects on vascular wall and kidney independent of its effects resulting from blood 
pressure elevation [21]. Moreover, CKD renders individuals to be more salt sensi-
tive even if they were salt nonsensitive before the beginning of hypertension [11].

Owing to reasons specified above, salt restriction and volume control are crucial 
points of management in an individual CKD patient with RH. GP should emphasize 
the importance of salt restriction in the diet and monitor adherence of the patient to 
salt-restricted diet.

 General Approach to RH from a GP Perspective

Primary care physicians may have the chance to encounter both a patient who was 
already diagnosed as RH at a tertiary referral center and a naïve patient whose RH 
has been diagnosed by the GP.  At both situations, a good communication with 
hypertension specialists is a prerequisite for comprehensive and uninterrupted care 
for the RH patient.

After diagnosing true RH and ruling out white-coat RH and nonadherence, the 
GP also address the issue of salt intake as a potential cause and propagator of RH in 
a CKD patient. If the GP excluded white-coat RH, and nonadherence, and con-
firmed correct combination of antihypertensive medications at maximally tolerated 
doses, then he or she should look for secondary causes of RH. The prevalence of 
resistant hypertension in patients with CKD is over 50% [22], and CKD is among 
the causes of secondary hypertension. Investigation of all secondary causes nonse-
lectively may not be prudent and feasible in a primary care setting; thus, referral of 
the patient for a specialized hypertension clinic for this reason may be required. 
CKD perhaps is the most apparent cause of secondary hypertension owing to nearly 
universal testing of serum creatinine and urinalysis in every patient with hyperten-
sion. Nevertheless, considering the high prevalence of CKD in the general popula-
tion, a patient might have both CKD and another underlying cause for his/her 
RH. Thus, in the presence of specific laboratory and/or physical examination find-
ings suggestive of a specific cause of secondary hypertension, the presence of CKD 
should not preclude investigation of these likely causes. Unlike the progressive and 
mostly irreversible nature of CKD, many causes of secondary hypertension are 
amenable to treatment and lead to cure or amelioration of hypertension.

Another responsibility of the GP at this point is to assess the overall risk of the 
patient with RH in terms of total cardiovascular risk. And, as the holistic caregiver 
of the patient, all other detected risk factors for CV disease such as diabetes and 
dyslipidemia should be treated according to most current guideline recommenda-
tions. Every effort should be exerted to halt the progression of CKD. Because CKD 
both is a cause and a consequence of elevated blood pressure, slowing the progres-
sion of CKD may be allowed to manage RH more effectively.
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The general approach of the GP to a CKD patient with RH is summarized in 

Fig. 22.1.

 Special Considerations of CKD as a Cause of RH 
and Implications for the GP

Some features of a patient with hypertension seem independent risk factors for the 
refractoriness of hypertension. In a recent study, Modolo and colleagues [23] found 
that white-coat effect, black race, and left ventricular mass index were independent 
predictors of resistant hypertension. In an analysis of Framingham study cohort 
[24], older age, presence of left ventricular hypertrophy, and obesity were deter-
mined as the strongest predictors of the lack of systolic blood pressure control.

Chronic kidney disease is much more common in the elderly, because glomeru-
lar filtration rate decreases as part of normal aging and comorbid conditions such as 
diabetes mellitus, hypertension, and atherosclerosis are common among elderly 
patients. Left ventricular hypertrophy is very frequent in patients with 
CKD. Renovascular disease, both macro- and microvascular, is also very prevalent 

CKD patient with RH

Search for secondary
causes of

hypertension if any
suggestive laboratory

or physical
examination findings.

Monitor whether to
reach target blood

pressure with ABPM or
HBPM

Special consideration on

Exclude White-coat
RH with ABPM

Rule out
nonadherence

Search for
exacerbating

causes.

-Drug dosage adjustment as
per GFR
-Retarding the progression of
CKD
-Caution with aldosterone
antagonist use
-Loop diuretics and/or
combination of loop/thiazide

True RH
Salt intake, volume
control, medication-

induced
hypertension

Fig. 22.1 General approach to resistant hypertension from a GP viewpoint. GPs should be in a 
close contact with hypertension specialists and nephrologists. CKD chronic kidney disease, RH 
resistant hypertension, ABPM ambulatory blood pressure monitoring, HBPM home blood pressure 
monitoring, GFR glomerular filtration rate
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in this patient population. One of the increasingly recognized causes of treatment 
resistant hypertension, obstructive sleep apnea syndrome, is also reported to be fre-
quent among patients with CKD [25]. Most of these risk factors and comorbid con-
ditions occurring in patients with CKD also lead to further deterioration of kidney 
function. Additional decline in GFR in turn makes the control of blood pressure 
more challenging. For instance, CKD was detected in 30% of patients with sleep 
apnea syndrome [26]. Thus, CKD patient presents with factors which renders them 
resistant to antihypertensive agents.

Thus, CKD patient with resistant hypertension is not just hypertensive due to 
diminished GFR. In fact, these patients can harbor a number of concomitant disor-
ders simultaneously. Thus, detection and treatment or amelioration of these disor-
ders should be undertaken to achieve optimal blood pressure targets and retard the 
progression of chronic kidney disease. GPs should carefully evaluate these patients 
as part of the global cardiovascular risk assessment. For example, the presence of 
obesity and snoring should prompt the GP to test for obstructive sleep apnea. Once 
detected, specific expert recommendations should be sought for these disorders to 
take the blood pressure under control as well as improving cardiovascular progno-
sis. In this regard, elderly patients with CKD and resistant hypertension may some-
times be very difficult to manage, and a team of special experts including a 
nephrologist, a cardiologist, an endocrinologist, and a dietician may be needed to 
optimize the care of the patient. However, GPs should be at the core of this team to 
coordinate the recommendations of different disciplines, which may at times com-
plicate the others. GPs as the primary physicians of these patients should not only 
be in a close cooperation with other specialists of the patients but also be familiar 
with living environment of the patient and close relatives.

 Treatment of RH in CKD from a General Practice Perspective

General principles of hypertension treatment also apply to the treatment of RH. Since 
treatment of RH has been comprehensively evaluated in previous chapters, in this 
chapter we will discuss the topic with a special emphasis on a general practice set-
ting to avoid redundancy. GPs should be knowledgeable about correct combinations 
of antihypertensive medication classes in general. Sometimes, physician-induced or 
iatrogenic pseudoresistant hypertension can be seen simply because of the use of 
inadequate doses or wrong combinations of antihypertensive medications. Physician 
inertia can be described as reluctance to maximize drug therapy, either by adding 
antihypertensive drugs or by switching drug category, in order to achieve blood 
pressure goals. Studies have shown that physician inertia is an important cause of 
resistant hypertension [27]. This may be a significant concern especially in patients 
with CKD when GP themselves feels uncomfortable with the complexity of the 
patient or reluctant to change antihypertensive treatment regimen with fear of poten-
tial adverse effects. GPs should aim to reach maximally tolerated doses of proper 
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antihypertensive combinations apparently in a patient with RH keeping the follow-
ing points in mind.

A few points deserve special focus in the pharmacologic management of RH 
patients with CKD:

 1. Salt restriction and volume regulation are central parts of the management of RH 
in patients with CKD. As a part of the definition of RH, diuretics are sine qua 
non of therapeutic armamentarium in hypertension. While thiazide and thiazide- 
type diuretics constitute the mainstay of diuretic therapy used in hypertension, 
patients with CKD differs in this regard. Efficacy of thiazides diminishes once 
the creatinine clearance value falls below 50 ml/min [28]. Thus, loop diuretics 
are the diuretic of choice in patients with stages 3–5 CKD (when GFR <30 ml/
min). GPs should be aware of this shift of diuretic choice in patients with CKD 
and should be able to change thiazide to furosemide or other loop diuretics 
timely in patients with deteriorating kidney function. Continuous monitoring of 
weight changes and edema formation in advanced stages of CKD may help 
adjusting the dose of the loop diuretics.

Contrary to the classical belief, some evidence, albeit limited, has shown that 
thiazide diuretics may be as effective as furosemide in stages 4–5 CKD [29]. 
Combination of the latter two may even be a more effective way to lower blood 
pressure, particularly in hypervolemic patients [30].

 2. Some antihypertensive medications require dose adjustment according to creati-
nine clearance. Failure to do so may lead to appearance of adverse effects and 
nonadherence. Most ACE inhibitors are renally excreted and consequently 
require dosage adjustment in case of diminished GFR with exceptions of dually 
excreted ACE inhibitors, fosinopril and trandolapril. When aiming maximally 
tolerated doses of ACE inhibitors, this condition should be kept in mind by the 
GP. In contrast to ACE inhibitors, angiotensin receptor blockers undergo consid-
erable hepatic elimination, rendering their use less problematic in the patient 
with reduced clearance. Some beta-blockers including acebutolol, atenolol, 
betaxolol, and bisoprolol accumulate in renal patients and require dose adjust-
ment as well.

 3. Spironolactone has been shown to be an effective adjunct in the patient with RH 
[31]. Since primary aldosteronism forms up to 20% of cases of RH in some 
series, spironolactone is an important and frequently used agent in these patients 
[32]. However, when a patient has reduced GFR, the most dangerous adverse 
effect of spironolactone emerges, hyperkalemia. Patients with stages 3–5 CKD 
are prone to hyperkalemia; thus, addition of spironolactone to the antihyperten-
sive regimen of these patients increases the risk of life-threatening severe hyper-
kalemia [33]. When prescribed to the patient with GFR values >30 ml/min, close 
follow-up is the rule. Type 2 diabetes mellitus and concomitant use of ACE 
inhibitors or ARBs increase the risk of hyperkalemia further. GPs should closely 
follow these patients and instruct them not to have a diet rich in fruit and vegeta-
bles. Same principles apply to the more specific aldosterone antagonist, eplere-
none, as well.
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 4. Some medications used for other reasons in renal patients may transform hyper-
tension into RH (not a true RH). Cyclosporine, steroids (in renal transplant recip-
ients) and erythropoietin (in patients with renal anemia) are examples. GPs 
should be aware of these and other drugs used in this highly comorbid patient 
population. Over the counter medications, NSAIDs, antidepressants, oral contra-
ceptive pills, and a host of other potential culprits should be elucidated in patients 
with RH.

 5. While struggling to achieve target BP levels in patients with RH, GPs should 
also aim at retarding the progression of kidney disease when selecting antihyper-
tensive medications. In this respect, rugs which have been shown to reduce pro-
teinuria and slow the progression of kidney disease such as ACE inhibitors and 
ARBs should be constant components of the antihypertensive regimen. 
Nondihydropyridine calcium channel blockers (CCB) should be chosen over 
dihydropyridine CCBs owing to their more favorable effects on proteinuria [34]. 
Combined use of ACE inhibitor and ARB should be avoided particularly in 
patients with moderate to severe renal disease.
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