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Preface

Several reasons make resistant hypertension an issue of major current interest. To
mention just a few, this condition (which is defined as absence of blood pressure
control despite multidrug treatment at adequate individual drug doses) is by no
means rare. Although varying with the clinical setting in which resistant hyper-
tension is studied, the consensus is that this condition may affect about 10% of the
overall hypertensive population, which amounts to more than 6 million patients in
the USA and more than 10 millions in Europe.

Secondly, patients with resistant hypertension have a high cardiovascular risk,
with a much greater chance of developing heart failure, cerebrovascular or coro-
nary disease, and endstage renal disease than patients in which blood pressure is
more easily controlled.

Thirdly, there is a great deal of uncertainty on which antihypertensive drugs
should be added when the three-drug regimen turns out to be ineffective or only
partially effective. All drugs with mechanisms of action different from the cur-
rently administered ones have a chance of leading to some blood pressure
reduction, but for each of them the effect involves only a limited number of cases
and little information is available on: 1) whether some drugs are on average better
than others and 2) which drug has a greater chance to work in which patient.

Finally, recent studies suggest that in resistant hypertension blood pressure can
be reduced with invasive procedures such as renal denervation and carotid baro-
receptor stimulation, pointing to sympathetic hyperactivity as an important
mechanism in the maintenance of the persistent blood pressure elevation.
Although the evidence is still incomplete, this represents a new promising thera-
peutic approach, whose availability has greatly stimulated research in this area. A
demonstration is the striking, progressive increase in the number of studies on
resistant hypertension which have taken place in the last 4 years, with new
information not only on its treatment but also on its epidemiological, patho-
physiological and diagnostic aspects.
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This book has been designed to present this new information in a coordinated
fashion, the aim being to offer a comprehensive view of this hot area of cardio-
vascular medicine. The chapters range from epidemiology to pathophysiology,
diagnosis and treatment of individuals with a persistently high blood pressure, and
treatment includes the potential of both antihypertensive drugs and of new invasive
therapeutic approaches. All authors are experts whose research has contributed to
collection of the data. I hope physicians will enjoy the reading and find it useful for
their practice.

Giuseppe Mancia
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1Resistant Hypertension: Definition,
Prevalence, and Cardiovascular Risk

Renata Cı́fková

1.1 Introduction

Hypertension is the most common cardiovascular disorder affecting 20–50% of the
adult population, with a steep increase with aging [1, 2].

Elevated blood pressure (BP) has been identified as a risk factor for stroke,
heart failure, coronary heart disease (CHD), peripheral arterial disease, renal
failure, and, more recently, atrial fibrillation [3–6].

Data from observational studies involving 1 million individuals have indicated
that death from both CHD and stroke increases progressively and linearly from BP
levels as low as 115 mmHg systolic and 75 mmHg diastolic [7]. The increased
risks are present in all age groups ranging from 40 to 89 years old. For every
20 mmHg systolic or 10 mmHg diastolic increase in BP, there is a doubling of
mortality from both CHD and stroke.

Hypertension is poorly controlled worldwide. Epidemiological studies in
various European and non-European countries show that no more than one-quarter
or, at best, one-third of treated hypertensive patients achieve BP values \140/
90 mmHg. The rates of hypertension treatment and control in Europe are lower
than in the USA or Canada [8], a fact supported by lower stroke mortality rates in
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the two North American countries. Suboptimal BP control is consequently the
most common attributable risk for death worldwide [9].

Several large hypertension outcome trials also demonstrated a failure to achieve
BP goals in spite of protocol-defined treatment regimens. In these trials, 20–35%
of participants could not achieve BP control despite receiving[3 antihypertensive
medications [10–12].

1.2 Definitions of Resistant Hypertension

There is no uniform definition of resistant hypertension (Table 1.1).
The 2003 European Society of Hypertension-European Society of Cardiology

guidelines for the management of arterial hypertension were the first to use the
term resistant hypertension when a therapeutic plan that has included attention to
lifestyle measures and the prescription of at least three drugs at adequate doses has
failed to lower systolic and diastolic BP sufficiently [13]. The 2007 guidelines for
the management of arterial hypertension, again developed jointly by the same two
European societies, used virtually the same definition of resistant hypertension,
with the addition of a diuretic as one of the three drugs [14].

Later in the same year, resistant hypertension was defined by the Seventh
Report of the US Joint National Committee on Prevention, Detection, Evaluation
and Treatment of High BP (JNC 7) as a failure to achieve goal BP \ 140/
90 mmHg [or\130/80 mmHg in patients with diabetes or chronic kidney disease
(CKD)] in patients with hypertension who are adherent to maximal tolerated doses
of an appropriate regimen consisting of three antihypertensive drugs, one of which
is a diuretic [15]. This definition is not applicable to recently diagnosed

Table 1.1 The most frequently used definitions of resistant hypertension

2003 ESH-ESC guidelines

Failure of a therapeutic plan that has included attention to lifestyle measures and the prescription
of at least three drugs at adequate doses to lower systolic and diastolic blood pressure sufficiently

2007 ESH-ESC guidelines

Failure of a therapeutic plan that has included attention to lifestyle measures and the prescription
of at least three drugs (including a diuretic) at adequate doses to lower systolic and diastolic blood
pressure to goal

JNC 7 (2003)

Failure to achieve goal blood pressure (\140/90 or \130/80 mmHg in patients with diabetes or
CKD) in patients who are adhering to full doses of an appropriate three-drug regimen that
includes a diuretic

AHA 2008

Blood pressure that remains above goal in spite of the concurrent use of three antihypertensive
agents of different classes; ideally, one of the three agents should be a diuretic, and all agents
should be prescribed at optimal dose amounts

2 R. Cı́fková



hypertensive patients and/or those who have not yet been treated regardless of their
BP levels [16]. The same definition was adopted by the American Heart Associ-
ation (AHA) in its position statement on resistant hypertension [17]. The AHA
position statement suggests that this definition—while arbitrary regarding the
number of failed medications required—provides clarity for the clinician in that it
identifies high-risk patients with curable (secondary) causes of hypertension as
well as patients who, because of persistently high BP levels, may benefit from
specific diagnostic testing. By this definition, resistant hypertension includes
patients whose BP is controlled with the use of more than three medications, that
is, patients whose BP is controlled using four or more medications. The AHA
scientific statement describes these patients as having controlled resistant hyper-
tension (Table 1.2).

There has been ongoing discussion whether the definition of resistant hyper-
tension should include treatment with mineralocorticoid receptor antagonists,
suggested as step 4 for treatment of resistant hypertension by the 2011 NICE
Guideline [18].

Many patients who present as having resistant hypertension actually do not
have it; this condition is called pseudoresistant hypertension. Several factors may
produce the perception of resistant hypertension (Table 1.3). Thus, physicians

Table 1.2 Definitions of various forms of resistant hypertension

Resistant hypertension

Failure to achieve goal blood pressure (\140/90 mmHg) using a minimum of three
antihypertensive drugs at maximal tolerated doses, one of which must be a diuretic

Controlled resistant hypertension

Patients who meet the definition of resistant hypertension but whose blood pressure is controlled
at maximal tolerated doses of four or more antihypertensive medications

Refractory hypertension

Patient who meet the definition of resistant hypertension but whose blood pressure is not
controlled on maximal tolerated doses of four or more antihypertensive medications

Pseudoresistant hypertension

Apparent lack of BP control under appropriate treatment in a patient who does not actually have
resistant hypertension

Table 1.3 Factors related to pseudoresistant hypertension

• Improper blood pressure measurement technique

• Heavily calcified or atherosclerotic arteries difficult to compress

• Poor patient adherence to lifestyle measures and antihypertensive medication

• White-coat effect

• Suboptimal drug treatment of hypertension (improper combination, absence of a diuretic,
inadequate doses)

1 Resistant Hypertension 3



should carefully evaluate the patient to exclude such factors before labeling
someone as resistant hypertensive, and perform further diagnostic tests.

1.3 Prevalence of Resistant Hypertension

So far, the prevalence of resistant hypertension has not been properly examined. A
more accurate determination would ideally be possible with prospective cohort
studies coming from the general population including large subgroups of patients
with hypertension. A mandatory increase in medication dosage to achieve goal BP
and ensured adherence to treatment with maximal tolerated doses of at three
antihypertensive medications including a diuretic should be part of the study
protocol.

1.3.1 Specialized Centers

The prevalence of resistant hypertension was first examined in retrospective
studies of selected populations from tertiary referral centers. A report from the
Yale University Hypertension Center, Connecticut, USA, covering the 1986–1988
period included 436 patients referred for hypertension; 91 of them (20.9%) met the
criteria for resistant hypertension [19]. In the majority of these patients, BP control
was achieved or BP significantly improved. Only few patients had true resistant
hypertension, and most of them had pseudoresistant hypertension (suboptimal
medical regimen, medical intolerance, previous undiagnosed secondary hyper-
tension, non-compliance, psychiatric causes, and drug interaction).

Another cohort of 1,281 patients referred to the RUSH University Hypertension
Center, Chicago, Illinois, USA, for uncontrolled hypertension between 1993 and
2001 showed an 11% prevalence of resistant hypertension. Of these, 94% had
uncontrolled hypertension for various reasons [20].

A retrospective analysis of referrals to the tertiary hypertension clinic at the
University of Alabama at Birmingham, USA, over an 8-year period provided
further evidence that BP could be controlled in patients referred for hypertension.
Actually, only 29 of 304 patients (9.5%) referred for resistant hypertension
remained refractory to treatment after careful evaluation and appropriate man-
agement including at least three visits to a hypertension clinic with a minimum
follow-up of 6 months [21].

In a Spanish Ambulatory Blood Pressure Monitoring (ABPM) Registry, a total
of 8,295 patients were found to have office BP C 140 and/or 90 mmHg while
treated with C3 antihypertensive agents at appropriate doses, resulting in a
prevalence of 12.2% in the treated hypertensive population [22]. The Spanish
ABPM Registry is a unique database coming from primary care centers and
specialized units across the country and having information on more than 68,000
treated hypertensive patients.

4 R. Cı́fková



The prevalence of resistant hypertension seems to be particularly high in
nephrology clinics [23], where it may exceed 50% depending largely on the stage
of the underlying CKD that led to the referral [24].

1.3.2 Subgroup Analysis of Large Clinical Trials

Extrapolation of data from large clinical trials should be done with caution because
medication is provided for free, adherence is closely monitored, and titration of
therapy is guided by the study protocol. In addition to that, resistant hypertension
was an exclusion criterion for most studies. A combination of three drugs from
different classes was not always feasible in these studies because the protocol was
designed to test agents from a specific drug class. As diuretics were not allowed in
some of the studies, the patients actually did not meet the criteria for resistant
hypertension.

This is exemplified by the Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT) where 27.3% of patients were taking three
or more antihypertensive drugs at study completion after 8 years, but only 66% of
patients had achieved their goal BP (68% of patients in the chlorthalidone, 66.3%
in the amlodipine, and 61.2% in the lisinopril groups). Thus, the prevalence of
resistant hypertension, with all the above limitations, was 17.2% [25].

1.3.3 Epidemiological Studies

A retrospective observational study, reviewing electronic medical records, was
conducted in an approx. 100 US practice sites involving 2,700, mostly primary
care, physicians. A diagnosis of resistant hypertension based on the AHA criteria
was 9.1% of the 29,474 adult patients diagnosed with hypertension who had
attended annual follow-up visits [26].

Persell used the NHANES data from 2003 to 2008 with the aim to provide a
population-based estimate of the prevalence of resistant hypertension in the USA.
In this study, resistant hypertension was defined as a BP C 140/90 mmHg in
patients who reported use of antihypertensive medications from three different
drug classes in the past month, or who reported use of antihypertensive medica-
tions from four or more drug classes in the past month regardless their BP levels
[27]. This represented 12.8% of the antihypertensive drug-treated population. Most
of these individuals (85.6%) used a diuretic. Cardiovascular disease, diabetes,
obesity, and renal dysfunction were common in this population of resistant
hypertension.

In a subsequent study [28] published in 2011, three NHANES data sets
(1988–1994, 1999–2004, and 2005–2008) were used to estimate trends in the prev-
alence of resistant hypertension during 1988 and 2008. In this study, uncontrolled
hypertension was defined as BP C 140/90 mmHg and apparent treatment-resistant

1 Resistant Hypertension 5



hypertension was defined as BP C 140/90 mmHg despite reported use of at least
three antihypertensive medications. Within the period of 1988 and 2008, the pro-
portion of patients with uncontrolled hypertension declined from 73.2 to 52.5%.
However, the prevalence of apparent treatment-resistant hypertension (calculated as a
proportion of the treated hypertensive population) increased significantly from 15.9 to
28.0%. Clinical characteristics of patients with apparent treatment-resistant hyper-
tension included obesity, CKD, and Framingham 10-year coronary risk[20%.

1.4 Cardiovascular Risk

Cardiovascular risk and prognosis of patients with resistant hypertension compared
with those having more easily controlled hypertension have not been specifically
evaluated. Such patients typically present with a long-standing history of poorly
controlled hypertension and commonly have associated cardiovascular risk factors
such as diabetes, obstructive sleep apnea, and/or CKD. While their prognosis is
likely to be unfavorable, the benefits of successful treatment may be substantial (as
suggested by Veteran Administration Cooperative Studies).

Quite recent studies suggest that ABPM may have a special role in assessing
cardiovascular risk in resistant hypertension. A prospective cohort study of 556
resistant hypertensive patients showed that higher ambulatory BP predict cardio-
vascular morbidity and mortality in resistant hypertension whereas office BP has
no prognostic value [29]. Subsequent analyses by the same authors showed that
other parameters derived from ABPM recordings such as non-dipping nighttime
BP pattern and ambulatory arterial stiffness thickness were also independently
associated with cardiovascular morbidity and mortality [30, 31].

Previous case–control studies showed that patients with resistant hypertension
carry a higher burden of target organ damage (such as left ventricular hypertrophy,
carotid intima-media thickening, retinal lesions, and microalbuminuria) than those
with satisfactory BP control [32]. There is also some evidence that true resistant
hypertension is associated with high urinary albumin excretion [33]. The Spanish
ABPM Registry found that a nighttime systolic BP is more closely associated with
high urinary albumin excretion rates than any other ABPM parameter in patients
with resistant hypertension.

Whether the cardiovascular risk related to resistant hypertension is reduced
with adequate therapy has not been evaluated. The benefits of successful treatment
in these individuals are likely to be substantial; this could only be extrapolated
from major outcome studies where the greater the baseline BP levels and/or the
larger the decrease in BP, the greater the reductions in hypertension-associated
target organ damage [34].

Acknowledgments Development of this chapter was supported by the European Regional
Development Foundation—Project FNUSA-ICRC (No. CZ.1.05/1.1.00/02.0123).
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Part I
Pathophysiology



2Resistant Hypertension:
Neurohumoral Aspects

Gian Paolo Rossi

2.1 Introduction

Even though more than one hundred antihypertensive drugs are available, alone or
in combination, to fight high blood pressure (BP), the rate of control of arterial
hypertension remains far from optimal worldwide. In a substantial proportion of
the patients referred to specialized hypertension clinics for drug-resistant hyper-
tension (RH), high BP is only one of the signs of underlying diseases (enlisted in
Table 2.1), which are associated with neurohumoral mechanisms. Thus, the pur-
pose of this chapter is to review these conditions and the role of activation of these
mechanisms.

2.2 Renin–Angiotensin–Aldosterone System

Renovascular hypertension (RVH) can be a common cause of RH: When obstruction
of one or both renal arteries narrows the vessel lumen by more than 75 % (but even
less severe narrowing indicates heamodynamically relevant stenosis if there is post-
stenotic dilatation), the decrease in renal perfusion pressure triggers renin secretion,
thus raising BP. As RVH is potentially reversible, it should be timely identified not
only to resolve RH, but also because if unrecognized, RVH can lead to end-stage
kidney disease and prominent cardiovascular (CV) disease.
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The two most common renovascular diseases are fibromuscular dysplasia and
atherosclerosis. Fibromuscular dysplasia accounts for less than one-fifth of the
RVH patients at referral centers and occurs typically in young females where it
usually affects the mid-portion of the renal artery [1]. It responds well to percu-
taneous transluminal renal angioplasty (PTRA) with long-term cure of high BP or
at least with control of high BP.

Atherosclerotic plaques are usually an extension to the renal artery of a diffuse
aorto-iliac disease, and therefore, they typically involve in the origin of the renal
artery. Hence, the mean age of presentation of atherosclerotic RVH is over
50 years and two-thirds are men, with multiple CV risk factors and/or widespread
atherosclerosis involving the carotid, the cerebrovascular, and the coronary arteries
[1]. Because of its progressive nature, atherosclerotic renal artery stenosis induces
renal atrophy in about one-fifth of patients in whom the stenosis was initially
greater than 60 %. Moreover, due to its increasing prevalence with aging, it is
becoming a leading cause of end-stage kidney disease.

The prevalence of RVH in the RH population is unknown, but experience
indicates that the atherosclerotic form is increasingly recognized when properly
searched for. It should be remembered, however, that the demonstration of a renal
artery stenosis, albeit being a ‘‘must’’ for the diagnosis, does not fulfill per se a
diagnosis of RVH because the renovascular disease can concur with primary high
BP by chance and/or as a result of accelerated atherosclerosis. Proof of a cause–
effect relationship between renal artery stenosis and RH can only be made
retrospectively, when correction of renal ischemia controls or cures the high BP.
This implies that endovascular treatment should be offered to all patients with RH
and concomitant renal artery stenosis. In fact, RH ranks first among the clinical clues
that suggest RVH, which include also onset of high BP before age 30 especially in
females or after 50 especially in males, sudden onset or worsening of a previously
controlled high BP, severe high BP with signs and/or symptoms of atherosclerosis,

Table 2.1 Conditions and
neurohumoral factors that can
lead to ‘‘resistant
hypertension’’

• Activation of the renin–angiotensin system

- Renovascular hypertension

- Renin-secreting tumor

• Excess mineralocorticoid receptor activation

- Primary aldosteronism

- Apparent mineralocorticoid excess

• Miscellanea

- Obstructive sleep apnea syndrome

• Excess glucocorticoid activity

- Cushing syndrome

• Excess catecholamines effect

- Pheochromocytoma
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smoking, unexplained recurrent episodes of heart failure and/or pulmonary edema,
abdominal (or femoral or carotid) systo-diastolic bruits, and stage II–IV Keith–
Wagener–Barker retinopathy. Ultrasonographic, CT, or mineralocorticoid receptor
(MR) evidence of atherosclerosis in other vascular beds and/or of a unilateral small
kidney should also suggest RVH.

Hyperreninemia is held to be the hallmark of RVH but lacks in up to one-third
of the cases, because overt activation of the renin–angiotensin–aldosterone system
(RAAS) occurs only early on when the stenosis becomes hemodynamically rele-
vant [2]. Later with time, however, the high BP and the stimulation of sodium
reabsorption, resulting from the action angiotensin II and aldosterone on the renal
tubule, blunt renin secretion. Moreover, the hypertrophic remodeling in small
arteries (increased vessel wall-to-lumen ratio) enhances the pressor effect of
angiotensin II, which explains why BP remains high in spite of normal or even low
renin levels [2]. Thus, the chances of detecting hyperreninemia are high when the
patient is seen soon after the onset of high BP, but diminish afterward, which
explains why many patients with RH due to RVH do not have high renin at the
time of diagnosis. Utmost care should be taken to the conditions under which
measuring renin. This is because renin values are affected by posture, sodium
intake, and drug therapy as discussed elsewhere in more detail [3], and therefore
proper precautions are to be taken. Attention to concurrent treatment with anti-
hypertensive drugs is particularly important in patients with RH in that it usually
precludes a ‘‘clean’’ assessment of the RAAS. Hence, knowledge of the effect of
each class of agents on the RAAS, as reported in Table 2.2 and discussed later, can
assist in properly interpreting the renin (and aldosterone) levels. Concomitant
treatment with beta-blockers and/or non-steroidal anti-inflammatory drugs blunts
renin secretion, while ACE inhibitors, ARBs, and diuretics raise it. Moreover,
hypokalemia raised serum creatinine levels and impaired glomerular filtration rate,
proteinuria, and/or a sudden increase after ACE inhibition or AT1 receptor
blockers should also alert on the possibility of RVH [3].

The ultimate test for diagnosing renovascular disease is selective renal angi-
ography, which can provide a streamlined approach to percutaneous revasculari-
zation in patients with RH. However, at our institution, we generally prefer to
undertake before a Doppler ultrasonography with measurement of the intrarenal
resistive index (RI). The finding of homogeneously increased ([0.80) RI in the
upper, middle, and lower third of each kidney suggests nephroangiosclerosis,
while decreased values and/or the detection of within-kidney heterogeneity of RI
values are clues to significant renal artery stenosis. We next proceed to performing
an angio-CT or MR angiography to confirm the diagnosis and gather information
that are useful for the planning of selective renal angiography aimed at percuta-
neous endovascular treatment.

The AHA guidelines recommend revascularization in patients with hemody-
namically significant atherosclerotic renal artery stenosis, falling in the following
categories: recurrent, unexplained CHF or sudden, unexplained pulmonary
embolism (Class I recommendation, level of evidence: B); accelerated and/or
resistant and/or malignant hypertension, hypertension with an unexplained

2 Resistant Hypertension: Neurohumoral Aspects 13



unilateral small kidney and/or with intolerance to medication, progressive chronic
kidney disease with bilateral renal artery stenosis or with a solitary functioning
kidney, unstable angina (all with Class IIA recommendation, level of evidence: B);
asymptomatic bilateral or solitary viable kidney, asymptomatic unilateral renal
artery stenosis in a viable kidney, and chronic kidney disease with unilateral renal
artery stenosis (all Class IIB recommendation, level of evidence: C) [4]. Due to the

Table 2.2 Effects of drugs and conditions on the RAAS

Factor PAC Renin ARR False-positive
rate

False-negative
rate

Medications

b blockers ; ;; : :: ;

Central a-2 agonists ; ;; : : ;

NSAIDs ; ;; : : ;

K+ losing diuretics : :: ; ; :

K+ sparing diuretics : :: ; ; :

ACE inhibitors ; :: ; ; :

ARBs ; :: ; ; :

Long-acting CCBs ?; ? ; ?; ?:

Renin inhibitors ; ;:* ;*: * ;*: * ;*: *

Hypokalemia ; ?: ; ; :

Sodium depletion : :
:

; ; :

Sodium loading ; ;
;

: : ;

Aging ; ;
;

: :

Other conditions

Renal impairment ? ; : : ;

Pregnancy : :: ; ; ;

Renovascular : :: ; ; :

b blockers suppress renin but affect PAC relatively less, thus raising the ARR and the false-
positive rate. Drugs that raise the PRA more than PAC, such as diuretics and MR antagonists,
increase the rate of false-negative diagnoses. Angiotensin-converting enzyme (ACE) inhibitors,
angiotensin II receptor blockers (ARBs), and renin inhibitors raise renin and reduce aldosterone
secretion. Therefore, they reduce the ARR and increase the false-negative rate. *Renin inhibitors
lower PRA but raise DRA. This effect would be expected to increase false positives when renin is
measured as PRA, and false negatives for renin if measured as DRA. Abbreviations, ARR,
aldosterone: renin ratio; DRA, direct active renin; PAC, plasma aldosterone concentration; PRA,
plasma renin activity
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lack data from randomized clinical trials none of these indications reached Class I
recommendation, level of evidence A.

2.3 Primary Reninism

Juxtaglomerular cell tumors secreting renin are very rare causes of surgically curable
RH. Their clinical picture closely resembles RVH in that they entail prominent
activation of the RAAS, usually with markedly increased renin levels, hyperaldo-
steronism, and hypokalemia. Most patients are young and present with severe, or
sometimes malignant, high BP. The lack of renal artery stenosis and the finding of a
lateralized renin secretion at renal vein renin studies mandate a CT or MR scan to
search for a small kidney mass, whose identification can be difficult because even at
angiography because of angiotensin II-induced vasoconstriction. Tumorectomy
resolved RH provides relief from the secondary hyperaldosteronism [3].

2.4 Excess Mineralocorticoid Receptor Activation

In the tissues that are target of aldosterone, including the distal renal epithelial
tubules, the blood vessels, and the heart, activation of the MR leads to increase in
pre- and after load and to adverse CV changes, including hypertrophy and fibrosis,
which ultimately cause CV events [5, 6]. In the last decade, compelling evidences
have been provided that primary aldosteronism (PA) is the most common cause of
arterial hypertension among the hypertensive patients referred to specialized
hypertension centers. In the PAPY study, the largest prospective survey, the
prevalence of PA was 11.2 % [7], and half of the cases were surgically curable.

The contention that RH has a high of PA remained based on anecdotal data
until in 2005 a study from our group showed that 42 % of 157 patients referred to
the outpatient clinic for RH had PA and the remaining 58 % responded well to MR
antagonists [8], thus indicating the role of excess MR activation in causing
resistance of BP to treatment. A much larger retrospective study thereafter showed
that 20.9 % of 1,616 patients with RH had PA, as demonstrated by a raised
aldosterone/renin ratio (ARR) and plasma aldosterone concentration [9]. Note-
worthy, only 45.6 % of the patients with PA had hypokalemia. Thus, the
conclusion can be drawn that (1) 11.2–42 % of the patients referred for RH
patients with RH have PA; (2) hypokalemia lacks in the majority of the PA
patients with RH and therefore should not be used as the ‘‘alerting’’ sign [10–12].

By definition, RH patients are on a multiple antihypertensive drug regimen at
presentation, which can affect the PAC and renin values, and therefore, the ARR
should be modified, if feasible, before measuring these hormones. Beta-blockers
raise the ARR and should be stopped at least two weeks before the measurement of
the PAC and renin [10]. Conversely, diuretics and MR antagonists should be
withdrawn before 2 and 6 weeks, respectively, because they raise the PRA.
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Angiotensin-converting enzyme (ACE) inhibitors and sartans (ARBs) have an
even more marked effect not only because they raise the PRA, but also because
they blunt aldosterone secretion, thus reducing the ARR and increasing false-
negative results. Therefore, they should be withdrawn at least 2–3 weeks before
performing the ARR. Other agents have no or minimal effects on the ARR: The
a1-receptor blocker doxazosin does not affect the RAAS, while the short-acting
calcium channel blockers (CCB) can blunt aldosterone secretion and raise the PRA
and, therefore, can cause false-negative results; the long-acting CCB have a small
blunting effect on aldosterone secretion [10, 12, 13]. However, the withdrawal of
antihypertensive treatment is dangerous for the patients with RH, and therefore,
they should be tested while on treatment, possibly with long-acting CCB and/or a
a1-receptor blocker. If even this is unsafe, one should make use of the afore-
mentioned theoretical notions on drug effect (Table 2.2) on these hormones.

It should also be recalled that sodium and water retention, an important factor
contributing to RH, lowers renin. Hence, a low renin value is a sign of volume and
sodium overload, and not necessarily a hint to the presence of PA. The mea-
surement of estimated GFR and urinary sodium output can allow identifying this
condition.

RH implies per se a higher likelihood of events, which can be amplified by PA
[6, 11]. Thus, the diagnosis of PA should not be missed or delayed in patients with
RH. Thus, the screening for PA can have a great impact on the life expectancy for
the affected patients. As patients with RH are at increased risk and have a high
(between 11 and 30 %) pretest probability of PA, the possibility of PA should be
considered in all patients with RH.

There is little doubt that if the patients are not a reasonable candidate to general
anesthesia or are not willing to undergo surgery, a MR antagonist should be added
with a careful surveillance of renal function and serum K+. Conversely, if the
patient is a candidate for general anesthesia and adrenalectomy and seeks defini-
tive cure, efforts should be devoted to identify a lateralized cause for aldosterone
excess as described elsewhere [10].

If lateralized aldosterone excess has been demonstrated, laparoscopic adrenal-
ectomy is the treatment of choice. It can be performed during a short hospital stay
at a very low operative risk and provides cure of arterial hypertension in 30–40 %
of the patients at long-term, a marked improvement in BP central in up to 60–90 %
and cure of hyperaldosteronism in practically all [10, 14].

In patients without lateralized aldosterone excess, MR antagonists such as
spironolactone, canrenone, potassium canrenoate, and eplerenone are the alter-
native to adrenalectomy. The occurrence of gynecomastia and impotence, which
can occur with these agents, is dose-dependent, which suggests use of reduced
doses administered in combination, if necessary, with other agents, such as long-
acting CCBs, ACE inhibitors, or ARBs. ACE inhibitors and ARBs are particularly
useful, as they effectively control the stimulation of the RAAS by the diuretic
action of the MR antagonists [10].
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2.5 Apparent Mineralocorticoid Excess

Apparent mineralocorticoid excess (AME) is a rare monogenic form of hyper-
tension caused by the loss of the activity of 11 b-hydroxysteroid dehydrogenase
type 2 (11 b-HSD2), an enzyme that colocalizes with the MR and inactivates
cortisol to cortisone in the target tissues of aldosterone. Under normal conditions,
this inactivation protects the receptor from cortisol binding, thus allowing aldo-
sterone to gain access to its receptor. Several mutations of the HSD11B2 gene
were found to blunt enzyme activity, resulting in cortisol-induced activation of the
MR and in a clinical phenotype mimicking PA despite no aldosterone excess.

AME is inherited as an autosomal recessive trait and is characterized by a close
genotype–phenotype correlation. Homozygous AME usually presents early in life
with severe RH, hypokalemia, metabolic alkalosis, and low levels of renin and
aldosterone. The biochemical diagnosis can be made by the demonstration of an
increased (up to 33) ratio THF:THE, (normal values about 1) in a 24-h urine
collection.

Subjects ingesting large amount of licorice or carbenoxolone can mimic AME,
because of the inhibiting effect on 11 b-HSD2 and the (weak) mineralocorticoid
activity of these substances.

2.6 Obstructive Sleep Apnea Syndrome

Obstructive sleep apnea syndrome (OSAS) is a common albeit under diagnosed
cause of RH [15]. The patients are more often men, above 50, overweight or obese,
with a history of smoking and/or COPD. Repeated episodes of desaturation during
sleep are held to induce recurrent sympathetic activation, blunted catecholamines
inactivation, increased synthesis of aldosterone [15] and of the potent vasocon-
strictor endothelin-1, and blunted bioactivity of the vasodilator nitric oxide. Cor-
rection of repeated desaturation episodes by non-pharmacologic measures,
surgery, or CPAP usually lowers BP and can resolve resistance to treatment.

2.7 Excess Glucocorticoid Activity

Cushing syndrome, both endogenous and, more commonly, iatrogenic, is usually
self-evident and represents a very rare cause of RH. The diagnosis stands on the
demonstration of excess cortisol in plasma, saliva, and urines [3].

2.8 Excess Catecholamines

The prevalence of catecholamine-secreting tumors as pheochromocytoma (Pheo)
in patients presenting with RH is unknown, but probably very low. Due to the huge
variation in its clinical presentation, with symptoms ranging from none to many,
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Pheo has been defined as ‘‘the great simulator’’ [1, 3], which implies that no
symptoms or signs are pathognomonic for the disease.

These diverse clinical manifestations reflect variations in the amount, type, and
patterns of hormone release and in interindividual differences in catecholamines
sensitivity. The most common norepinephrine (NE)-secreting Pheo is usually
associated with sustained high BP, while those also secreting relatively large
amounts of epinephrine (E) can be associated with episodic high BP [3]. Overall,
BP is persistently high in only one-third of Pheo patients [3], which implies that
the finding of normal catecholamine levels in a patient with RH makes the diag-
nosis of Pheo unlikely.

The high BP in Pheo has been attributed to the action of excess circulating
catecholamines on CV adrenergic receptors, because the activity of the sympa-
thetic nervous system would be either normal or depressed through baroreceptor
resetting. Accordingly, neurally released NE would play a minor physiological
role in comparison with the effects of markedly elevated plasma catecholamine
levels. These assumptions are, however, untenable, because in patients with Pheo
(1) BP values do not correlate with circulating catecholamines; (2) inhibition of
neurally mediated catecholamine release (with clonidine) significantly reduced BP
and heart rate despite leaving the high circulating catecholamines unaffected;
(3) sympathetic reflexes are intact. Moreover, experimental studies collectively
indicated that the sympathetic nervous system is markedly enhanced and that its
function is crucial for the maintenance of high BP.

The excessive stores of NE in sympathetic nerve terminals, along with the
enhanced sympathetic nervous system activity, imply that any direct or reflexly
mediated stimulus to the sympathetic nervous system can trigger a hypertensive
crisis via excess release of NE into the synaptic cleft. Hence, spontaneous or
evoked hypertensive crises can arise without any increases in the elevated plasma
catecholamine levels.

Other neurohormonal agents, including neuropeptide Y (NPY), chromogranin
A, and adrenomedullin, contribute to the pathophysiology of Pheo and were
reviewed elsewhere [1, 3].

Any RH patient with symptoms or signs even remotely suggestive of a Pheo
should be considered for screening. This is because Pheo is a potentially fatal
disease and therefore should be conclusively confirmed, or excluded, whenever the
suspicion arises. Hence, a high degree of alert to the possibility of a Pheo should
be exercised in RH patients, and an ultrasound investigation of the adrenals and
assays of urine for metanephrines excretion are mandatory. Because of the
deceptive and varied manifestations of Pheo, the optimal pretreatment evaluation
stands on the demonstration of excessive and inappropriate production of cate-
cholamines and other substances that are secreted by the tumor as described
elsewhere [1]. However, one should bear in mind that the milestone for the
diagnosis is clinical judgment and that laboratory testing should complement it and
not replace it.
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Recent studies have shown that mutations are not exclusive of the familial
(hereditary) Pheo, but are found in about 25 % of the patients with apparently
sporadic Pheo. Such patients should be tested for germline mutations if they are
young, asymptomatic, and/or have multifocal tumors and extra-adrenal tumors,
[16]. Finding a germline mutation is important not only for the patient’s, but also
for the relatives in that it will lead to surveillance and early diagnosis of the
disease.

In patients with Pheo imaging, tests are required to locate the tumor, not the
other way around, although the incidental discovery of Pheo often reverses the
order. A detailed discussion of the techniques for the localization of Pheo is
available elsewhere. Finally, it has to be remembered that malignant Pheo can be
diagnosed because of metastasis as long as 15 years after successful surgical
excision, which underscores the lack of good ways to diagnose malignancy and the
need of follow-up.

The patients should be treated with doxazosin followed by b-blockers, not the
way around, because blockade of b-adrenoceptor without previous a1-adrenoceptor
blockade can worsen the hypertension dramatically. Once adequately prepared, the
patients should be referred for surgery, bearing in mind that follow-up is necessary to
identify recurrences.

2.9 Conclusions

Activation of neurohumoralsystems is a common primary mechanism of resistance
of high BP to drug treatment. RH patients are by definition on multiple antihy-
pertensive drugs that cannot be withdrawn, which poses special diagnostic
challenges. However, physicians should not be discouraged from embarking in the
workup that is required to attain the diagnosis, as the identification of the under-
lying mechanism is rewarding in that it usually results in resolution of RH.
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3Metabolic Alterations

Christian Delles and Anna F. Dominiczak

3.1 Introduction

The prevalence of obesity is steadily increasing in Western societies, and currently
about a third of the US population are obese [1]. Similarly, hypertension is a
worldwide phenomenon that affects both developed and developing countries, and
about a quarter of the world’s population has elevated blood pressure [2]. If two
highly prevalent conditions co-exist, it is very likely that many patients are
affected by both. In addition to the statistical odds, there are, however, also causal
relationships between metabolic disorders, obesity, and hypertension [3]. These
pathophysiological mechanisms and their implications on patients with hyper-
tension will be the subject of this chapter (Fig. 3.1).

The epidemiological and pathophysiological links between blood pressure and
obesity have led to the inclusion of hypertension as one of the factors of the
metabolic syndrome (Table 3.1). Although some authors argue that hypertension
is ‘‘less metabolic’’ than other factors such as dyslipidemia and impaired glucose
tolerance [4], it is evident that hypertension is one of the major complications of
obesity and contributes to the high cardiovascular risk of obese people [3]. In
addition, obesity further aggravates hypertension and affects adversely the
response to antihypertensive treatment. In a seminal paper, Modan et al. [5]
demonstrated a direct relationship between body mass index (BMI) and the
number of antihypertensive drugs that are required to control blood pressure.
Independent of BMI itself, the number of antihypertensive drugs in this study was
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Table 3.1 Definitions of the metabolic syndrome

International Diabetes Federation

Central obesity and any two of the following:

• Raised triglycerides:[150 mg/dL (1.7 mmol/L), or specific treatment for this lipid abnormality

• Reduced HDL cholesterol:\40 mg/dL (1.03 mmol/L) in males,\50 mg/dL (1.29 mmol/L) in
females, or specific treatment for this lipid abnormality

• Raised blood pressure: systolic BP [ 130 or diastolic BP [ 85 mmHg, or treatment of
previously diagnosed hypertension

• Raised fasting plasma glucose: [100 mg/dL (5.6 mmol/L), or previously diagnosed type 2
diabetes

World Health Organization

Any one of diabetes mellitus, impaired glucose tolerance, impaired fasting glucose or insulin
resistance, and two of the following:

• Blood pressure: C140/90 mmHg

• Dyslipidemia: triglycerides: C150 mg/dL (1.7 mmol/L) and HDL cholesterol B35 mg/dL
(0.9 mmol/L) (male), B39 mg/dL (1.0 mmol/L) (female)

• Central obesity: waist: hip ratio[0.90 (male);[0.85 (female), or body mass index[30 kg/m2

• Microalbuminuria: urinary albumin excretion ratio C20 lg/min or albumin:creatinine ratio
C30 mg/g

US National Cholesterol Education Program Adult Treatment Panel III

At least three of the following:

• Central obesity: waist circumference C102 cm (40 in) (male), C88 cm (36 in) (female)

(continued)

Metabolic
disorders

Hypertension

Insulin resistance
Drug therapy
Inflammation

RAAS
SNS

Obesity

Fig. 3.1 Interaction between hypertension, obesity, and metabolic disorders. Shared pathoge-
netic factors include insulin resistance, activation of the sympathetic nervous system (SNS), and
the renin–angiotensin–aldosterone system (RAAS), inflammation and the consequences of drug
therapy
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also associated with glucose tolerance and hyperinsulinemia, suggesting that these
metabolic alterations may provide the mechanistic link between hypertension and
obesity [5]. It follows directly from these considerations that metabolic disorders
and obesity are particularly prevalent in patients with resistant hypertension.
Along the same lines, presence of the metabolic syndrome significantly increases
cardiovascular risk in patients with hypertension (Fig. 3.2).

In this chapter, we will highlight some aspects of the relationship between
metabolic disorders and hypertension. We will briefly review the epidemiologic
and genetic links between the conditions, discuss some of the pathophysiological

Grade 1 HT
SBP 140-195
or DBP 90-99

Grade 1 HT
SBP 140-195
or DBP 90-99

Grade 1 HT
SBP 140-195
or DBP 90-99

Low
added risk

Moderate
added risk

High
added risk

High
added risk

High
added risk

Very high
added risk

No other
risk factors

Metabolic
Syndrome

Fig. 3.2 Cardiovascular risk associated with the metabolic syndrome. The figure focuses on
patients with resistant hypertension who, by definition, have blood pressure above 140/90 mmHg
despite treatment with at least three drug classes including a diuretic. Presence of the metabolic
syndrome increases cardiovascular risk significantly. Note that this chart is only an approximation
as it does not accurately show cardiovascular risk in resistant hypertension but in grade 1, 2, and 3
hypertension (HT). Modified from [42]

Table 3.1 (continued)

• Dyslipidemia: triglycerides C150 mg/dl (1.7 mmol/L)

• Dyslipidemia: HDL cholesterol \40 mg/dL (1.0 mmol/L) (male), \50 mg/dL (1.3 mmol/L)
(female)

• Blood pressure C130/85 mmHg

• Fasting plasma glucose C110 mg/dL (6.1 mmol/L)

The International Diabetes Federation definition recommends an oral glucose tolerance test if
fasting plasma glucose is[100 mg/dL (5.6 mmol/L) and assumes central obesity if BMI[30 kg/m2.
Further details on these definitions are provided in [57]
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mechanisms, and then examine the implications of metabolic disorders on the
treatment of patients with hypertension.

3.2 Obesity and Hypertension: Epidemiological
and Genetic Aspects

According to the National Health and Nutrition Examination Survey (NHANES),
the prevalence of obesity in the United States was 32.2 % among adult men and
35.5 % among women in 2007–2008 [1]. Although the prevalence of obesity in
women has not changed significantly over a 10-year observation period and the
rate appears to increase more slowly recently in men, the overall prevalence of
obesity is alarmingly high. In the Framingham Offspring Study, adiposity as
assessed by subscapular skinfold has been found to the major controllable con-
tributor to hypertension [6]. The role of obesity in the development has been
confirmed in other longitudinal studies including the Atherosclerosis Risk in
Communities Study in 9,309 white and African-American men and women;
weight gain over the 6-year follow-up period was associated with increased blood
pressure and increased incidence of hypertension [7]. Conversely, weight loss has
been found to be associated with reduction in blood pressure in the Nurses’ Health
Study where long-term weight loss in women after the age of 18 years reduced the
risk of hypertension with relative risks of 0.85 and 0.74 for a weight loss of
5–9.9 kg and C10 kg, respectively [8]. In contrast, the effect of bariatric surgery
on blood pressure is less pronounced. In a Swedish non-randomized 10-year fol-
low-up study of 2,010 patients who underwent bariatric surgery and 2,037 controls
who were treated conservatively, blood pressure was different between the groups
at the 2-year follow-up visit, but there was no difference in blood pressure and
incidence of hypertension between the groups at 10 years—despite the signifi-
cantly lower weight in patients who underwent bariatric surgery [9].

While obesity and hypertension share common causal environmental factors
such as sedentary lifestyle, it is also important to note that genetic factors account
for both conditions. Heritabilities have been assessed from family and twin studies
and are estimated in the range of 15–40 % for blood pressure [10] and in the range
of 40 % for obesity measures [11]. Both conditions have been subject to genome-
wide association studies (GWAS). Genetic markers that are associated with both
conditions may provide further explanations for the causal links between obesity
and hypertension.

A GWAS in adolescent obesity identified three loci that are associated with both
total fat mass and blood pressure: PAX5, encoding the transcription factor paired
box protein Pax-5; MRPS22, encoding the mitochondrial ribosomal protein S22;
and FTO, encoding the mRNA demethylase Fat mass and obesity-associated pro-
tein [12]. In a French Canadian founder population, the potential role of FTO to
mediate both obesity and hypertension was confirmed and a role of the gene product
in modulating sympathetic activity has been proposed [13]. In a genome-wide
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linkage study into obesity-associated hypertension in 55 French Canadian families,
loci on chromosomes 1 and 11 were identified that contain promising candidates
including tumor necrosis factor receptor 2 and atrial natriuretic peptide genes [14].
In a recent GWAS in 200,000 individuals of European descent, a polymorphism in
the SLC39A8 gene that has previously been described as being associated with BMI
[15] has also been found to be associated with blood pressure [16]. SLC39A8
encodes a zinc transporter that is critical in the defences against inflammation and
oxidative stress. In summary, these studies provide evidence that obesity and
hypertension have common genetic determinants, but further functional dissection
of these signals is required.

3.3 Pathogenetic Links Between Obesity and Hypertension

3.3.1 Adipose Tissue

Adipose tissue, and in particular the visceral adipose tissue (VAT), produces a
number of factors that directly or indirectly affect vascular function and structure
[17, 18]. Such adipokines include angiotensin II and endothelin-1, which cause
direct vasoconstriction; renin, which can be taken up by vascular tissue to catalyze
the conversion of angiotensinogen to angiotensin I [19]; and non-esterified fatty
acids (NEFA) which have been found to impair vascular nitric oxide production
and thereby cause endothelial dysfunction [20]. In addition, macrophage infiltra-
tion in adipose tissue leads to further release of proinflammatory cytokines such as
interleukin-6 with subsequent initiation of acute-phase responses, changes in
vascular function and initiation of atherosclerosis [21].

Apart from the systemic release of adipokines through VAT, there are more
local effects of specific adipose tissue on the vasculature. For example, the epi-
cardial adipose tissue (EAT) is thought to contribute to local oxidative stress due
to reduced expression of the antioxidant enzyme catalase compared to VAT. This
phenomenon has been found to be associated with atherosclerosis in nearby cor-
onary vessels [22]. The most direct effect of visceral tissue on vascular function is
seen in the interaction between perivascular adipose tissue (PVAT) and blood
vessels [17]. Healthy PVAT has anticontractile properties probably through
actions of adiponectin, leptin, and angiotensin 1–7. In obesity, there is disruption
of these anticontractile properties, triggered by macrophage infiltration, release of
proinflammatory cytokines such as TNF-alpha and interleukin-6, and increased
levels of reactive oxygen species [23].

3.3.2 Insulin Resistance

A key feature of obesity and the metabolic syndrome is insulin resistance. There is
evidence that the close links between hypertension and the metabolic syndrome
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are due to hypertension being an insulin-resistant state [24]. The cellular distur-
bances in insulin-resistant states are characterized by changes in glucose and lipid
metabolism that are associated with the generation of reactive oxygen species.
These in turn reduce the bioavailability of the vasodilator nitric oxide and thereby
cause endothelial dysfunction. The high insulin levels that characterize obesity and
early stages of type 2 diabetes can therefore explain at least in part the endothelial
dysfunction in these people [25].

3.3.3 Lipids

Dyslipidemia is one of the cardinal features of the metabolic syndrome. Hyper-
cholesterolemia has been shown to be associated with endothelial dysfunction in
various vascular systems including the coronary, forearm, and renal circulation.
There is a quantitative inverse relationship between LDL cholesterol levels and
endothelium-dependent vasodilation, and between triglyceride levels and endo-
thelium-dependent vasodilation [26]. Endothelial dysfunction is an early charac-
teristic of any vascular disease and ultimately leads to hypertension and associated
organ damage [27].

It is therefore not unreasonable to speculate that lipid-lowering therapy could
lead to a reduction in blood pressure. Data from a number of smaller studies [28]
but also from a large (n = 973) clinical trial [29] suggest a modest blood pressure–
lowering effect of statins. Unfortunately, the largest study on lipid-lowering
therapy in hypertensive subjects, the lipid-lowering arm of the Anglo-Scandina-
vian Cardiac Outcomes Trial (ASCOT), was not able to provide data on a direct
blood pressure-lowering effect of atorvastatin [30]. From the same study, it is
evident, however, that atorvastatin, led to significant risk reduction in patients with
hypertension. Global cardiovascular risk management including prescription of
statins is therefore recommended in patients with hypertension, and in particular in
those with the metabolic syndrome and/or resistant hypertension, but their specific
blood pressure-lowering effect requires further studies [31].

3.3.4 Sympathetic Nervous System

Activation of the sympathetic nervous system is one of the hallmarks of obesity
and the metabolic syndrome [32]. The sympathetic nervous system provides one of
the links between blood pressure and insulin resistance in hypertensive subjects
[33]. There is indeed evidence that reduction in central sympathetic outflow by the
imidazoline derivative moxonidine improves not only blood pressure but also
improves insulin sensitivity in a rat model of hypertension [34] and small clinical
studies.

More recently, a catheter-based method for renal sympathetic nerve ablation
has been introduced that reduces blood pressure [32]. This novel therapy is
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currently restricted to patients with severe and/or resistant hypertension, and it was
therefore a logical step to study the metabolic effects of this treatment in these
patients. Mahfoud et al. [35] demonstrated in a small pilot study that renal
denervation is paralleled by reductions in the numbers of patients with diabetes,
impaired fasting glucose and/or impaired glucose tolerance and an increase in the
number of patients with normal glucose tolerance. It is too early to make any firm
recommendations on the basis of this pilot study, and certainly renal denervation
should not currently be considered in patients who do not have severe or resistant
hypertension. However, due to the apparently excellent tolerability of renal
denervation, applications outwith a primarily blood pressure-lowering indication
may be considered in the future.

3.3.5 Renin–Angiotensin–Aldosterone System

The renin–angiotensin–aldosterone system (RAAS) is activated in obesity.
Reasons for this activation include compression of the kidneys by intrarenal fat
deposits and the presence of RAAS components in adipocytes [17, 36]. Of par-
ticular interest is aldosterone whose levels are also elevated in obesity and which
causes sodium and fluid retention, vascular and cardiac fibrosis and stimulates the
generation of vascular reactive oxygen species which in turn lead to reduced nitric
oxide availability and endothelial dysfunction. Very recent work by Briones et al.
[37] provides evidence for a putative direct link between obesity, the RAAS, and
vascular dysfunction by demonstrating aldosterone production in adipocytes
through calcineurin-dependent signaling pathways.

3.3.6 Polycystic Ovary Syndrome

The polycystic ovary syndrome (PCOS) affects up to 10 % of women of repro-
ductive age. The syndrome is characterized by polycystic ovaries, irregularities of
the menstrual cycle, and androgen excess. Remarkably, about a third of women
with PCOS also fulfill the criteria for metabolic syndrome [38] and are in particular
affected by obesity and hypertension. The exact mechanisms for hypertension in
these women are not known and include increased androgen levels, activation of a
local ovarian RAAS and release of endothelin-1 from ovaries [39, 40], but the
association of hypertension with obesity in these women is intriguing. In line with
other hypertensive disorders associated with obesity, treatment includes lifestyle
modifications and diet. Blockade of the RAAS appears a logical first-line
antihypertensive therapy, also because of a possible antiandrogenic effect of ACE
inhibitors [41], although the child-bearing age of women with PCOS and possible
teratogenic effects of RAAS blockade should be taken into account.
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3.4 Effects of Drug Therapy

In the current ESH/ESC guidelines, there are five classes of antihypertensive drugs
that are recommended as first-line therapeutic agents: angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, beta receptor blockers, calcium
channel blockers, and diuretics [42]. It should be noted that there are other
international and country-specific guidelines with slightly different recommenda-
tions. In the British NICE/BHS guidelines, for example, beta blockers do not
feature as first-line agents any more [NICE. Hypertension: clinical management of
primary hypertension in adults. Clinical guideline CG127. http://guidance.nice.
org.uk/CG127; Accessed 20 Apr 2013]. Nevertheless, the ESH/ESC guidelines
provide robust recommendations for treatment of hypertension and take metabolic
aspects into account [42, 43].

While all first-line agents have similar blood pressure-lowering effects and
safety profiles, there are differences in their additional benefits but also in their
adverse effects in certain conditions. Antihypertensive agents have direct and
indirect effects on metabolic parameters that will be outlined in this section
(Table 3.2). It should be noted, however, that in the treatment of patients with
hypertension, blood pressure reduction is by far the most important aim, and to a

Table 3.2 Effects of antihypertensive agents on insulin resistance

Drug class Effect on
insulin
resistance

Proposed mechanism(s)

ACE inhibitors ; Counteracting adipose tissue–derived angiotensin II

Angiotensin II
receptor blockers

; Counteracting adipose tissue–derived angiotensin II
PPAR-c receptor agonism (telmisartan only)

Mineralocorticoid
receptor antagonists

; Counteracting adipose tissue–derived aldosterone

Calcium channel
blockers

$

Alpha-adrenoceptor
antagonists

(;) Improvement of the decreased glucose disposal rate
associated with hypertension
Additional mild improvement of the lipid profile

Thiazide diuretics : Reduction in pancreatic insulin secretion

Beta receptor blockers : Several mechanisms proposed, including reduced
insulin secretion and increased hepatic glucose
production

Centrally acting
antihypertensive
agents

(;) Reduction in sympathetic nervous activity

Arrows indicate increased (:) and reduced insulin resistance (;) and neutral effects ($) as a result
of treatment with these agents. Centrally acting antihypertensive agents include clonidine, alpha-
methyldopa, and imidazoline receptor–binding agents
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degree even adverse metabolic profiles can be accepted if significant blood pres-
sure reduction can be achieved. In the treatment of patients with resistant hyper-
tension, combinations of several agents including second-line options are often
required so that their metabolic profiles cannot always be taken into account.

3.4.1 First-Line Antihypertensive Agents

Thiazide diuretics are important first-line antihypertensive agents. Especially in
resistant hypertension, diuretics play a crucial role, and the condition is typically
only defined if there is also resistance to sufficient doses of diuretics. Thiazides,
however, reduce insulin sensitivity and have been associated with increased
incidence of diabetes [44]. There is general agreement that high-dose thiazides
should be avoided but that this drug class still has invaluable benefits for the
treatment of hypertension. The combination of thiazide diuretics with other agents
with a more favorite metabolic profile (e.g., angiotensin receptor blockers) may
offset some of their unwanted metabolic effects.

Beta blockers also have an adverse metabolic effect that is characterized by
reduction in insulin sensitivity and increased incidence of new-onset diabetes [45].
A number of other issues including less pronounced antihypertensive effects,
weaker protection against target organ damage, and adverse effects on central as
opposed to peripheral blood pressure have led to recommendations by some
guidelines including the British NICE guidelines to remove beta blockers from the
list of first-line agents. Again, this may be appropriate for therapy of uncompli-
cated hypertension with one or two agents. In patients with resistant hypertension,
a combination of several agents is required to reduce blood pressure. A critical
appraisal of the ESH/ESC guidelines provides more details on the discussion about
beta blockers and concludes that their overall safety profiles are not necessarily
worse than that of other antihypertensive agents [46].

Calcium channel blockers are generally considered metabolic neutral. This is
particularly true for the modern longer-acting agents and long-term release prep-
arations of the older, short-acting agents. Due to their generally low adverse effect
rates and absence of requirements to monitor electrolytes or the ECG, calcium
channel blockers are often a cornerstone of antihypertensive treatment, particularly
in patients with resistant hypertension.

Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers
block the production of angiotensin II or directly inhibit its actions on the
AT1-receptor, respectively. Especially, direct receptor blockade counteracts the
effects of adipose tissue–derived angiotensin II and may therefore have additional
advantages in the treatment of patients with the metabolic syndrome. It has further
been argued that within the class of angiotensin receptor blockers, telmisartan may
be particularly beneficial in patients with the metabolic syndrome due to its action
as a partial peroxisome proliferator-activated receptor-gamma receptor agonist
which will lead to increased insulin sensitivity [47]. In the Ongoing Telmisartan
Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET)
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and Telmisartan Randomized Assessment Study in ACE Intolerant Subjects with
Cardiovascular Disease (TRANSCEND) trials with telmisartan, the adverse effect
of impaired glucose tolerance on cardiovascular outcomes was confirmed [48].
However, the incidence of new-onset diabetes was similar between the ramipril
and telmisartan arms in the ONTARGET trial [49] and in TRANSCEND [50]
although in the latter, there was a trend toward lower incidence of diabetes in the
telmisartan compared to the placebo arm (P = 0.08).

In summary, there are data to support beneficial metabolic effects of angio-
tensin-converting enzyme inhibitors and angiotensin receptor blockers, neutral
effects of calcium channel blockers, and potentially adverse effects of thiazide
diuretics and beta blockers. While these effects should be considered, the most
important aim remains blood pressure control for which the evidence base is by far
more robust than evidence of adverse cardiovascular outcomes due to adverse
metabolic effects of some antihypertensive agents. Where possible, however,
a combination of thiazides and beta blockers should be avoided particularly in
patients with the metabolic syndrome [43].

3.4.2 Other Antihypertensive Agents

In the treatment of patients with resistant hypertension, physicians will often use
second and third line antihypertensive agents to control blood pressure. We will
highlight a few of these agents and their metabolic profile.

Doxazosin is a widely used alpha-1 receptor blocker with modest effect on
blood pressure. It has mild beneficial effects on insulin resistance and has also been
shown to improve lipid profiles [51]. In an euglycaemic clamp study, it was
demonstrated that doxazosin improves the decreased glucose disposal rate asso-
ciated with hypertension [52]. It is therefore certainly a suitable add-on therapeutic
agent in patients with resistant hypertension especially if they also have the
metabolic syndrome.

Centrally acting antihypertensive drugs such as alpha-methyldopa and the
imidazoline receptor–binding agents moxonidine and rilmenidine reduce sympa-
thetic nerve activity and are therefore expected to have a beneficial metabolic
profile. Reduced insulin resistance as a result of treatment with centrally acting
antihypertensive drugs has indeed been shown, and evidence from smaller studies
is accumulating that the relatively well-tolerated moxonidine may be of particular
use for the treatment of hypertensive patients with the metabolic syndrome [53].

The mineralocorticoid receptor antagonists spironolactone and eplerenone are
key compounds in the treatment of resistant hypertension. Excess aldosterone levels
are involved in the pathogenesis of insulin resistance, and insulin sensitivity
improves after adrenalectomy and mineralocorticoid receptor blockade in patients
with aldosterone-producing tumors [54]. Mineralocorticoid receptor antagonists
therefore directly target the obesity-related vascular dysfunction which contributes to
their blood pressure-lowering effects particularly in patients with resistant
hypertension.
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Despite the positive metabolic effects of some of these agents, the evidence
base for long-term beneficial effects is less robust than for first-line agents. The
recommendation to try and treat blood pressure to target also in resistant hyper-
tension with first-line agents remains, but the metabolic profiles of first-line and
other agents should be taken into account to tailor treatment individually to these
patients.

3.4.3 Antihypertensive Effects of Lipid- and Glucose-Lowering
Therapy

There is also some evidence of an antihypertensive effect of drugs that are used to
treat dyslipidemia and diabetes. The modest antihypertensive effect of statins has
been mentioned above. Similar data exist for antidiabetic drugs. A study in
spontaneously hypertensive rats demonstrates direct vascular effects of metformin
with significantly reduced blood pressure after a 4-week treatment period [55]. In
the same rat model, peroxisome proliferator-activated receptor-beta activation
with GW0742 also reduced blood pressure in a 5-week experiment [56]. These
studies are small and there is limited backup from human trials. Nevertheless, it is
not unreasonable to believe that better control of the metabolic syndrome will be
associated with better blood pressure control.

3.5 Conclusions

Resistant hypertension and the metabolic syndrome are pathophysiologically
related with each other and therefore often co-exist in the same patient. There are
few trials specifically into treatment of resistant hypertension, and similarly few
data exist on the cardiovascular consequences of treatment-induced metabolic
changes or the cardiovascular benefits of treating metabolic features in patients
with resistant hypertension. It appears reasonable, however, from an antihyper-
tensive point of view to primarily focus on optimal blood pressure control and
from a metabolic point of view to primarily focus on optimal treatment of dysli-
pidemia, diabetes, and obesity. Any synergistic effects of drug classes to treat one
of these conditions on other conditions can be used to the patients’ advantage.

Metabolically neutral or beneficial antihypertensive first-line agents such as
angiotensin receptor blockers, angiotensin-converting enzyme inhibitors, and
calcium channel blockers can be supplemented by other antihypertensive agents
with similar metabolic profiles such as alpha-adrenergic receptor agonists,
imidazoline receptor–binding drugs, and mineralocorticoid receptor antagonists.
Combination with drugs with a less favorable metabolic profile including thiazide
diuretics and beta blockers is often required to achieve acceptable blood pressure
control. Selected patients may also benefit from novel treatment strategies such as
renal denervation. There is evidence that treatment of metabolic parameters
including insulin resistance and dyslipidemia improves vascular function and may
even have modest additional antihypertensive effects.
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The key role of obesity in the initiation of the metabolic syndrome but also in
the pathophysiology of hypertension and particularly of resistant hypertension
cannot be over-emphasized. Tackling the worldwide obesity epidemic is one of the
most important health care issues that will reduce the number of patients with
resistant hypertension and related adverse cardiovascular events.
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4Cardiac and Vascular Alterations
in Resistant Hypertension

Enrico Agabiti Rosei, Maria Lorenza Muiesan
and Damiano Rizzoni

4.1 Introduction

Resistant hypertension is defined as systolic and diastolic blood pressure that
remains above goal (i.e.,[140/90 mmHg in the general population of hypertensive
patients and[130/80 mmHg in high-risk individuals such as patients with diabetes
or chronic kidney disease), despite adherence to lifestyle measures and to phar-
macological treatment with full doses of at least three antihypertensive medications,
including a diuretic [1]. RH is recognized as a clinical phenotype carrying a high
cardiovascular risk [1].

The risk of clinical complications including stroke, acute aortic dissection,
myocardial infarction, congestive heart failure, and renal failure is higher in
patients with resistant hypertension, when compared with other groups of hyper-
tensive patients, including not only well-controlled subjects, but also false resistant
and masked hypertension [2–4].

In fact, Redon et al. [5] followed 86 patients with RH, for an average period of
49 months, and was able to show that the overall incidence rate of cardiovascular
events was 24.6 %; the incidence of events was related to BP values (assessed by
24-h BP monitoring) increasing progressively from 2.2 per 100 patient-years in the
lowest tertile of diastolic BP, to 9.5 in the intermediate tertile, and to 13.6 in the
highest tertile.

More recently Daugherty et al. [6] confirmed the high rate of incident cardio-
vascular events in patients with RH. In that study, among 205,750 patients with
hypertension, 1.9 % developed resistant hypertension, and these resistant hyper-
tensive patients were more often men, older, and diabetics than non-resistant
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patients. The rate of cardiovascular events was significantly higher in those with
RH, as compared with those without (18.0 % versus 13.5 %, P \ 0.001), and the
hazard ratio was 1.47 [confidence interval (CI) 1.33–1.62] after adjustment for
patient and clinical characteristics.

Resistant or refractory hypertension (RH) represents a subset of uncontrolled
BP strongly associated with organ damage, in particular at the cardiac, renal, and
vascular levels [7]. The relationship between RH and cardiovascular disease/target
organ damage may be bidirectional: RH may directly cause the development and
worsening of target organ damage, through the persistent elevation of blood
pressure. On the other hand, the presence of cardiovascular damage may contribute
to worsen the resistance to treatment, making hypertension more difficult to
control [8, 9].

In patients with renal disease, microvascular disease, left ventricular hyper-
trophy, aortic stiffness, cerebrovascular disease, or secondary hypertension, the
prevalence and incidence of RH may be clearly increased.

A number of studies have analyzed the association between RH and some
aspects of target organ damage, but only few of them have focused on the presence
of more than one [10].

The present review is aimed to update the currently available data on the
relationship between RH and subclinical damage in the heart, microcirculation,
and macrocirculation.

4.2 Cardiac Damage

Among the different features of hypertensive heart disease, left ventricular
hypertrophy, left ventricular dysfunction, and left atrial enlargement have been
reported in RH patients.

The most frequent abnormality described in RH is LVH, assessed by both
electrocardiography and echocardiography.

Cuspidi et al. [11] have identified a total of 11 cross-sectional and longitudinal
studies, including 3,325 patients attending outpatient hypertension clinics and have
observed that prevalence rates of echocardiographic LVH, as assessed by updated
criteria, ranged from 55 to 75 % of patients with RH, peaking to 91 % in the
subgroup with concomitant electrocardiographic (ECG) LV strain (Fig. 4.1).
Reduction in ECG-LVH induced by treatment showed a relevant beneficial impact
on cardiovascular prognosis.

A large amount of evidence on ECG and echocardiographic findings related to
RH has been provided by a number of studies conducted in Brazil by Salles et al.
[12–17].

In these studies, true RH patients were identified by ambulatory BP monitoring,
ruling out the presence of white-coat hypertension. In 471 RH patients, the
prevalence rates of ECG (Cornell’s product[240 mV*ms) and echocardiographic
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LVH were 29 and 81 %, respectively. Authors have initially assessed the rela-
tionship between QT interval-derived parameters and echocardiographic LVH and
observed that values of QTc interval [440 ms and Cornell’s product
[240 mV*ms were associated respectively, with a 2.0-fold and 2.6-fold greater
chance of having an increased left ventricular mass at the echocardiographic
examination [12]. When the presence of a prolonged QT interval and an increased
Cornell’s product was combined, the relative risk of having echocardiographic
LVH increased by 5.3- to 9.3-fold, compared with a normal QT interval and
Cornell’s product.

Salles et al. [13] have thereafter investigated the clinical significance of ECG
strain pattern that was identified in 101 patients (23 %); in these patients, the
prevalence rate of echocardiographic LVH was 91 %. Patients with strain were
more frequently men with lower body mass index and had more target organ
damage, higher 24-h blood pressure, higher serum creatinine and 24-h microal-
buminuria, and more prolonged QT interval duration than those without strain. In a
multivariate analysis, the presence of ECG strain was associated with increased
LVM (P \ 0.001), higher 24-h systolic blood pressure (P \ 0.001), prolonged
maximum QTc-interval duration (P \ 0.001), lower waist circumference
(P = 0.009), male gender (P = 0.011), physical inactivity (P = 0.020), higher
serum creatinine (P = 0.031) and fasting glycemia (P = 0.027), and the presence
of coronary heart disease (P = 0.001) and peripheral arterial disease (P = 0.045).
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Cuspidi et al. [10] have investigated the prevalence of organ damage in the
heart, carotid arteries, and kidney in 54 true RH (mean age 57 ± 10 years) and
compared the findings with age- and sex-matched hypertensive patients with a
good control of blood pressure using a combination of 2 or 3 drugs. LVH prev-
alence was higher in RH patients ranging from 40 to 55 %, in relation to the
different criteria for LVH. Concentric LVH was the more common type of geo-
metric pattern in these patients.

Castelpoggi et al. [14] have collected the largest number of RH patients with
echocardiographic examination at the Rio de Janeiro University. They studied 600
patients at high or very high CV risk (23 % coronary heart disease and 15 %
previous cerebrovascular events) and observed that LVH was present in 75 % of
patients.

The same group of authors was able to assess the prognostic value of alterations
in ECG repolarization and voltage parameters in a large group of 538 RH patients
(75 % with echo LVH), prospectively followed for an average period of 4.8 years
[15]. Authors have shown that among all repolarization parameters, only the QTc
interval duration resulted an independent predictor of cardiovascular mortality and
all-cause mortality.

In a subsequent analysis of the same database [16], the prognostic significance
of serial changes on LV strain pattern (present at baseline in 21 % of RH patients)
was evaluated. Persistence or development of strain during the follow-up was
associated with an increased risk of stroke (hazard ratio 3.09, 95 % CI 1.40–6.81)
and of death for all causes (hazard ratio 1.99, 95 % CI 1.10–3.61).

Finally, the prognostic significance of serial changes on LVH voltage criteria
was analyzed in a slightly larger group of 552 patients [17]. The presence of
Cornell’s voltage and product criteria at baseline, but not of Sokolow-Lyon
voltage, was independently associated with an increased incidence of cardiovas-
cular morbidity and mortality and with all-cause mortality during the follow-up. In
addition, the regression or the absence of ECG-LVH from baseline to follow-up
was associated with a lower incidence of major cardiovascular events.

The data strongly suggest the importance of evaluating cardiac target organ
damage in patients with RH, both at the initial evaluation and also during treat-
ment [18].

Despite the fact that the evidence of the prognostic significance of LVH
regression was confirmed in several studies [19, 20], only few studies have
addressed the effect of antihypertensive treatment on LVH and LV mass changes
in the setting of RH patients [21, 22].

De Faire et al. have compared the effects of captopril therapy (with a large dose
range, from 75 to 450 mg per day) to a combination of three drugs (i.e., diuretic,
beta-blocker, calcium antagonist, or direct vasodilator) in a small group of 10
patients with RH. In this study, a decrease in LV wall thickness was observed after
12 months of treatment, despite no significant changes in LV mass were shown [21].

More recently, Gaddam et al. have assessed the effects of spironolactone
(25–50 mg per day) on LV mass, right ventricular, and LV volumes, measured by
magnetic resonance imaging, in 34 RH patients. After 3 months of treatment with
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the aldosterone antagonist, a significant decrease in LV mass, in LV wall thickness
and volume, and in left atrial size was observed, and the effect was greater in the
group of 19 patients with RH due to primary aldosteronism [23].

The effect of renal denervation on echocardiographic LV mass has been
demonstrated by Brandt et al. in 46 RH patients, compared with 18 controls
receiving only medical treatment (mean number of drugs 4.7) [24]. At echocar-
diographic controls performed 1 and 6 months from baseline, LVM and the E/E0

ratio (index of increased LV filling pressure) were significantly reduced after the
renal denervation procedure, while these did not change during medical treatment.
In the whole group of patients, the improvement in LV mass index and E/E0 ratio
was related to the decrease in BP induced by treatment, although it was observed
also in those patients defined as ‘‘non-responders’’ on the basis of clinic BP values,
suggesting some additional effect of sympathetic renal denervation of cardiac
target organ damage, independent of pressure load.

4.3 Large Arteries

A relation exists between vascular calcification, arterial stiffness, and difficult to
control hypertension. In patients with RH, the presence of structural alterations in
large caliber vessels, such as carotid arteries and aorta, may have a great impact of
blood pressure control [25].

In some studies, an increased prevalence of carotid wall thickness, athero-
sclerotic plaques, and aortic stiffness has been demonstrated.

Cuspidi et al. [10] for the first time documented the increased prevalence of
intima-media thickening or of plaques in the carotid arteries of RH patients as
compared with a group of patients treated with a combination of antihypertensive
drugs, but with controlled BP values in the clinic and during 24-h BP monitoring
(prevalence 58 and 65 % versus 29 and 32 %, respectively).

It was also suggested that among patients with carotid arteries stenosis, the
prevalence of RH was fairly high. Spence et al. analyzed 170 patients with carotid
arteries stenosis who participated in the North American Symptomatic Carotid
Endarterectomy Trial or the Asymptomatic Carotid Artery Study and observed that
RH was present in 79 (47 %) related to renovascular hypertension in 20 and to
adrenocortical hyperplasia in 7 [26].

More recently, Schmieder et al. analyzed the presence of vascular target organ
damage in 42 RH patients, who were investigated by brain magnetic resonance
imaging. Twenty-three patients had cerebral microangiopathy that was associated
with higher systolic blood pressure during nighttime. In addition, RH patients with
cerebral microangiopathy had similar carotid intima-media thickness but higher
pulse wave velocity, central pulse pressure, and aortic augmentation pressure [27].

Some other studies have evaluated the increase in aortic stiffness in patients
with RH. Figueiredo et al. have measured carotid femoral pulse wave velocity in
44 patients with RH, 35 patients with controlled blood pressure values, and 25
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normotensive subjects, showing a significant increase in PWV in patients with RH
as compared with the other 2 groups [28]. Since endothelial function may con-
tribute to the regulation of large artery elasticity, authors have also evaluated flow-
mediated changes in the vessel diameter and observed that a greater decrease in
brachial artery flow-mediated vasodilation was more evident in RH when com-
pared with well-controlled hypertensive patients.

In the largest cross-sectional study including 600 resistant hypertensive patients
without peripheral arterial disease, Castelpoggi et al. [14] assessed arterial stiffness
by aortic pulse wave velocity (PWV) measurements and found that 168 patients
(28 %) had aortic PWV[12 m/s. Patients with increased PWV were older and had
a higher prevalence of cardiovascular risk factors than did those patients with
normal PWV. A blunted nocturnal decrease in BP was independently associated
with increased aortic stiffness in RH patients, together with older age, diabetes,
microalbuminuria, low HDL cholesterol, and a widened 24-h BP.

4.4 Microcirculation

In hypertension, small artery remodeling is the most prevalent form and one of the
first manifestations of target organ damage. The magnitude of remodeling of small
resistance arteries in hypertension has been demonstrated to have prognostic
significance with worse prognosis for subjects with greater structural alterations, as
evaluated by the media thickness/lumen diameter ratio [29].

The available evidence shows that in patients with secondary hypertension (and
a greater prevalence of RH), the increase in the media-to-lumen ratio is particu-
larly pronounced in comparison with essential hypertensive patients [30]. Most
interestingly in patients with renovascular hypertension and to a lesser extent in
those with primary aldosteronism, a more evident contribution of cell growth,
leading to the development of hypertrophic remodeling, (indicating smooth muscle
cell growth), has been observed. In addition, a more pronounced fibrosis in the
tunica media, in terms of total collagen content, with a more evident increase in
collagen type III, has been demonstrated in patients with primary aldosteronism
[31] (Fig. 4.2). In the development of hypertrophic remodeling, a relevant role is
played by growth factors, especially endothelin-1 and angiotensin II, while the
mechanisms leading to eutrophic remodeling (increased media-to-lumen ratio
without muscle cell growth) are less clear. Endothelin-1 is a powerful vasocon-
strictor and mitogen, contributing to the elevation of blood pressure and related
target organ damage. Vascular effects of aldosterone may be mediated, as sug-
gested by Schiffrin et al., by the stimulation of endothelin production. In patients
with RH, the content of endothelin -1 was significantly greater than in mild
hypertensive patients or normotensive controls [32].

The evaluation of retinal vessels may represent a method for the evaluation of
microcirculation. Cuspidi et al. [10] observed that patients with RH, undergoing a
traditional fundoscopic examination, had a very high rate of retinal vascular
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changes (narrowings and arteriovenous crossings) and a greater prevalence of
grade 2 and 3 retinopathy (73 and 5 %), according to the Keith–Wagener classi-
fication, as compared with a control group (38 and 0 %).

Another study examined the fundus oculi in 497 patients, of whom 63 % with
true RH and 37 % with white-coat hypertension, and the results confirmed a higher
prevalence of retinopathy in true resistant patients (55.2 vs. 40 %, P = 0.002) [33].

More recently, measurements of retinal arterioles have been taken in vivo with
scanning laser doppler flowmetry in 40 patients with resistant hypertension. All the
parameters indicating the presence of microvascular abnormalities, that is, the
wall-to-lumen ratio, the wall thickness, and the wall cross section area, were
strongly associated with urinary sodium excretion and less consistently with 24-h
blood pressure. In this group of patients, urinary sodium excretion represented the
only independent determinant of wall thickness and of wall cross section area of
retinal arterioles. Since retinal arteriolar alterations are related to cerebral vascular
structure, these results might prove to have important implications on risk strati-
fication in patients with resistant hypertension [34].

We have investigated the possible predictive effect of vascular structural
alterations in relation to the time course of blood pressure after surgical correction
of primary aldosteronism [35]. We calculated receiver-operating characteristic
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curves for identification of patients with aldosterone-producing adenoma, who
achieved normotension post-adrenalectomy, compared with those who did not
[35]. For both the media-to-lumen ratio of subcutaneous small arteries, evaluated
before surgical correction, and known duration of hypertension, the area under the
curve differed significantly from the area under the curve under the identity line,
thus indicating the usefulness of either variable for predicting the outcome on
blood pressure in these patients [35]. Therefore, the extent of alterations of
microcirculation predicts the pressor outcome after adrenalectomy, both in terms
of absolute blood pressure values and/or in terms of number or doses of drugs
needed.

4.5 Concomitant Cardiac and Vascular Damage

Few studies have evaluated the association between RH and the presence of more
than one target organ damage [10, 14, 27] and have found a correlation between
cardiac, vascular, and renal damage in patients with resistant hypertension.

In the Vobarno Study, the prevalence of resistant hypertension and the presence
and degree of associated cardiac, vascular, and renal target organ damage were
assessed in a general population sample, participating in a prospective epidemi-
ological study, originally aimed to measure the association between cardiovascular
risk factors and target organ damage (Vobarno Study) [36, 37]. Resistant hyper-
tension prevalence was 9,5 % according to the definition proposed by Calhoun
et al. [1], and in RH individuals, a higher LV mass index, PWV, and carotid
intima-media thickness are shown (Figs. 4.3, 4.4 and 4.5) [38], confirming and
extending previous results.
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4.6 Conclusions

• Resistant hypertension is associated with multiple cardiovascular risk factors
and organ damage.

• The proportion of patients with clinical target organ damage is greater in
subjects with true resistant hypertension than in those with white-coat resistant
hypertension.

• In patients with resistant hypertension, subclinical organ damage itself may be
responsible for high blood pressure values, but it is also the result of detrimental
effects of hypertension on large arteries as well as on the microvascular net-
work. The early correction of such vascular abnormalities is vital for medium-
and long-term blood pressure control.
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5The Pathophysiology of the Kidney
in Resistant Hypertension

Hermann Haller

The kidney plays a major role in the regulation of blood pressure and the pathogenesis
of hypertension [1–3]. In particular in a state of resistant hypertension, that is, mas-
sively increased blood pressure which is resistant to antihypertensive medication, it is
important to understand how the kidney influences blood pressure in order to define its
contribution to the ‘‘resistant state’’ and to delineate a mechanism-based therapeutic
strategy.

The dominant role of the kidney for blood pressure regulation is due to the fact
that the kidney is implicated on several levels in the maintenance of blood pressure
and its pathological elevation. The kidney has three levels on which it influences
blood pressure. Firstly, the kidney is the major organ to regulate blood volume via
the retention (or excretion) of salt and water. Secondly, the kidney influences
vascular tone by release of vasoactive hormones such as renin. Last but not least,
the kidney contributes to the activity of the sympathetic nervous system via renal
afferent nerves. In resistant hypertension, the kidney may contribute on all three
levels in the pathological increase in blood pressure. It is therefore important in an
individual patient with resistant hypertension to assess the different renal mech-
anisms and their contribution to hypertension, its physiology in blood pressure
regulation, and the pathophysiological implications of renal disease contributing to
resistant hypertension.

Furthermore, of all blood pressure regulating systems such as the central ner-
vous system, the heart, and the blood vessels, it is mostly the kidneys which have
the ability of long-term adjustments in blood pressure [4]. This long-term
adjustment of blood pressure is predominantly through the regulation of extra-
cellular volume. In addition, the sympathetic renal outflow of the kidneys and the
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secretion of vasoactive hormones may contribute to the development of a form of
hypertension which is mostly resistant to treatment.

To fully understand the role of the kidney in complicated forms of hyperten-
sion, it is also important to understand that damage to the kidneys or diseased
kidneys very often leads to an increase in blood pressure. In fact, high blood
pressure is one of the hallmarks of renal disease. Also in the diseased kidney, the
above-described three fundamental mechanisms are active: increased release of
vasoactive hormones, elevated neuronal output, and enhanced retention of salt and
water. In the diagnostic workup of hypertensive patients with suspected secondary
forms of hypertension, the kidney is the predominant culprit. And very high blood
pressure can often be attributed to the kidney. Renal vascular and renal paren-
chymal forms of hypertension are responsible for high blood pressure in about
10 % of hypertensive patient. In most epidemiological studies, 50 % of the renal
origin of hypertension is renovascular. Renovascular or renal parenchymal
hypertension is mostly recognized by high, sustained blood pressure. Since severe
or refractory hypertension is the hallmark of resistant hypertension, the percentage
of kidney disease in patients with resistant hypertension is more likely higher than
in patients with treatable forms of hypertension. In addition, it has been suggested
that also in patients with so-called essential hypertension, structural and functional
alterations of the kidney contribute to the increase in blood pressure. Figure 5.1
gives an overview on the pathophysiological mechanisms in both renovascular and
renal parenchymal diseases of the kidney.

5.1 Renoparenchymal Hypertension

The term renoparenchymal hypertension includes a variety of renal diseases which
are characterized by either glomerular or interstitial renal disease. Clinically one
can distinguish at two different conditions, that is, acute and chronic, in the renal
parenchyma which is associated with hypertension. As shown in Fig. 5.1, all
mechanisms which lead to tubulointerstitial disease in the kidney may lead to an
increase in blood pressure and hypertension. However, clinically one can distin-
guish more acute and severe diseases of the kidney such as vasculitis and glo-
merulonephritis, which lead not only to high blood pressure but also to damage to
the kidney which is diagnosed by renal function and/or urine analysis. In contrast,
most hypertensive patients may have insidious parenchymal alterations in the
kidney. The effects of non-steroidal drugs, resistant hypertension over a period of
time, overactivity of the sympathetic nervous system, aging, and other causes may
lead first to microvascular damage, followed by nephron loss and to a reduction in
nephron number [4]. This tubulointerstitial disease in the kidney is clinically not
associated with the loss of renal function for a long time and may only show mild
forms of albuminuria, the so-called microalbuminuria. Nonetheless, these more
subtle changes in the renal parenchyma may aggravate blood pressure and par-
ticipate in resistant hypertension. The mechanism whereby renal parenchymal

52 H. Haller



disease influences blood pressure is complex and only partially understood. Risk
factors such as hypertension, hypercholesterolemia, and very often diabetes mel-
litus lead to a damage in the interstitial blood vessels in the kidney. Endothelial
cell dysfunction followed by underperfusion of the renal microcirculation leads to
verification of blood vessels, followed by the loss of tubules and nephrons. Since
the kidney is equipped with more than 1 million nephrons, for a long time, the loss
of nephrons does not lead to renal insufficiency but results in adaptive mechanisms
in the kidney. A loss of nephrons leads to increased perfusion in the remaining
nephrons, followed by an increase in glomerular pressure. Concomitantly, there is
an increase in tubular sodium reabsorption, leading to an increased plasma volume.
This volume overload although subtle and not clinically recognizable plays an
important part in the development of blood pressure and may contribute to severe
and resistant hypertension.

A second mechanism in renoparenchymal hypertension whereby the loss of
microvasculature and nephrons may contribute to the development of resistant
hypertension is an increased activity of the sympathetic nervous system. The
hypoperfused microcirculation leads to an activation of efferent renal nerves.
These sympathetic nerves influence the central nervous system and increase blood
pressure. A third important mechanism is the release of vasoactive hormones such
as renin from the hypoperfused kidneys. In order to restore renal blood flow, the
release of renin is enhanced. Although increased circulating levels of angiotensin
II cannot be measured in most patients, the intrarenal activity of the renin–
angiotensin system is increased, contributing to sodium reabsorption, vasocon-
striction, and activation of sympathetic renal nerves [5–7].

It is obvious that these insidious renal parenchymal changes may contribute to
the increased blood pressure in patients with severe and refractory hypertension.
Since at least three different pathophysiological mechanisms are implicated in
these forms of hypertension, antihypertensive medication should be directed at all
three of these pathophysiological mechanisms.

Fig. 5.1 Schema of renal
pathophysiology in resistant
hypertension leading from
acute and/or chronic injury to
interstitial disease and
subsequent activation of
blood pressure raising
mechanisms
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In addition to these more insidious changes in the kidney (which are more
common), active renal parenchymal disease such as glomerulonephritis and/or
vasculitis leads also to an increase in blood pressure. The above-described
mechanisms are all activated in patients with inflammatory renal disease. The
extent of the neurohumoral activation is much more severe and is accompanied by
edema formation and hypertensive crisis. However, more subtle clinical forms of
these diseases may not be easily recognized in the clinic and have to be diagnosed
by urine analysis and renal biopsy.

On renal biopsy, the early forms of renal interstitial disease are difficult to
demonstrate. Often, there is evidence of glomerular and tubulointerstitial ische-
mias with shrinkage of the glomerular tuft, tubular atrophy, and interstitial fibrosis.
In a minority of patients, there is evidence of glomerulosclerosis in severe tubu-
lointerstitial injury. These biopsies are termed nephrosclerosis. In cases with more
severe hypertension, the artery lesion is more of a proliferative arteriolopathy
sometimes with fibrinoid necrosis. Rarely, the well-described concentric layers of
connected tissue and cells may give an onion-skin appearance to the vessels. In the
more severe forms of renal disease, the distinct forms of acute glomerulonephritis
can be observed on renal biopsy. The classical glomerulonephritis with high blood
pressure is focal–segmental glomerulosclerosis.

Most patients with resistant hypertension will have a relatively normal or
slightly depressed glomerular filtration rate. However, renal blood flow will be
reduced, and elevated renal vascular resistance can be measured by duplex
ultrasound. As described above, despite the relatively normal renal function, renal
biopsy usually shows arteriosclerosis and hyalinosis in the afferent arterial and
interlobular arteries.

In less than 50 % of the patients, there will be microalbuminuria, and only in a
minority of patients, proteinuria will further develop.

5.2 Renal Vascular Hypertension

Renovascular hypertension is the most common form of secondary hypertension.
A renal artery stenosis may clinically be diagnosed by severe refractory hyper-
tensive crisis. Acutely increased blood pressure resistant to antihypertensive
treatment is one of the hallmarks of the most common form of secondary
hypertension, that is, renal artery stenosis. In all patients with resistant hyperten-
sion, renal artery stenosis as well as renal parenchymal disease has to be ruled out.
However, the diagnosis of a functionally relevant renal artery stenosis in patients
with resistant hypertension is not easy.

Renovascular disease may be described as two pathophysiological entities, as
suggested by Textor [8, 9]. In the early stages of a functional renal artery stenosis,
impaired blood flow with reactive release of vasoactive substances is predominant.
In chronic stages of renal artery stenosis, ischemia is the main feature of the
disease. Hypertension develops in patients with renovascular disease from a
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complex set of pressor signals, including activation of the renin–angiotensin
system, recruitment of oxidative stress pathways, and sympathoadrenergic acti-
vation. Although the kidney maintains function over a broad range of autoregu-
lation, sustained reduction in renal perfusion leads to disturbed microvascular
function, vascular rarefaction, and ultimately development of interstitial fibrosis.
The functional consequence of an acute stenosis in the larger renal blood vessels is
impaired renal blood supply and ischemia. The most common form of renovas-
cular hypertension is unilateral or bilateral atherosclerosis of the renal artery. In
contrast, fibromuscular disease of the renal artery is less common and mostly
prevalent in young females. Rare causes of renovascular hypertension are renal
artery aneurysm, arterial embolism, or arteriovenous fistula.

It is important to understand that the presence of a vascular stenotic lesion as seen
in duplex ultrasound or by angiography is not enough to establish its role for an
increase in arterial pressure and leading to high, resistant hypertension. Most studies
have shown that the cross-sectional area of the renal artery has to be less than
30–20 % before functional consequences develop [10]. Once the critical level is
reached, several intrarenal mechanisms may occur. A central mechanism is the
release of renin from the juxtaglomerular apparatus, leading to activation of the
renin–angiotensin–aldosterone system with an increase in renal artery resistance and
increased sodium in water reabsorption. The activation of these mechanisms can
occur without the loss of renal size or function. However, over time, the renovascular
impairment leads to chronic ischemia in the kidney. The local ischemia in the kidney
contributes via activation of the renin–angiotensin–system but also via activation of
renal sympathetic nerve activity to the maintenance and persistence of high blood
pressure [11–13]. It seems obvious that in long-standing renal arteries stenosis, the
intrarenal mechanisms may come independent and renal ischemia may contribute
via parenchymal changes to the high, resistant blood pressure.

5.3 Conclusion

The kidney plays an important role in the development of resistant hypertension.
Historically, the renal pathophysiology in hypertension has been divided into
renovascular and renoparenchymal changes. If a severe renovascular stenosis is
present or, on the other hand, active inflammatory disease in the renal parenchymal
is present, such a diagnosis is justified. More often, the kidney is involved in
resistant hypertension in a more subtle manner. Several pathological mechanisms
may lead to either functional deterioration of the kidney with regional ischemia or
the loss of nephrons. The pathological factors that contribute to these events range
from cardiovascular risk factors such as hypertension itself, hypercholesterolemia,
and/or diabetes mellitus to the intake of damaging drugs such as non-steroidal.
Acute renal disease such as glomerulonephritis and/or vasculitis also leads to
activation of neurohormonal axis and vascular injury. The result of the acute or
chronic damage to the kidney factors is tubulointerstitial injury either directly to
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the tubules or, more often, via injury to the microcirculation, especially the
endothelial cells. Eventually, rarefaction of the renal microcirculation will lead to
ischemia with the subsequent loss of nephrons. Hyperperfusion of the remaining
nephrons leads to increased glomerular pressure with subsequent loss of these
remaining nephrons. Interstitial renal disease leads to (a) increased reabsorption of
sodium and water, (b) increased sympathetic activity in the kidney, and (c)
increased activation of the renin–angiotensin–aldosterone system. All three renal
mechanisms contribute in their respective ways to the maintenance of blood
pressure and may contribute to the clinical syndrome of resistant hypertension.
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6False Versus True Resistant
Hypertension

Gianfranco Parati, Juan E. Ochoa and Grzegorz Bilo

6.1 Introduction

While in interventional studies and in clinical practice much attention has been
given to the issues related to the treatment of resistant hypertension, only marginal
attention has been devoted to the methodological aspects related to BP measure-
ment that should be considered for a proper identification of resistant hypertension.
Current definition of resistant hypertension (i.e., failure to control BP by a treat-
ment based on adequate doses of a diuretic and two additional antihypertensive
drugs) is still based on office blood pressure (BP) measurements obtained in the
medical office, which are characterized by important acknowledged limitations
among which the frequent interference by the ‘‘white-coat’’ effect. Following the
introduction of ABPM and HBPM in clinical practice, several studies have
repeatedly reported substantial disagreements between in-office and out-of-office
BP measurement techniques, leading to identification of two new forms of
hypertension, previously unknown when BP measurements were limited to the
clinical setting: (1) the so-called white-coat hypertension (elevated in-office but
normal out-of-office BP levels) and (2) ‘‘masked’’ hypertension (normal in-office
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but elevated out-of-office BP levels) [1, 2]. Although these terms were initially
defined referring to subjects not yet receiving antihypertensive treatment during
the initial diagnostic approach of hypertension, equivalent phenomena have been
described among treated hypertensive subjects and are known as false resistant/
uncontrolled hypertension (white-coat resistant/uncontrolled hypertension,
WCRH) and false BP control (masked resistant/uncontrolled hypertension
(masked resistant/uncontrolled hypertension, MRH). Remarkably, observational
and interventional studies implementing both in-office and out-of-office BP mea-
surements for assessment of BP control have shown a substantial and sometimes
higher-than-expected frequency of WCRH and MRH among treated hypertensive
patients [3–5], indicating that OBP alone is insufficient to reliably assess BP
control. Detection of these conditions with out-of-office BP monitoring is thus an
essential step in the diagnostic approach to resistant hypertension. While identi-
fication of WCRH may avoid performing unnecessary and costly diagnostic tests,
or exposing subjects to the adverse effects associated with multidrug therapy,
detection of MRH would allow early implementation of adequate BP-lowering
strategies to achieve daily-life BP control, thus preventing the adverse cardio-
vascular consequences associated with this condition. The present chapter is aimed
at addressing the initial diagnostic approach to the patient who presents with
resistant hypertension in the medical office focusing on the role of ABPM and
HBPM in defining whether the failure to achieve OBP control actually corresponds
to true resistant hypertension. A general outlook to the advantages of imple-
menting out-of-office BP measuring techniques for assessment of BP control in
treated hypertensive patients is also provided.

6.2 True and False Resistant Hypertension (White-Coat
Resistant Hypertension): Definitions and Contributing
Factors

Although different definitions have been proposed, a recent scientific statement
from the American Heart Association Professional Education Committee of the
Council for High Blood Pressure Research defined resistant hypertension as the
persistence of BP values that remain above the OBP goal (i.e., C140/90 mmHg for
diastolic/systolic BP; or C130/80 mmHg for patients with diabetes mellitus, renal
dysfunction, or at high/very high CV risk) despite the concomitant use of 3
optimally dosed antihypertensive medications from different classes at near-
maximal US Food and Drug Administration–approved doses, one of which should
ideally be a diuretic [6]. Hypertensive patients on C4 antihypertensive drugs to
achieve BP control as well as patients who have uncontrolled BP and taking 3
drugs being intolerant to diuretics are also considered to have resistant hyper-
tension [6]. Worth mentioning, resistant hypertension should not be confounded
with uncontrolled hypertension, which refers to subjects who fail to reach BP goal
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with fewer than three drugs or with an inadequate treatment regimen (either by
medical inertia or by poor adherence to treatment).

Although current guidelines for the management of resistant hypertension still
define resistance to antihypertensive treatment based on OBP measurements, there
is increasing awareness of the important limitations that characterize OBP,
including the inherent inaccuracy of the technique, the observer’s bias and digit
preference, a variable interference by the ‘‘white-coat effect,’’ and the inability of
this approach to collect information on BP during subjects’ usual activities and
over a long period of time. Despite the availability of more accurate techniques for
BP measurement out of the medical office, which might allow overcoming these
difficulties, OBP is still considered as the reference standard for the diagnosis of
hypertension and for assessment of BP control in treated hypertensive patients [1].
This is likely to occur mainly because most evidence on the cardiovascular risk
associated with elevated BP levels as well as on the benefits of BP-lowering
treatment has been based on the results of epidemiological studies and clinical
trials using OBP [7]. However, analyses of large databases of observational and
interventional studies in hypertension implementing ABPM and HBPM in addition
to OBP have overwhelmingly shown that a substantial and sometimes larger-than-
expected number of subjects initially diagnosed with resistant hypertension or with
BP control based on OBP actually correspond to false resistant hypertension
(WCRH) and false BP control (MRH) (WCRH) and false BP control (MRH),
respectively. Indeed, when considering the threshold values to assess lack of BP
control using in-office (OBP C140/90 mmHg) and out-of-office techniques (HBP
or daytime ABP C135/85 mmHg), a treated hypertensive patient may fall into one
of four categories: (1) true BP control (normal in-office and out-of-office BP
levels); (2) true resistant hypertension (elevated in-office and out-of-office BP
levels); (3) false resistant/uncontrolled hypertension (elevated in-office but normal
out-of-office BP levels) also known as white-coat resistant/uncontrolled hyper-
tension (WCRH); and (4) false BP control (normal in-office but elevated out-of-
office BP levels) also known as masked resistant/uncontrolled hypertension
(MRH) (Fig. 6.1).

Although demonstration of elevated office and out-of-office BP levels is an
essential step for the diagnosis of true resistant hypertension, several interfering
factors other than those related to BP measurement itself (i.e., the ‘‘white-coat
effect’’ or cuff-related artifacts) should still be considered before confirming the
diagnosis of true resistant hypertension. These include secondary causes of
hypertension, inappropriate drug choices or doses, concurrent use of drugs that
may interfere with prescribed antihypertensive agents, or failure of the patient to
adhere to the prescribed treatment regimen. With regard to this latter issue, several
factors may further contribute to discontinuation of antihypertensive treatment
increasing the prevalence of false resistant hypertension, such as side effects of
multidrug therapy and cost of medications, lack of consistent and continuous
primary care, the absence of strong physician motivation, poor understanding of
instructions related to treatment, and social and cultural fences. Indeed, recent
analyses of several interventional trials have shown that administration of
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multidrug regimens by clinical staff to subjects who had been previously uncon-
trolled by antihypertensive treatment resulted in optimal BP control [9], suggesting
that in addition to the ‘‘white-coat’’ effect and inaccuracies of OBP measuring
techniques, a poor adherence to recommended lifestyle measures and/or drug
treatment may be major contributing factors to the apparent resistance to antihy-
pertensive treatment. In some instances, also physicians’ inertia may increase the
prevalence of false resistant hypertension as indicated by several surveys showing
that many physicians not only fail to perform a proper BP measurement in the
office but also fail to increase the number of doses of antihypertensive medications
as recommended by guidelines when BP levels are out of control.

From a prognostic perspective, a proper assessment of BP control and identi-
fication of patients with true resistant hypertension as well as those with MRH
(false BP control) are of the highest relevance on the background of the evidence
showing these conditions to be associated with a higher prevalence of secondary
hypertension and target organ damage [10, 11], as well as with a higher risk of
future cardiovascular and renal events, which ultimately translates into greater
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Fig. 6.1 Schematic relationship between office and home or ambulatory BP in treated
hypertensive subjects. Classification of patients based on the comparison of office and home or
ambulatory blood pressure (BP). Modified from Parati et al. [8] with permission
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healthcare costs [6, 12, 13 ]. Conversely, confirming the achievement of true BP
control and excluding the presence of real resistant hypertension by demonstrating
adequate out-of-office BP control, through ABPM and/or HBPM, are also
important in order to prevent unnecessary modifications to antihypertensive
treatment such as inappropriate increase in dosing or number of antihypertensive
drugs. This may help reducing the risk of adverse effects associated with multidrug
therapy that often interfere with patients’ lifestyles affecting compliance. Finally,
in recent years, interventional device-based treatment strategies have became
available for the management of resistant hypertension (i.e., carotid baroreceptor
activation through permanent implantation of a carotid nerve stimulator (Rheos,
CVRx, USA) [14] and radiofrequency catheter-based renal denervation [15]).
Given the costs and invasive character of these approaches (as well as their
potential adverse effects when not properly indicated), an accurate diagnosis of
true resistant hypertension based on both office and out-of-office BP measures is
currently considered among the eligibility criteria before proceeding with these
interventional therapies as recently outlined in a position statement document of
the European Society of Hypertension [16].

6.3 Prevalence of True and False Resistant Hypertension
(‘‘White-Coat’’ Resistant Hypertension)

Resistant hypertension is an important medical problem, and its prevalence may
substantially differ depending on the population studied and the level of medical
screening. In the absence of definitive large prospective epidemiological studies
specifically designed to assess the prevalence of this phenomenon, data from large
community-based observational studies and clinical trials suggest that about 10 to
30 % of subjects within the overall hypertensive population may be resistant to
antihypertensive treatment [3, 17, 18, 19]. The prevalence of resistant hypertension
may considerably increase when applying lower BP cutoff limits for defining BP
control (i.e., OBP \130/80 mmHg for hypertensive subjects with diabetes mellitus,
renal insufficiency, or at high/very high CV risk as previously recommended by
guidelines until year 2007). It may also falsely increase due to the presence of the
‘‘white-coat’’ effect, administration of inadequate doses of antihypertensive ther-
apy, improper use of diuretics, and poor adherence to medical treatment after
increases in dosing or number of drugs [19, 20]. Of relevance, in a significant
proportion of subjects with resistant hypertension, the persistent elevation in OBP
has been shown to correspond to WCRH (false resistance hypertension) as indicated
by the analysis of observational studies and clinical trials in hypertension [3, 19].
A report from the Spanish Ambulatory Blood Pressure Monitoring Registry
provided relevant data on the prevalence and clinical features of resistant hyper-
tension in a large sample of about 68.000 hypertensive patients from Spain who had
24-h ABPM performed and were recruited from primary care and specialty clinics
since 2004 [3]. Overall, a total of 8295 subjects, corresponding to 12.2 % of the
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study population, had resistant hypertension, that is, OBP C140/90 mmHg while
taking 3 antihypertensive drugs. Interestingly, about 37.5 % of these subjects had
relatively normal 24-h ABPM (24-h systolic/diastolic ambulatory BP \130/
80 mmHg) so that their elevated OBP could be explained by the ‘‘white-coat’’
effect. This high prevalence of false resistant hypertension exceeds previously
reported estimates (18–33 %) of this phenomenon in the general hypertensive
population [21]. The remaining 62.5 % of resistant hypertensive subjects in this
study had ‘‘true resistant hypertension’’ (i.e., 24-h ABPM C130/80 mmHg). More
recently, a subsequent report from the Spanish database showed that the prevalence
of MRH (false BP control), that is, normal office BP associated with 24-h ambu-
latory SBP C130 and/or DBP C80 mmHg, was present in 31 % of treated hyper-
tensive patients apparently controlled based on OBP measures [5]. A previous
report on a large sample of Japanese subjects in the frame of the J-HOME Study
using cutoff values of 140/90 and 135/85 mmHg for office and home BP, respec-
tively [4], reported a prevalence of WCRH (false resistant hypertension) and true
resistant hypertension among patients with resistant hypertension based on office
readings of 27.4 and 72.6 %, respectively. Conversely, among patients with con-
trolled OBP, the prevalence of true BP control and MRH (false BP control) was 43.1
and 56.9 %, respectively [4].

In some studies, the clinical characteristics of hypertensive patients with true
and false resistant hypertension have been comparatively assessed in an attempt to
provide clues to facilitate identification of these two conditions as well as for
suggesting strategies and interventions for improving BP management. In a recent
report on the National Health and Nutrition Examination Surveys (NHANESs),
clinical characteristics associated with apparently treatment-resistant hypertension
included C4 visits per year, obesity, chronic kidney disease, and Framingham 10-
year coronary risk [20 % [22]. In the same line, an analysis of the Spanish reg-
istry showed significant differences in the prevalence of CV risk factors between
false and true resistant hypertensive patients, the subgroup of subjects with true
resistant hypertension being characterized by a significantly higher prevalence of
cigarette smoking, diabetes and target organ damage (i.e., left ventricular hyper-
trophy, microalbuminuria, or impaired renal function), and a history of previous
cardiovascular events [3]. However, despite the effort of these studies to identify
consistent characteristics and trends in order to distinguish true from false resistant
hypertension, the strength of the associations has been very week, being thus
unlikely that the differences in risk factor profiles or in selected clinical charac-
teristics might be sufficient to discriminate between these conditions. It must be
emphasized that ABPM, ideally accompanied by the use of HBPM for assessment
of BP control in the long term, remains the standard method for a correct diag-
nosis, management, and assessment of BP control of all hypertensive patients not
controlled on C3 antihypertensive drugs [23].
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6.4 In-Office Versus Out-of-Office (ABPM and HBPM) BP
Measurement Techniques in Assessing Response
to Antihypertensive Treatment

Several interventional studies have shown that the effects of a given BP-lowering
strategy (either pharmacological or interventional) on office, and out-of-office BP
values, may exhibit substantial quantitative and qualitative differences [24–31].
Evidence on this was provided by a meta-analysis of several studies providing
information on drug-induced changes in OBP and 24-h ABPM, comparatively
assessing the magnitude of the reduction in office and 24-h ambulatory BP levels
induced by antihypertensive treatment [26]. Overall, treatment-induced reductions
in 24-h ABPM were found to be smaller than those in systolic (S) and diastolic (D)
OBP. While mean reductions in office SBP/DBP were 24.9/14.5 mmHg, those in
24-h ambulatory mean SBP/DBP were 14.6/9.2 mmHg corresponding to about
60 % of the reduction achieved in OBP [26], thus indicating that the effect of
antihypertensive treatment is greater on OBP than on ABP. Further confirmation of
these findings was provided by a systematic review of literature including data of
about 6794 subjects, comparatively assessing the reductions in office versus home
and 24-h ambulatory BP levels induced by antihypertensive treatment [27].
Overall, this analysis showed that HBP falls approximately 20 % less than OBP
with antihypertensive treatment (mean changes in office and home SBP/DBP were
-15.2/-10.3 mmHg and -12.2/-8.0 mmHg, respectively). However, in a study
by Ishikawa et al. [27], the reduction in home SBP was greater than that of 24-h
SBP (-12.6 mmHg reduction in HBP versus-11.9 mmHg reduction in 24-h SBP;
P \ 0.001). It was also shown that daytime ambulatory SBP falls 15 % less and
nighttime systolic BP falls 30 % less than home SBP [27]. Even more striking
have been the disagreements observed between in-office and out-of-office BP
measuring techniques (either ABPM or HBPM) after interventional procedures
(i.e., carotid baroreceptor activation and renal sympathetic denervation) which
generally induce marked, direct, and much greater reductions in OBP than those
expected with multidrug pharmacological treatment. Indeed, recent systematic
reviews of literature have indicated that the reductions in 24-h BP may only
correspond to about 30 % of the reductions in OBP induced by interventional
strategies, being comparable with the decrease in 24-h BP achieved by conven-
tional treatment [26–31]. Stunningly, in some studies, 24-h ABPM reductions have
shown to correspond only to 18 % of the reduction in OBP achieved with inter-
ventional strategies, without even reaching statistical significance [32]. The
marked disagreements between OBP and out-of-office BP measurement techniques
in reflecting the effects of pharmacological and interventional strategies on BP
levels have raised serious questions regarding the validity of OBP measures alone
not only for assessing BP control during antihypertensive treatment, but also to
support the diagnosis of resistant hypertension. It is thought that through their
inhibitory effects on sympathetic drive, interventional techniques may induce
suppression of the white-coat effect, which in turn might be responsible for the
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disagreements between OBP and 24-h ABPM. Careful exclusion of patients with
WCRH (false resistant hypertension) should thus be a mandatory step for a better
evaluation of the actual effects of pharmacological and interventional strategies on
BP in future clinical trials [33]. Overall, the above data indicate that OBP readings
alone are neither sufficient nor reliable for assessing the response of BP levels to
antihypertensive treatment or interventional strategies. A more systematic imple-
mentation of ABPM and HBPM is thus needed not only in the setting of inter-
ventional trials but also in daily clinical practice, in order to properly assess the
actual impact of the tested treatment strategy on BP levels and CV protection.

6.5 Advantages of Out-of-Office BP Measurement Techniques
for Assessing BP Control

As shown by observational and interventional studies in treated hypertensives
where both in-office and out-of-office BP measurement techniques have been
implemented for assessment of BP control, up to one-third of treated hypertensives
may be mistakenly classified as having resistant hypertension while they actually
show WCRH (false resistant hypertension) [3]. Which is even worse, another 30 %
of these subjects may be erroneously classified as having BP controlled, while
their out-of-office BP levels actually remain elevated (MRH or false BP control)
[4, 5]. Main reasons for these impressive figures include the highly dynamic
behavior that characterizes BP levels, which undergo continuous variations over
time and the inability of OBP measurements during the medical visit to collect
information on BP during subjects’ usual activities and over a long period of time.
In addition, OBP readings have some limitations related to the inherent inaccuracy
of the technique, the observer’s bias, and digit preference, as well as a variable
interference by the ‘‘white-coat effect’’ due to the alarm reaction generated by the
medical visit. A main advantage of out-of-office BP measurements collected either
by ABPM or by HBPM is that they allow detection of BP changes in real-life
conditions preventing the alarm reaction associated with BP measurement in the
medical office responsible for the ‘‘white-coat effect,’’. This, in turn, is considered
a major explanation for the frequently observed disagreement between OBP and
out-of-office BP measurements [34]. In addition, the use of ABPM allows iden-
tification of subjects with alterations in 24-h day-to-night BP changes, that is, non-
dippers (subjects with nighttime BP fall \10 %), risers (subjects who have a
higher BP during sleep than while awake), or subjects with nocturnal hypertension
regardless the degree of day–night BP fall. These abnormal patterns in 24-h ABPM
have been reported to occur with a higher frequency among patients with true
resistant hypertension [3, 35, 36] and to be associated with an adverse CV prog-
nosis [37–39], which justifies their identification through ABPM as well as tar-
geting antihypertensive treatment toward normalization of ABP profiles. However,
despite being considered the gold standard for the diagnosis of hypertension
[40, 41] and for assessing BP control in treated hypertensive patients [1, 7], ABPM
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is costly and is not easily available everywhere. Moreover, it requires trained clinic
staff and specialized equipment and may interfere with patients’ usual activities
and sleep [8]. On the other hand, HBPM shares several of the advantages of
ABPM and is less expensive, which supports the current recommendation for its
extensive use in clinical practice for the long-term follow-up of BP control in
treated hypertensive patients [1, 2, 8, 42]. Nevertheless, at variance from ABPM,
self-measurements of BP by patients through HBPM cannot provide the extensive
information on daily-life BP behavior available with ambulatory recordings, thus
preventing a dynamic assessment of BP within the 24-h period, over daytime, and,
in particular, at night. However, when performed on a regular basis, repeated BP
measures obtained by patients at home offer the possibility to obtain accurate and
frequent information on out-of-office BP not only during a single day, but also over
several days, weeks, or months in a usual life setting. This also allows assessing
dynamic BP changes (i.e., day-by-day BP variability) over longer periods of time,
providing more reliable measures not only on the degree but also on the consis-
tency of BP control over time [8]. Despite its multifold clinical advantages and
rapidly growing diffusion, HBPM cannot be considered as an alternative to ABPM,
however. Although a major common denominator between HBPM and ABPM is
the fact that both of them provide out-of-office BP measurements detecting BP
changes in real-life conditions and preventing the alarm reaction associated with
OBP [34], they provide complementary (not interchangeable) information on BP
in different living conditions and over different periods [8, 40, 43]. The main
characteristics of the most important methods for BP measurement in humans are
comparatively summarized in Table 6.1.

Table 6.1 modified from Parati et al. [8] by permission. WCH: white-coat
hypertension; MH: masked hypertension; OBP: office blood pressure; ABPM:
ambulatory BP monitoring; HBPM: home BP monitoring.

Table 6.1 Comparison between features of three main methods for BP measurement

Feature OBP ABPM HBPM

No. of readings Low High Medium

White-coat effect Yes No No

Operator dependency Yes No No

Need of device validation
(*Yes if oscillometric device
is used)

No* Yes Yes

Daytime BP + + ? + + +

Nighttime BP and dipping
(**new HBPM devices may
perform nighttime BP
measures)

– + ? + -/+**

Morning BP ± + + +
(continued)
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In view of their important advantages, ABPM and HBPM monitoring have been
proposed as useful solutions for a better assessment of BP control in treated
hypertensive subjects when combined to conventional OBP measurements [34].
This might significantly reduce misclassification of resistant hypertension and better
define the need of screening tests for secondary causes of hypertension or imple-
menting more aggressive pharmacological or interventional strategies (i.e., carotid
baroreceptor activation or radiofrequency catheter-based renal denervation).

6.6 Identification of True and False Resistant Hypertension
(White-Coat Resistant Hypertension) and True and False
BP Controls (Masked Uncontrolled/Resistant
Hypertension, MRH) in Treated Hypertensives Through
ABPM and HBPM

In view of the limitations characterizing OBP measurements, it becomes clear that
an adequate assessment of BP control and a proper diagnosis of resistant hyper-
tension cannot be based on isolated OBP readings only. Considering the high
prevalence of WCRH (false resistant hypertension) among subjects with resistant

Table 6.1 (continued)

Feature OBP ABPM HBPM

24-h BP variability – + + ±

Long-term BP variability – ± + +

WCH and MH diagnosis – + + + +

Placebo effect ++ – –

Reproducibility Low High (24-h average
values)

High (average of several
values)

Prognostic value + + ? + + +

Patient involvement – – + +

Patient training – ± + +

Physician involvement +++ ++ +

Patients’ acceptance ++ ± + +

Monitoring of treatment
effects

Limited
information

Extensive information
on 24-h BP profile
cannot be repeated
frequently

Appropriate for long-term
monitoring, limited
information on 24-h BP
profile

Hypertension control
improvement

+ ++ +++

Cost Low High Low

Availability High Low High
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hypertension, a practical approach to facilitate the diagnostic evaluation of resis-
tant hypertension consists in classifying patients into two wide categories: true
resistance hypertension and false resistance hypertension. Thus, a first step in the
evaluation of the patient with a diagnosis of resistant hypertension (made on the
basis of OBP measurements) consists in confirming the presence of true resistance
to treatment by the combined use of office and out-of-office BP measurement
techniques, and thus in excluding WCRH. As mentioned above, ABPM and
HBPM provide out-of-office BP measurements detecting BP changes in real-life
conditions preventing the alarm reaction associated with OBP [34] which is
considered a major contributor to the frequently observed disagreement between
OBP and out-of-office BP measurements (Fig. 6.1).

In untreated populations, the prognostic relevance of white-coat hypertension
(WCH, elevated OBP, and normal ABP or HBP) is still debated, although it seems
to modestly increase CV risk [44]. On the contrary, identification of masked
hypertension (normal OBP and elevated ABP or HBP levels) [45, 46] is important
on the background of the evidence showing MH to be associated with an elevated
CV risk, close to that of patients with sustained hypertension (in whom, both OBP
and out-of-office BPs are elevated) [47–49]. In treated hypertensive subjects,
identifying true and MRH (false BP control) is of outmost importance on the
background of the evidence showing an elevated risk of target organ damage (i.e.,
left ventricular hypertrophy and microalbuminuria) [10, 11] as well as an increased
incidence of fatal and non-fatal cardiovascular events in these subjects when
compared to those with true BP control [50–52].

Although MH was first studied with ABPM [45], recent studies have indicated
that HBPM is as reliable as ABPM in identifying this phenomenon as well as the
associated target organ damage associated with MH [53] although ABPM and
HBPM may not necessarily identify the same patients with MH, given that they
obtain information on different components of daily life BP. Indeed, during the
initial diagnostic approach to hypertension, HBPM may be useful in identifying
‘‘truly’’ hypertensive patients, likely to benefit from implementation of antihy-
pertensive therapy [54]. Evidence on the diagnostic value of HBPM for discrim-
inating between true and false resistant hypertensions has also been provided in a
recent study conducted in a group of subjects on stable treatment with C3 anti-
hypertensive drugs using ABPM as reference method [55]. Office resistant
hypertension was defined as elevated OBP (C140/90 mmHg) and true resistant
hypertension as concomitant elevation in office and out-of-office BP (SBP and/or
DBP C135/85 mmHg for HBP or awake ABP). There was agreement between
ABP and HBP in confirming clinic resistant hypertension in 82 % of the cases
(59 % with and 23 % without true resistant hypertension; kappa 0.59). Regarding
the diagnosis of true resistant hypertension, there was agreement between ABP and
HBP in 74 % of the cases (49 % with and 25 % without true resistant hyperten-
sion; kappa 0.46). The sensitivity, specificity, and positive and negative predictive
values for HBP in confirming clinic resistant hypertension were 93, 63, 81, and
83 %, respectively. The respective values for HBP in detecting true resistant
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hypertension were 90 %, 55 %, 71, and 82 %, indicating that HBP may be a
reliable alternative to ABPM in the evaluation of resistant hypertension [55].

Based on the above data, it may be concluded that a proper assessment of BP
control and classification of treated hypertensive patients with the combined use of
office, ambulatory, and ideally home BP measurements are essential for defining
the need for performing additional diagnostic procedures (i.e., screening tests for
secondary causes of resistant hypertension) and/or implementing more aggressive
pharmacological or interventional strategies. (Fig. 6.2).

6.7 Conclusions

Because false resistant hypertension may be present in a substantial and higher-
than-expected number of treated hypertensive patients, confirmation of true
resistance to antihypertensive treatment in daily life is a key step during the
diagnostic approach to patients who present with persistently elevated clinic BP
levels despite properly administered antihypertensive regimen. Although some

Fig. 6.2 Initial diagnostic approach to the patient with clinic resistant hypertension. AHT
antihypertensive treatment, HT hypertension, OBP office blood pressure, DM diabetes mellitus,
CKD chronic kidney disease, CV cardiovascular, BP blood pressure, ABPM ambulatory blood
pressure monitoring, HBPM home blood pressure monitoring, WCRH ‘‘white-coat’’ resistant
hypertension, MRH ‘‘masked’’ resistant hypertension, RH resistant hypertension
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studies have identified significant differences in the prevalence of some clinical
characteristics and cardiovascular risk factors between subjects with false and true
resistant hypertensions, the strength of the associations has been week, being thus
unlikely that these clinical characteristics are sufficient to discriminate between
these diagnoses. It must be emphasized that at present, ABPM remains the stan-
dard method for management and assessment of BP control and for a correct
diagnosis of resistant hypertension in all hypertensive patients not controlled in the
clinic on C3 antihypertensive drugs [23]. In addition, ABPM provides information
about the circadian patterns of BP, in particular on the degree of day-to-night BP
reduction which is frequently blunted or even inverted in subjects with resistant
hypertension. Although ABPM is considered the reference method to characterize
different subtypes of resistant hypertension, a recent study showed that also HBPM
may provide reliable information to discriminate between false and true resistant
hypertensions and between true and false BP control, thus reducing misclassifi-
cation of treated hypertensive subjects [55]. At variance from ABPM which only
provides information on BP levels within the 24-h period, a proper implementation
of HBPM offers the possibility to perform accurate and frequent out-of-office BP
measurements not only during a single day, but also over several days, weeks, or
months in a usual life setting, thus allowing a better assessment of the degree and
consistency of BP response to antihypertensive treatment in the long term. Indeed,
the use of HBPM has been strongly supported by current guidelines for assessment
of BP control in treated patients in whom a proper assessment of the degree and
consistency of BP reduction over time are necessary [1, 2], on the background of
the evidence that ABPM and HBPM provide complementary and not redundant
information on BP levels. Once the diagnosis of true resistant hypertension has
been confirmed, further steps include assessment of adherence to antihypertensive
treatment, screening for identifiable causes of hypertension (i.e., hyperaldoste-
ronism, obstructive sleep apnea, chronic kidney disease, renal artery stenosis, and
pheochromocytoma), documentation of target organ damage and CV complica-
tions, and defining the need to intensify pharmacological treatment versus per-
forming interventional strategies. Whenever possible, subjects with confirmed
resistant hypertension should ideally be referred to a hypertension specialist [6].
Conversely, confirmation of false resistant hypertension may avoid unnecessary
and costly additional diagnostic tests, also preventing from improperly increasing
doses or number of medications and thus reducing the associated adverse effects of
multidrug therapy. Finally, as shown by several meta-analyses of observational
and interventional studies, OBP alone is unreliable either to support the diagnosis
of resistant hypertension or for assessing BP control, following pharmacological or
interventional strategies. Despite all the above evidence, in clinical practice, the
efficacy of BP-lowering strategies is still often assessed just based on office BP
without considering ambulatory and home BP measurements. For a better
assessment of the actual benefits of these strategies not only in terms of BP control
but also in relation to their impact on cardiovascular prognosis, forthcoming
studies implementing the combined use of office, ambulatory, and home BP
measures are necessary.
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7Causes of Resistant Hypertension

Roland E. Schmieder

7.1 Pseudohypertension

Pseudohypertension is defined as factitious lack of blood pressure (BP) control
caused by inaccurate measurement of BP to flawed measurements or due to the
‘white-coat’ effect. Identification of pseudohypertension avoids overtreatment,
potential side effects by additional (unnecessary) medication, and excessive and
expensive evaluation of drug therapy [1, 2].

7.1.1 ‘White-Coat’ Effect/‘White-Coat’ Hypertension

‘White-coat’ effect is the difference between office BP and ambulatory or home BP
measurements and can be calculated as the mean office BP minus mean daytime
ambulatory BP [3]. This phenomenon is common, with a prevalence of 20–30 %
among patients with hypertension. Elderly individuals tend to exhibit more ‘white-
coat’ effects than younger individuals [4, 5]. In clinical practice, patients who are
experiencing the ‘white-coat’ effect may be identified through the use of out-
of-office BP monitoring techniques. Currently, there are two modalities that
provide out-of-office BP measurements that are used in clinical practice:
24-h ambulatory BP monitoring (ABPM) and self or home BP monitoring.
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7.1.2 Pseudohypertension

Falsely increased BP may result from markedly sclerotic arteries which do not
collapse during inflation of the BP cuff. In the elderly, the brachial arteries may
become very thickened and stiff due to arterial medial sclerosis and calcification.
Although the Osler’s maneuver has been recommended as a means of screening
for pseudohypertension [6], investigators have reported it to have questionable
accuracy and usefulness [7]. Correct identification of pseudohypertension is nec-
essary to avoid overtreating hypertensive patients and should be suspected in
elderly or diabetic patients with refractory hypertension and in those without organ
damage and/or symptoms of overmedication [8]. Confirmation of pseudohyper-
tension requires direct intra-arterial measurement of BP, and differences up to
50 mmHg have been reported in individual elderly hypertensive patients [6, 9].
Question for the daily work: Has white-coat effect been ruled out?
Diagnostic instrument: Evaluate home and/or ambulatory BP measurements

7.2 Renal Hypertension

7.2.1 Renal Artery Stenosis

Hemodynamically relevant renal artery stenosis (RAS) is found in a substantial
portion of patients with treatment-resistant hypertension [10]. The prevalence of
RAS ranges from 4 to 50 % in autopsy studies and is approximately 10 %
according to clinical studies [1, 10, 11]. Its prevalence increases with age due to
the progressive nature of atherosclerosis. Although several methods are used for
the detection of RAS with rather good sensitivity and specificity, the diagnosis of
secondary hypertension often represents an unfulfilled challenge for GPs and
referral in specialized centers is required to definitively rule out RAS.

Stenotic lesions are largely secondary to atherosclerosis (90 %) [10]. These
patients have to be evaluated with renal artery Doppler ultrasonography, magnetic
resonance angiography, or computed tomography scan (be aware of radiation
exposure) of the renal arteries [12, 13]. The renal venous–renin ratio is the only
diagnostic procedure able to determine renin production of each kidney separately
and can be of considerable assistance in treatment decision making, but its use is
decreasing due to low sensitivity and its invasive procedure. Nevertheless, it was
found to predict improvement of hypertension after nephrectomy in patients sus-
pected of having unilateral renal renin hypersecretion associated with ipsilateral
marked or complete loss of kidney function [14, 15].

Fibromuscular dysplasia is a much less frequent cause of RAS (approximately
10 %), is more frequently found in younger and female patients [10, 16], and can
be successfully treated by percutaneous dilatation [17].
Screening test for renal artery disease: duplex ultrasonography, magnetic resonance

angiography
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7.2.2 Renal Parenchymal Disease

Chronic renal failure frequently not only causes resistant hypertension but is also a
frequent complication of arterial hypertension in the sense of hypertensive end-
organ damage. The bidirectional pathomechanism between renal failure and
hypertension may explain why fewer than 15 % of patients with chronic renal
disease achieve the target value of\130/80 mm Hg despite taking a combination
of three or more medications [1]. All so far published guidelines recommend lower
blood pressure goals in patients with chronic kidney disease, especially when overt
proteinuria albuminuria is present [18].

Albuminuria and glomerular filtration rate are baseline diagnostic procedures
indicating not only renal but also cardiovascular risk and need be assessed in all
patients with resistant hypertension. Increases in serum creatinine occur at a late
stage of kidney disease. Glomerular filtration rate should be estimated by the use
of the Modification of Diet in Renal Disease (MDRD) Study, the CKD-EPI for-
mula, or Cockcroft–Gault equation [19].
Screening test for renal parenchymal disease: Urine analysis (stick test, micro-

scopic analysis of the urine, e.g., erythrocytes?), quantification of albuminuria
and proteinuria (urinary albumin creatinine ratio in the spot urine), estimated
glomerular filtration rate (eGFR)

Findings: red blood cells, (acanthocytes), albuminuria [30 mg/g creatinine (mi-
croalbuminuria), proteinuria [1 g/day, eGFR \ 60 ml/min/1.73 m2

7.3 Endocrine Causes of Secondary Hypertension

7.3.1 Primary Hyperaldosteronism

Primary hyperaldosteronism is the most common cause of secondary hypertension
and is a frequent contributor to treatment resistance [20, 21]. Around 10 % (to
20 %) of patients with resistant arterial hypertension have primary hyperaldoste-
ronism [21]. Although the diagnosis of adrenal adenomas prevailed during older
times, recent reports reveal that hyperplasia is more frequent than adrenal ade-
nomas [21, 22]. The adenoma is usually unilateral and is comprised of glomerulosa
cells in the adrenal cortex. Primary hyperaldosteronism is rarely caused by adrenal
carcinoma.

Diagnosis is suspected in patients with hypertension with persistent hypoka-
lemia or normokalemia in the lower normal range. The screening tool in these
patients is elevated plasma aldosterone levels related to low plasma renin activity
(PRA), without interaction of drugs that profoundly affect the hormone levels (in
particular aldosterone antagonists, direct renin inhibitors). The prevalence of
hyperaldosteronism is much greater than previously thought, partially because
hypokalemia and adrenal tumors are no longer necessary criteria for the diagnosis.
Of course, the telltale symptom is hypokalemia, although up to 50 % of patients
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with confirmed primary hyperaldosteronism display normal potassium [23]. The
prevalence is positively correlated with the severity of BP [24]: Among untreated
patients, the prevalence of hyperaldosteronism increases with increasing severity
of hypertension, from 2 % in patients with stage 1 hypertension to 8 % in those
with stage 2 hypertension and 13 % in those with stage 3 hypertension [25]. The
prevalence is even higher in patients with resistant hypertension, approaching
17–22 % in studies [23, 26].

In a prospective study, 20 % of patients with resistant hypertension were
diagnosed with primary hyperaldosteronism based on a suppressed plasma renin
activity (\1.0 ng/mL/h) and a high 24-hour urinary aldosterone excretion
([12 lg/24 h) during high dietary sodium intake ([200 mEq/24 h) [23]. Because
of its high prevalence in this patient group, all patients with resistant hypertension,
even those with normal potassium levels, should be evaluated for primary
hyperaldosteronism [21, 26, 27].

Aldosterone–renin ratio is considered the most reliable test for screening pri-
mary hyperaldosteronism, but false-positive and false-negative results may occur
depending on posture, time of the day, salt intake, plasma potassium, and con-
current medications [28]. Interfering medications should be ideally stopped before
screening for primary hyperaldosteronism. However, the risk of stopping medi-
cations in patients with resistant hypertension needs to be carefully assessed in
order to avoid loss of hypertension control. The impact of concomitant medication
is small by the use of a-blockers, such as doxazosin, and ACE inhibitors, such as
fosinopril, on the aldosterone–renin ratio [29]. Amlodipine, a calcium channel
blocker, gave only a small percentage of false-negative diagnoses, suggesting that
it could be used if strictly necessary to control blood pressure. ß-Blockers also do
not substantially interfere with the diagnosis of primary hyperaldosteronism, but
they could be responsible for an increased rate of false-positive ratio and therefore
of an increased necessity for the confirmatory test of hyperaldosteronism [28, 29].
Of course, aldosterone antagonists (spironolactone, eplerenone) and direct renin
inhibitor aliskiren (false measurements of serum renin concentrations) need to be
stopped at all events.

If aldosterone–renin ratio is positive, primary hyperaldosteronism has to be
confirmed by fludrocortisone suppression test or oral sodium loading/saline infu-
sion testing [20]. After confirmation, lateralization of the source of the excessive
aldosterone secretion demonstrated by adrenal vein sampling is critical to guide
the management of primary hyperaldosteronism [20, 27, 28], but bilateral venous
blood sampling is a challenging procedure and success rate is approximately 75 %
at best [30].

The other forms of endocrine hypertension, presented in Fig. (7.1), are less
frequently encountered in hypertensive patients and, therefore, represent more rare
causes of resistant hypertension. In addition, the clinical presentation of these
endocrine forms of secondary hypertension is usually so characteristic that is really
difficult to miss them.
Screening test for aldosteronism: ARR (aldosterone–renin ratio)
Signs: Elevated ARR (depending on laboratory methods)
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Screening test for Cushing’s syndrome: Urinary free cortisol (UFC), dexameth-
asone suppression test

Signs: Increased 24-h UFC level: 3–4 times upper limit of the normal range
(40–50 lg/24 h), lack of cortisol suppression (morning plasma cortisol lev-
els [1.8 lg/dl)

7.3.2 Pheochromocytoma

Although the prevalence of pheochromocytoma in the general hypertensive pop-
ulation is very low (0.1–0.6 %) [31, 32], the diagnosis and treatment are extremely
important due to hypertensive crisis if the tumor is stimulated and the possibility
that the tumor could be malignant. The clinical presentation of pheochromocytoma
is widely variable, but the triad of headache, palpitations, and sweating are the
most common findings [32]. Of note, only 50 % have episodes of hypertensive
crisis, and the other half have committedly elevated BP.

All patients with resistant hypertension and symptoms typical of pheochro-
mocytoma should be screened. Plasma-free metanephrines are the best screening
test for pheochromocytoma, with high sensitivity (99 %) and specificity (89 %)
[32]. Surgical removal of the tumor is the appropriate treatment.
Screening test for pheochromocytoma: Urine tests for catecholamine

hypersecretion

Secondary causes of resistant hypertension

Lifestyle factors

• Obesity

• Salt intake

• Low physical activity

• Alcohol intake (>30g/day)

Other biological causes

• Pseudohypertension (white-coat
effect, flawed measurements)

• Obstructive sleep apnea
syndrome (OSAS)

• Coarctation of the aorta

• Liddle‘s syndrome
(monogenetic)

Drug induced hypertension

• Nonsteroidal anti-inflammatroy drugs

• Corticosteroide
(Glucocorticoids Mineralocorticoids)

• Calcineurininhibitioren (Ciclosporin A), 
(Tacrolimus)

• Sex hormones
(Oral Contraceptives, Androgens)

• Antidepressants
(e.g. MAO-Inhibitors)

• Sympathomimetic agents
(Amphetamines, nasal decongestants,
diet pills, cocaine)

Others

• Liquorice (via inhibition of 11- -HSD)

• ESA (Erythropoietin)

β

β

• Herbal supplements

• VEGF inhibitors

Renal causes

• Renal artery stenosis

• Renal parenchymal disease

• Unilateral (e.g. reflux, tumor)

• Renin secreting tumor (rare)

• Vasculitis (e.g. Takayasu
arteriitis)

Endocrine causes of secondary
hypertension

• Primary hyperaldosteronism
(Conn‘s syndrome)

• Glucocorticoid-remediable
aldosteronism

• 11- -
Hydroxysteroiddehydrogense 
deficiency

• Primary overproduction of 
cortisol (Cushing‘s syndrome)

• Primary overproduction of ACTH 
(Cushing‘s disease)

• (Hyperthyroidism)

• (Hypothyroidism)

• Hyperparathyroidism

Fig. 7.1 Secondary causes of hypertension
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Signs: For urinary catecholamines, total metanephrines: [1.3 g/24 h (depending
on laboratory method)

7.3.3 Hyperthyroidism/Hypothyroidism

In a study of nearly 700 patients (ages 15–70 years) referred for hypertension
management, nearly 4 % were found to have unrecognized hyperthyroidism,
whereas 3.6 % had serum levels indicative of hypothyroidism [33, 34]. Although the
prevalence of hypertension increases with age, none of the studies reported an age-
related increase in the prevalence of hypertension with hyperthyroidism [33, 34].

Hypertension incidence increased with age in both euthyroid and hypothyroid
women with thyroiditis, but hypothyroid patients had significantly greater diastolic
blood pressure in the fifth and sixth decades of life than did euthyroid controls [34].

In general, it is not recommended to screen for hyper- or hypothyroidism in
resistant hypertension, unless clinical symptoms indicate severe alteration in the
thyroid gland.
Screening test for hyperthyroidism and hypothyroidism: TSH test (if indicated).
Signs: Abnormal serum TSH level is a sensitive indicator of change in thyroid

function.

7.4 Poor Adherence to Therapeutic Plan

7.4.1 Obesity

Increased body weight is often associated with increased BP, and blood pressure
control is more difficult to achieve in obese than in lean hypertensive patients. Due
to the positive correlation between body mass index and blood pressure, it is well
accepted that weight loss results in blood pressure reduction [18, 35]. Patients who
are overweight or obese should be counseled to lose weight, ideally attaining a
body mass index (BMI) \25 kg/m2. By and large 1 kg body weight reduction is
associated with an average reduction in BP of 2/1 mm Hg [35]. The relation
appeared to be linear.

Nevertheless, it is important to stress that the need for weight loss should not be
used as a reason to delay pharmacologic therapy in patients with hypertension.
Rather, pharmacologic therapy should be used to control BP until lifestyle changes
take effect, at which time antihypertensive medication may be reduced. Weight
loss can be a big and often frustrating challenge for many patients. Powerful
cultural forces, social norms, and commercial interests encourage a sedentary
lifestyle, suboptimal diet, and overconsumption of calories. Even motivated
patients may find it difficult to sustain behavioral changes in diet and exercise [36].
Question for the daily work: Is the patient obese and/or has weight gained

recently?
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Therapeutic instrument: Discuss diet and lifestyle changes according to the
patient’s possibilities.

7.4.2 Salt Intake

The average adult male in the western hemisphere consumes 10–14 g salt per day.
This is significantly higher than the recommended daily salt intake of\5–6 g/day
(2–2,4 sodium/day) [18, 37]. Excessive sodium intake contributes to treatment-
resistant hypertension and increases stroke, left ventricular hypertrophy, and
proteinuria independent of blood pressure [37]. Conversely, a decrease in salt
intake of 12 g/day was associated with fall in blood pressure by approximately
20/10 mm Hg (Fig. 7.2) [38].

The response to dietary salt reduction is heterogeneous, but black and older-
aged patients tend to be more sensitive to the effects of sodium on BP [35, 37].
Individuals with hypertension, diabetes, or chronic kidney disease also display
greater sodium sensitivity. On average, BP increases with increased sodium
consumption, but there is no practical diagnostic test to distinguish a salt-sensitive
individual from one who is less sensitive to the effects of sodium.

Fig. 7.2 Comparison of 24-hour ambulatory blood pressure values during low- and high-salt
diet. The low-salt meals were formulated to provide 50 mmol of sodium per day (3 g/day).
During high dietary salt intake, NaCl tablets (6 g/24 h) were added to the subject’s regular diet
with the intention to increase dietary sodium intake to[250 mmol/d (15 g/day). Data presented
as mean ±SE. Figure from Pimenta et.al. [38]

7 Causes of Resistant Hypertension 83



ln a recent study, patients were counseled to choose foods low in sodium and
limit the amounts of added salt. A greater effect of sodium restriction was observed
when a reduced salt intake is combined with other dietary counseling, for example
in people who follow the Dietary Approaches to Stop Hypertension (DASH) diet
or who have a high potassium intake [37, 39].

Data linking a decreased salt intake to a decrease in morbidity and mortality in
hypertensive patients are not unanimous. Dietary salt intake reduction can delay or
prevent the incidence of antihypertensive therapy and may represent a simple cost-
saving mediator to reduce cardiovascular morbidity and mortality [37].
Question for the daily work: Does the patient limit dietary salt intake?
Therapeutic instrument: Recommend dietary sodium restriction per guidelines.

7.4.3 Alcohol

While modest consumption of alcohol (\30 g or 2 drinks/day) has not been asso-
ciated with BP increases in most studies, heavy alcohol intake is associated with
increased risk of hypertension [35]. A large intake of alcohol ([30 g) has a dose-
related and biphasic effect on BP. lt may lower BP in the first 4 h after ingestion, with
BP elevation occurring approximately 10–15 h later. Heavy drinking is associated
with a higher prevalence of HTN, hemorrhagic stroke, and cardiomyopathy [40],
whereas moderate drinking is associated with lower prevalence of coronary artery
disease, ischemic stroke, and sudden cardiac death [41, 42].

Patients should be counseled to reduce alcohol consumption to \2 drinks/day.
Some recommendations counsel lower limits for women and lighter weight [18].
Of note, blood pressure control might more difficult to achieve in heavy drinkers
due to poor adherence in antihypertensive therapy.
Question for the daily work: Is the patient a heavy alcohol drinker?
Therapeutic instrument: Recommend moderation of alcohol intake.

7.4.4 Obstructive Sleep Apnea Syndrome

Obstructive sleep apnea syndrome (OSA), which is defined as preserved and
increased respiratory effort despite partial or complete occlusion of the upper
airway, is a strong and independent risk factor for the presence of hypertension and
cardiovascular diseases [43–46]. Around 30 % of adults with high blood pressure
have obstructive sleep apnea, and the prevalence doubles for each 10-year increase
in age in both sexes. Diastolic hypertension is the first to rise in subclinical
obstructive sleep apnea [47]. Cross-sectional studies indicate that the severity of
OSA is related to systolic and diastolic BPs and that hypertension occurring in
individuals with OSA is more likely to be severe and resistant to treatment [48, 49].
The prevalence and severity were significantly higher in men than in women with
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resistant hypertension. In addition, it has been shown that OSA in normotensive
subjects predicts future development of hypertension [35, 50].

A position paper published in 2012 on the management of patients with
obstructive sleep apnea and hypertension recommends on the one hand lifestyle
changes, like weight loss for decreasing the high blood pressure, and on the other
hand also the therapy of antihypertensive drugs [50]. In an observational study, a
weight loss of 10 % predicted a 26 % decrease in apnea hypopnea index. How-
ever, in only a few of these small-scale observational studies, information on BP
changes was provided, and even massive weight loss and the reduction in OSA
were found to result in proportionally modest and sometimes non-significant
reductions in BP [35, 50].

Many studies have assessed the impact of active therapy of OSA on BP levels
both in normotensive and in hypertensive patients with variable results [50].
Bazzano et al. [51] included in their meta-analysis 16 randomized clinical trials,
with over 800 participants, who compared CPAP to control, had a minimum
treatment duration of 2 weeks, and reported BP changes during the intervention or
control period. Change in blood pressure for those treated with CPAP compared
with control subject was -2.46 mm Hg/-1.83 mm Hg. In accordance, Alajmi
et al. [52] conducted a literature search and identified 10 randomized, controlled
trials with an appropriate control group. In this analysis with 587 patients, CPAP
reduced blood pressure by 1.38/1.53 mm Hg [52]. These results demonstrated
rather small effects, but individually justified changes, and control of BP may be
observed. Aside from the small blood pressure–lowering effects, reduction in
cardiovascular risk may occur nevertheless [50].
Screening test for obstructive sleep apnea: Questionnaire, overnight at-home sleep

monitoring,
Findings: record cessations or reductions in airflow or chest wall movements of

C10 s/h of sleep and decrease in oxygen saturation.

7.5 Non-adherence to Drug Therapy

Non-adherence is a major contributor to suboptimal medical treatment and results
in uncontrolled hypertension. Common causes of non-adherence include lack of
knowledge about hypertension, underestimation of the individual cardiovascular
risk, effects of the antihypertensive medication, lack of efficacy and number of
drugs, and pill and financial barriers in some conditions.

Thus, close follow-up visits addressing the non-compliance issue may improve
adherence and persistence of antihypertensive medication. In long-term clinical
trials, antihypertensive therapy discontinuation rates, were carefully assessed for
different agents [53]. In this population-based cohort study with 109,454 patients,
overall antihypertensive drug discontinuation was lower, with 20 % at 6 months
and 30 % at 1 year. The median time to discontinuation was three years. 45 %
who discontinue their first antihypertensive drug failed to switch to a different drug
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(or drug class) within three months of discontinuation [53]. It is important that
general practitioners monitor patients closely in the first year following antihy-
pertensive drug initiation, due to the high early risk of discontinuation. Non-
adherence to drug therapy (even monotherapy) has been shown to increase
hypertension-associated complications [54].

Because polypharmacy and complexity of blood pressure therapy regimen are
known to be 2 of the determinants of poor medication compliance, efforts have
been made to simplify the treatment regimen. Interventions aimed to simplify
the drug regimen for patients (e.g., daily dosing as opposed to twice daily dosing)
have been shown to improve patients’ compliance in studies. Adherence evaluated
by electronic monitoring falls from 79 % in patients taking medications once daily
to 51 % with 4 times daily dosing [53]. Fixed-dose combinations are designed to
simplify the medication regimen and potentially improve compliance. Bangalore
analyzed data from studies with nearly 12.000 patients on fixed-dose combination
versus 8300 patients on free-drug component regimen [55]. Fixed-dose combi-
nation resulted in a 26 % decrease in the risk of non-compliance compared with
free-drug component regimen (Fig. 7.3). Fixed-dose combination therefore should
be considered in patients with hypertension for improving medication compliance
which can translate into better clinical outcomes. Even single-pill combinations of

Fig. 7.3 Effect of fixed-dose combination versus free-drug combination on the risk of
medication non-compliance in cohort with hypertension. Vertical solid line = null effect;
vertical dotted line = overall effect on compliance; boxes and horizontal lines = relative risk
(95 % CI). Figure from Bangalore et.al. [55]
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C3 antihypertensive agents became available in varying dosages [54], so most
hypertensive patients can be controlled with fewer pills per day [56].

Another important aspect is that the chances of success of a long-term treatment
of a chronic and generally asymptomatic disease such as hypertension remain tied
to the patient–physician relationship. Barriers to implementation relate to both the
clinician and the patient, and to their relationship. The degree of patient satis-
faction at the end of a consultation is directly related to how the physician views
the physician–patient relationship (patient-centered relationship and partnership
between the two people, rather than a physician-controlled relationship) [57] and
the involvement of patients regarding their care program. Such patient-centered
relationship may have measurable effects on BP control [58]. A likely possibility,
for explaining these results, is that physician’s motivation could be a strong
ingredient in motivating patients and supporting them to achieve a healthier
lifestyle, leading to a better BP control, independently of clinical, therapeutic,
sociodemographic, and behavioral characteristics of the patients themselves.

A controlled clinical trial [59] showed that physicians who were trained to
educate patients could change their patients’ behavior, making them more com-
pliant, thus improving the likelihood of successfully controlling their BP. The
‘highly motivated’ physicians had a more confident approach to hypertension,
looked more empathetic and supportive toward hypertensive patients, and exhib-
ited an optimistic and rewarding patient–physician relationship [57, 59].
Question for the daily work: Does the patient adhere to the drug regimen?
Diagnostic instrument: Address patient adherence issues

7.6 Continuous Intake of Drug that Cause Hypertension

Several pharmacologic agents as well as some exogenous substances may induce
hypertension. Drug-induced hypertension is one of the most common causes of
secondary hypertension (see fig. 7.1) and is frequently encountered in clinical
practice [60]. Nevertheless, despite the frequent occurrence of drug-induced
hypertension, GPs frequently miss the opportunity to detect and manage this form
of secondary hypertension. A detailed medical history in this field is of great
importance in patients with resistant hypertension, because the identification and
subsequent withdrawal of the drug may dissolve treatment resistance. In some
cases, in which withdrawal of the responsible agent is not possible, dose reduction
or search for alternate treatment may improve blood pressure levels.

7.6.1 Non-steroidal Anti-Inflammatory Drugs

The most common cause of drug-induced hypertension is the use of NSAIDs. In
nearly 90 % of these cases, NSAIDs were being responsible [60]. Since osteoar-
thritis and hypertension often coexist (approximately half of the patients with
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osteoarthritis suffer from hypertension), the use of NSAIDs often causes resistant
hypertension. Although the blood increase is on average ‘only’ 5–10 mmHg
systolic and 2–5 mmHg diastolic, the individual response varies widely, with up to
50 mmHg increase in some individuals [61, 62].

This adverse effect has not significantly improved with the selective COX-2
inhibitors [63]. In a meta-analysis of randomized trials, use of COX-2 inhibitors
was also associated with an increase in blood pressure compared to placebo and
non-selective NSAIDs [64]. It was shown that a part of blood pressure elevation
could be specifically attributed to rofecoxib [64], whereas other COX-2 inhibitors
appeared to affect blood pressure to a lesser extent [63, 64]. The study showed
another aspect, namely that there exist differences on blood pressure increases by
the various NSAIDs. In a meta-analysis of randomized trials, naproxen and
indomethacin were associated with the largest BP elevations, while piroxicam,
sulindac, ibuprofen, and aspirin exhibited little or no effect on blood pressure
(Fig. 7.4) [61].

Fig. 7.4 A meta-analysis of randomized and placebo-controlled trials according to NSAID type
and BP changes. A meta-analysis of randomized and placebo-controlled trials according to
NSAID type showed that all NSAIDs increased supine mean blood pressure with piroxicam,
indomethacin, and ibuprofen producing the most marked increases. Figure from Johnson et al.
[61]
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7.6.2 Corticosteroid

Oral glucocorticoids can increase systolic blood pressure as much as 15 mmHg
within 24 h. Glucocorticoid-induced hypertension occurs more often in the elderly
compared with younger patients [33]. Mineralocorticoids and other compounds,
such as licorice and carbenoxolone, that inhibit the 11 beta-hydroxysteroid
dehydrogenase enzyme, increase exchangeable sodium and blood volume, induce
hyperkalemia and metabolic alkalosis, and suppress plasma renin activity.

7.6.3 Oral Contraceptives

Oral contraceptives are another class of drugs that may induce hypertension [65].
Oral contraceptives result on average in only a mild elevation of blood pressure but
cause hypertension in approximately 5 % of users of high-dose pills. In prospective
trials, current users of oral contraceptives had an increased risk (nearly twofold risk)
of developing arterial hypertension compared to women who had never hyperten-
sion in about 5 %. This risk for past users was 20 % [65]. A big study that evaluates
the effects of oral contraceptives on BP was the Nurses’ Health Study, in which more
than 60,000 normotensive women were prospectively followed for 4 years. Women
using oral contraceptives had a higher risk of developing hypertension compared to
women without consuming such medications [66].

The type of oral contraceptives also seems to be of clinical importance. Both
estrogen and progestogen may be responsible for the BP effect, but the mechanism
is as yet unknown. The combination of oral contraceptives (progestin and estra-
diol), which were widely used in the past, was more often associated with blood
pressure elevations than progestin-only oral contraceptives. On the other side,
drospirenone reduces blood pressure when combined with estradiol [67]. Oral
contraceptives induce hypertension if high-dose pills are taken that contain at least
50 lg estrogen and 1–4 mg progestin [65]. Preparations with an estrogen content
of 30 lg and a progestogen content of 1 mg or less seem to be without risk [68].

Postmenopausal oral estrogen therapy has been also discussed to induce
hypertension. In a prospective placebo-controlled trials (222 healthy postmeno-
pausal women), no significant blood pressure was observed on average [69].
However, a significant interaction with age was noted, indicating increase in
systolic blood pressure in younger postmenopausal women, while having the
opposite effect in older postmenopausal women [69].

7.6.4 Anti-VEGF Agents and Others

Antineoplastic drugs that target the VEGF pathway are another class of drugs that
emerged as inducers of hypertension [70]. High blood pressure often was
encountered in patients receiving VEGF inhibitors. 20–30 % of patients treated
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with bevacizumab, and up to 60 % of patients treated with VEGF kinase inhibitors
developed hypertension [71]. Three meta-analyses with drugs inhibiting the VEGF
pathway showed a high relative risk of incident hypertension with these agents: 7.5
with bevacizumab, 6.11 with sorafenib, and 21.6 with sunitinib [72].

Other important groups of drugs that can cause an increase in blood pressure
are, for example, the sympathomimetics (diet pills, amphetamines), the antide-
pressants, and the erythropoietin agent and are listed in Fig. 7.1.
Question for the daily work: Does the patient take interfering substances?
Diagnostic instrument: Discontinue or minimize interfering or competing

substances.

7.7 Conclusion

The etiology of resistant arterial hypertension is multifactorial: Numerous risk
factors and comorbidities are associated with therapy resistance. In consequence,
the key to managing resistant hypertension lies in a careful elicitation of the
history, a meticulous examination of the patient, and good investigational backup,
primarily to exclude secondary causes of hypertension. It should be emphasized
that the patient’s history may well provide the key to identify secondary causes of
hypertension.
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824-hour Ambulatory BP Monitoring
and Home BP Measurements
in Resistant Hypertension

Josep Redon and Fernando Martinez

8.1 Introduction

Hypertensive patients whose clinic blood pressure (BP) remains persistently high
despite taking three or more antihypertensive drugs are defined as having resistant
hypertension and account for 10 % of hypertensive subjects referred to specialized
clinics [1–4]. zDespite extensive diagnostic work-up, in many cases, it is not pos-
sible to find a potentially correctable cause of the elevated BP, even though com-
pliance to medication seems to be adequate [5–7]. Patients whose hypertension is
uncontrolled are more likely to have target organ damage and a higher long-term
cardiovascular risk than are patients whose BP is controlled. The definition, prev-
alence, and incidence vary according to the origin of the data, but today, it is
accepted to define resistant hypertension if BP is C140/90 mmHg in antihyper-
tensive medications with 3 different drug classes or drugs from C4 antihypertensive
drug classes regardless of BP. Among US adults with hypertension, 8.9 % met
criteria for resistant hypertension in a recent report from NHANES [8]. Among
patients with incident hypertension in whom treatment was begun, 1 in 50 patients
developed resistant hypertension [9] and they have an increased risk of cardiovas-
cular events, which supports the need for greater efforts to reduce hypertension
outcomes. The relative high prevalence of resistant hypertension in the office is
drastically reduced when potential confounding factors are ruled-out. Regression to
the mean of BP values when measurements are repeated, low adherence to anti-
hypertensive treatment [10] and some common forms of secondary hypertension
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such as sleep apnea and primary aldosteronism are frequent confounding factors
[11]. The most frequent confounding factor, however, is the persistence of alarm
reaction, the so-called white-coat reaction.

Since the persistence of ‘‘white-coat’’ reaction is frequent among patients
uncontrolled during antihypertensive treatment, out-of-office BP measurements
play an important role in the evaluation of resistant hypertension. In a large
Spanish registry, about one-third of 8,295 patients with resistant hypertension
based on office BP measurements had normal ABPM suggesting the presence of
white-coat resistance [12]. In fact, 24 h ambulatory BP monitoring (ABPM) has
been considered mandatory at the time to evaluate resistant hypertension from the
beginning of clinical use. Furthermore, clinical research has expanded the potential
role of out-of-office measurements not only to the initial evaluation of resistant
hypertension but also to refine cardiovascular and renal risk stratification and for a
better follow-up. Likewise, the widespread use of self-BP measurement at home
(HBPM) [13] introduced a new tool to properly assess out-of-office BP and it has
also been recommended in these patients although the potential differences
between the two methods remain controversial.

8.2 ABPM in the Diagnosis

The recommendation to use out-of-office BP measurements in resistant hyper-
tension is based on the evidence that ABPM gives better prognostic information
than office measurement [14–16]. Three studies have demonstrated that higher
baseline ambulatory systolic or diastolic BP predicts cardiovascular events better
than office BP does. The first study showed that in patients with resistant hyper-
tension, with or without a previous cardiovascular disease, ABPM was an inde-
pendent marker of risk for new cardiovascular events, suggesting that ABPM was
useful in stratifying the risk in patients with resistant hypertension [14]. Two
additional studies [15, 16] have confirmed these results and reinforced the supe-
riority of ABPM over office BP for stratifying risk (Table 8.1). The largest study
was published by Selles et al. [16] with 556 subjects (average BP 178/99 mmHg)
followed during an average of 57 months of whom 109 developed events. After
adjustment for office BP, higher mean ambulatory BPs were independent predic-
tors of the composite end point. The hazard ratios associated with a 1-SD

Table 8.1 Studies of prognostic value of ambulatory BP in resistant hypertension

Author, yr (ref) Office SBP/DBP mmHg Follow-up (months) Patients Events

Redon 1998 [14] 177/106 49 86 12

Pierdomenico 2005 [15] 162/95 60 270 46

Salles 2008 [16] 178/99 57 556 109

Redon 2009 [19] 172/96 56 386 32
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increment in daytime and nighttime systolic BP were 1.26 (95 % CI, 1.04–1.53)
and 1.38 (1.13–1.68), respectively; the corresponding values for diastolic BP were
1.31 (1.05–1.63) and 1.36 (1.10–1.69). Ambulatory systolic and diastolic BPs
were equivalent predictors and both were better than pulse pressure [16].

All the studies on prognosis of ambulatory BP were carried out using only one
monitoring at the beginning of the observational period [14–16]. The potential
impact of BP changes over time, spontaneous or induced by antihypertensive
treatment, has never been taken into account and seems to be clinically relevant.
The importance of repeated BP measurements in prognosis has only been con-
sidered in two studies with ABPM, one in which the risk to develop microalbu-
minuria was associated with nocturnal BP in normotensive type 1 diabetes [17]
and another in which the preservation of renal function was associated with
effective reduction in ambulatory BP values [18]. In our group, a cohort of
386 subjects with initial BP 172/96 mmHg suffered 32 cardiovascular events
during an average of 56 months. In this cohort, average of 24 h SBP [135 mmHg,
the risk doubled as compared to those with values below 135 mmHg in a time-
varied Cox regression analysis [19].

Beside the role of ABPM at the time to detect ‘‘white-coat,’’ ABPM may also
identify ‘‘masked’’ resistant hypertension in patients on multiple drug therapy who
might have low office but elevated ambulatory BP [20]. This is particularly rele-
vant in patients with chronic kidney disease (CKD). High BP is frequent in
individuals with CKD and prevalence increases with declining glomerular filtra-
tion rate (GFR), so much so that up to 95 % of individuals with a GFR \15 ml/
min are hypertensive [21, 22]. In patients with CKD, including those with func-
tioning renal transplants, there are frequently not only high BP values, but also a
blunting or loss of the normal physiological drop in BP measured at night [23–25]
in a recent study from our group [26], which included 86 patients with CKD stage
3–4 with resistant hypertension, 63 % of the patients had office SBP [140 mmHg
and 46 % of the patients had office DBP [90 mmHg, 86 % of the patients had
24 h systolic ABP and the same percentage had 24 h diastolic ABP (Fig. 8.1).
Then, ABPM also uncovered an elevated percentage of patients with masked
phenomenon, controlled in BP measured in office and uncontrolled 24 h ABP. The
blunted physiological decline of BP at night can explain the high prevalence of
masked phenomenon.

8.3 ABPM to Refine Risk Stratification

Although the most important prognostic factor in patients with resistant hyper-
tension is the average of 24 h BP values, other parameters obtained with ABPM
have demonstrated additional prognostic information above and beyond the
average of 24 h BP values, mainly alteration of circadian variability and the
ambulatory arterial stiffness index (AASI).
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The prognostic value of nocturnal BP is particularly relevant. Muxfeldt et al.
[27] published that the prevalence of non-dipping pattern was 65.0 %. After
adjustment for several confounders, the non-dipping pattern was an independent
predictor of cardiovascular events (HR 1.74; 95 % CI 1.12–2.71) and of cardio-
vascular mortality (HR, 2.31; 95 % CI, 1.09–4.92). The effect of the non-dipping
pattern on cardiovascular prognosis was stronger in younger patients and in those
with true resistant hypertension. This points to the importance of nocturnal BP
values as a prognostic factor.

In 79 patients with CKD, the eGFR at entry to the study was a strong predictor,
with a 1 ml/min reduction in eGFR increasing the risk of ESRD or death by 7 %.
In a multivariate analysis that included age, sex, RAS blockade, and the three
specified tertiles of eGFR, office BP measurements did not provide prognostic
information on risk of ESRD or death [26]. Furthermore, daytime ambulatory SBP
measurements (third tertile SBP [140 mmHg versus first tertile
SBP \125 mmHg, HR 1.40, 95 % CI 0.63–3.14) and the dipper/non-dipper status
(HR 0.92, 95 % CI 0.48–1.76) did not further discriminate in terms of predicting
endpoint risk. Nocturnal SBP measurement in this model, however, provided
relevant information. The third tertile of nocturnal SBP, [130 mmHg, was asso-
ciated with a doubling of risk, HR 2.07 (95 % CI 1.01–4.25) of ESRD or of death,
when compared to the risk associated with a nocturnal SBP \120 mmHg
(p = 0.047) on top of the other significant factors (Fig. 8.2). The addition of
daytime SBP did not remove systolic nocturnal BP from the model. Likewise, the
risk of cardiovascular events, myocardial infarction, angina, congestive heart
failure, or cardiovascular death, was also linked to the nocturnal SBP [129 mmHg
increasing the risk by 3.6 times (95 % CI 1.2–9.2), Fig. 8.3 (data unpublished).
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Fig. 8.1 Blood pressure values of chronic kidney disease stage 3–4 patients. Distribution of
office systolic and diastolic BP and percentage of subjects with BP \140/90 mmHg (upper
graphs). Distribution of 24 h ambulatory systolic and diastolic BP and percentage of subjects
with BP \130/80 mmHg (lower graphs)
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The fact that it is the nocturnal BP and not the non-dipping pattern which
offered prognostic information in this population of CKD patient merits a general
comment. The strongest relationship of nocturnal BP with progression of renal

Fig. 8.2 Prognostic value of night SBP to develop ESRD or death in CKD stage 3–4 [26]

Fig. 8.3 Risk of cardiovascular outcomes (IMA, angina, CHF, CV death) according to the
ambulatory SBP, independent of age, sex, Hb, and LVH. BP values are the average of the two
monitorings during the follow-up
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damage was previously described by our group [17] and others [28–31]. Although
high nocturnal BP is sometimes accompanied by a non-dipping pattern, both are
not always present together and its significance differs. Maintaining high BP at
night overloads the kidney since it is during the resting period when the afferent
arteriolar tone is lowest, allowing for a more direct transmission of the systemic
BP to the glomerulus [32]. Consequently, high BP at night not only impacts the
heart and the vasculature [33], but it also affects the kidney [32], boosting damage
and increasing risk for developing clinical events. In contrast, the non-dipping
pattern reflects inadequacy of the mechanisms regulating BP, and when a non-
dipper pattern is present, it indicates a more advanced stage of organ damage as
compared with subjects who maintain the physiological BP fall at night [34].
Therefore, in order to protect against progression of organ damage, nocturnal BP
should be targeted regardless of the level of dipping.

The prognostic value of the AASI has also been investigated in resistant
hypertension. This index, that is an indirect marker of arterial stiffness, resulted of
prognostic value. 24 h AASI was the best independent predictor of cardiovascular
events (HR 1.46, 95 % CI 1.12–1.92), whereas cardiovascular mortality was best
predicted by nighttime AASI (HR 1.73, 95 % CI 1.13–2.65), after adjustments.
24 h AASI was a better predictor of cardiovascular outcomes in women, in
younger and in non-diabetic individuals [35].

8.4 ABPM Uncovers Secondary Hypertension

Diagnosis of resistant hypertension requires the ruling-out of the presence of
secondary hypertension by definition. Among the most frequent causes of sec-
ondary hypertension that call for a specific search, due to the frequent absence of
specific clinical data, are primary aldosteronism and sleep apnea syndrome. In a
recent study, among consecutive patients with resistant hypertension, obstructive
sleep apnea appears to be the most common condition associated with resistant
hypertension [11]. Likewise, primary aldosteronism was found in around 15 % of
resistant hypertension in different series [36]. Non-dipping pattern is more com-
mon among both primary aldosteronism and sleep apnea syndrome in which an
increase in aldosterone or adrenal hormones has been described. In fact, in a recent
study of resistant hypertension, hypercortisolism was detected in a large per-
centage of subjects. In those with confirmed hypercortisolism with functional tests,
the prevalence of non-dipping pattern was 77 % as compared with lower values in
subjects without hypercortisolism [37]. It is possible that in patients with persistent
non-dipping pattern it may be mandatory to exclude primary aldosteronism or
sleep apnea syndrome. Furthermore, whether or not non-dipping pattern can be a
marker of future response to antialdosterone drugs, is relevant clinical information.
Up to now, only one study [38] analyzed the utility of several markers, such as K+,
aldosterone, renin plasma activity, or the ratio aldosterone/plasma renin activity, in
order to identify subjects that will respond better to antialdosterone drugs in
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resistant hypertension. Renin plasma activity and the ratio were significantly
associated to SBP and DBP reduction, while K+ and aldosterone levels were not
associated to the response.

Finally, the possibility to detect sharp BP elevation in the presence of pheo-
chromocytoma [39] should be mentioned although the prevalence is very low and
the possibility to capture BP peaks is even lower.

8.5 ABPM During the Follow-Up

If the measurement of office and ambulatory BP is important at the time to
evaluate patients with resistant hypertension, assessment of BP during the follow-
up is also a key issue. From the few observations available, discrepancies in the
trends of office and ambulatory BP during the follow-up were observed. The
change in BP during follow-up was analyzed by our group repeating the moni-
toring in 120 patients every second year. While office BP was reduced between the
first and the second examinations, no additional reduction was observed later. This
pattern was in contrast with the ambulatory BP which had continuously reducing
BP values, mainly in diastolic and during the nighttime [19].

The discrepancies in the trend between office and ambulatory BP during the
study can be explained by the persistence of the white-coat effect on office BP
measurements coupled with the real impact of the treatment changes on ambula-
tory BP. The fact that in ambulatory BP the extent of BP reduction was higher in
diastolic BP and during resting conditions as compared with the systolic and
during activity argues that ambulatory BP is more influenced by antihypertensive
treatment in this group of patients. Since changes were attributed in part to the
effect of the antihypertensive treatment, reproducibility was not reported. It is
noteworthy to acknowledge that in resistant hypertension, the ‘‘white-coat’’ phe-
nomenon persists and even increases, driven by the additional impact of antihy-
pertensive treatment.

In contrast, a recent study introduced a word of caution in the opposite sense,
the reproducibility of ‘‘white-coat’’ phenomenon. In a prospective study which
enrolled patients diagnosed as white-coat resistant hypertension on ABPM [40], a
second confirmatory examination 3 months later and repeated twice at 6 month
intervals was performed. When white-coat resistant hypertension diagnosis was
remonitored after 3 months, it is still present in 144 from the initial 198 patients.
In the third and fourth ABPMs, 74 and 79 % of patients sustained the diagnosis.
The authors conclude that a confirmatory ABPM is necessary after 3 months of the
first white-coat-resistant hypertension diagnosis, and the procedure should be
repeated at 6 month intervals.

The high degree of variability among the BPs obtained during the study and the
different trend observed for office and ambulatory BPs points to the necessity to
monitor out-of-office BP during the follow-up of these very high-risk patients.
Then, to assess BP control, out-of-office ABPM is mandatory, not only to check
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the success in the average of 24 h but also to ensure that the BP control is
maintained across the most critical periods, nighttime, and even during the early
morning surge.

Recent introduction of renal denervation (RDN) opens a new dimension in the
therapeutic approach to resistant hypertension. RDN is a percutaneous procedure,
minimally invasive, characterized by short recovery times, and absence of sig-
nificant systematic side effects. Evidence on the clinical effectiveness of this
procedure in hypertensive patients comes from the Simplicity Clinical Trial Pro-
gram consisting of a group of studies focusing on the effects of RDN in the
treatment of resistant hypertension. These trials include the Symplicity HTN-1
(with extended follow-up) and the Symplicity HTN-2 study, both already pub-
lished [41–43].

Preliminary observations raised the doubt about the real efficacy of BP
reduction after the procedure. In fact, the ratio between the SBP reduction in
ambulatory and office in trials which have used antihypertensive drugs is around
80 %, while after RDN the ratio was around 30 % [44]. This can indicate that the
beneficial BP lowering effect is limited to the sympathetic arousal and not during
the 24 h. A similar low BP reduction during the 24 h was observed in sleep apnea
syndrome, a situation in which sympathetic overactivity is underlying the BP
elevation [45, 46]. More studies are necessary to clarify this important issue.

8.6 Self-BP Measurements

Self-BP measurement at home (HBPM) is a valuable method to assess out-of office
BP with a good reproducibility, and in several consensus about its clinical utility,
assessment of resistant hypertension was one of the common conditions [6, 7, 13].
Based on information obtained in another subgroup of hypertensives, HBPM can
provide an estimation of BP close to the average of ABPM values. Then, HBPM
can be helpful in the follow-up of these patients combined with the 24 h ABPM.
However, in resistant hypertension, clinical ground information is scarce and a few
studies have used it to diagnose true resistant hypertension. Marui et al. [47]
compared the information obtained with ABPM and HBPM in a group of
51 patients with refractory hypertension. The comparison of mean daytime ABPM
with HBPM average showed a good correlation for both systolic and diastolic BP
values. True resistant hypertension was confirmed in 33 patients by ABPM and in
37 by HBPM. Similar results were obtained in 73 subjects published by Naso-
thimiou et al. [48]. HBPM was also used in some studies to diagnose true resistant
hypertension such as in the Japan Home versus Office BP Measurement Evalua-
tion, the J-HOME study [3]. In contrast to 24 h ABPM, HBPM do not permit
assessment of BP at night as a valuable parameter as commented above. Likewise,
no studies with prognostic information have been published to date in resistant
hypertension.
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9Factors Predicting Blood Pressure
Response to Treatment

Csaba Farsang

In general, the effects of drugs are basically determined by pharmacokinetic and
pharmacodynamic properties of the drug and by special characteristics of the
patient who would be treated.

9.1 Drug-Related Factors

Although they have important effects on drug actions, the manufacturing process-
related characteristics (different formulations—injections, solutions, tablets, cap-
sules—retardation methods) will not be discussed here.

The effects of drugs are mainly characterized by their pharmacokinetic and
pharmacodynamics properties. As a simplification, pharmacokinetic properties of
drugs describe what the organism does to the drug, and pharmacodynamics
characteristics show what the drug does to the patient.

Pharmacokinetics. This depends on the way of administration (intravenously,
intramuscularly, orally), absorption, distribution in different compartments of the
body, metabolism-, and excretion-related processes. Apart from emergency situ-
ations when medications should be given intravenously [1], antihypertensive
therapy means oral administration of drugs. Sublingual administration of the short-
acting nifedipine in high dose (20–80 mg) was related to serious side effects;
therefore, it is no longer advised for patients with hypertensive urgency [2].

Pharmacodynamics. In general, a drug acts when it reaches its target: receptors,
enzymes, membrane ion channels, aquaporins, transport proteins, and antigens.
The effect depends on the dose/concentration of the drug as described by the
equation: E = f(t, D), where t stands for the time elapsed from administration and
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D for the dose. Consequently, the effect increases, reaches the peak, and then
decreases. This process can be described in pharmacological/clinicopharmaco-
logical studies by the following characteristics: time-to-peak effect, (tp), maximum
concentration/effect (Cmax), elimination half-life (t�), and area under concentra-
tion–time curve (AUC). Efficacy (Emax) refers to the maximum response achiev-
able from a drug, for example, it is the ability of a drug to reproduce a desired
effect in expert hands and under ideal circumstances. Potency is a measure of drug
activity expressed in terms of the amount required to produce an effect of given
intensity. Effectiveness relates to the ability of a drug to produce a beneficial effect
obtained under typical use circumstances when adherence is usually not 100 % [3–
6]. Efficiency is the extent to which time or therapeutic effort is well used for the
intended task (e.g., normalization of blood pressure).

Antihypertensive drugs acting on cell membrane receptors. These receptors are
definitive structures developed in cell/intracellular membranes. They have the
ability to bind endogenous ligands [e.g., acetylcholine, epinephrine, norepineph-
rine, dopamine, angiotensin II, vasopressin, endothelins, serotonin (5-OH-trypt-
amine), etc.,] or exogenously administered drugs. Several receptors are target of
antihypertensive drugs. The alpha-1 and alpha-2 adrenoceptors, the beta-1 and
beta-2 adrenergic receptors, the imidazoline I1 receptor, the angiotensin II AT1
receptor, the prorenin–renin receptors, and less frequently the 5HT1A receptors are
target of antihypertensive drugs which inhibit or stimulate these receptors. Apart
from dose-related properties, the agonist effects of these drugs are related to the
characteristics of their binding (specificity, strength, duration, reversibility) to
these receptors and the density/number of these receptors in the cell membranes of
the target organs.

Antihypertensive drugs acting on intracellular steroid receptors. Aldosterone
antagonists (spironolactone, eplerenone) decrease BP by binding to intracellular
mineralocorticoid receptors and inhibit the expression of receptor-related Na+/K+-
ATPase enzyme and thereby the reabsorption of Na+ and retention of K+ in the
renal distal tubuli. Consequently, the Na+ and Ca++ contents of vascular smooth
muscles decrease that induces vasodilation and decrease total peripheral resistance
and BP.

Antihypertensive drugs acting on enzymes. The most important examples of
these drugs are the angiotensin-converting enzyme inhibitors (ACEI). In mono-
therapy or in most of the patients, in combination with diuretics or calcium
antagonists (CCB), they are frequently used in everyday practice.

Drugs acting on ion channels. There are two, ligand-dependent, and voltage-
dependent types of calcium channels. The voltage-dependent ion channels have
different subtypes: L, P/Q, N, R, and T. The calcium channel blockers (CCB),
usually called as calcium antagonists, are frequently used for antihypertensive
therapy. They are mostly inhibiting the L-type calcium channels and have three
main chemical structures: dihydropyridines, phenylalkylamines, and ben-
zothiazepines. These calcium channels are distributed throughout in the body and
have specific structures characterized by different subunits (alpha, beta, delta). The
CCBs bind to these subunits, mostly to the alpha-1, and inhibit the release of Ca++
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from intracellular stores and the entry of Ca++ from extracellular to intracellular
space, resulting relaxation of vascular smooth muscles and decreasing total
peripheral resistance and thereby blood pressure. The potassium channels also
have different types: voltage-dependent, Ca++-activated, ATP-sensitive, and ACh-
sensitive ones and inward rectifiers. For antihypertensive therapy, the potassium
channel openers (e.g., diazoxide, minoxidil) are in clinical practice; these are
frequently referred to as ‘‘direct vasodilators.’’

Drugs acting on transport proteins. For the antihypertensive therapy, the
Na+K+2Cl- cotransporter in the ascending limb of Henle’s loop of renal tubuli for
loop diuretics (e.g., furosemide) only in patients with advanced renal disease, and
the Na+Cl- transporter in the early distal tubuli, as target of thiazide-type diuretics
(DIU) should be mentioned.

Drug interactions. Drugs may influence the effect of each other by several
synergistic mechanisms: They could have an effect on the same or closely cou-
pled macromolecule (e.g., on receptors or receptor mosaics), on the same cells, on
the same or different signal transduction, and on different cells. The result can be
an antagonism (competitive or non-competitive) or a stimulation (additive or
potentiation synergism) of the antihypertensive action. An example for the addi-
tive synergism/potentiation is the combination of an ACEI/ARB with a DIU or
with a CCB, or a DIU with a BBL [7].

9.2 Patient-Related Factors

There are several characteristics of patients that may influence the antihyperten-
sive effects of drugs. Patients’ age, gender, height and body weight, and also body
composition might influence their responses to a drug that is commonly accepted.
However, this may not be relevant to hypertensives with coronary heart disease as
in the INVEST Study 12-month BP control was not affected by gender, prior
smoking, age, dyslipidemia, or obesity [8]. Smoking, by activating the release of
enzymes, accelerates drug metabolism. Stress, circadian, and ultradian physiologic
rhythms closely connected to release of hormones and neurotransmitters such as
catecholamines and cortisol also change responses to drugs because of inhibiting
or accelerating drug metabolism. Alcohol, by interacting with several drugs,
including antihypertensives, may change the patient’s responses to medication.
From among patient-related factors, only the most important or frequent ones are
shortly described below.

Psychological factors, for example, aversion to drugs, previous experience with
medicines, forgetfulness, level of education, expectations regarding the outcome
of the therapy, the family’s influence on patients’ actions, and the communication
with healthcare providers, are those having important influence on response to
therapy. Living conditions (employment, housing, urban or rural environment)
frequently modify patients’ attitude to comply with instructions of the treating
physicians. One of the most important factors in this respect is the patients’
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adherence to therapy, which is affected by several factors, for example, smoking,
depression, feeling sad or blue for 2 weeks or more, and eating fast food C2 times
per week, number of drugs to be taken together, frequency of drug administration
(once or more times a day), side effects, price of drugs, even the color of the pills,
frequency of medical visits, doctors’ and nurses’ attention, concomitant diseases,
and seriousness of the disease. It has also been proved that fixed (or single pill)
combinations are more effective than high-dose monotherapies, or two- or three-
drug regimens [9–12]. It is known that in patients with good adherence, the blood
pressure (BP) response to antihypertensive drugs was better, and consequently,
they had less and milder cardiovascular (CV), cerebrovascular (CVA) or renal
events or organ damage (left ventricular hypertrophy, angina pectoris, acute cor-
onary syndrome, transient ischemic attack, stroke, microalbuminuria, proteinuria,
end-stage renal disease), and less mortality rate than in those whose adherence was
worse [13].

Lifestyle properties and dietary habits may also influence drug responses. In
patients with frequent stress situations, the antihypertensive effects of drugs
inhibiting sympathetic efferentation (e.g., beta-blockers) are enhanced [14].

False tolerance due to salt and water retention can inhibit hypotensive effect of
sympatholytic drugs when they are given in long-term monotherapy which can be
overcome by diuretics (DIU) [15]. Also, patients who consume high amount of salt
respond better to diuretics than those with low-salt diet [16, 17].

Timing of drug administration can also be important as bedtime taking was
advantageous for reducing CV risk in patients with chronic kidney diseases [18].
Evening administration of drugs can also change the non-dipping pattern to dip-
ping and thereby improve BP control [19].

Blood pressure level and hypertension-induced target organ damage are also
important determinants of blood pressure response to drugs. In patients with higher
BP, the same dose of drug is more effective than in those with lower BP [20].

Systemic atherosclerosis characterized by increased pulse wave velocity (PWV)
may predict response to some antihypertensive drugs [21]. Atherosclerosis and
probably serum cholesterol level may also have influence on antihypertensive
effect of drugs. Nitrendipine, a CCB, significantly decreased systolic BP in patients
with low serum cholesterol level, but not in those with high cholesterol [22]. The
state of the brain, described by structural and functional brain indices (combined
ratings of ventricle and sulcal size and white matter hyperintensities) of MRI and
PET, may also be a predictor of blood pressure response to atenolol or lisinopril [23].

Neurohumoral status of patients has also influence on the effect of different
types of antihypertensive treatment [24]. The activation of the renin–angiotensin
system (RAS) may predict the blood pressure response as the effect of drugs
inhibiting RAS (ACEI, ARB, and BBL) was larger and that of DIU was smaller
than in those patients with normal or low PRA [25, 26]. However, in a study,
pretreatment plasma renin activity (PRA) and plasma norepinephrine did not
predict the antihypertensive effect of captopril or diltiazem [27].
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In those patients with increased production of aldosterone (e.g., patients with
Conn’s syndrome or other forms of hypermineralocorticism), the antihypertensive
effect of aldosterone antagonists (spironolactone, eplerenone) is enhanced. Simi-
larly, in those patients with high sympathetic activity, the antihypertensive effect
of drugs centrally inhibiting sympathetic efferentation (alpha-2 adrenoceptor
agonists, imidazoline I1 receptor agonists) or blocking the effects of the periph-
erally released neurotransmitter norepinephrine (BBL, alpha-1 blockers) is more
pronounced than of those having no direct action on this system. Average daytime
heart rate, as a sign of enhanced sympathetic activity, determined by 24-h ABPM,
was also found to be a good predictor of BP response to BBL or ACEIs [28].

Genetic determinants of blood pressure response to antihypertensive agents
have intensively been investigated. Because drug metabolism is genetically
determined, race may affect responses. This is known as genetic polymorphism. It
results in racial differences in response to some antihypertensive agents. In Afro-
American people usually having a low plasma renin activity, the antihypertensive
effect of CCBs or DIUs was better than the effect of agents inhibiting RAS, such as
ACEI, ARB, and BBL [29]. Pharmacogenomic research revealed large diver-
sities in response to drugs of patients with different gene polymorphism. Among
them, acetylation polymorphism (slow or fast acetylators influencing drug elimi-
nation processes), and the genes coding for angiotensinogen, angiotensin-con-
verting enzyme, and the angiotensin II AT1 receptor should be mentioned. Earlier
it was found that in patients with I/I, polymorphism responded better to ACE
inhibitors than those with D/D [30, 31]. A recent review showed that the con-
ventional genetic variants of the system (i.e., the ACE I/D, AGT M235T, AT1
A1166C, and AT2 variant) were not associated with antihypertensive effects by
RAS blockade. On the other hand, significant associations were found for AGT
rs7079, AT1 haplotype, REN, and ACE2 [32]. Other genetic variants, such as the
G-protein-coupled receptor kinase 4 polymorphisms, have also been shown to
have important effect on blood pressure response to dietary salt reduction [33].

As a conclusion, at present, testing the activity of RAS or the genetic poly-
morphisms cannot be recommended in selecting the antihypertensive drug for a
certain subject, but future research certainly would help identifying the most useful
medication of a patient.

Concomitant diseases of patients affecting absorption (gastrointestinal dis-
eases), metabolism (liver diseases), or excretion (liver or renal diseases) of drugs
have also important effects on blood pressure responses. These will not be dis-
cussed here. The selection of the proper antihypertensive drug may be influenced
by several factors including concomitant diseases [34]. Diabetes mellitus is one of
the most frequent comorbidites in hypertensive patients, and in the INVEST Study,
it was a good predictor of insufficient blood pressure response to antihypertensive
therapy [8].

Concomitant therapies with non-cardiovascular drugs and combinations of
different types of antihypertensive drugs may also influence pharmacokinetic/
pharmacodynamics properties of these drugs, as described elsewhere [7, 35].
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10Treatment of Resistant Hypertension.
Which Additional Antihypertensive
Drugs?

Michel Burnier, Antoinette Pechère Bertschi
and Gregoire Wuerzner

10.1 Introduction

According to the latest European and American guidelines, hypertension should be
considered as resistant if ‘‘BP remains [140/90 mmHg despite treatment with at
least three drugs (including a diuretic) in adequate doses and after exclusion of
spurious hypertension such as isolated office hypertension and failure to use large
cuffs on large arms’’ [1, 2]. Among the many causes of resistant hypertension
discussed in a previous chapter, several are linked directly to the quality of the
drug therapy. As shown in Table 10.1, various aspects of the medical treatment
should be considered when evaluating a new patient with resistant hypertension. Is
the patient receiving the appropriate drug doses? Are drug combinations adequate
and effective? Is the patient adherent to therapy and finally what other medical or
non-pharmacological therapies could be proposed to improve the control of blood
pressure? The purpose of this chapter is to discuss these various aspects which, in
our opinion, are crucial to consider and correct before starting costly investigations
searching for secondary causes of hypertension or even envisaging renal
denervation.
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10.2 Suboptimal Medical Regimens: A Common Error

10.2.1 Drug Doses

Although the dose–response curve of antihypertensive drugs is generally consid-
ered to be relatively flat, there is a clear and significant difference in the fall in
blood pressure induced by half doses of the five categories of blood pressure–
lowering drugs commonly used for hypertension management when compared
with either a regular or a double dose of the same compound [3]. Thus, according
to a review of clinical studies, differences of up to 10 mmHg systolic blood
pressure can be obtained depending on the dose of the prescribed agent [3]. In a
review of cases of resistant hypertension referred to a tertiary care center, a sub-
optimal medical regimen was the most frequent cause of apparent resistance to
treatment, representing about 40 % of the clinical situations. In most cases, an
optimization of the treatment, in general adaptation of the diuretics, resulted in a
significant improvement in blood pressure control [4, 5]. The reluctance to
increase the drug doses when blood pressure is not controlled is perhaps due to the
dose–response relationship of the occurrence of side effects which is clearly
steeper in particular with diuretics, calcium channel blockers, and beta-blockers
[3]. In contrast, increasing the dose of a blocker of the renin–angiotensin system
(RAS) is associated with little if any increase in the prevalence of side effects [3].
There is therefore no need to underdose these agents as a more complete blockade
of the system may lead to greater clinical benefits in terms of blood pressure and
target organ damage.

10.2.2 Drug Duration of Action

Another common issue in the medical therapy of resistant hypertension is the
duration of action of drugs. Most new antihypertensive drugs have been developed
as once-a-day drug. However, if drugs are marketed for a once-daily administra-
tion, not all of them are truly covering the 24 h of the day [6]. Administration of a
short-acting antihypertensive agent may lead to suboptimal control of blood

Table 10.1 Medical therapy–related causes of resistant hypertension

Inadequate dosages

Inappropriate drug combinations

Inappropriate diuretic therapy or dosage

Medication intolerance

Drug interactions (for example, non-steroidal anti-inflammatory drugs, sympathomimetics,
contraceptives, ciclosporine, corticosteroids…)

Drug adherence
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pressure during certain periods of the day, mainly in the evening and early
morning, and hence apparent resistance to therapy. Thus, it may be important to
consider the trough-to-peak ratio of the prescribed drugs in patients with uncon-
trolled hypertension, and a better coverage of the 24 h may often need the pre-
scription of an evening dose. In the context of resistant hypertension, physicians
should rather prescribe drugs with a very long duration of action which are truly
once-a-day agent. This will not only improve blood pressure control but also
simplify the treatment regimen and might provide additional benefits to lower the
cardiovascular risk as suggested in a recent analysis [7].

10.2.3 Drug Combinations

Blood pressure control of patients with resistant hypertension can also be improved
by adapting the combination of antihypertensive drugs. As mentioned in guidelines,
the major classes of blood pressure–lowering drugs can be combined with each other
in order to increase their efficacy [1, 2]. Indeed, due to the complexity of the
mechanisms leading to hypertension, combining drugs with different pathophysio-
logical targets increases the percentage of patients adequately controlled. In a recent
meta-analysis of 42 trials involving more than 10,000 hypertensive patients, Wald
et al. [8] have found that combining two antihypertensive drugs at low dose produced
an extra blood pressure reduction five times greater than doubling the dose of one of
the drug. Thus, physicians should be cautious not to prescribe two drugs from the
same class of agents or two agents with the same mechanism of action (for example,
two blockers of the renin–angiotensin system). Some would argue that combining an
angiotensin-converting enzyme (ACE) inhibitor and an angiotensin II receptor
blocker (ARB) or a renin inhibitor may lead to a more complete blockade of the
system and to slightly greater decrease in blood pressure in hypertension [9–11].
Though some minor additional benefits on blood pressure have been reported with
such combinations [11], the long-term use of these associations did not show any
clear clinical benefits and might rather increase the risk of cardiovascular and renal
complication as demonstrated in the ONTARGET and ALTITUDE trials [12, 13].
Moreover, using RAS blockers at their optimal dose may actually produce the same
effect on blood pressure than combining two RAS blockers [14]. At last, in patients in
whom hypertension was not controlled by full-dose ARB monotherapy, Stergiou
et al. [15] have shown that addition of a diuretic or a calcium antagonist provided
significant additional antihypertensive effects and the antihypertensive effects of the
ARB–diuretic and the ARB–calcium antagonist combinations were superior to that
of the ARB–ACE inhibitor combination further emphasizing the recommendation to
favor the prescription of antihypertensive agents with different mechanisms of
action.

Recent large clinical trials have now demonstrated that all drug combinations
are not equally effective in terms of organ protection and prevention of cardio-
vascular and renal complications although their impact on systemic blood pressure
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is almost comparable. Thus, the results of the Anglo-Scandinavian Cardiac Out-
comes Trial (ASCOT) have demonstrated the superiority of combining an ACE
inhibitor and a calcium antagonist in comparison with a beta-blocker–diuretic
combination [16]. More recently, the association of an ACE inhibitor and a cal-
cium antagonist was also found to be superior to the ACE inhibitor–diuretic
combination at least in patients at high cardiovascular risk [17]. Of note, in the
ASCOT trial, being randomized to perindopril ± amlodipine significantly reduced
the risk of resistant hypertension [relative risk: 0.57 (0.50–0.60)] [18]. Thus, today,
two drug associations are widely used for the management of hypertension, that is,
RAS blockers combined with a diuretic and RAS blockers associated with a
calcium antagonist. Together with their antihypertensive efficacy, these drug
combinations are very useful in the context of resistant hypertension as they also
offer the possibility to simplify the treatment regimen and to reduce the pill bur-
den, hence increasing drug adherence.

10.2.4 Drug Interactions

Drug interactions are also important to consider in the medical management of
resistant hypertension. Several drugs have the potential to increase blood pressure
either directly or by blunting the efficacy of antihypertensive agents. This is the
case, for example, of non-steroidal anti-inflammatory drugs (NSAIDs) which
cause sodium retention, enhance the vasoconstrictor response to vasopressor
hormones and antagonize the effects of other antihypertensive drugs essentially
diuretics and RAS blockers [19–21]. Interestingly, NSAIDs do not affect the blood
pressure response to calcium antagonists which therefore are the drugs of choice if
pain therapy is absolutely necessary [20]. The use of oral contraceptives has also
been associated with an increased risk of uncontrolled hypertension in hyperten-
sive women, and blood pressure control can be improved by adapting the con-
traception strategy [22]. Other common drugs involved in the development of
resistant hypertension are sympathomimetic amines such as nasal spray and oral
decongestants that contain alpha-adrenergic vasoactive compounds. Corticoste-
roids, cyclosporine, and recombinant erythropoietin are also frequently prescribed
drug-causing resistant hypertension.

10.3 Diuretics in Resistant Hypertension: A Critical Issue

In patients with resistant hypertension, volume overload due to salt and water
retention belongs to the most common physiological mechanisms leading to the
rise in blood pressure despite medical therapy. An excessive dietary salt intake not
only raises blood pressure by increasing intravascular volume but also reduces the
efficacy of antihypertensive drugs mainly diuretics and blockers of the renin–
angiotensin system. Conversely, all antihypertensive agents are more effective
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when patients follow a sodium restricted diet [23]. In this respect, Pimenta et al.
have shown that reducing salt intake from 250 to 50 mmol/day resulted in a
marked and significant BP in subjects with resistant hypertension [24]. On
ambulatory blood pressure monitoring, the fall in BP achieved 22/9 mmHg,
respectively, for systolic and diastolic BPs. Although these results were gathered
on a very small number of subjects (n = 12), they further emphasize the impor-
tance of salt intake in the management of resistant hypertension.

Many patients referred for resistant hypertension do not receive an appropriate
diuretic or diuretic dose. Thus, in patients with a normal glomerular filtration rate
(GFR), prescription of a loop diuretic may be inadequate as the acute natriuretic
effect is followed by a long-standing antinatriuresis. Hence, it is difficult to induce
a negative sodium balance with these agents. Loop diuretics should be considered
only for patients with reduced renal function, usually an estimated GFR below
30 ml/min. More recently, there has been intense discussion on whether thiazide
diuretics are really the most appropriate and effective diuretics and whether
physicians should prefer chlorthalidone or eventually indapamide rather than
hydrochlorothiazide (HCTZ) for the management of hypertensive patients. Two
meta-analyses were recently conducted which compared the antihypertensive
efficacy as well as the impact on the prevention of cardiovascular events of HCTZ
and chlorthalidone [25, 26]. The latter was found to be more potent than HCTZ at
least when used at standard dose ranges [25]. This analysis therefore confirms the
results of a randomized, single-blinded, 8-week active treatment, crossover study
comparing chlorthalidone 12.5 mg/day (force-titrated to 25 mg/day) and hydro-
chlorothiazide 25 mg/day (force-titrated to 50 mg/day) in untreated hypertensive
patients [27]. In this study, chlorthalidone was superior to HCTZ when blood
pressure was measured using ambulatory blood pressure monitoring. In the second
meta-analysis, chlorthalidone was found to be superior to HCTZ in preventing
cardiovascular events [26]. These results are now further confirmed by the dem-
onstration that combining an ARB with chlorthalidone produces a greater decrease
in blood pressure than the same ARB combined with HCTZ [28].

The administration of a diuretic acting at a specific site along the renal tubules
has been shown to be associated with counter-regulatory mechanisms leading to an
upregulation of sodium transporters both in upstream and in downstream segments
of the nephron [29, 30]. This leads to a compensatory increase in renal sodium
reabsorption which limits the natriuretic response to the administered diuretic. For
this reason, it has been suggested to combine diuretics acting at different sites in
order to increase the efficacy of the therapeutic strategy [31]. The strategy of
sequential nephron blockade has recently been investigated in patients with
resistant hypertension referred to a tertiary center and compared to a sequential
blockade of the renin–angiotensin system [32]. In this study, 167 patients with an
elevated ambulatory blood pressure (mean 150/93 mmHg) despite a triple therapy
of irbesartan 300 mg, amlodipine 5 mg, and HCTZ 12.5 mg were randomized to
sequential nephron blockade which consisted of the step-by-step addition of spi-
ronolactone 25 mg followed by furosemide 20–40 mg and amiloride 5 mg or
sequential blockade of the renin–angiotensin system with the sequential addition
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of ramipril 5–10 mg and bisoprolol 5 mg. After 12 weeks of therapy, the mean
ambulatory BP decrease was, respectively, 18 and 10 mmHg for systolic and
diastolic BPs with sequential nephron blockade versus 7 and 6 mmHg with
sequential blockade of the RAS (Fig. 10.1). These results suggest that combining
diuretics at low doses may be interesting to increase the percentage of patients
with resistant hypertension reaching the BP target as 58 % of the patients receiving
the sequential nephron blockade reached the ambulatory BP target of \135/
85 mmHg. Importantly, the incidence of side effects was low, and very few
patients discontinued therapy. Taken together, these data suggest that sequential
nephron blockade may be an interesting approach in patients with resistant
hypertension.

10.4 What is the Role of Mineralocorticoid Receptor Blockade?

The exact mechanisms whereby blood pressure is more difficult to control in some
patients but not in others are not completely understood. Several large epidemi-
ological studies or post hoc analysis of large trials have investigated the deter-
minants of resistant hypertension, and some factors such as diabetes, left
ventricular hypertrophy, male sex, and raised body mass index, fasting glucose,
and alcohol intake have been regularly identified [18, 33–35]. Some of these
parameters such as metabolic syndrome are associated with higher levels of
plasma aldosterone [36], and in the assessment of 279 consecutive patients with

Fig. 10.1 Comparative effects on ambulatory systolic and diastolic blood pressures of various
therapeutic approaches in patients with resistant hypertension. (Data from [24, 32, 39, 48, 53, 57])
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resistant hypertension, Gaddam et al. have reported significantly higher plasma
aldosterone levels among patients with resistant hypertension, suggesting that
plasma aldosterone levels may play a role in the blood pressure resistance even in
patients with sleep apnea syndrome [35, 37].

For these many reasons, several investigators have investigated the role of
mineralocorticoid receptor blockade with Aldactone on blood pressure control in
subjects with resistant hypertension. Several studies actually reported significant
falls in blood pressure upon administration of Aldactone in resistant hypertension.
The largest experience has probably been acquired in the ASCOT blood pressure
arm where Aldactone has been used as 4th line of treatment in patients not
responding to a triple therapy [38]. In this trial, more than one-third of patients had
the criteria of resistant hypertension and 1,411 received 25 mg of Aldactone on top
of their treatment. With the addition of Aldactone, a significant fall in blood pressure
of 22 mmHg systolic and 10 mmHg diastolic was observed (Fig. 10.1) [39]. This
was confirming the data of many smaller studies [40–47]. Recently, one randomized
prospective double-blind placebo-controlled study was conducted in resistant
hypertension to assess the clinical impact of mineralocorticoid receptor blockade
(the ASPIRANT study) [48]. In this study, 117 patients with resistant hypertension
were randomized to receive either Aldactone 25 mg or a placebo on top of their
triple therapy mostly RAS blockers, diuretics, and calcium antagonists. In this study,
the 8-week reduction in blood pressure was 5.4 mmHg for systolic and only
1 mmHg for diastolic suggesting only a minor favorable impact on blood pressure of
Aldactone (Fig. 10.1). These results contrast with those of non-randomized
uncontrolled studies discussed above. Despite these conflicting data on the impact of
mineralocorticoid receptor blockade in resistant hypertension, some national
guidelines recommend to consider renal denervation for resistant hypertension only
after having performed a therapeutic challenge with spironolactone [49].

10.5 Drug Adherence: The Crucial Step in Resistant
Hypertension

Whatever the drug prescribed for the management of resistant hypertension, a
major criterion of success is the ability of the patient to follow the recommen-
dations on a daily basis (adherence) and to stay on therapy (persistence). It is well
recognized that long-term drug persistence is rather low in patients treated for
silent diseases such as hypertension. Thus, in a large review of phase IV studies in
which drug adherence was measured by electronic monitoring, persistence was
only 50 % at one year [50]. Drug adherence and persistence are essential in
patients with resistant hypertension, and poor adherence to therapy is a well-
recognized determinant of resistant hypertension. However, the issue is difficult to
address for many reasons. Firstly, reliable and cheap diagnostic tools available to
diagnose non-adherence are still lacking. Many investigators use questionnaires
(such as the Morisky) or the pill count to evaluate drug adherence, but these
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approaches are unprecise and overestimate drug adherence [51, 52]. In hyper-
tension, major differences of up to 25 % in drug adherence have been observed
between questionnaires and the actual taking adherence measured by electronic
monitoring [52]. Secondly, the percentage of drug adherence necessary to achieve
in order to get a good blood pressure control in resistant hypertension has not been
determined. The literature frequently analyzes data with an arbitrary cutoff of
80 %, but this figure has never been validated. At last, very few interventional
studies have actually investigated prospectively the impact of drug adherence
monitoring on blood pressure control.

We have used the Medication Event Monitoring System (MEMS) to measure
drug adherence in patients with resistant hypertension [53]. To assess the impact of
drug adherence monitoring, the triple drug therapy was remained unchanged but
monitored electronically for two months. In this group of 41 patients with resistant
hypertension, a low drug adherence correlated with a high diastolic blood pressure.
Monitoring of drug adherence per se resulted in a significant decrease in blood
pressure, respectively, by 11 mmHg systolic and 9 mmHg diastolic (Fig. 10.1).
More importantly, the determination of drug adherence enabled to distinguish
patients who actually needed investigations or drug adaptations because their
adherence was perfect from those who rather needed an intervention on drug
adherence to improve their acceptation of the treatment.

These data therefore confirm that drug adherence monitoring plays an important
role in the management of resistant as it help to take more rational therapeutic
decisions.

10.6 Future Drug Therapies in Resistant Hypertension

In recent years, studies have been conducted in patients with resistant hypertension
investigating new medical approaches. As there is an important medical need for
these high cardiovascular risk patients, endothelin receptor antagonists have been
considered an interesting new therapeutic approach in this indication [54–56].
Indeed, because these patients have a high incidence of cardiovascular compli-
cations, the tolerability profile of endothelin antagonists remains favorable when
compared with the global risk of target organ damages.

The DORADO study demonstrated that the addition of darusentan to a triple
therapy was superior to the addition of a placebo [54]. This study included patients
with an impaired renal function and proteinuria, and the addition of darusentan was
also associated with a reduction in urinary protein excretion. Unfortunately, the
early favorable results of darusentan in resistant hypertension were not confirmed
in the latest DORADO-AC study. In this randomized controlled trial, a major
placebo effect was observed at week 14, whereas at week 8, there was a significant
difference between the blood pressure–lowering effect of darusentan and
placebo or the alpha-blocker, guanfacine. These disturbing results were probably
due to technical problems linked to the measurement of office blood pressure.
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Indeed, when blood pressure was assessed using ambulatory monitoring, which
avoids the placebo effect, a marked and significant effect of darusentan was
observed [55]. Thus, it seems that ETA receptor blockade can provide clinical
benefits in patients with resistant hypertension, but these data should be confirmed
with additional well-conducted randomized trials. In terms of tolerability profile,
the major side effect of darusentan was again fluid retention with a decrease in
hematocrit due to hemodilution [56].

10.7 Conclusions

The investigation of patients with resistant hypertension should always start with a
careful assessment of the prescribed drug therapy in order to correct the most
frequent errors such as inadequate dosing, inappropriate drug combinations, and
insufficient diuretic therapy. Moreover, whenever possible, drug adherence should
be monitored carefully. Such an office-based non-invasive evaluation should be
very cost-effective and may contribute to limit the need for costly investigations
looking for secondary hypertension or renal denervation.
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11The Role of Renal Denervation

Felix Mahfoud and Michael Böhm

11.1 Role of the Renal Sympathetic Nervous System

The sympathetic nervous system innervates the kidneys via efferent fibers from the
thoracic and lumbar sympathetic trunks and provides regulation to the central
nervous system via afferent (TH10–L4) fibers mediated by stimulation of mec-
hano- and chemoreceptors (Fig. 11.1). The efferent fibers innervate the renal
vasculature, the tubular segment of the nephron, and juxtaglomerular renin-
containing granular cells [1]. Key events after efferent stimulation of the kidneys
are tubular sodium retention (alpha-1B adrenoceptors), reduced renal blood flow
(alpha-1A-receptors), and renin release of the juxtaglomerular apparatus (beta-1
adrenoceptors) [1].

11.2 Catheter-Based Renal Denervation

Both the efferent and afferent fibers can be targeted by a catheter-based approach,
delivering thermal energy as by radiofrequency. Numerous new percutaneous
renal nerve ablation systems are currently being tested and will soon be released
into the market. Up to now, the largest experience with the longest clinical follow-
ups has been obtained with the Symplicity Catheter System (Medtronic Ardian,
Minneapolis, USA). Via a femoral access, a special RF catheter (SymplicityTM

Catheter System) is inserted percutaneously and advanced to the distal segment of
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the renal artery under fluoroscopy (Fig. 11.2). The vessel wall is focally heated up
to a maximum of 70 �C by delivery of radiofrequency energy with a maximum of
8 watts for 120 s. While the vessel is cooled intraluminally by the high renal blood
flow, thermal damage is provided to sympathetic nerves located in the adventitia of
the renal arteries. Subsequently, the catheter is pulled back from distal to proximal
vessel segments, and treatment sites are separated both longitudinally and

Fig. 11.2 RF ablation using a special catheter placed in the distal segment of the renal artery
(courtesy of Medtronic, USA)
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Fig. 11.1 Renal afferent and efferent sympathetic nerves
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rotationally with a spacing of[5 mm in order to capture the entire circumference
of the vessel. This results in 4–8 ablations per artery depending on its length and
circumference. Due to the proximity of sympathetic nerves and C pain fibers,
during RF ablation, analgoanesthesia is necessary during the procedure. Heparin is
given to achieve an activated clotting time during the procedure of [250 s. In
some patients, RF ablations cause renal artery edema/spasm at the treatment sites,
which can be treated by intra-arterial injection of nitroglycerin or adenosine. These
changes are likely to disappear within hours after treatment.

11.2.1 Clinical Studies

The Symplicity HTN-1 (n = 45) published in 2009 was the first multicenter proof-
of-concept and safety study for patients with resistant arterial hypertension
undergoing catheter-based renal denervation [2]. Patients in the Symplicity HTN-1
study were heavily medicated, taking an average of 4.7 antihypertensive drugs,
and were still poorly controlled (office blood pressure 177/101 mmHg). The pri-
mary end point was peri-procedural and long-term safety of the treatment. After
four weeks, a significant reduction in systolic and diastolic office blood pressures
by 14 and 10 mmHg has been described, which increased to 27 and 17 mmHg
(p = 0.026) after 12 months. The recently presented 36-month long-term follow-
up indicates a sustained blood pressure–lowering effect of 33 and 19 mmHg
(p \ 0.01, n = 24; Fig. 11.3) [3, 4], making a significant functional regrow or
reinnervation of the kidneys unlikely. Antihypertensive background medication
was increased in nine patients and decreased in four patients. As secondary end
point, a reduction in renal norepinephrine spillover was significantly reduced by
47 % (n = 10), providing direct evidence for inhibition of sympathetic
activity [2].
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Consecutively, the multicenter, prospective, randomized Symplicity HTN-2
study included a total of 106 patients with resistant hypertension, randomized 1:1
to a control group (continuation of drug treatment, n = 54) and a treatment group
(renal denervation plus continued drug treatment, n = 52) [3]. Baseline mean
office blood pressure was 178/96 mmHg, despite an intake of 5.3 antihypertensive
drugs. Six months after renal denervation, mean blood pressure in the treatment
group decreased significantly by 32/12 mmHg (p \ 0.0001) without any changes
in the control group. Home-based BP decreased by 20/12 mmHg (p \ 0.0001,
n = 32), compared to 2/0 mmHg in the control group (n = 40). Reductions in
ambulatory blood pressure monitoring over 24 h were lower compared to changes
in office-based blood pressure, showing a reduction of 11/7 mmHg in the inter-
vention group (p = 0.007, n = 20) in contrast to no changes in the control group.
Antihypertensive drug regimen was reduced in 10 patients (20 %) within 6 months
after renal denervation. Response to treatment was defined as a reduction in
SBP [ 10 mmHg after 6 months and was found in 84 %. The predictors of
response include high systolic baseline blood pressure (p \ 0.001) and an intake of
centrally acting sympatholytics (p = 0.018) [2]. At present, no predictors of non-
response have been identified.

11.2.2 Safety

Treatments were performed in the Symplicity trials without major complications in
98 % (201/209) of the cases included [2–4]. The following complications have
been reported:
• 7 vasovagal reactions (resolved under treatment with atropine)
• 3 femoral artery pseudo-aneurysms
• 1 urinary tract infection
• 1 case of back pain
• 1 extended hospitalization for assessment of paresthesia
• 1 renal artery dissection during placement of the guiding catheter.

Six-month renal vascular imaging in 130 patients who underwent renal
denervation identified one patient with possible progression of an underlying
atherosclerotic lesion, which required no therapy. It remains unanswered to which
extent the ablation procedure and/or the catheter manipulation induced or pro-
moted the rapid development of renal artery stenosis or whether it represented a
natural progression of the disease process.

The effect of renal denervation on the physiological response during cardio-
pulmonary exercise testing has been tested in a sub-study [6]. Renal denervation
resulted in a significant drop in resting, maximum exercise, and recovery blood
pressure, whereas heart rate response during exercise and oxygen uptake was well
preserved (Fig. 11.4).
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A recently published study [7] investigated the effect of renal denervation on
renal function and urinary albumin excretion in 100 patients with resistant
hypertension and preserved renal function. The study demonstrated a reduced
number of patients with micro- and macroalbuminuria after renal denervation,
without adversely affecting GFR or renal artery structure within six months. It is
important to note that in the Symplicity trials, patients with an eGFR \ 45 ml/
min/1.73 m2 were excluded as a matter of safety.

11.2.3 Contraindications for Renal Denervation

Several position papers from national and international societies aimed to provide
practical recommendations on the application of RDN [8, 9]. The current con-
traindications for renal denervation are as follows:
• secondary and treatable causes of hypertension
• pseudo-resistant hypertension
• anatomical unsuitability of renal arteries (diameter \ 4 mm; length \ 20 mm;

fibromuscular dysplasia; significant renal artery stenosis; prior renal artery
intervention)

• renal insufficiency (GFR \ 45 ml/min per 1.73 m2).

   0 

120

140

160

180

200

220

240

0 25 50 75 100 
% of maximum workload

S
ys

to
lic

 b
lo

o
d

 p
re

ss
u

re
 (

m
m

H
g

)
Baseline  
3 months after RD 

p<0.0001 
p<0.0001 

p<0.0001 

p<0.0001 

p<0.001 

Fig. 11.4 Blood pressure during cardiopulmonary exercise testing before and 3 months after
renal denervation (modified with permission from [6])

11 The Role of Renal Denervation 131



11.2.4 Effects Other than Blood Pressure Lowering

Diabetes Mellitus and Insulin Resistance
Activation of the sympathetic nervous system is a main contributor to insulin
resistance, metabolic syndrome, associated with central obesity, and risk of
developing diabetes mellitus [10, 11]. A bidirectional relationship between sym-
pathetic overactivity inducing insulin resistance and hyperinsulinemia producing
sympathetic activation exists, thus initiating a vicious cycle. In a recently pub-
lished pilot study [12], renal denervation positively influenced glucose metabolism
in patients with resistant hypertension. Three months after the procedure, fasting
glucose, fasting insulin, and 2-h glucose concentration during oral glucose toler-
ance testing were significantly reduced, resulting in a significant improvement in
insulin sensitivity (measured using the HOMA Index), whereas there were no
changes in the control group (Fig. 11.5). Confirmatory data are coming from a
study investigating the effect of renal denervation in patients with obstructive sleep
apnea [13]. Beside reductions in the severity of obstructive sleep apnea, the
authors report changes in 2-h glucose concentration during oral glucose tolerance
test and reductions in HbA1c. A preliminary report in two patients with polycystic
ovary syndrome suggests that renal denervation lowers blood pressure and
improves insulin resistance (measured by euglycemic clamp methodology) in the
absence of changes in body weight over a 3-month period [14]. Further trials are
necessary to document the durability of these results as well as their renal, retinal,
and cardiovascular consequences in patients suffering from diabetes.
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Chronic Heart Failure
Neurohumoral activation, in particular activation of the sympathetic nervous
system, is of prognostic relevance in patients with chronic heart failure [15]. The
kidneys have been identified as a main contributor to the pathophysiology (i.e.,
cardiorenal syndrome) [16]. A recently published study investigated the effects of
renal denervation on left ventricular mass and diastolic filling pattern in 46 patients
with resistant hypertension in which renal denervation was associated with sub-
stantial reductions in blood pressure and significantly reduced left ventricular mass
and mean interventricular septum thickness [17]. Diastolic function (assessed by
mitral valve lateral E/E0) was improved after renal denervation, indicating
reduction in left ventricular filling pressures, and ejection fraction improved.
Interestingly, the changes appeared to be somehow independent of the blood
pressure–lowering effects. In a small first-in-man pilot study involving seven,
normotensive patients with chronic heart failure undergoing renal denervation six
months after treatment, 6-min walk distance significantly increased and patients’
self-assessment improved [18]. There were no significant changes in blood pres-
sure, renal function, and no symptomatic fluctuations in hemodynamics. A ran-
domized, controlled multicenter trial investigating the effects of renal denervation
in 100 patients with chronic heart failure in NYHA functional class II–III is
currently conducted and will provide important information.

Chronic Kidney Disease
Abundant evidence shows that chronic kidney disease is characterized by sym-
pathetic activation, contributing to hypertension and the progressive loss of renal
function [19]. Renal denervation could therefore be a potentially novel therapeutic
strategy in patients with impaired renal function, including end-stage kidney
disease. However, as in the Symplicity trials, patients with a GFR \ 45 ml/min/
1.73 m2 were excluded as the safety of such an intervention in this patient pop-
ulation is uncertain. Recently, the effects of renal denervation in a small series of
15 patients with moderate-to-severe chronic kidney disease (mean GFR 31 ml/
min/1.73 m2) were reported [20]. Renal denervation was equally effective in terms
of blood pressure lowering, and there was no evidence of a further decline in GFR
or effective renal plasma flow 6 months after the procedure, despite exposure to
contrast medium. Due to the limited data, however, patients with higher grades of
renal insufficiency should only be treated in the context of scientific protocols.

Antiarrhythmic Effects
The autonomic nervous system also modulates cardiac electrophysiological
properties including chronotropy and dromotropy, depolarization rate of the sinus
node, and atrioventricular conduction [21]. Indeed, renal denervation significantly
lowered resting heart rate in patients with resistant hypertension and prolonged PR
interval [22]. Interestingly, neither baseline heart rate nor changes in heart rate
correlated with the blood pressure reductions. In a first-in-human experience, renal
denervation was used as bailout therapy in two patients with congestive heart
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failure suffering from treatment-resistant electrical storm [23]. Following renal
denervation, ventricular tachyarrhythmias were significantly reduced in both
patients. The impact of renal denervation in patients with refractory atrial fibril-
lation and resistant hypertension has been assessed in a recently published study
[24]. Twenty-seven patients were randomized to pulmonary vein isolation alone or
pulmonary vein isolation plus renal denervation. Besides significant reductions in
blood pressure, patients in the pulmonary vein isolation plus renal denervation
group experienced significantly fewer episodes of atrial fibrillation at follow-up.
Furthermore, animal experiments support the antiarrhythmic effects of renal
denervation and suggest a reduced inducibility of atrial fibrillation after the pro-
cedure [25].

11.3 Outlook

Currently, the multicenter, prospective, single-blind, randomized, and placebo-
controlled Symplicity HTN-3 study (NCT01418261) is ongoing and will hopefully
answer the question of a contributing placebo effects after renal denervation. In
order to assess the long-term effects of treatment, an international registry
(Symplicity Global Registry; NCT01534299) has been conducted to facilitate a
systematic follow-up of [5,000 patients undergoing renal denervation in [250
sites. Trials including patients with mild-to-moderate forms of hypertension will
be important to definitely assess the role of renal denervation in antihypertensive
treatment.
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12The Role of Carotid Baroreceptor
Stimulation

Guido Grassi, Gianmaria Brambilla and Gino Seravalle

12.1 Introduction

Along with the renal nerve ablation approach, which has been already examined in
detail in the previous chapter of this book, another invasive procedure based on
stimulation of arterial baroreceptors located within the wall of the carotid arteries
(carotid sinuses), known as electrical carotid baroreceptor stimulation, has
received in the past few years particular interest for the treatment of resistant
hypertension. This chapter will be focused on this approach, examining in
sequence (1) the rationale for this intervention, (2) its historical background and
main features, and (3) the results so far obtained in the field of resistant hyper-
tension. The chapter will also provide, in its final part, a critical evaluation of the
approach, with an analysis of its potential main advantages and disadvantages as
compared with the renal denervation approach.

12.2 Rationale for the Carotid Baroreceptor Stimulation
Approach

Three main sets of information represent the background for the procedure based
on the electrical stimulation of the carotid baroreceptors via programmable
impulse generator devices. The first one refers to the notion that receptors located
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in the transverse aortic arch (aortic baroreceptors) as well as in the carotid sinuses
of the left and right internal carotid arteries (carotid baroreceptors), known under
the term of ‘‘arterial baroreceptors,’’ exert an important regulatory function in the
homeostatic control of blood pressure, by controlling a number of cardiovascular
parameters (Table 12.1) [1]. Arterial baroreceptors are stretch receptors that are
stimulated by distortion of the arterial wall when pressure changes. The barore-
ceptors can recognize the changes in both the average blood pressure or the rate of
change in pressure with each arterial pulse. Action potentials triggered in the
baroreceptor endings are then conducted to the brainstem transmitting this infor-
mation to neurons within the central nervous system [1]. In man, stimulation or
deactivation of arterial baroreceptors can be achieved by a variety of techniques,
such as infusion in the systemic circulation of vasoactive drugs (phenylephrine or
nitroprusside) or the application of positive or negative pressures within a device
positioned at the level of the neck, where carotid arteries and carotid baroreceptors
are anatomically located [1]. By using these techniques, it has been possible to
show that in physiological conditions in which blood pressure increases, there is a
marked deactivation of aortic and carotid baroreceptors. This triggers a decrease in
heart rate and an inhibition of sympathetic vasoconstrictor drive. As a net result,
blood pressure decreases with a concomitant reduction in cardiac output and in
peripheral vascular resistance. Conversely, in physiological conditions in which
blood pressure decreases, there is a marked stimulation of aortic and carotid
baroreceptors. This triggers an increase in heart rate and an enhancement of
sympathetic vasoconstrictor drive. As a net result, blood pressure increases with a
concomitant raise in cardiac output and in peripheral vascular resistance.

The second notion, on the other hand, refers to the evidence that arterial
baroreceptor (and particularly carotid baroreceptor) function is impaired in
essential hypertension [1, 2]. This baroreceptor dysfunction includes on one hand
the impairment of baroreceptor modulation of heart rate (which is mediated by
vagal fibers) and on the other by an alteration in the baroreceptor control of blood
pressure (which is mediated by and sympathetic fibers) (Fig. 12.1). In this latter
case, as it will be discussed below, the baroreceptor alteration is known as
‘‘resetting’’ of the operational set point of the reflex function [2]. In practical

Table 12.1 Cardiovascular effects of alterations in carotid baroreceptor activity

Variable Baroreceptor stimulation Baroreceptor deactivation

Heart rate Reduced Increased

Atrioventricular conduction time Increased Reduced

Cardiac output Slightly reduced Slightly increased

Peripheral resistance Reduced Increased

Splanchnic circulation Vasodilation Vasoconstriction

Muscle circulation No change No change
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terms, this means that, although not primarily altered, baroreceptor control of
blood pressure is reset toward more elevated blood pressure values with an
attenuation of its pressor influences and a potentiation of the depressor ones.

A third and final notion should be discussed when considering the patho-
physiological background of the procedure based on the electrical stimulation of
the carotid baroreceptors, that is, the fact that essential hypertension is a clinical
condition characterized by a marked sympathetic stimulation (Fig. 12.2) [3, 4],
brought about by a variety of factors including the arterial baroreceptor impair-
ment. Because this adrenergic overdrive has a number of adverse effects on blood
pressure, cardiovascular homeostasis as well as on metabolic function, it repre-
sents an important target of the non-pharmacological as well as of the pharma-
cological interventions aimed at reducing elevated blood pressure values [3, 4].

Fig. 12.1 Scheme illustrating the normal control of heart rate and peripheral vessels exerted by
carotid baroreceptors in the normotensive state (upper panel) and its alterations in hypertension
(lower panel). These cause a reduction (-) in vagal control of the heart and a potentiation (+) in
sympathetic vasoconstrictor tone. SA sinus node activity

Fig. 12.2 Values of muscle sympathetic nerve traffic, measured via the microneurographic
technique, in normotensive control subjects (N and C) and in patients with mild hypertension
(MH), severe hypertension (SH), systodiastolic hypertension (SDH), and isolated systolic
hypertension (ISH). Data are shown as means ± standard error. From data included in [4, 5]

12 The Role of Carotid Baroreceptor Stimulation 139



This is the case also for the renal nerves ablation approach and for the electrical
stimulation of the carotid baroreceptors, because both the interventions have been
shown to exert sustained sympathoinhibitory effects [5].

12.3 Results of Studies in Experimental Animal Models

The goal of lowering blood pressure in humans by activating carotid baroreceptors
is not a new approach. The first studies performed in experimental animals about
60 years ago showed that a significant reduction in blood pressure was achieved in
normotensive or hypertensive dogs for several hours following direct electrical
stimulation of the carotid sinus nerve [6–8]. In the first years of the millennium,
studies by different investigators showed that, in animals with angiotensin II-
induced acute and chronic hypertension, this treatment produced a decrease in
renal sympathetic nerve activity in animals with an intact baroreflex but not in
animals that had undergone sinoaortic denervation [9–11]. These data suggest that
the baroreflex is important in chronic hypertension and that renal sympathoinhi-
bition, with a resultant increase in natriuresis, may be the mechanism by which the
baroreflex participates in long-term blood pressure control [9, 12]. A further step
was evaluation of the effects of the long-term stimulation of the baroreflex using
electrodes implanted around both carotid sinuses of dogs [13]. Baroreflex acti-
vation for 7 days elicited a rapid and sustained reduction in heart rate and blood
pressure as well as a significant reduction in plasma levels of the adrenergic
neurotransmitter norepinephrine. More recently, the same group of authors eval-
uated the effects of prolonged electrical carotid baroreflex stimulation in dogs with
obesity-induced hypertension, showing a significant reduction in mean arterial
pressure and plasma catecholamines without a concomitant increase in plasma
renin activity [13]. Thus, in obesity, baroreflex activation can suppress the
endogenous activation of the sympathetic nervous system and reduce high blood
pressure. These data also support the hypothesis that baroreflex-mediated sup-
pression of renal sympathetic nerve activity is an important mechanism by which
the carotid stimulation exerts its antihypertensive effect.

12.4 Results of Clinical Studies and Clinical Trials

The hemodynamic effects of bilateral electrical stimulation of the carotid sinus
nerves in humans have been evaluated in several studies. In one study [14], the
acute carotid stimulation of supine hypertensive patients reduced cardiac output by
11 %, peripheral resistance by 10 %, mean arterial pressure by 21 %, and heart
rate by 16 %. Similar results were also reported in other studies [15, 16].

Following this earlier experience, the development of systems that permitted
radiofrequency adjustment of implanted devices allowed in the earlier 1960s to
better tailor stimulation of parameters to individual patients. In recent years, the
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availability of a programmable impulse generator (positioned in a subcutaneous
pocket at the level of the chest) allowed the intermittent stimulation of the baro-
receptors (frequency: 20–100 Hz; amplitude: 4.0–7.0 V) through two active
electrodes implanted with neck surgery at the level of the left and right carotid
sinuses [17]. Clinical experience with the device has been collected so far in a
small number of clinical studies and trials whose main results can be summarized
as follows. The first data were collected in the Rheos Feasibility Trial, with an
acronym that refers to the surgically implantable device (Rheos System; CVRx
Inc., Minneapolis, MN, USA) tested in a study monitored by the United States
Food and Drug Administration [18]. The trial was carried out in ten patients with
resistant hypertension taking on average six antihypertensive drugs without
achieving effective blood pressure control. Following a recovery time after
implantation of one month, the device was activated, and this enabled a marked
blood pressure reduction with a maximal response amounting to 42 mmHg for
systolic and 21 mmHg for diastolic blood pressure. The magnitude of the response
was quite stable over the follow-up of the study (10 months), although the rough
data were not included in this first publication. Apart from two cases of infections
at the level of the surgical intervention, which were treated successfully, the
procedure was uneventful and without significant side effects. This initial publi-
cation was followed by two other papers aimed at clarifying the mechanisms
through which the procedure was capable of reducing blood pressure [19, 20].
Both these studies confirmed the profound sympathoinhibition triggered by the
electric field stimulation of carotid baroreceptors, the magnitude of which was
directly and significantly related to the degree of the systolic blood pressure
reduction elicited by the intervention. Other remarkable effects of the procedure
were represented by (1) a small heart rate reduction, (2) a decrease in plasma renin
activity levels (about 20 %), (3) a tendency of heart rate variability to increase in
the low-frequency component (an index of improvement in vagal control of the
heart), and (4) a substantially unchanged baroreflex modulation of heart rate, as
dynamically assessed via cross-spectral analysis and sequence technique. In one of
these studies [21], the blood pressure-lowering effects of the intervention were
documented not only via classic sphygmomanometric blood pressure measure-
ments but also via 24-h ambulatory monitoring, thereby providing information on
a variable such as daily-life blood pressure that has a special importance for the
patient’s prognosis [22]. The magnitude of the 24-h blood pressure reduction (on
average 10 mmHg for systolic and 6 mmHg for diastolic blood pressure) only
seems small if one takes into account that drug treatment–induced changes in 24-h
mean blood pressure are usually much smaller than the corresponding changes in
clinic blood pressure [23]. The information collected in these earlier studies was
supplemented by the results of 2 recent trials, the Device-Based Therapy in
Hypertension Trial (DEBuT-HT) [24] and the Rheos Pivotal Trial [24], enrolling
45 and 265 patients with resistant hypertension, respectively. Their results can be
summarized as follows. First, the sustained effectiveness of the procedure was
confirmed over the long term, with evidence that at two years of follow-up,
stimulation of carotid baroreceptors retained the blood pressure-lowering effects
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seen in the earlier period. Second, about 20 % of patients experienced side effects,
which were mostly directly related to the surgical or anesthetic procedure (local
surgical complications, nerve injury, etc.). Finally, about half of the implanted
patients achieved at the 6-month follow-up, systolic blood pressure control
allowing them to substantially reduce both the number and the daily dosage of the
antihypertensive drugs unsuccessfully used prior to the procedure. Technical
refinements to the methodological approach as well as the surgical procedure will
enable in the next years a less invasive approach to be used, based on a single
electrode positioned only on one side of the neck and thus performing a mono-
lateral carotid baroreceptor stimulation. Preliminary experience with the new
approach has indeed shown that it allows the coupling of efficacy with an
improved side effect profile [5].

12.5 Electrical Stimulation of Carotid Baroreceptors Versus
Renal Denervation

Our group has recently made a vis-a-vis comparison of the results of the two
procedures available for lowering blood pressure in resistant hypertension [5]. The
results of this analysis can be summarized as follows. First, both the two tech-
niques have been shown to reduce in short-term and in the medium-term period
(3–4 years) clinic blood pressure values, while less information is available,

Fig. 12.3 Scheme illustrating the effects of renal denervation and electrical stimulation of
carotid baroreceptors on hypertension-related end-organ damage. LV left ventricular, HOMA-IR
homeostasis model assessment of insulin resistance, eGFR estimated glomerular filtration rate. ::
improvement, ; reduction, = no change,? effect unknown
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particularly for renal denervation, for ambulatory blood pressure. The data so far
obtained, however, show a 24-h ambulatory blood pressure reduction less marked
than the clinic one. In contrast, there are a number of studies which have assessed
the impact of renal denervation on both organ damage and metabolic alterations
accompanying resistant hypertension (Fig. 12.3). Several of these information,
however, are still lacking in the case of electrical stimulation of the carotid
baroreceptors (Fig. 12.3). Finally, an analysis of potential clinical complications
associated with the interventions indicates the greater safety (and the reduced side
effects profile) of the renal denervation approach as compared to the baroreceptor
stimulation method, which requires a surgical intervention.

12.6 Conclusions

Although intriguing, the results obtained via the procedure based on electrical
stimulation of the carotid baroreceptors for the treatment of resistant hypertension
leave open a number of clinically relevant questions. These will call for new
investigations on this procedure, which nevertheless represents a new therapeutic
options for this condition.
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13Pathophysiology: Metabolic
Alterations and Risk Factors

Peter M. Nilsson and Jan Cederholm

13.1 Introduction

Resistant hypertension is a condition that is associated not only with difficult-to-
treat hypertension but also with a number of other concomitant cardiovascular risk
factors. For example, there are several metabolic abnormalities that have been
linked to resistant hypertension, even when secondary hypertension has been
excluded with its many examples of endocrine disturbances, that is, acromegaly
(GH increase), Mb Cushing (hypercortisolism), or pheochromocytoma (increased
catecholamines), where disturbed glucose metabolism and impaired insulin sen-
sitivity is often found. The overall prevalence of resistant hypertension is supposed
to be around 12–15 %.

One early observation from a population-based study in Sweden was that
patients with refractory (resistant) hypertension often exhibited signs of insulin
resistance and the typical metabolic abnormalities linked with this, most impor-
tantly hyperglycemia and dyslipidemia (high triglycerides and low HDL choles-
terol levels) [1, 2]. In one of the studies, male subjects were further investigated by
biopsies of Musculus vastus lateralis since structural conditions in skeletal mus-
cles might play a role in this association. Irrespective of pre-study drug therapy,
these therapy-resistant hypertensives had a lower insulin sensitivity index than
controls (p \ 0.05). In spite of the BMI-matching, the waist/hip ratio (WHR) in
the males with resistant hypertension tended to be higher (p \ 0.07). Insulin
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clearance tended to be lower in these subjects (p = 0.09), and BMI correlated with
a reduced muscular capillary density (r = -0.77, p \ 0.01). The average cross-
sectional muscle fiber area was larger in RH subjects (p \ 0.05). Furthermore, the
mean muscle fiber area correlated with basal serum insulin (r = 0.63; p \ 0.05).
Rarefaction of the muscular capillary bed appears to be related to obesity. Larger
muscle fibers might be an effect of the growth factor properties of insulin itself and
could possibly correspond to hypertrophy of smooth muscle in the resistance
vessels. This factor might contribute to the association of hyperinsulinemia with
essential hypertension and attenuate the response to antihypertensive therapy, as
shown in patients with resistant hypertension [2].

Another clinical feature of these patients was widespread muscular tension and
painful symptoms but also nervous complaints and mental distress, as well as an
increased burden of psychosocial stress [3]. The prognosis of resistant hyperten-
sion so far in these patients has often been poor due to insufficient treatment of
hypertension and the concomitant cardiovascular risk factors [4]. The conclusion is
therefore that the total cardiovascular risk profile should be evaluated and targeted
in these patients, not only the difficult-to-treat blood pressure.

13.2 Large Register Studies from Spain

Other studies have shown similar characteristics of patients with resistant hyper-
tension from the population. In particular, studies from Spanish populations have
documented the high prevalence of obesity, metabolic syndrome, and target organ
damage in resistant hypertensive subjects [5–7]. In one screening study, 513 patients
were included (64 ± 11 years old, 47 % women). Central obesity was present in
65.7 % (CI 95 % 61.6–69.9), 38.6 % (CI 95 % 34.4–42.8) had diabetes, and 63.7 %
(CI 95 % 59.4–67.9) had features indicating the metabolic syndrome. The preva-
lence of left ventricular hypertrophy and left atrial enlargement determined by
echocardiography was 57.1 % (CI 95 % 50.8–63.5) and 10.0 % (CI 95 % 6.3–13.7),
respectively. Microalbuminuria was found in 46.6 % (CI 95 % 41.4–51.8) of the
subjects. Patients with metabolic syndrome were significantly older (65.4 ± 11 and
62.5 ± 12 years; P = 0.0052), presented a higher prevalence of diabetes (52.0 %
vs. 16.6; P \ 0.0001), and were treated more frequently with C4 antihypertensive
drugs (65.1 vs. 50.0 %, P = 0.011). The authors thus concluded that the prevalence
of central obesity, metabolic syndrome, and target organ damage is very high in
resistant hypertensive subjects [5]. This study should preferably be repeated in other
countries and populations at varying cardiovascular risk.

Based on the Spanish register data, resistant hypertension is present in 12 % of
the treated hypertensive population, but among them more than one-third have
normal ambulatory blood pressure. A worse risk profile in general is associated
with true resistant hypertension, but this association is weak, thus making it
necessary to assess ambulatory blood pressure monitoring for a correct diagnosis
and management.

146 P. M. Nilsson and J. Cederholm



13.3 Obstructive Sleep Apnea Syndrome

The hemodynamic and metabolic abnormalities linked to resistant hypertension are
also prevalent in obesity complicated with obstructive sleep apnea (OSA) syndrome,
influencing disturbed sleep patterns and increased nocturnal sympathetic nervous
activation. This has been shown in several epidemiological studies and further
described in a recent European position paper [8]. One important contributing factor
might be chronic inflammation, for example, elevation of TNF-alpha in patients with
hypertension and OSA [9]. In particular, in family practice, it is important to rec-
ognize resistant hypertension [10] but also to detect and treat OSA, for later referral
for continuous positive airway pressure (CPAP) treatment at hospital centers.

13.4 Hyperaldosteronism and the Metabolic Syndrome

A new aspect of this risk factor constellation is the finding that high levels of
serum aldosterone are often linked to insulin resistance and metabolic abnormal-
ities as well as elevated blood pressure. Sometimes, a thorough investigation might
reveal the existence of secondary hypertension based on the existence of, for
example, adrenal adenoma (Conn’s syndrome). However, also within the normal
or near normal range of aldosteronism, there is reason to believe that this factor
could play an important role for the constellation of cardiovascular risk factors so
often associated with the metabolic syndrome and resistant hypertension [11, 12].
Accumulating evidence indicates that the cardiovascular and renal abnormalities
associated with insulin resistance are mediated, in part, by aldosterone’s non-
genomic as well as genomic signaling through the mineralocorticoid receptor
(MR). In the so-called cardio-metabolic syndrome, there are often increased
circulating levels of glucocorticoids, which can also activate MR signaling in
cardiovascular, adipose, skeletal muscle, neuronal, and liver tissue. Furthermore,
there is increasing evidence that fat tissue produces a lipid-soluble factor that
stimulates aldosterone production from the adrenal zona glomerulosa, according to
one review [12]. These findings should encourage research activities on patho-
physiology but also to investigate metabolic and hemodynamic effects following
the blockade of aldosterone by use of antagonists. Both older and newer drugs
could be used for blocking the aldosterone system, so far with proven benefits in
congestive heart failure but not well documented in essential hypertension.

13.5 Endocrine Abnormalities and Disturbed Autonomic
Nervous Function

Abnormalities of the autonomous nervous system represent another facet of this risk
cluster, often linked to insulin resistance and other features of the metabolic syn-
drome [13]. Type 2 diabetes is generally associated with greater autonomic
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imbalance, lower adiponectin levels, and greater BMI in patients with resistant
hypertension [13]. It has even been shown that renal nerve ablation has improved not
only resistant hypertension but also some of the metabolic abnormalities linked to
this condition, for example, impaired glucose metabolism in a pilot study [14]. This
finding calls for validation in larger trials and in different groups of cardiovascular
risk patients, especially in patients with impaired fasting glucose or type 2 diabetes.

As insulin resistance is a major factor behind metabolic abnormalities and
hemodynamic changes in obese changes, it has been given advice that weight
control should be an important part of the reduction in insulin resistance and the
correction of these abnormalities. A recent document from European organizations
has pointed out the importance of the prevention and treatment of obesity [15].
This is also relevant for prevention of resistant hypertension. Other lifestyle
improvements are also of importance to reach this goal, for example, increased
physical activity and smoking cessation. Already almost 30 years ago it was
shown that smoking is a factor that might increase the degree of dyslipidemia
found in most patients with hypertension, especially combined with abdominal
obesity [16]. Smoking is also a factor that might aggravate increased activity in the
cortisol system, of great importance for metabolic regulation [17]. Besides that,
smokers are sometimes not only ignorant of their own lifestyle but also of regular
drug intake as prescribed by their physicians. Therefore, smoking cessation has the
potential to improve self-respect and increase willingness also to be adherent to the
prescribed drug therapy, for example, to control hypertension.

13.6 Diabetes and Resistant Hypertension

There is evidence that diabetes in poor regulation is associated with resistant
hypertension. In one study of 10,526 individuals with completed sleep surveys
participating in a screening study [18], the authors identified 379 patients with
severe hypertension defined as those treated with C3 antihypertensive medications
including a diuretic. In total, 110 of these patients had resistant hypertension
despite therapy, while 269 were controlled for severe hypertension. Patients with
this condition were more likely to be married, less educated, smoke, self-report
unsatisfactory health, and diabetes when compared with patients with controlled
hypertension. Multivariate analyses showed that poorly controlled diabetes (gly-
cated hemoglobin more than 7 %) was the factor most strongly associated with
resistant hypertension (OR: 3.0; 95 % CI 1.2–7.9). Unsatisfactory health (OR: 1.7;
95 % CI 1.7–2.7) was also associated with resistant hypertension. Poorly con-
trolled diabetes and self-reported unsatisfactory heath showed significant associ-
ation with this condition. Contrary to expectations, there was no significant
association between self-reported snoring and resistant hypertension, when other
factors were examined. The documented association between poorly controlled
diabetes and resistant hypertension motivates further emphasis on strict control of
diabetes in these individuals [18].
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13.7 Data from the National Diabetes Register in Sweden

The National Diabetes Register (NDR) was initiated in 1996 as a tool for local
quality assurance and feedback in diabetes care. Annual reporting to the NDR is
carried out by trained physicians and nurses via the Internet or via clinical records
databases, with information collected during patient visits at hospital outpatient
clinics and primary health care centers nationwide. All included patients have
agreed by informed consent to register before inclusion. Reports concerning blood
pressure control and risk of cardiovascular disease in the NDR have been pub-
lished previously [19, 20].

This observational sub-study of NDR included 6,216 patients with type 2
diabetes on antihypertensive drug treatment, aged 30–80 years, with data available
for all analyzed variables between 2005 and 2006, and with at least three drug
prescriptions used during this period. In each patient, baseline was defined as
occurring after 12 months of continuous use of the prescribed antihypertensive
medication. Exclusion criteria were history before baseline of CHD, stroke, heart
failure, atrial fibrillation, peripheral vascular disease, amputation, renal failure,
gastric/duodenal/peptic ulcer, all forms of cancer, as well as BMI\18 kg/m2 and
serum creatinine [150 lmol/l. The definition of type 2 diabetes was treatment
with diet only, oral hypoglycemic agents only, or onset age of diabetes C40 years
and insulin only or combined with oral agents. Only 1 % had onset age\30 years,
and 3 % had onset age\40 years. Study information was linked from four national
registers in Sweden: the NDR, the Prescribed Drug Register, the Cause of Death
Register, and the Hospital Discharge Register at the National Board of Health and
Welfare.

All patients on antihypertensive drug treatment were divided into two sub-
groups, 1,569 patients with resistant hypertension and 4,426 patients without
resistant hypertension and with controlled blood pressure \140/90 mmHg.
Resistant hypertension was defined as treatment with at least 3 antihypertensive
drugs among which one of them was a diuretic, and blood pressure C140/
90 mmHg at baseline. Clinical characteristics included at baseline in 2005–2006:
age, gender, diabetes duration, previous hospitalization, type of hypoglycemic
treatment, HbA1c, weight, height, smoking, systolic blood pressure, total choles-
terol, HDL cholesterol, cumulative microalbuminuria, use of antihypertensive
drugs, statins and other lipid-lowering drugs, aspirin use, cardiac glycosides,
organic nitrates, and multidose dispensation. BMI (kg/m2) was calculated as
weight/height2. The Swedish standard for blood pressure recording, used in the
NDR, is the mean (mm Hg) of two readings (Korotkoff 1–5) with a cuff of
appropriate size, after at least 5 min of rest. A smoker was defined as a patient
smoking one or more cigarettes/day, or smoking tobacco using a pipe, or stopped
smoking within the past three months. Aspirin treatment was defined as daily oral
intake of 75–160 mg acetyl salicylic acid per day. Laboratory analyses of HbA1c

and serum lipids were carried out at local laboratories. HbA1c analyses are quality
assured nationwide by regular calibration with the HPLC Mono-S method. HbA1c
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Table 13.1 Baseline characteristics of two sub-groups, with resistant or controlled hypertension,
out of 6,216 treated hypertensive (HT) patients with type 2 diabetes, aged 30–80 years, from the
National Diabetes Register (NDR) of Sweden

Resistant HT Controlled HT P value

Numbers 1,790 4,426

Age, years 66.0 ± 8.0 63.1 ± 9.0 \0.001

Diabetes duration, years 8.3 ± 6.7 7.2 ± 6.3 \0.001

Systolic BP, mmHg 153.9 ± 14 127.7 ± 7 \0.001

Diastolic BP, mmHg 81.0 ± 9.8 74.4 ± 7.5 \0.001

HbA1c, % 7.2 ± 1.1 7.0 ± 1.1 \0.001

BMI, kg/m2 30.8 ± 5.1 30.2 ± 5.2 \0.001

Total cholesterol, mmol/l 4.84 ± 0.9 4.85 ± 0.93 0.6

HDL cholesterol, mmol/l 1.33 ± 0.39 1.34 ± 0.39 0.3

Ratio total:HDL cholesterol 3.87 ± 1.17 3.87 ± 1.27 0.8

Male gender 51.6 54.1 0.08

Smoking 11.7 15.3 \0.001

Albuminuria [20 lg/min 30.1 22.5 \0.001

Previous hospitalization 4.2 4.7 0.4

Hypoglycemic treatment

Oral agents only 44.2 46.7 0.07

Oral agents and insulin 23.5 16.0 \0.001

Insulin only 11.1 11.7 0.5

ACE inhibitors 31.2 32.4 0.3

ACE inhibitors + diuretics 15.9 4.8 \0.001

ACE inhib + Ca antagonists 0 0.05 0.3

AT2 antagonists 17.9 16.7 0.2

AT2 antagonists + diuretics 32.2 8.8 \0.001

Ca antagonists 61.6 24.4 \0.001

Beta receptor blockers 73.4 39.1 \0.001

Diuretics 57.3 27.4 \0.001

Alpha receptor blockers 3.6 1.1 \0.001

Organic nitrates 3.8 3.6 0.7

Cardiac glycosides 1.3 0.5 \0.001

ASA 46.2 35.3 \0.001
(continued)
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values were converted to the DCCT standard values using the formula: HbA1c

(DCCT) = 0.9239 HbA1c (Mono-S) ? 1.345; R2 = 0.998. Albuminuria was
defined as cumulative microalbuminuria: urine albumin excretion [20 lg/L.

Statistical methods: Clinical characteristics are presented as means ±1 standard
deviation (SD) or frequencies in Table 13.1, with crude significance levels of
differences in patients with or without resistant hypertension, when analyzed with
use of student’s t test or X2 test. All statistical analyses were performed with SAS
version 9.3 (SAS Institute, Cary, NC, USA). A p value\0.05 at two-sided test was
considered statistically significant in two out of three consecutive tests.

13.8 Results and Interpretation

The patients with diabetes and resistant hypertension were older and showed
higher levels of risk factors as compared to controls (Table 13.1). A long-term
cardiovascular risk associated with resistant hypertension was suggested by the
risk factor cluster and increased drug use associated with resistant hypertension.
This is the subject of further follow-up studies now ongoing.

In patients with diabetes, the occurrence of resistant hypertension is thus
associated with an increased risk factor burden that may explain any risk increase
in cardiovascular events.

13.9 Conclusion

In summary, there is evidence to show that patients with resistant hypertension most
often are also characterized by metabolic abnormalities, especially abnormal glucose
metabolism or type 2 diabetes, insulin resistance, and dyslipidemia. This is influ-
enced by other contributing factors such as overt abdominal obesity, OSA, hyper-
aldosteronism, hypercortisolemia, and abnormal autonomic nervous function.
Lifestyle improvements, treatment of OSA, and correction of sympathetic
over-activation are ways to correct not only resistant hypertension but also the
metabolic alterations that are associated with this condition. Further epidemiological

Table 13.1 (continued)

Resistant HT Controlled HT P value

Statins 51.4 46.3 \0.001

Other lipid-lowering drugs 2.7 2.6 0.8

Estrogen 6.0 5.7 0.7

Multidose dispensation 0.9 0.9 0.9

Mean ± SD and frequencies (%) are given. Crude significance is calculated using Student’s t test
or chi-squared test. Resistant hypertension and controlled hypertension were defined as stated in
Methods
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studies should aim to describe the prevalence of resistant hypertension in various
populations, and in specific risk groups such as patients with type 2 diabetes.
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14Follow-up of Patients with Resistant
Hypertension

Manolis S. Kallistratos, Antonios N. Pavlidis
and Athanasios J. Manolis

14.1 Introduction

Resistant hypertension (RH) is defined as failure to reach goal BP in spite of
concurrent treatment with maximum tolerated doses of three antihypertensive
agents of different classes, including a diuretic [1]. It is of great importance cli-
nicians not to confound RH with uncontrolled hypertension. The latter includes
patients with poorly treated BP due to inadequate medical therapy, inappropriate
lifestyle habits, or poor adherence to medication; however, a subcategory suffers
from true RH [1, 2].

The exact prevalence of RH is difficult to be determined and a forced titration
study of a large, diverse hypertensive cohort is necessary in order to be established.
In several trials, 20–35 % of participants could not achieve BP control despite
receiving more than three antihypertensive medications [3–6].

Although no studies have yet addressed prognosis, it could be assumed that
patients with RH are at high cardiovascular risk. Evidence from population studies
shows that target organ damage as well as morbidity and mortality is strictly
related to the level of BP [6, 7]. Nevertheless, the effects of treatment of RH on
morbidity and mortality are still unknown.
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Several trials have demonstrated that achievement of BP goals is still poor
despite the use of several protocol-defined treatment regimens. Follow-up of these
patients seems to be even more difficult since there are practically no data
regarding long-term surveillance of patients with RH. This article provides an
overview on the assessment and follow-up of patients with resistant hypertension.

Key elements of monitoring and follow-up, are based on the avoidance of all
factors that can increase blood pressure levels (Table 14.1), on prevention, on
lifestyle modifications, and of course on knowledge of pharmacological treatment
that must be applied in order to maintain blood pressure levels within desired
limits.

14.2 Factors that can Increase Blood Pressure Levels

Numerous factors related to the physician or to the patient have been identified as
causes of increased blood pressure in patients with RH. Although the term pseudo-
resistant hypertension refers to failure to control BP with appropriate antihyper-
tensive treatment in patients who do not truly suffer from RH, those same factors
must be avoid in the follow-up of a patient with RH.

Inaccurate BP measurement is the most frequently observed. Common mistakes
include as follows:
1. Measure BP before the patient has seated and relaxed for at least 5 min,
2. Failure to support the arm at the level of the heart,

Table 14.1 Common causes of resistant hypertension

Common conditions Exogenous substances

Older age Excess alcohol consumption

Obesity Excess sodium intake

Smoking Drugs

Diabetes mellitus

Inadequate treatment

Pseudo-resistant hypertension Secondary hypertension

Measurement artifact Renal parenchymal disease

Patient compliance Renovascular disease

White-coat hypertension Primary aldosteronism

Pseudohypertension Obstructive sleep apnea

Cushing’s disease

Thyroid and parathyroid disease

Pheochromocytoma
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3. Obtain a single instead of at least two readings,
4. Measure BP shortly after the patient has consumed tobacco, and
5. Use of an undersized cuff resulting into falsely high BP readings [8, 9].

Pseudohypertension is a term used to describe high BP readings that do not
correlate to interarterial BP measurements and result from the inadequate cuff
compression of the heavily calcified arteries, usually in older patients, leading to
overestimation of BP [10]. White-coat hypertension has also been identified as a
cause of pseudo-resistant hypertension and is determined by constant high office
BP readings but normal home or ambulatory measurements. This is a very com-
mon finding among patients with RH with an incidence that reaches approximately
30 % [11, 12]. While patients with RH due to white-coat hypertension have a
better prognosis compared to patients with true hypertension and demonstrate less
organ damage, they carry a higher morbidity compared to healthy individuals [13].

14.2.1 Patient Compliance

Poor patient adherence and compliance to antihypertensive treatment is another
cause of RH and can be extremely crucial in inadequate BP control. Approxi-
mately 40 % of the newly diagnosed hypertensive patients will discontinue their
treatment during the first year due to its complexity or the side effects, and only a
40 % of them will continue to be on antihypertensive therapy over the next decade
[14–16]. Inappropriate or insufficient patient education regarding the benefits of
achieving BP goals, the potential side effects of the prescribed medications, and
the high cost of treatment has been highlighted as the most common reasons for
self-discontinuation of antihypertensive therapy [17]. Patients must be instructed
to bring all their medicines in every visit, giving them the opportunity to review
the dose regiment as well as to reconcile medication lists.

14.2.2 Obesity

Obesity has also been linked to RH. Mechanisms of obesity-induced hypertension
include increased sympathetic nervous system activity and activation of the renin–
angiotensin–aldosterone system (RAAS) [18]. Insulin resistance, hyperinsuline-
mia, impaired sodium excretion, increased aldosterone sensitivity related to vis-
ceral adiposity, and obstructive sleep apnea have all been implicated as potential
causes of hypertension in obese subjects [19–21]. It has been shown that as body
mass index increases, progressively higher doses of antihypertensive drugs are
required in order to achieve optimal BP control [22]. On the other hand, several
studies have shown that weight loss is associated with BP reduction in obese
hypertensive patients [9]. These reductions are even greater in patients already
receiving antihypertensive therapy [23].
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14.2.3 Diet

Dietary factors such as increased alcohol and salt consumption contribute to the
presence of RH. Modest alcohol consumption, approximately two drinks per day,
causes peripheral vasodilation and can reduce BP. However, larger amounts such
as three or more drinks per day demonstrate a dose-related effect on BP, both in
hypertensive and normotensive persons [24]. In a cross-sectional analysis of
Chinese adults consuming more than 30 drinks per week, the risk of hypertension
increased from 12 to 14 % [25]. Cessation of heavy alcohol consumption reduced
systolic BP by 7.2 mmHg and diastolic BP by 6.6 mmHg, while the prevalence of
hypertension declined from 42 to 12 % [26].

The majority of RH patients demonstrate higher salt intake compared to the
general population, exceeding the amount of 10 g/day in average [27]. Salt con-
sumption increases BP and blunts the BP lowering effect of most classes of anti-
hypertensive agents [28]. These effects tend to be more pronounced in typical salt-
sensitive patients, including the elderly, African-Americans, and particularly
patients with chronic kidney disease [29]. It is recommended that dietary sodium in
hypertensive patients should be restricted to a maximum of 100 mmol/day (2.4 g
sodium or 6 g sodium chloride) and even lower in salt-sensitive patients [30].

14.2.4 Drugs

Several commonly used medications can raise BP and hinder treatment
(Table 14.2). Nonnarcotic analgesics, including nonsteroidal anti-inflammatory

Table 14.2 Drugs that can cause resistant hypertension

Nonsteroidal anti-inflammatory drugs Steroid hormones

Nicotine Tricyclic antidepressants

Cocaine Erythropoietin

Caffeine Phenothiazines

Stimulants Dietary and herbal supplements

• Methylphenidate • Ginseng

• Dexmethylphenidate • Yohimbine

• Ma huang

• Dextroamphetamine • Bitter orange

• Amphetamine

• Methamphetamine

• Modafinil

Sympathomimetics

• Decongestants

• Anorectics
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agents (NSAIDs), aspirin, and acetaminophen, are probably the most common
offending agents in terms of worsening BP control [31]. NSAIDs increase mean
arterial pressure by approximately 5 mmHg and may blunt antihypertensive effect
of several categories of medications, including diuretics, angiotensin–converting
enzyme inhibitors (ACE inhibitors), angiotensin receptor blockers [ARBs], and b-
blockers [32–34]. The effect of NSAIDs on BP is more pronounced in patients
with impaired renal function [1]. Decongestant agents such as phenylephrine and
pseudoephedrine and stimulant agents used for weight loss have also been
implicated in increasing BP. Contraceptives, cyclosporine, erythropoietin, and
cortisone raise BP via fluid retention, particularly in patients with increased
mineralocorticoid activity [1].

14.3 Lifestyle Changes

Lifestyle changes, including weight reduction, regular exercise, and moderate
alcohol and salt consumption, should be encouraged where suitable. Weight loss
can reduce BP and increase functional capacity [35, 36]. A 10-kg weight loss is
associated with an average reduction of 6 mmHg in systolic and 4.6 mmHg in
diastolic BP [36]. Physical activity can decrease systolic and diastolic BP by 7 and
5 mmHg, respectively, in patients with RH [37]. A modest alcohol intake can also
decrease BP levels.

Habitual alcohol intake is associated with raised morning BP readings,
increased heart rate throughout the day, and increased sympathetic activity during
sleep. These findings can partially explain the link of heavy alcohol consumption
to an increased risk of cardiovascular diseases [38]. Daily alcohol consumption
should be restricted to two units per day for men and one unit per day for women
or patients with low body mass index [39].

Dietary salt restriction decreases systolic and diastolic BP levels in hyperten-
sive patients by 5–10 mmHg and 2–6 mmHg, respectively [40, 41]. Ideally,
sodium consumption should be restricted to less than 100 mEq/day for all patients
with RH [1].

14.4 Prevention

Different risk factors frequently appear in the same individual. Only a small
fraction of patients suffers from hypertension without presenting other risk factors
(24 %) [42]. Patients with RH are assumed to be high-risk patients. Evidence from
population studies shows that target organ damage as well as morbidity and
mortality is strictly related to the level of BP [6, 7]. Several studies like NHANES
study [43] and the SPANISH study [44] showed that patients with resistant
hypertension had higher rates of renal dysfunction, albuminuria as well as
increased cardiovascular morbidity and mortality. Although, the effects of
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treatment of RH on morbidity and mortality are still unknown, physicians should
focus on prevention and reduction in risk factors as well as revealing target organ
damage since the majority of the patients present overlapping risk factors and
associated co morbidities. Risk estimation is facilitated using risk charts such as
SCORE that estimates the 10-year risk of a first fatal atherosclerotic event, whe-
ther heart attack, stroke, aneurysm of the aorta, or other [9]. Thus, patients should
be classified in relation of the total cardiovascular risk resulting from the coex-
istence of different risk factors, organ damage, and disease [9].

14.5 Secondary Hypertension

Usually secondary causes of hypertension (SH) are considered and rule out during
the initial evaluation of a patient with newly diagnosed hypertension. However,
patients with RH represent a population with increased rates of SH especially in
the elderly. Specific biochemical disturbances, such as hypokalemia and metabolic
alkalosis, or physical signs such as central obesity, purple striae, and abdominal
bruits may suggest a secondary cause of hypertension [45]. A long list of sec-
ondary causes of hypertension exists in the literature, although some of them are
rarely encountered in every day clinical practice. Renal parenchymal disease is the
most common cause of secondary hypertension (SH) and can complicate treatment
and prognosis. In the ALLHAT trial, serum creatinine levels above 1.5 mg/dL
were the strongest predictor of failure to achieve goal BP [46]. RH results from
activation of the sympathetic nervous system and the RAAS, sodium retention, and
intravascular volume expansion [47].

Renovascular hypertension is a relatively common cause of SH. Its prevalence
is estimated between 1 and 5 % of all hypertensive patients in the general popu-
lation and can reach up to 30 % in a highly selected referral population. Reno-
vascular hypertension may be caused by a heterogeneous group of disorders, but
the most common are fibromuscular dysplasia and atherosclerotic renovascular
disease [48–51].

Primary aldosteronism is caused by autonomous production of aldosterone by
the adrenal cortex. Its incidence varies between 1 and 11 % in patients with
hypertension [52]. In 65–90 % of the cases primary aldosteronism occurs in the
setting of aldosterone secreting adrenal adenomas. The aldosteronoma is solitary
in 65–70 % of the cases, multiple adenomas are present in 13 % and microade-
noma exists in 6 % of the patients [53, 54]. Primary aldosteronism is characterized
by moderate to severe hypertension without the presence of peripheral edema. The
diagnosis is based on the typical biochemical finding of hypokalemia, hyperna-
tremia, magnesium depletion, elevated bicarbonate levels, low plasma pH, and
elevated aldosterone levels in the serum and urine [45].

Obstructive sleep apnea (OSA) represents an independent risk factor for the
development of hypertension [55]. In patients with RH, a significant percentage
suffers from OSA [56]. Repeated episodes of sleep apnea result in periodic
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hypoxia and increased sympathetic activity, heart rate ,and blood pressure. Those
factors contribute to the development or progression of hypertension [56].
Polysonography represents the gold standard for the diagnosis of OSA; however,
questionnaires like the Epworth Sleepiness Scale or the sleep apnea clinical score
could be a cost-effective alternative for screening those patients [57–59].

Early recognition and treatment of the various causes of SH can reduce BP
levels and in some cases abolish hypertension [1]. In patients with RH and sleep
apnea syndrome, the use of nasal C-PAP for 2 months is associated with a
reduction in nighttime and daytime ambulatory systolic BP (14.4 and 9.3 mmHg,
respectively) and a 7.8 mmHg reduction in nighttime diastolic BP [60].

Patients with renal artery stenosis may benefit from angioplasty, although the
results of endovascular revascularization are controversial. The relative benefit of
intensive medical therapy compared to interventional treatment has not been
clearly established [61]. Revascularization may fail to cure hypertension when
stenoses are long-standing [62]. Moreover, in the absence of complete vascular
occlusion, the correlation between the amount of stenosis and glomerular filtration
rate has been inconsistent [63]. When RH is caused by primary aldosteronism,
pheochromocytoma, or Cushing’s disease, treatment should be guided
accordingly.

14.6 Pharmacological Treatment

The knowledge of pharmacological treatment that must be applied in patients with
RH is imperative in order to maintain blood pressure levels within desired limits.

To improve patient compliance to antihypertensive treatment, physicians
should prescribe simple, fewer, and more effective regiments such as long-acting
agents and fixed-dose combinations. Fixed-dose combinations not only improve
patient compliance but also decrease the incidence of drug-related side effects.
They can also provide more reliable BP control due to the synergic effect of the
different classes of agents contained [64]. When combining antihypertensive
drugs, the complimentary mechanisms of action should always be considered. The
optimal regimen will likely include agents from several classes that target different
pathophysiological pathways.

Patients with RH should strictly avoid medications that may reduce the action of
antihypertensive drugs, such as NSAIDs. When the use of these drugs is inevitable,
substances with minimal interference are recommended (e.g., acetaminophen) [65].
Nevertheless, BP should be monitored closely irrespectively of the final choice. The
scheduled time of drug administration can also affect BP control. Administration of
one antihypertensive at night may normalize BP in 22–37 % of the patients. This
effect is even more pronounced in nondippers [66, 67].

Volume overload is the most frequent cause of RH. Optimizing or changing
diuretic therapy can increase the percentage of patients who achieves target BP
[68]. In patients with RH, unless contraindicated, an appropriate dose of a diuretic
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should always be included. Several studies have shown that low-dose chlorthali-
done (12.5–25 mg/day) is more effective than hydrochlorothiazide [69, 70].
Additionally, in a small study of patients with RH, switching from the same dose
of hydrochlorothiazide to chlorthalidone resulted in an additional 8 mmHg drop in
systolic BP and increased the number of patients that achieved target BP levels
[71]. In patients with renal impairment and glomerular filtration rate (GFR),
\ 40 ml/min/1.73 m2 administration of a loop diuretic, such as furosemide,
bumetanide, and torasemide, should be considered taking into account the short
durations of action of the first two [3–6 h].

Aldosterone is also part of the RAAS, and the use of an aldosterone antagonist
(spironolactone or eplerenone) can be helpful in controlling BP in patients with
RH [72]. The magnitude of BP decrease is similar in patients with RH and primary
hyperaldosteronism [73, 74]. Spironolactone is usually initiated at 12.5–25 mg/day
and can be titrated up to 50 mg/day at 4–6-week intervals. Doses higher than
50 mg/day have not been studied in RH, but have shown benefits in patients with
true hyperaldosteronism [72]. Spironolactone is a low-cost aldosterone antagonist
that can cause tender gynecomastia [73]. This is a dose-related effect and usually
occurs in doses higher than 50 mg/day. Gynecomastia is much less frequent with
eplerenone; however, no data exist regarding its use in RH patients. As with
spironolactone, the antihypertensive response to eplerenone does not appear to be
related to underlying plasma aldosterone or rennin levels [74, 75].

Amiloride is a potassium-sparing diuretic associated with satisfactory BP
lowering results in patients with RH [76]. It acts by antagonizing the epithelial
sodium channel in the distal collecting duct of the kidney and thereby functions as
an indirect aldosterone antagonist. When potassium-sparing diuretics are pre-
scribed in addition to an ACE inhibitor or an ARB, potassium levels should be
closely monitored, especially in patients with impaired renal function. Patients
should also be advised against consumption of foods and supplements that are rich
in potassium.

Alpha blockers (hydralazine or minoxidil) and combined alpha–beta receptor
blockers (e.g., labetalol) can provide additional antihypertensive effect when
added to existing regimens in patients with RH [9]. Centrally acting alpha-agonists
(methyldopa and clonidine) can also be effective; however, tolerability issues exist
and frequent dosing is a disadvantage. Minoxidil can cause hypertrichosis as well
as rush, swelling of the mouth, and light-headedness. With minoxidil, concomitant
use of a b-blocker and a loop diuretic is usually required due to reflex tachycardia
and fluid retention.

For patients with true RH, there are data to support the addition of a calcium
channel blocker (CCB) to a regimen that includes a RAAS blocker and a diuretic.
This results in additive BP reduction with low side-effect incidence [77, 78].
Combining an ACE inhibitor with an ARB seems to be less effective in terms of
BP reduction compared to a combination of CCB and ARB [79]. In addition, the
combination of ACE inhibitor and ARB does not further reduce cardiovascular or
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renal events compared to monotherapy with wither agent and may confer an
increased risk of side effects [80, 81].

14.6.1 Novel Antihypertensives

Endothelin receptor antagonists consist a new family of antihypertensive medi-
cations. Darusentan is a selective antagonist of type A endothelin receptors that
causes vasoconstriction and proliferation of vascular smooth muscles [82]. This
agent demonstrated a dose dependent decrease in BP, while the greatest reductions
(11.5 and 6.3 mmHg for systolic and diastolic BP, respectively) were observed
after 10 weeks of high-dose treatment [83]. Omapatrilat is a neutral endopeptidase
inhibitor that showed favorable antihypertensive effects in the OCTAVE trial [84].
Moreover, vaccines targeting angiotensin I and II are also being developed and
tested with promising initial results [85].

14.6.2 Device Therapy for Patients with Resistant Hypertension

The Rheos system is a pacemaker-like device intended for surgical implantation in
the carotid with the aim of activating the baroreflex and reducing blood pressure.
Recent studies in both normotensive and hypertensive canine models have dem-
onstrated sustained and clinically relevant reductions in arterial pressure and
sympathetic activity with prolonged baroreflex activation [86, 87]. However, this
novel approach is under evaluation, and more epidemiological studies with larger
samples are expected.

14.6.3 Renal Denervation

Before antihypertensive drugs became generally available, nonselective surgical
sympathectomy was effectively used as a treatment of severe hypertension [86].
Renal sympathetic efferent and afferent nerves are crucial for the initiation and
maintenance of systemic hypertension and lie within and immediately adjacent to
the wall of the renal artery [88]. Recently developed endovascular catheter tech-
nology enables selective denervation of the human kidney, with radiofrequency
energy with promising results. Catheter-based renal denervation in the multicentre
Simplicity HTN-1 study, decrease mean blood pressure by 33/15 mmHg at
24 months without evidence of vascular, or renal abnormalities in patients with
persistently elevated blood pressure despite treatment with an average of five
medications, without evidence of vascular or renal abnormalities [89]. HTN-2
study showed similar results [90]. Proposed steps for follow-up of a patient with
resistant hypertension are shown in Table 14.3.
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14.7 Conclusions

RH is a challenging diagnosis which physicians common encounter in clinical
practice. Follow-up seems to be equally difficult due to the complexity of those
patients. Patient characteristics and comorbidities usually determine the appro-
priate combination of antihypertensive agents in order to achieve target BP levels.
Treatment should be decided on an individual basis in order to maintain an ade-
quate BP control and minimize complications and adverse effects.
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15Resistant Hypertension: Cost-Benefit
Considerations

Miguel Camafort, Heitor Moreno and Antonio Coca

15.1 Introduction

Health costs are a concern worldwide, and demands for their containment are
being made in many countries. There are various approaches to the evaluation of
costs and benefits, including cost-effectiveness analysis, cost-utility analysis,
which takes into account both the length and the quality of life, and cost-benefit
analysis in which both the costs and the outcome (benefit) are measured in
monetary terms. While this means that it is possible to see whether a treatment is
worthwhile, it is not possible to ascribe a money value to the prolongation and
improvement in life. Therefore, cost-effectiveness and, to some extent, cost-benefit
analyses are the most frequently employed methods for the evaluation of costs and
benefits in the treatment for hypertension.

Hypertension is a common disorder affecting 18 % of adults. Data from trials,
such as the STOP [1], SHEP [2], and EWHE [3] trials, and other large clinical
trials show that lowering blood pressure (BP) levels significantly reduces the
incidence of stroke and myocardial infarction and improves the prognosis of
hypertensive patients. Data from the 40-year (1950–1990) Framingham study [4]
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suggest that treatment for sustained hypertension may reduce 10-year all-cause
mortality by 41–31 %, with a 10-year risk ratio in treated versus untreated
hypertensive subjects of 0.69 (95 % CI 0.53–0.89). An additional approach to the
assessment of treatment benefit is the use of intermediate end points such as
subclinical organ damage in hypertension. The evidence from studies using such
end points may have not the same weight as that based on ‘‘hard’’ end points (fatal
and non-fatal myocardial infarction, or fatal and non-fatal stroke, cardiovascular
mortality and all-cause mortality). However, a large body of evidence demon-
strates that various measures of subclinical organ damage, such as changes in
proteinuria and echocardiographic or electrocardiographic left ventricular hyper-
trophy, have a strong predictive value for subsequent fatal and non-fatal events [5].

Cost-effectiveness analysis can facilitate effective and efficient management of
finite healthcare resources in the large population of hypertensive patients, max-
imizing the effects for a given budget. Early intervention studies clearly demon-
strate the benefits of using drug therapy to treat malignant and severe hypertension.
Subsequent trials have shown similar results for grade I and II hypertension,
although there has been debate on the value or risk and on the cost issues of using
the newer classes of antihypertensive drugs [6]. Comparative randomized trials
show that, for similar BP reductions, differences in the incidence of cardiovascular
morbidity and mortality between different drug classes are small, strengthening the
conclusion that their benefit largely depends on BP lowering per se. Due to the
failure of several comparative trials to lower BP to the same extent in the two
active treatment arms, ESH guideline recommendations have been based on meta-
regression analysis in which differences in BP obtained are taken into account [7].
In fact, an overview of all trial evidence suggests that the major classes of anti-
hypertensive drugs are largely equivalent in efficacy and safety. On the other hand,
lifestyle measures that should be considered in all patients include reducing salt
intake, losing weight in overweight patients, moderation of alcohol consumption,
increased physical activity, and an increase in fruit and vegetable intake and a
decrease in saturated and total fat intake [8]. However, the evidence that lifestyle
changes reduce long-term morbidity and mortality in patients with hypertension is
not robust, and long-term compliance in making these changes is low. The cost of
drug treatment of hypertension is often contrasted with lifestyle measures, which
are considered cost-free. However, real implementation, and therefore effective-
ness, of lifestyle changes requires behavioral support, counseling, and reinforce-
ment, which may have a substantial cost.

In addition to obtaining BP levels below the target and reducing mortality and
morbidity, treatment should protect against subclinical organ damage, especially
the progression of microalbuminuria to overt proteinuria and the development of
left ventricular hypertrophy, which both have a strong predictive value for sub-
sequent fatal and non-fatal events. Likewise, as there is evidence of the benefit of
treatment over a longer timescale in diabetes, metabolic disorders, and end-stage
renal disease [9, 10], antihypertensive treatment should also reduce the impact of
these conditions. However, very few clinical studies have assessed these factors.
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According to the AHA guidelines on resistant hypertension [11], 24-h ambu-
latory BP monitoring (ABPM) is the only valid method of differentiating ‘‘isolated
office-resistant hypertension’’ from ‘‘true resistant hypertension’’ in patients taking
at least three antihypertensive drugs at full doses, including a diuretic. ABPM has
the added advantage of providing greater prognostic value than office BP mea-
surements in the evaluation of subjects with resistant hypertension [12]. Therefore,
ABPM is essential to improve the cost-effectiveness of the screening, diagnosis,
and, indirectly, the treatment for resistant hypertension.

15.2 Cost-Effectiveness of Non-Pharmacological Treatment
in Resistant Hypertensive Patients

Obesity is often associated with hypertension, and more than 80 % of patients seen
in reference centers have overweight or obesity, particularly those with more
severe forms of hypertension. Obesity is associated with a need for an increased
number and dose of antihypertensive medications and a greater likelihood of never
achieving BP control [13, 14]. As a consequence, obesity is a common feature of
patients with resistant hypertension [15]. Obstructive sleep apnea, which is fre-
quently associated with obesity, appears to be the most common condition asso-
ciated with resistant hypertension [16]. However, randomized evaluations of
continuous positive airway pressure (CPAP) indicate an overall modest effect on
BP, reinforcing reports that aldosterone excess may worsen obstructive sleep
apnea by promoting the accumulation of fluid within the neck, which then con-
tributes to increase upper airway resistance [17]. In addition, excessive dietary
sodium intake contributes to the development of resistant hypertension both
through directly increasing BP and by blunting the BP-lowering effect of most
classes of antihypertensive agents [18]. Recently, Pimenta et al. [19] have shown
that mean office systolic BP (SBP) and diastolic BP (DBP) were reduced by 22.7
and 9.1 mmHg, respectively, during low- compared with high-salt diets provided
to resistant hypertensive patients. This indicates that excessive dietary sodium
ingestion contributes substantially to resistance to antihypertensive treatment. The
DASH diet reduced SBP and DBP by 11.4 and 5.5 mmHg, respectively, more than
the control diet in hypertensive patients, but the benefit of this diet has not been
evaluated separately in patients with resistant hypertension [5, 11]. Regular aer-
obic exercise, which may produce mean reductions of 4 mmHg in SBP and
3 mmHg in DBP [20], and cessation of heavy alcohol ingestion can significantly
improve hypertension control. Therefore, all the strategies based on lifestyle
changes should be part of the overall treatment for resistant hypertension. How-
ever, as their real implementation and effectiveness require behavioral support,
counseling, and reinforcement, the costs may be substantial. As far as we know, no
studies of the cost-effectiveness of non-pharmacological treatment have been
reported so far in patients with resistant hypertension.
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15.3 Cost-Effectiveness of Pharmacological Treatment
in Resistant Hypertensive Patients

Treatment recommendations in patients with resistant hypertension cannot be
overly standardized, particularly when going beyond 3 drugs. By definition,
resistant hypertensive subjects must be taking optimal doses of at least 3 classes of
antihypertensive drugs, including a diuretic [5, 11]. In most countries, a diuretic is
the cheapest option to treat hypertension and is therefore the most cost-effective.
Studies have demonstrated additive antihypertensive effects by combining two
agents of different classes. This is particularly true for thiazide diuretics, which
significantly improve BP control when used in combination with most, if not all,
other classes of antihypertensive agents. In this respect, a triple-drug regimen
including an angiotensin-converting enzyme inhibitor (ACEi) or/and angiotensin
II receptor blocker (ARB), a calcium channel blocker, and a thiazide diuretic is
very effective in reducing BP values and cardiovascular morbidity and mortality
and is generally well tolerated [5, 11].

In addition, this combination of drugs has been shown to regress left ventricular
hypertrophy, although a greater reduction in microalbuminuria or proteinuria has
been found by blocking the renin–angiotensin system with ACEi or ARB [21–23].
In this respect, for equivalent BP lowering within each class of ACEI, ARB, and
CCB, the least expensive is the most cost-effective drug.

Studies have shown that spironolactone lowers SBP and DBP by 24 and
10 mmHg, respectively, when added to the regimen of patients with BP uncon-
trolled with at least two medications [24, 25]. Likewise, mineralocorticoid receptor
blockade induces rapid regression of left ventricular hypertrophy irrespective of
aldosterone status [26]. Furthermore, there is increasing evidence linking aldo-
sterone with both resistant hypertension and obstructive sleep apnea, with
preliminary studies suggesting that aldosterone antagonists may potentially be
effective in treating both conditions. Finally, especially in very high-risk patients
who obtain large benefits from lowering BP, treatment with multiple drugs, even
those that are expensive, might also be cost-effective [27]. As far as we know, no
studies of the cost-effectiveness of pharmacological treatment have been reported
so far in patients with resistant hypertension.

15.4 Cost-Effectiveness of the New Interventional Strategies
in Resistant Hypertensive Patients

Recent studies have focused on novel invasive strategies for the management of
resistant hypertension, specifically baroreflex activation therapy with carotid
stimulation and percutaneous renal artery denervation (RDN). The use of these
approaches has shown to be safe and effective in clinical trials. Catheter-based
RDN has proven to be effective and safe in reducing BP in resistant hypertensive
patients during at least two years [28, 29] and can also improve glucose
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metabolism and insulin sensitivity [30]. Likewise, baroreflex activation therapy
has shown its efficacy and safety in resistant hypertensive subjects with multiple
comorbidities, and with different therapies, in the long term [31, 32].

As stated, the increasing limitations on healthcare budgets and the rising costs
of health care, particularly those caused by new therapeutic approaches, make an
evaluation of cost-effectiveness advisable for every new technique [33]. Cost-
benefit analysis of these new treatments should take some singularities into
account. Costs should refer to the total expenditures related to treatment, as in
classical management, but also to the cost of these techniques (renal denervation or
baroreflex activation therapy) in themselves. This should include the costs for the
device, surgical implantation or removal, and ongoing maintenance. Analysis of
benefits should focus on future possible savings due to the prevention of disease
morbidity and mortality and the reduction in the costs of hospitalization and care
for diseases caused by resistant hypertension including end-stage renal disease,
myocardial infarction, heart failure, stroke, intracerebral hemorrhage, subarach-
noid hemorrhage, and transient ischemic attack.

As in all analyses of this type, the main limitation is the variability in costs and
differences in practice that may vary considerably between regions or providers.
This difficulty could be addressed in part by performing sensitivity analyses and
ranges or by estimating average costs. However, it is not easy to measure effec-
tiveness. While the relative weight of every disease on outcomes has to be taken in
account, benefits should be measured in units that are relevant to these interven-
tions. These units should reflect cardiovascular events prevented, lives saved, and
life-years gained. Thus, the use of quality-adjusted life-years (QALYs) gained
reflects the prolongation and quality of life associated with the years gained.

As it is a recently introduced technique, cost-benefit data on baroreflex acti-
vation therapy with carotid stimulation and percutaneous RDN are scarce.

Recently, Young et al. [34] reported the results of a study designed to inves-
tigate the cost-effectiveness of an implantable carotid body stimulator (Rheos;
CVRx, Inc., Minneapolis, MN) in the treatment for resistant hypertension and to
determine the range of starting SBP values where the device remains cost-effec-
tive. The authors used a Markov model incorporating future adverse events (event
rates for future death, stroke, heart failure, end-stage renal disease, or myocardial
infarction), costs, and benefits and compared a fall in SBP with the Rheos
implantable device of up to 20 mmHg from different initial levels in patients who
failed medical management. The analysis was performed in a hypothetical
asymptomatic 50-year-old cohort with uncontrolled resistant hypertension and no
history of CV disease or stroke. The authors found an incremental cost-effec-
tiveness ratio (ICER) for the Rheos device of $64,400 per QALY. Analysis of
different scenarios depending on baseline BP values (140–220 mmHg) showed
that the ICER was\$100,000 per QALY for patients with the lowest initial SBP.
Systolic BP reductions [24 mmHg reduced the ICER to [ $50,000 per QALY.
When a cohort with clinical characteristics similar to that of the Anglo-Scandi-
navian Cardiac Outcomes Trial-Blood Pressure Lowering Arm (ASCOT-BPLA),
namely patients with hypertension and at least three additional cardiovascular risk
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factors but no history of coronary heart disease was used, the ICER was reduced to
$26,700 per QALY. The authors concluded that the Rheos device may be cost-
effective, with an ICER between $50,000 and $100,000 per QALY.

Geisler et al. have very recently reported the results of a study designed to
assess the cost-effectiveness and long-term clinical benefits of RDN in resistant
hypertensive patients and identify the subgroups in which this therapy is clinically
most efficacious and cost-effective [35]. They retrospectively analyzed data from
the randomized controlled Symplicity HTN-2 trial which included 106 patients,
with a mean age of 58 ± 12 years, of whom 34 % were diabetic and 16 % of
smokers, and with a mean baseline SBP of 178 ± 17 mmHg. On average, cath-
eter-based RDN lowered SBP by 32 ± 23 mmHg from baseline.

The study used covariates that were identified as statistically significant
(p \ 0.05) by a bi-/multivariate linear regression analysis to develop a predictive
model. A state transition model was used to predict the effect of RDN plus the
standard of care compared with standard of care only (pharmacological treatment)
on 10-year and lifetime probabilities of stroke, myocardial infarction and coronary
heart disease, heart failure, end-stage renal disease, and median survival
(Fig. 15.1). The analyses were conducted using a lifetime horizon and the cost-
effectiveness ratio (ICER) defined as the incremental direct medical costs of
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Fig. 15.1 Markov model for renal denervation cost-effectiveness analysis, with a simulated
cohort of patients with resistant hypertension but no prior cardiovascular disease. Cohort
members can reach more than one of stroke, myocardial infarction, angina, heart failure, end-
stage renal disease, and death. Modified with permission from [35]
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treatment and consequences in 2010 US dollars divided by the incremental health
benefits expressed as quality-adjusted life-years (QALYs). Deterministic sensi-
tivity analyses were used to quantify the effect of covariates on the ICER. Baseline
SBP was used as a predictive covariate.

With respect to effectiveness in reducing events (Table 15.1), RDN substan-
tially reduced event probabilities, with the following lifetime relative risks: stroke
0.83; heart failure 0.92; myocardial infarction 0.85; all coronary heart disease
0.90; end-stage renal disease 0.81. Median survival was 18.4 years for RDN versus
17.1 years for standard of care. The discounted lifetime ICER was $3,071 per
QALY. The probabilistic sensitivity analysis indicated a 97 % chance of the ICER
being \$30,000 per QALY in the cohort analyzed and a 99.6 % probability that
the ICER being\$50,000 per QALY threshold. The model suggests that catheter-
based RDN, over a wide range of assumptions, is a cost-effective strategy for
resistant hypertension that might result in lower cardiovascular morbidity and
mortality. The authors concluded that percutaneous RDN seemed not only to be
clinically efficacious, but also to be cost-effective across a broad range of baseline
SBP values.

Table 15.1 Prediction of reduction in the risk of clinical events in the base case for renal
denervation versus standard of care and cost-effectiveness analysis. Modified with permission
from [35]

Lifetime Horizon

Base case Standard of care
(%)

Renal denervation
(%)

Risk difference
(%)

Relative
risk

Cerebrovascular
disease

Stroke 31.9 26.4 5.5 0.83

Heart disease

Heart failure 14.1 13.0 1.1 0.92

Myocardial infarction 31.0 26.2 4.7 0.85

Coronary heart
disease

55.3 49.6 5.7 0.90

Renal disease

End-stage renal
disease

5.5 4.4 1.1 0.92

Median survival 17.07 18.37 1.30 1.08

QALYs 12.07 13.17 1.10 1.09

Discounted ICER 3071 US$/QALY

ICER incremental cost-effectiveness ratio
QALYs quality-adjusted life-years
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In summary, RDN seems to be more cost-effective (ICER between $30,000 and
$50,000 per QALY) than carotid baroreceptor stimulation (ICER between $50,000
and $100,000 per QALY) in patients with resistant hypertension. Although RDN
therapy represents an additional cost at the time of treatment, it seems to offer
great value over time.
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16Involvement of Health Professionals:
From the General Practitioner to the
Hypertension Specialist and the
Hypertension Center

Massimo Volpe and Giuliano Tocci

16.1 Introduction

Resistant hypertension is a very complex disease [1]. Its pathophysiology is
characterized by persistently high blood pressure (BP) levels above the recom-
mended BP goals (i.e., below 140/90 mmHg) in the presence of lifestyle changes
and optimal antihypertensive strategy based on at least three antihypertensive
agents, including a diuretic at adequate doses [2]. It is often associated with the
presence of organ damage, including left ventricular hypertrophy and/or dys-
function, carotid or peripheral atherosclerosis, albuminuria or renal impairment,
and leads to higher susceptibility to develop overt cardiovascular and renal
complications, including myocardial infarction, stroke, congestive heart failure,
and end-stage renal disease [2]. As such, this condition is associated with higher
risk of cardiovascular morbidity and mortality than essential hypertension and
deserves specific pharmacological and non-pharmacological interventions to
reduce this risk.
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Achieving effective and sustained BP control is obviously paralleled by a
marked reduction in fatal and non-fatal outcomes in these patients, as well as in
those with essential hypertension [3–5]. However, in patients with resistant
hypertension, it is more difficult to reduce BP levels to targets than in patients with
essential hypertension, even in the presence of more complex and integrated
antihypertensive strategies, including four to five antihypertensive agents of dif-
ferent classes.

Several reasons can be advocated to explain why BP remains persistently high,
and several pharmacological [6–9] and non-pharmacological [11, 12] options have
been proposed and tested to reduce systolic and diastolic BP levels in these
patients with challenging or difficult-to-treat hypertension. A difficult control of
BP levels in patients with resistant hypertension may, indeed, be related to factors
including doctors’ inertia, patients’ poor adherence to prescribed pharmacological
therapy, insufficient patient–doctor communication, inappropriate BP measure-
ments, or inadequate or insufficient antihypertensive interventions [13].

Whatever the case, it is quite evident that these patients need a multidisciplinary
and integrated clinical approach to ensure persistence on favorable lifestyle
measures, high adherence to prescribed antihypertensive therapy and accurate out-
of-office (home and ambulatory) BP measurements.

In this chapter, we will discuss the potential impact of a multidisciplinary and
multidimensional approach for improving BP control in patients with resistant or
refractory hypertension and the role of different professional figures involved in
the clinical management of hypertension in this high-risk population. We will also
briefly address the importance of counseling from trained nurses and the key role
of patients’ relatives among non-pharmacologic interventions, which may help to
achieve better BP control and improve adherence to prescribed therapy in patients
with resistant forms of hypertension. Although of clinical relevance, particularly in
view of the progressively high incidence of this clinical condition in the general
population of hypertensive patients, these aspects have never been addressed in the
medical literature and marginally discussed in international current guidelines for
hypertension diagnosis and treatment [2, 14, 15].

16.2 Modern and Integrated Approach to Treat Patients
with Resistant Hypertension

A modern approach for the clinical management of patients with resistant or
refractory hypertension should include not only the implementation of lifestyle
change, the use of pharmacological (rational, synergistic, and effective combina-
tion therapies) and non-pharmacological (renal artery denervation or carotid bar-
oreflex stimulation) interventions, but also the interactions among different
professional figures. These multiple and reciprocal interactions among different
professional figures share several common aims, including: (1) reducing BP levels
to targets, if tolerated and not contraindicated; (2) limiting the progression of
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hypertension-related organ damage; (3) preserving cardiac and renal function in
individual patients with resistant hypertension.

It should be highlighted, however, that resistant hypertension is not a ‘‘num-
bers’ disease,’’ and limiting therapeutic actions to merely lowering absolute BP
levels may not correspond to a clinical success. In other words, physicians should
not focus their attention only on the markedly high BP levels and on the effort of
achieving the most effective and rapid BP reductions. Yet, they should aim at
reducing individual global cardiovascular risk profile, mostly by lowering BP
levels, as recommended by current guidelines [2].

In this latter regard, European guidelines proposed a new clinical approach and
targets for the clinical management of cardiovascular risk factors, including
hypertension [2, 16], moving from the so-called silos approach to an ‘‘integrated’’
approach, aimed at reducing individual global cardiovascular risk rather than
absolute levels of individual risk factors in isolation, in this case high BP levels
[17]. A similar integrated approach should be also proposed even for the
involvement of different professional figures in the clinical management of
patients with resistant hypertension.

Even in this clinical setting, in fact, physicians’ interventions in the individual
patient should move beyond the traditional approach aimed at lowering absolute
BP levels by individually adding the prescriptions from ‘‘cardiologists,’’ ‘‘neph-
rologists,’’ ‘‘endocrinologists,’’ or ‘‘general practitioners’’ in the so-called silos
approach, toward a new, integrated, and multidisciplinary approach that may lead
to get a more thorough estimation of cardiovascular risk, which is currently
defined as ‘‘total’’ or ‘‘global’’ cardiovascular risk [17]. Accordingly, physicians
with different professional figures and skills should simultaneously act on a
number of different pathophysiological factors involved in the development and
progression of resistant hypertension, sharing pharmacological and non-pharma-
cological therapies for achieving effective and sustained BP reductions. A tentative
list of professional, both medical and paramedical, figures that may be involved in
the clinical management of resistant hypertension is reported on Table 16.1. This
will translate into a new therapeutic approach, not only based on the synergistic
and effective involvement of different professional figures separately, but rather
based on a multidisciplinary and multidimensional approach, which involved
different professional figures under the supervision of certified hypertension spe-
cialists, as schematically represented in Fig. 16.1.

16.2.1 Hypertension Specialist

Hypertension specialist should have a leading role in the clinical management of
patients with resistant hypertension, in view of her/his certified expertise in
treating patients with severe hypertension, marked degree of organ damage, and
associated clinical conditions. Current European guidelines, in fact, recommended
that patients who do not respond to standard antihypertensive regimen, which
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Table 16.1 Professional (medical and paramedical) figures that should be involved in the
clinical management of resistant hypertension.

Medical figures Paramedical figures

• Hypertension specialists • Trained Nurses

• Cardiologists • Sonographers

• Nephrologists • Dietitians

• Internists • Pharmacists

• Geriatricians • Paramedics who are specialized in Neuropathophysiology for
nocturnal Polysomnography• Endocrinologists

(diabetologist)

• Diagnostic and/or
interventional radiologists

• Paramedics who are specialized in renal perfusion for
hemodialysis

• Clinical biologists

• Molecular biologists

• Pneumologists

• Psychologists

• General practitioners

Among these, hypertension specialist should have a central role in coordinating both pharma-
cological and non-pharmacological interventions to achieve effective and sustained blood pres-
sure reductions
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Fig. 16.1 Schematic representation of different professional figures involved in the clinical
management of resistant hypertension. Traditional approach is characterized by individual
interventions (‘‘silos’’ approach) aimed at lowering blood pressure levels. New approach should
be characterized by integrated and multidisciplinary interventions (‘‘integrated’’ approach) for
treating individual patients with resistant hypertension. Modified with permission from [17]
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often includes one diuretic and at least one or two additional antihypertensive drug
classes, independently by the class or the dosage, should be referred from general
practitioners to hypertension excellence centers [2].

At this level, patients with difficult-to-treat or challenging hypertension can be
re-evaluated by hypertension specialists for global cardiovascular risk profile
assessment, exclusion of pseudo-resistance hypertension, search for secondary
causes of hypertension, and implementation or optimization of combination
therapies. Being the majority of these patients within the diagnostic criteria of
resistant or refractory hypertension [2], hypertension specialist may play a central
role in: (1) confirming the diagnosis of true resistance to pharmacological treat-
ment through accurate clinic and out-of-office (home and ambulatory) BP moni-
toring; (2) excluding secondary causes of hypertension by advanced diagnostic
examinations; (3) verifying patent’s adherence to prescribed antihypertensive
therapy, and (4) implementing effective, safe, and well-tolerated therapeutic
strategies, mostly including rational and synergistic combination therapies and
non-pharmacological interventions, if appropriate.

First of all, it is of key relevance that hypertension specialist must systemati-
cally exclude the presence of the so-called pseudo-resistance hypertension, which
can be often undiagnosed with first-line examinations. Several factors can be
advocated for explaining the ‘‘pseudo-resistance’’ hypertension, among which
heavily calcified or arteriosclerotic arteries in elderly subjects, ‘‘white-coat’’ effect,
poor patient adherence to prescribed therapy, side effects or adverse reactions of
medications, complex dosing schedules, poor communication between doctor and
patient, inadequate patient education, memory or psychiatric problems, costs of
medication, inadequate doses or inappropriate combination therapies, physician
inertia (failure to change or increase dose regimens when not at goal). Proper clinic
BP measurements, associated with 24-h ambulatory BP monitoring, performed
according to current guidelines’ recommendations [18], can be useful for identi-
fying potential causes of pseudo-resistance hypertension. All these factors should
be obviously removed to confirm the diagnosis of true resistant hypertension.

The availability of advanced diagnostic tools (e.g., tissue Doppler imaging, 3D-
echocardiogram, high-sensitivity peripheral Doppler ultrasound examination, an-
gio-cardiac tomography and magnetic resonance) as well as hematological,
immunohistochemical, and neurohormonal assays (dosage of neurohormones,
including adrenaline, noradrenaline, renin, aldosterone, plasma renin-activity, and
natriuretic peptides) may also help for more accurate, although more expensive,
diagnostic evaluation of patients with resistant or refractory hypertension and for
excluding secondary causes of hypertension (e.g., hyperaldosteronism).

It should be also noted, however, that it may not be cost-effective and that it
may be not rational to prescribe all these advanced diagnostic examinations to
each patient with a clinical suspicion of treatment resistance. In this view,
hypertension specialist should select proper diagnostic and clinical examinations
according to the individual global cardiovascular risk profile and clinical
judgment.
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In view of the pathophysiological complexity and the heterogeneity of clinical
presentation of resistant hypertension, the clinical management of this condition
should be implemented by other professional figures and consultants, who may
provide specialized support during the decision-making process and diagnostic and
therapeutic algorhythms.

16.2.2 Specialized Physicians

The pathogenesis of resistant hypertension is extremely complex and often related
to concomitant interactions of different pathophysiological mechanisms that may
contribute to maintain high BP levels, despite optimal antihypertensive therapy. In
addition, clinical signs or symptoms may substantially vary, depending of the
involvement of different organs or apparatus. In view of this pathophysiological
complexity and clinical heterogeneity, several other professional figures are often
involved in the clinical management of this high-risk clinical condition, besides
the central role of hypertension specialists.

First of all, cardiologists are primarily involved in the clinical management of
patients with resistant hypertension in view of the frequent concomitant presence
of cardiac organ damage, including left ventricular hypertrophy or dysfunction
[19]. In this clinical setting, the contribution of cardiologist should be of particular
relevance for: (1) careful assessment of cardiac function throughout functional and
provocative tests (i.e., echocardiography, eco-stress imaging, provocative or stress
test with treadmill, or cycloergometer); (2) proper recommendations for daily
physical exercise, according to functional status of the heart; (3) titration of the
appropriate dose of antihypertensive therapy. In particular, the use of full dose of
either Angiotensin-Converting Enzyme (ACE) inhibitors or Angiotensin Receptor
Blockers (ARBs) is often required in patients with resistant hypertension and
evidence of left ventricular hypertrophy or dysfunction, in order to promote
regression or limiting the progression of cardiac organ damage [20]. Also, car-
diologists should work to exclude the concomitant presence of coronary artery
disease, since this may have potential clinical implications for the clinical man-
agement of patients with resistant hypertension [21]. Evidence of myocardial
ischemia due to coronary atherosclerosis may, in fact, represent a major contra-
indication for aggressive and extreme BP reductions (i.e., BP below 130/
80 mmHg), because there are conflicting evidence for extreme lowering BP levels
in this clinical setting [21].

Nephrologists are often involved in the clinical management of patients with
resistant hypertension, in view of the frequent concomitant presence of renal
damage, as defined by the presence of microalbuminuria, proteinuria, or reduced
glomerular filtration rate [2]. In this clinical setting, the contribution of nephrol-
ogist should be of particular relevance for: (1) careful assessment of renal function
throughout functional and diagnostic examinations; (2) proper recommendations
for daily sodium and water assumption by diet, according to 24-h urine analysis;
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(3) titration of the appropriate dose of diuretic therapy. In this latter regard, since
patients with resistant hypertension require the use of at least one class of diuretic,
independently by the class or the dosage, this may lead to underuse or under
dosage of combination of two (or three) classes of diuretics (i.e., thiazide or loop
diuretics, antialdosterone agents). It should be also noted that in the daily clinical
practice, it is quite common the use of ‘‘inadequate’’ doses of diuretic drugs (for
example, hydrochlorothiazide 12.5 mg/once daily), or the use of a thiazide-like
diuretic with a longer half-life (e.g., chlorthalidone 25 mg/once daily), adminis-
tered either as a stand-alone drug (monotherapy) or as a combination drug
(combination therapy). Such doses or strategies are inadequate to achieve and
maintain effective BP control over time, mostly in patients with a glomerular
filtration rate below 30 ml/min and in those categories of hypertensive patients
with a high cardiovascular risk, such as elderly or diabetic patients. The correct
titration of the diuretics to ‘‘adequate’’ doses (e.g., hydrochlorothiazide 25 mg/
once daily) is an essential step to improve BP control and to properly identify
patients with true resistant hypertension. Nephrologists can be also involved for
up-titrating the dosage of renin–angiotensin system blocking agents, including
Angiotensin-Converting Enzyme (ACE) inhibitors and Angiotensin Receptor
Blockers (ARBs), which have demonstrated to promote regression of proteinuria
or even normalization of normal buminuria, when used at full dose [22–24].
Finally, nephrologists may be asked to contribute to rule out the diagnosis of
secondary hypertension or renal origin.

Internists or geriatricians are also involved in the clinical management of patients
with resistant hypertension. In view of the progressive aging of the global general
population, particularly in Western Countries and in view of the frequent presence of
concomitant cardiovascular and non-cardiovascular diseases, as well as of the fre-
quent use of concomitant cardiovascular and non-cardiovascular drugs (e.g., aspirin,
lipid-lowering drugs, hormone replacement therapy, non-steroidal anti-inflamma-
tory agents, corticosteroids, neuroleptic, and antipsychotic agents), a comprehensive
and ‘‘internistic’’ approach to the hypertension-related problem should help in
identifying potential secondary (drug-induced) causes of resistant hypertension. In
this clinical setting, the contribution of internists or geriatricians should be of par-
ticular relevance for: (1) careful assessment of central or peripheral vascular func-
tion throughout imaging tests (i.e., carotid or femoral vascular Doppler ultrasound,
pulse wave velocity, central aortic pressure, pletismography); (2) proper recom-
mendations for daily physical activity, according to functional and neurological
status; (3) identification of potential unfavorable or negative interactions among
drugs and prescriptions of rational combination therapies.

Endocrinologists play a key role in the identification or rule out of relatively
common forms of secondary hypertension, such as hyperaldosteronism CR10,
whereas diabetologists are today frequently asked to be part of the team of phy-
sicians approaching patients with resistant hypertension, due to the frequent
concomitance in the same subject of glucose metabolism disorders and type 2
diabetes, as well as for the work-up and follow-up designed to prevent the com-
plications of the deleterious correlation between hypertension and diabetes.
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16.2.3 General Practitioner

Although guidelines state that the clinical management of patients with resistant
hypertension should be referred to hypertension specialists who have practice in
hypertension excellence centers, the role of general practitioners and the contribu-
tion of general medicine is of key relevance and cannot be discussed. An active and
effective collaboration between hypertension center and referring general practi-
tioner may provide a reciprocal and favorable link, in order to: (1) improve patients’
adherence to prescribed antihypertensive strategy; (2) avoid inappropriate and
expensive hospital admission for ‘‘hypertensive crisis,’’ which often does not require
any other intervention than prescription of oral antihypertensive therapy; (3) ensure
proper BP measurements, according to current guidelines’ recommendations [25].

16.2.4 Trained Nurses

The clinical management of patients with resistant or refractory hypertension
should not avoid the fundamental contribution of nurses, who are trained for
different techniques of BP measurements. Appropriate clinic BP measurement, in
fact, is a fundamental step for confirming the diagnosis of true resistant hyper-
tension. In view of the well-known influence of physicians’ presence (‘‘white-coat
effect’’) [26], as well as of other confounding factors (e.g., anxiety, noises,
tremors), improper or inaccurate BP measurements should be always considered as
potential causes of pseudo-resistance hypertension.

In addition, since patients with true resistant hypertension often require repe-
ated 24-h ambulatory BP monitoring, counseling of trained nurses may ensure
high-quality BP recordings over the entire 24 h. This is of particular relevance to
evaluate 24-h BP control of a given antihypertensive strategy, particularly during
the nighttime period and awake, during which the risk of developing major car-
diovascular events, mostly stroke, is higher than the rest of the day [27].

Finally, trained nurses may have a fundamental role for accurate and systematic
home BP monitoring [28]. This should be obtained by properly counseling of
patients with resistant hypertension, who obviously need a careful assessment of
BP profile at home, in order to verify effective and sustained BP control over time.

16.2.5 Other Professional Figures and the Role of Relatives

Several other professional, paramedical figures can be involved in the clinical
management of patients with resistant or refractory hypertension (Table 16.1). For
example, it has been reported a higher prevalence of obstructive sleep apnea
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syndrome in patients with true resistant hypertension compared to patients with
essential hypertension [29]. As a consequence, patients with resistant hypertension
often require nocturnal polysomnography or pulsoximetry to evaluate apnea-
hypopnoea index and the eventual indication of mechanical support for ventilation,
such as continuous positive air pressure (cPAP). It has been also reported a higher
prevalence of end-stage renal disease (ESRD) and dialysis in patients with resis-
tant hypertension compared to those with essential hypertension. Thus, having
information on water and sodium delivery during dialytic process may have
provided useful information for proper titration of concomitant antihypertensive
strategies, particularly for diuretic therapy. Finally, it has been recently emerged
the relevant role of pharmacists for ‘‘out-of-office’’ BP measurements, which may
represent a valid help for verifying the antihypertensive efficacy over the 24 h and
improving patients’ adherence to prescribed therapy.

16.3 Conclusions

Worldwide prevalence of hypertension is elevated, and BP control in hypertensive
population remains unacceptably poor. This has dramatic consequences for public
health, because the benefit of antihypertensive treatment is mostly related to the
degree of systolic or diastolic BP reduction. The situation is even more dramatic in
perspective, because of the continuing rise in the prevalence of hypertension and
other comorbidities at global level.

The lack of BP control may be related to several factors, including doctors’
inertia, patients’ poor compliance, insufficient patient–doctor communication,
inappropriate measurements of blood pressure, or inadequate or insufficient anti-
hypertensive interventions.

Several reasons can be advocated to explain why BP remains persistently high
and several pharmacological and non-pharmacological options have been pro-
posed and tested to reduce systolic and diastolic BP levels in these patients with
challenging or difficult-to-treat hypertension. Whatever the case, it is quite evident
that these patients need a multidisciplinary and integrated approach to ensure
persistence on favorable lifestyle measures, high adherence to prescribed antihy-
pertensive therapy, and accurate out-of-office (home and ambulatory) BP
measurements.

This multidisciplinary and multidimensional approach should help for
improving BP control in patients with resistant or refractory hypertension
throughout the reciprocal interactions among different professional figures, under
the supervision of hypertension specialists involved in the clinical management of
hypertension in this high-risk population.
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