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“Knowing is not enough; we must apply; willing is not enough; we must do”
Johann Wolfgang von Goethe

Why another book on heart failure? The important discoveries in heart failure (HF) over the
last 10–20 years have greatly enhanced our opportunities to improve outcomes for this dis-
ease but have also significantly expanded the knowledge base. The everyday busy clinician
is now presented with an almost impossible task of reviewing, digesting and synthesizing
this knowledge and in turn, applying it correctly in the care of patients with heart failure.
This is a daunting task and captures the exact reason for Therapeutic Strategies in Heart
Failure.

This book is not an in-depth review of the pathophysiology of heart failure. That has
been done well by many of our peers. It is also not a re-capitulation of prevailing guidelines
that have been expertly prepared by the guideline-writing committees of major organiza-
tions. Multiple iterations and reformulations of those guideline statements are readily avail-
able and it would have been redundant to revisit the guideline statements.

Rather, this book is written by clinician scholars for clinicians and is topical, contempo-
rary and relevant. By design, we intended to bring forward a book that was strategic, not
encyclopedic. The areas addressed represent many of the ‘nuts and bolts’ in the everyday
management of heart failure and encompasses several of the major questions of the day. It
was our aim that, after reading each chapter, the clinician would have a clear, updated and
renewed perspective on an important HF issue and a template for applying that information
in the care of patients with HF.

We begin with a scholarly section on hypertension and diabetes as two of the most per-
vasive causes of heart failure and a discussion of how we can incorporate a preventive
approach in the management of heart failure. Section II is straightforward and eminently
practical as it addresses the established pharmacological therapies for heart failure and pre-
sents the rationale, supporting data and a summary algorithm of clinical recommendations
for each chapter. Sections III and IV cover therapies that are relevant in the field of heart fail-
ure that are either recent additions in the clinical domain for which some uncertainty exists
or may be likely to enter the clinical arena in the near future. Where an indication for ther-
apy already exists, a summary algorithm is once again presented. Thus, the information in
Sections II–IV empowers the bedside clinician with an easily accessible database presented
from a clinical perspective with clear recommendations on how best to proceed with estab-
lished, new and emerging therapies. Finally, there are a number of special topics that we felt
were important to include in such a book: the use of registries as a new data source in heart
failure; device therapy in heart failure; ventricular replacement strategies; and a very
important chapter on palliative and hospice care.

A word about our contributors – in putting together this book, we sought out a group of
authors who are clinically active, deeply involved in clinical investigation and who for each
of the assigned topics represent one of the current or emerging thought leaders in the field.
Our contributors are active in the field of heart failure now and we believe that they will

Preface
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xii Preface

continue to be so over the intermediate and long term. It has been our pleasure to work with
each contributor and it is our hope that you will agree that each is representative of the dis-
cipline of heart failure and has already made important contributions to the areas addressed
by their chapters.

We hope that you enjoy this book, recognize the unique place we tried to occupy and
that, most importantly, the information shared with you in this book is of benefit to you and
your patients.

Clyde W. Yancy, MD
James B. Young, MD

October 2007 
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1
The treatment of hypertension as a 
strategy to prevent heart failure
S. D. Nesbitt

INTRODUCTION

Heart failure is the most frequent diagnosis for cardiovascular hospitalizations in the US.
Although treatment strategies for heart failure have evolved in the past decade which has
led to an improvement in survival, the best strategy for heart failure is prevention. To that
extent, it is important to examine the most frequent contributor to the development of heart
failure, specifically hypertension. The most recent classification of heart failure recognizes
hypertension as stage 1, i.e., at-risk for the development of heart failure in the progression
from asymptomatic to symptomatic left ventricular (LV) dysfunction [1]. In this chapter, the
treatment of elevated blood pressure (BP) will be addressed as a preventive measure for
heart failure.

EPIDEMIOLOGY

Hypertension is diagnosed when the systolic and diastolic BP is �140 mmHg, and/or
90 mmHg respectively, on at least two occasions; or if systolic pressure is �160 mmHg and/or
diastolic pressure �100 mmHg on one occasion [2]. In the US, 65 000 000 adults suffer from
hypertension, disproportionately affecting African-Americans [3]. In addition, the incidence
increases with age, such that in those �55, the risk of developing hypertension is 90% [4].

Although the focus has been on BPs above 140/90 mmHg, the risk associated with car-
diovascular (CV) events is apparent well before the diagnosis of hypertension. From a BP
of 115/75 mmHg, the risk of CV mortality doubles with every 20/10 mmHg increment in
systolic and diastolic BP respectively [5]. In recognition of this fact, the classification of BP
now includes ‘Prehypertension’ which is defined as untreated BPs in the range of
120–139/80–85 mmHg [2] (Table 1.1). The prevalence of prehypertension in the US is
45 000 000 [6]. Normal BP refers to BPs �120/80 mmHg. Hypertension precedes heart fail-
ure in over 90% of individuals, and it is associated with a 2–3 times higher risk for devel-
oping heart failure [7]. Elevated BP contributes to the two leading etiologies for heart
failure: ischemic coronary disease and hypertensive heart failure [8]. The population attrib-
utable risk of hypertension in heart failure is 39% for men and 59% for women.
Furthermore, the risk of heart failure increases with the severity of BP elevation [9]. Since
African-Americans develop hypertension earlier and have poorer rates of BP control, it is
not surprising that the rate of heart failure presumably due to hypertension is also over-
represented in this population [1].

© Atlas Medical Publishing Ltd

Shawna D. Nesbitt, MD, MS, Associate Professor of Internal Medicine, University of Texas Southwestern, Dallas, Texas, USA.
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Several large clinical trials demonstrate that controlling BP to optimal levels decreases
the risk of new onset heart failure by approximately 50% [10]. Despite multiple therapeutic
options for hypertension and a concerted focus on optimizing medical care over the past
three decades, the success rate in achieving BP treatment goals remains less than accept-
able, particularly in the elderly, diabetics and African-Americans [3] (Table 1.2).
Accordingly, greater focus should be given to developing better strategies to control BP. In
several clinical trials, BP control requires multiple medications, yet even in these settings
achieving goal BP reductions remains well below 100% [11]. While it is clear that combin-
ation therapy is necessary for most stage 2 hypertensives, many of these patients already
have target organ damage. Perhaps the best opportunity for reducing the target organ dam-
age from escalating BP is to focus on prevention. The recently published TRial Of
Preventing HYpertension (TROPHY) demonstrated that treatment in prehypertension is
safe and well-tolerated with a low-dose angiotensin receptor inhibitor [12].

MECHANISM OF HYPERTENSION LEADING TO HEART FAILURE

The earliest evidence of vascular damage associated with hypertension begins with endothe-
lial dysfunction and inflammation [13]. Early BP elevation initiates a risk of heart failure by
beginning with multiple stimuli including activation of the sympathetic nervous system,
activation of the renin–angiotensin–aldosterone system (RAAS), excessive mineralocorticoid
activity, and several other neuroendocrine maladaptations. These stimuli may raise BP ini-
tially, however these factors alone may not necessarily sustain the BP elevation. The path-
way of the progression from normotension to hypertension, as described by Alexander, is
characterized importantly by changes in the morphology of resistance blood vessels [14–17].
Increases in BP lead to adaptive changes in the microvasculature. These changes manifest as
an increase in the mass of the medial layer of vascular smooth muscle or through remodel-
ing of the vascular smooth muscle medial layer. This alteration in the vasculature further
propagates hypertension through increased vascular resistance. Angiotensin stimulates both
hypertrophy and hyperplasia of the smooth muscle of resistance arteries through cellular
signaling, inflammation, endothelial dysfunction and vasoconstriction [18]. Thus, interrupt-
ing these changes in the morphology may attenuate the progression of hypertension. The
TROPHY study investigated the interruption of these mechanisms on the vasculature of pre-
hypertensives with a low-dose angiotensin receptor inhibitor. After 2 years of treatment,
compared to placebo, prehypertensive participants who were treated with candesartan
developed hypertension less frequently over the subsequent 2 years of observation on
placebo. These findings provide new insight into the mechanisms of early hypertension,
however additional studies are needed to clarify the role of pharmacologic treatment in pre-
hypertension. As well, it is not known, but might be presumed, that earlier reductions in the
development of hypertension might lead to a reduction in the incidence of heart failure but
this will require further clinical investigation.

4 Therapeutic Strategies in Heart Failure

BP classification Systolic BP (mmHg) Diastolic BP (mmHg)

Prehypertension �120 and �80
Normal 120–139 or 80–89
Stage 1 hypertension 140–159 or 90–99
Stage 2 hypertension �160 or �100

Table 1.1 Classification and management of BP for adults (age �18 years)[2]
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Outcome
studied

Pre-
Dose range hyper-

Drug class Drug name (mg/day) CVD Stroke CHF LVH tension Renal Trial

ACE-Is Benazepril 20–40 QD; BID
Captopril 37.5–450 TID � � � � UKPDS, CAPPP, Captopril in 

DM type 1, STOP2, SAVE 
[47, 48, 69, 78, 82]

Enalapril 20–40 QD; BID � � � � SCAT, ABCD, STOP2, HOT, 
ANBP2, TOHMS, SYST-Eur, 
SOLVD [39, 49, 52, 54, 
69, 83, 95]

Fosinopril 40–80 QD � � � FACET [64]
Lisinopril 40–80 QD � ALLHAT, STOP2 [5, 69]
Moexipril 7.5–30 QD
Perindopril 4–16 QD � � PROGRESS, EUROPA, PREAMI 

[59, 65, 67]
Quinapril 10–40 QD; BID � QUIET [68]
Ramipril 10–20 QD � � � HOPE, AASK [63, 75]
Trandolapril 1–4 QD PEACE [73]

ARB Candesartan 16–32 QD � � � CHARM, SCOPE, TROPHY 
[13, 71, 87]

Eprosartan 400–600 QD; BID
Irbesartan 150–300 QD � IDNT [78]
Losartan 50–100 QD; BID � � � � � LIFE, RENAAL, ELITE

[76, 77, 86]
Olmesartan 20–40 QD
Telmisartan 40–80 QD � ONTARGET (in progress) [95]
Valsartan 160–320 QD; BID � � � � � VALUE, VALIANT, MARVAL, 

ValHEFT [74, 80, 88, 89]
Diuretics Thiazides Chlorthiazide 125–1000 BID �

Table 1.2 Major clinical trials
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6
Therapeutic Strategies in H

eart Failure

Outcome
studied

Pre-
Dose range hyper-

Drug class Drug name (mg/day) CVD Stroke CHF LVH tension Renal Trial

Chlorthalidone 12.5–50 QD � � TOMHS, ALLHAT, VHAS, SHEP, 
HDFP, HAPPHY, ANBP2 
[5, 46, 54, 72, 84, 90, 95]

Hydro- 6.25–50 QD � � � SYST-Eur*, STOP, ANBP2, 
chlorothiazide VA Coop, MAPHY, EWPHE, 

SYST-China* 
[29, 49, 51, 54, 92]

Indapamide 1.25–5 QD
Methylclothiazide 2.5–10 QD
Metolazone 0.5–1 QD
Polythiazide 1–4 QD
Trimethiazide 1–4 QD � � NICS-EH [57]

Loop diuretics Bumetanide 0.5–2 QD

Ethacrynic acid 50–600 BID
Furosemide 40–160 BID
Torsemide 5–10 QD

K� sparing Amiloride 10–20 QD � INSIGHT [55]
Epleronone Eplerenone Study [32]
Spironolactone 25–50 QD; BID � HDFP, RALES*** [31, 90]
Triamterene 100–300 BID HDFP [90]

Calcium Dihydropyridines* Amlodipine 5–10 QD � � � � VALUE, AASK, ALLHAT, 
channel PRAISE, PREVENT 
blockers [5, 63, 79, 80, 94]

Felodipine 10 QD � � � HOT, STOP2, VHEFT 
[39, 50, 69]

Isradipine; XL 10–20 QD; BID � � STOP2 [69]
Nicardipine 90–120 BID � � NICS-EH [57]
Nifedipine XL 60–120 QD � INSIGHT, ACTION [53, 55]

Table 1.2 (continued)
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Nisoldipine ER 30–60 QD; BID � � NICOLE, ABCD [52, 62]
Diltiazem CR 240–540 QD � � NORDIL [58]
Verapamil 240–480 QD; BID � CONVINCE (incomplete), 

VHAS [60, 70]
Peripheral �-blockers Doxazosin 8–16 QD � � ALLHAT, TOMHS [5, 85]
sympatho- Prazosin 8–20 TID
lytics Terazosin 5–20 QD

Cardioselective Acebutolol QD; BID TOMHS [88]
�-blockers Atenolol QD � � � LIFE, MRC, STOP, STOP2, 

SHEP, MAPHY, HAPPHY 
[45, 46, 69, 76, 92, 95]

Betaxolol QD
Bisoprolol QD
Esmolol (IV only) QD
Metoprolol (XL) QD/BID � � � AASK, STOP, STOP2, MAPHY 

[63, 69, 91, 92]
Non-selective Carteolol QD
�-blockers Nadolol QD

Penbutolol QD
Pindolol QD/BID/TID � � STOP [91]
Propranolol BID BHAT, MRC, MAPHY

[45, 92, 95]
Timolol QD/BID

�-, �-blockers Carvedilol QD/BID � � Carvedilol in HF 
Study** [61]

Labetolol BID/TID
Central Clonidine 0.6–1.8 TID; 
sympatho- (po, patch) weekly
lytics �-methyldopa 500–2000/BID � EWPHE [93]

Guanabenz 32–64/BID
Guanfacine 2–6/QD
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Therapeutic Strategies in H

eart Failure

Outcome
studied

Pre-
Dose range hyper-

Drug class Drug name (mg/day) CVD Stroke CHF LVH tension Renal Trial

Table 1.2 (continued)

Direct acting Hydralazine 50–300/BID � VA-Coop, HDFP 
vasodilators [29, 90]

Minoxidil 10–80 QD/BID

*Both SYST-Eur and SYST-CHINA investigated the dihydropyridine nitrendipine, which is not available in the US.
**Carvedilol Study enrolled primarily heart failure patients.
***RALES Study enrolled primarily heart failure patients.
BID � twice a day; QD � every day; TID � three times a day

T
S
H
F
_
C
H
 
0
1
.
q
x
d
 
 
9
/
1
7
/
0
7
 
 
2
:
4
7
 
P
M
 
 
P
a
g
e
 
8



As hypertension progresses, elevated afterload pressures as well as neurohumoral stimuli
contribute to the development of left ventricular hypertrophy (LVH). In the American
College of Cardiology/American Heart Association (ACC/AHA) classification, stage 2
includes both LVH and myocardial injury as precursors to symptomatic heart failure
through myocardial remodeling [1]. In the cascade of events from the initial vascular changes
to fulminant heart failure, BP treatment is a key component in preventing progression, halt-
ing ventricular remodeling and improving the functional status of heart failure patients.

Assessment of blood pressure
Effective treatment for hypertension requires proper measurement. BP should be measured
with a patient in a seated position, back supported, and feet on the floor after 5 min of quiet
rest. It is best to perform at least two measurements and use the average of these measures.
Most clinical trial data are based on clinic measurements however, more recently, 24-h ambu-
latory monitoring and home BP measurements demonstrate a stronger correlation to clin-
ical outcomes [19–21]. These measurements are often helpful in treatment decisions
particularly in white coat hypertension, symptomatic episodes, and labile BP. White coat
hypertension is defined as BPs of �140/90 mmHg in the clinic, while BPs are normal outside
of the clinic. The reported prevalence of white coat hypertension is 10–15%; however the
white coat effect in which clinic BP is higher than home BP is likely more common [22, 23].
Recommended standards for normal ambulatory BP values currently include: daytime
BP �135/85 mmHg, nighttime BP �120/70 mmHg, and 24-h BP �130/80 mmHg [24]. Self-
taken home BP measurements are helpful in managing hypertension by inviting patients to
participate in their healthcare, as well as providing additional measures for a more com-
plete assessment of BP control. Patients should be instructed to perform these measure-
ments in a similar manner to office-derived BP measurements and their devices should be
calibrated with an office device. In prehypertension, especially individuals with BPs of
130–139 mmHg systolic and/or 85–89 mmHg diastolic, home BPs are helpful in early detec-
tion of progression to frank hypertension (Figure 1.1).

The treatment of hypertension as a strategy to prevent heart failure 9
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Figure 1.1 US treatment and control of hypertension. *BP �140/90 mmHg; **BP �130/85 mmHg. 
With permission [3].
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10 Therapeutic Strategies in Heart Failure

TREATMENT OPTIONS

RAS blockade
The renin–angiotensin system (RAS) plays a crucial role in hypertension and heart failure,
therefore blockade of this system is important to reduce BP, and minimize target organ
damage. These agents consist of angiotensin-converting enzyme inhibitors (ACE-I) and
angiotensin receptor blockers (ARB). ACE-Is block the effect of angiotensin by reducing the
conversion of angiotensin I to angiotensin II which is the active form of angiotensinogen.
While the primary BP effects are mediated through reduction of angiotensin, additional
effects are mediated through the upregulation of bradykinin. The primary effect of ARBs is
to antagonize the effects of angiotensin II through blockade at the angiotensin II type 1
(AT1) receptor level, however additional benefits may be rendered through binding at the
angiotensin II type 2 (AT2) receptor [25]. Currently, trials are underway to investigate renin
inhibitors as a treatment for hypertension. Preliminary data suggest that renin inhibitors
may be especially effective at lowering systemic BP. How that will translate into additional
clinical benefits, if at all, remains under investigation.

� Clinical trials have clearly demonstrated the benefit of these agents targeting the RAAS
in reducing BP, improving cardiovascular morbidity and mortality, and correcting renal
disease in hypertension (Table 1.3). These agents should be strongly considered in any
treatment algorithm for hypertension – especially stage 2 hypertension or when a second
agent and/or a combination regimen is required to effectively treat stage 1 hypertension.
There are no treatment recommendations for ‘prehypertension’ per se. However, the
TROPHY data previously referenced do suggest the potential benefit of an angiotensin
receptor antagonist for this circumstance.

� Overall, these agents are well-tolerated and have the highest reported adherence rates
for any single antihypertensive drug. The most common side-effect with ACE-Is is cough
and there is also a small risk of angioedema. These effects are not necessarily dose-
dependent but are minimal with ARBs [26].

DIURETICS

Diuretics are one of the oldest drug classes for the treatment of hypertension. The mechan-
ism of action is primarily volume control, however there are implications that these drugs
may also have chronic vasodilatory effects. Currently in the US, the average intake of
sodium is higher than the recommended amount [27]. High sodium intake may cause
increased fluid retention and thus higher BP. In studies of salt sensitivity, African-
Americans and elderly patients have a higher prevalence of this condition and are thus
more likely to have a more robust response to these drugs. However, these drugs effectively
lower BP in most patients, irrespective of race, gender or age. Caution must be exercised
when utilizing them as they may elicit hypokalemia, exacerbate glycemic control, adversely
affect lipid profile, and cause dehydration and hyponatremia particularly in the elderly 
[28, 29]. These effects are dose-dependent.

The most commonly used classes of diuretics are thiazides, loop diuretics and potassium-
sparing diuretics. Thiazides act by inhibiting tubular sodium and chloride reabsorption
resulting in loss of salt and water. They become progressively less effective with worsening
renal function, and have limited efficacy at estimated glomerular filtration rate (eGFR)
�30 ml/min. An advantage of these drugs is that they are effective with once daily dosing
for the treatment of hypertension.

� The loop diuretics block sodium reabsorption in the ascending loop of Henle [30]. These
agents are effective in causing rapid diuresis when given once daily, however for effective
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Drug Combination Drug ratios CVD Stroke Renal Trials

Combination antihypertensives
ACE/CCB* Amlodipine/ 2.5/10, 5/10, 5/20, � � ACCOMPLISH (in progress)

benazepril 5/40, 10/20, 10/40 *ASCOT [35, 81]
Enalapril/ 5/2.5, 5/5 
felodipine

Trandolapril/ 2/180, 1/240, 2/240, 4/240 � BENEDICT, INVEST
verapamil [56, 66]

ACE/diuretic Benazepril/ 5/6.25, 10/12.5,
hydrochlorothiazide 20/12.5, 20/25 

Captopril/ 25/15, 25/25, 50/15, 50/25
hydrochlorothiazide

Enalapril/ 5/12.5, 10/25 
hydrochlorothiazide

Lisinopril/ 10/12.5, 20/12.5, 20/25
hydrochlorothiazide

Moexipril/ 7.5/12.5, 15/12.5, 15/25 
hydrochlorothiazide

Quinapril/ 10/12.5, 20/12.5, 20/25
hydrochlorothiazide

ARB/diuretic Cadesartan cilexetil/ 16/12.5, 32/12.5
hydrochlorothiazide

Eprosartan mesylate/ 600/12.5, 600/25
hydrochlorothiazide

Irbesartan/ 150/12.5, 300/12.5, 300/25
hydrochlorothiazide

Losartan potassium/ 50/12.5, 100/12.5, 100/25
hydrochlorothiazide

Telmisartan/ 40/12.5, 80/12.5, 80/25
hydrochlorothiazide

Table 1.3 Combination drugs
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Valsartan/ 80/12.5, 160/12.5,
hydrochlorothiazide 160/25, 320/12.5, 320/25

�-blocker/diuretic Atenolol/chlorthalidone 50/100/25
Bisoprolol fumarate/ 2.5/6.25, 5/6.25, 
hydrochlorothiazide 10/6.25

Propranolol LA/ 40/25, 80/25
hydrochlorothiazide

Metoprolol tartrate/ 50/25, 100/25, 100/50
hydrochlorothiazide

Nadolol/ 40/5, 80/5
bendroflumethiazide

Centrally acting Methyldopa/ 250/15, 250/25, 500/50
drug/diuretic hydrochlorothiazide

Reserpine/ 0.125/25, 0.125/50
hydroflumethiazide

Reserpine/ 0.125/25, 0.125/50
hydrochlorothiazide

Diuretic/diuretic Amiloride Hcl/ 5/50 � � STOP, STOP2, MRC, 
hydrochlorothiazide INSIGHT

Spironolactone/ 25/25, 50/50 [45, 55, 69, 91]
hydrochlorothiazide

Triamterene/ 37.5/25, 50/25, 75/50 � � EWPHE [93]
hydrochlorothiazide

*ASCOT studied amlodipine/perindopril vs atenolol/bendroflumethiazide on cardiovascular events and stroke, showing significant reduction in events
with amlodipine/perindopril. These specific combinations are not commercially available as a single pill.

Table 1.3 (continued)
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BP treatment, shorter acting agents such as furosemide need twice daily dosing
(see Table 1.2). Loop diuretics are usually required in heart failure and renal failure for
volume control and should be the preferred diuretic for patients with heart failure or
renal failure who remain hypertensive.

� Potassium-sparing diuretics are useful in patients who are at risk for hypokalemia as the
effects of the agents are mediated through the distal tubule where they reduce potassium
excretion and increase sodium excretion. One common practice to improve diuresis and
reduce the concern of hypokalemia is to use these agents in combination with a thiazide
or loop diuretic.

Calcium channel blockers
Calcium channel blockers (CCBs) are one of the most commonly used drug classes to treat
BP and have the advantage of high response rates across various patient populations [31].
The major subtypes are dihydropyridine (e.g. nifedipine and amlodipine), and non-
dihydropyridines (e.g. diltiazem and verapamil). Both types block the influx of calcium
into the smooth muscle cell walls of the vasculature leading to vasodilation. However, there
are differences between these subtypes. The non-dihydropyridines bind to the calcium
channels located on myocardial cells as well as vascular cells, which leads to slowing of the
heart rate and negative myocardial contractility.

� Dihydropyridines have the strongest affinity for the vasculature and have little effect on
the contractility and conduction of the heart. The potent vasodilation rendered by these
agents leads to the most common side-effect of lower extremity edema which is dose-
dependent. This edema is not due to fluid overload but rather to excess precapillary
vasodilation relative to postcapillary vessels. Thus, diuretics may have little effect on this
edema. For similar reasons, dihydropyridines as monotherapy in diabetics and renal dis-
ease may cause transient proteinuria which can be averted with combination therapy
with ACE-Is [32]. Dihydropyridines may also cause nocturia in men and gingival hyper-
plasia. The non-dihydropyridines also cause bradycardia. In heart failure patients, cau-
tion should be used when prescribing any calcium channel blocker due to potentially
important cardiodepressor effects.

Sympathetic nervous system blockers
The sympathetic nervous system plays an important role in the regulation of BP. Activation
of the sympathetic nervous system (SNS) leads to multiple hemodynamic changes and
these effects may be exaggerated in hypertensives. The primacy of the sympathetic nervous
system in hypertension is still a source of debate, yet the effects on hemodynamics are an
important target of therapy in reducing BP. Both central and peripheral stimulation of the
sympathetic nervous system lead to elevated heart rate and BP, thus blockade is a plausible
approach. Specific types of hypertension may be more responsive to these agents, in particular
states of excess catecholamines such as pheochromacytoma and paraganglionic tumors,
baroreceptor dysfunction, and autonomic dysfunction.

b-blockers
�-blockers are among the older therapies for hypertension. The mechanism of action is
blockade of the peripheral � receptors. The antihypertensive effects are primarily related to
the �1 receptor blockade which leads to a reduction in cardiac output and reduction in
renin, release. Cardioselective �-blockers have a stronger affinity for �1 than �2 receptors.
Ideally, minimizing the �2 receptor effects reduces adverse effects such as bronchoconstric-
tion in the lungs and peripheral vasoconstriction. However, at higher doses these effects
may still occur.

The treatment of hypertension as a strategy to prevent heart failure 13
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Some of the reported negative effects of �-blockers are worsening of insulin sensitivity,
increase in triglycerides and decrease in (high-density lipoprotein) HDL-cholesterol.
However these effects appear to be less in newer agents such as carvedilol and nebivolol.
Clearly, �-blockers, in particular bisoprolol, metoprolol succinate extended release and
carvedilol, offer specific benefits in the setting of heart failure and patients with both hyper-
tension and left ventricular dysfunction should have one of these agents incorporated in
the treatment regimen [1].

Although these agents have been widely used in hypertensives, recent meta-analyses
call into question whether �-blockers are the best agents as first line of therapy in particu-
lar groups such as the elderly. However, a newer agent, nebivolol, has been demonstrated
to have favorable effects in an elderly population with heart failure. Nebivolol is currently
under investigation in the US but it has been used in other countries for several years.

a-blockers
Peripheral �-blockers offer an alternative mechanism as add-on therapy in the treatment of
uncontrolled hypertensives. Through blockade of the vascular target of norepinephrine and
epinephrine, these drugs reduce peripheral vasoconstriction. �-blockers, e.g. phenoxybenz-
amine and phentolamine, are clearly the drugs of choice in patients with very high circu-
lating catecholamines, particularly in preparation for surgery. However, the Anti-hypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) [33] study demon-
strated worsening of heart failure symptoms in patients assigned an �-blocker as primary
therapy. This finding may be confounded by the design of the study restricting the addition
of diuretics to other agents. Nevertheless, it is reasonable to reserve these drugs as add-on
therapy after RAS blockade, diuretics, calcium channel blockers and �-blockers. The most
common side-effects are orthostatic hypotension, dry mouth and fatigue. Longer-acting
versions of these drugs are typically given at bedtime which reduces certain side-effect
complaints, e.g. dizziness. These drugs are commonly used in low doses to relieve prostatic
hypertrophy symptoms in men, however, at these doses, minimal BP effect occurs.
Beneficial effects of �-blockers include small increases in HDL-cholesterol, slight reduction
in triglycerides, and favorable effects on insulin/glucose profile [34].

a-/b-blockers
Currently there are two agents which have both �- and �-blockade capability, which offsets
the reduction in cardiac output with less reflex vasoconstriction (carvedilol and labetalol).
However, the relative potency of these effects is largely in favor of �-blockade effects with
less afterload reduction and greater negative chronotropic and inotropic effects. These fea-
tures are particularly relavent in heart failure patients [34]. In heart failure studies with
carvedilol, in addition to the standard treatment for heart failure, patients on carvedilol had
improved survival. This study utilized lower doses than those required to treat hyperten-
sion and to achieve better BP reduction, it is often necessary to use higher doses. These
agents are also useful in labile hypertensives as the source of lability may be the sympa-
thetic nervous system. Also, in states of excess catecholamines, these agents may be very
useful. Labetalol given orally or intravenously is a very effective treatment for hypertensive
urgency or emergency. Oral doses of 100 mg or 200 mg in hypertensive urgency or emer-
gency lower BP well in 1–2 h. Initial parenteral doses of 10–40 mg, with doubling of the dose
every 10 min until BP is lowered is appropriate in treating hypertensive emergencies. The
most common side-effects of these agents are orthostatic hypotension, dizziness and fatigue
which are dose-dependent effects.

Centrally acting drugs
This class of antihypertensives, most notably represented by clonidine, lowers BP through
central �-blockade reducing the release of catecholamines to the peripheral circulation.

14 Therapeutic Strategies in Heart Failure
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Generally these agents are reserved as add-on therapy in the most resistant hypertensives.
They are not recommended as initial therapy in hypertension. The side-effect profile of
these agents includes significant fatigue, sleepiness, and sexual dysfunction, in addition to the
same side-effects experienced with peripheral �-blockers and �-blockers. One advantage of
clonidine is the transdermal delivery system in patients who have oral intake limitations.
These agents may be used in the treatment of hypertensive urgency although after a few
days patients may experience withdrawal side-effects with acute discontinuation.
Therefore, these drugs should be weaned rather than abruptly discontinued. In hyperten-
sive urgency oral clonidine may be given at doses of 0.1–0.2 mg initially, then additional
doses of 0.1 mg hourly to reduce BP to �180/110 mmHg.

Aldosterone blockade
Aldosterone blockade offers an additional mechanism for reducing BP in hyperaldostero-
nism, difficult to treat hypertensives, heart failure and patients with concurrent low potas-
sium. These drugs have demonstrated additional survival and morbidity benefits in heart
failure [35, 36]. Patients in these trials were not all hypertensive yet these drugs may be
used in higher doses to lower BP. The primary action of this class of agents is to block the
effects of aldosterone at the receptor level which leads to diuresis through the distal renal
tubule with reabsorption of potassium. In addition, these agents block the myocardial fibro-
sis effects of aldosterone. Although the potency of the BP response is most robust in hyper-
aldosteronism patients, recent studies show that BP reduction is not dependent on baseline
aldosterone levels [37]. Caution must be exercised when using these agents as they may
result in hyperkalemia, particularly in renal insufficiency and diabetics. In general, potas-
sium and serum creatinine levels should be checked at 1 week after initiating aldosterone
blockers and periodically thereafter. In combination with ACE-Is and/or angiotensin recep-
tor antagonist use, the risk of hyperkalemia is increased.

Direct vasodilators
Direct vasodilators such as hydralazine and minoxidil act by directly affecting vasocon-
striction of the vascular smooth muscle cell. Hydralazine has been shown to increase the
availability of nitric oxide, a naturally occurring endothelial vasodilator. These drugs are
very effective in lowering BP although they are limited by the side-effects of reflex tachy-
cardia, and peripheral edema due to strong vasodilation. Frequently, it is necessary to use
additional concurrent treatment to limit tachycardia and reduce fluid retention.
Hydralazine in combination with nitrates offers particular benefit in heart failure (described
elsewhere in this text). These drugs are good add-on therapy in uncontrolled hypertension.
The most concerning side-effects, although uncommon, are the development of lupus-like
antibodies with hydralazine and pericardial effusion due to minoxidil. Minoxidil is not rec-
ommended in heart failure due to its effect on sodium retention. It is reasonable however to
consider these drugs for resistant hypertensives.

Combination drugs
Recent clinical trials have clearly demonstrated that monotherapy in the treatment of hyper-
tension is largely ineffective in reaching BP goals. In addition, patient adherence to therapy
is improved with fewer pills per day, and fewer doses. Heart failure patients are commonly
prescribed multiple drugs. This makes combination drugs particularly attractive in manag-
ing hypertension. Another rationale for combination therapy is the synergistic effects
exerted by complementary drug mechanisms, as well as minimizing side-effects with com-
plementary actions [38, 39].

Multiple combinations are available (see Table 1.3). There is an ongoing debate regarding
the best combination option. The only completed trial addressing combination therapy is
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the Anglo-Scandinavian Cardiac Outcomes Study (ASCOT). This trial compared
atenolol � bendroflumethiazide to amlodipine � perindopril treatment in hypertensives at
high risk for cardiovascular disease. The trial was discontinued early due to results favoring
amlodipine � perindopril with a 15% reduction in all-cause mortality (P � 0.005); a 15%
reduction in all coronary events (P � 0.005); 25% reduction in all fatal and non-fatal stroke
(P � 0.001); and a 25% reduction in CV mortality (P � 0.005). However, the primary end-
point of non-fatal MI and fatal coronary heart disease (CHD) was not reached and only
demonstrated a non-significant reduction of about 10% [40]. After adjustments for BP, these
differences in outcomes were further attenuated [41]. Currently, the Avoiding Cardiovascular
Events through COMbination Therapy in Patients Living with Systolic Hypertension
(ACCOMPLISH Study) is comparing cardiovascular outcomes with amlodipine/benazepril
vs. benazepril/ hydrochlorothiazide and is scheduled to be completed in 2008. These data
will be helpful in making the best combination choices for individual patients.

Paradigms for treatment
Most paradigms for the treatment of hypertension were previously based on �-blockade
and diuretic therapy in uncomplicated hypertension. New data such as the findings from
the ASCOT study as well as meta-analyses suggest that this approach may not be the best
initial therapy for all hypertensives. The ALLHAT study demonstrates that diuretics, dihy-
dropyridine CCBs, and ACE-Is are equal in their effect on cardiovascular events [33].
Recommendations from both the JNC 7 report and the Hypertension in African-Americans
Working Guidelines (HAAWG) suggest that BP treatment should always include lifestyle
modifications alone or in combination with drugs [42]. The high fiber, low fat, and low
sodium diet used in the Dietary Approaches to Stop Hypertension (DASH) demonstrated
significant BP reduction in blacks and whites [43]. The difficulty with lifestyle modifica-
tions is not efficacy, but rather long-term maintenance. Nevertheless, the message should be
reinforced regularly. Drug treatment may be initiated with ACE-I, ARB, �-blockade, CCB,
or diuretics in patients who have uncomplicated hypertension. However, both guidelines
recommend combination therapy as the starting point for more severe hypertension. The
major difference in these guidelines is the BP threshold for initiating combination treat-
ment; in the HAAWG guidelines, combination therapy is prescribed initially when the BP
exceeds 15 mmHg and/or 10 mmHg above systolic and diastolic goals respectively, while
the JNC 7 reserves combination therapy until the BP exceeds 20 mmHg and/or 10 mmHg
above the systolic and diastolic goals.

According to JNC 7, normal BP is �120/80 mmHg based on epidemiologic data, how-
ever treatment goals are based on clinical trial experience which suggests that BP should be
reduced to �140/90 mmHg in uncomplicated hypertension. The Hypertension Optimal
Treatment (HOT) study demonstrated that the optimal reduction in cardiovascular disease
(CVD) occurred at 138/83 mmHg. More recently, the TROPHY study showed that BP was
safely reduced by 10/7 mmHg in prehypertensives with BPs of 134/84 mmHg without
increasing adverse events using low-dose candesartan treatment [44]. Guidelines have not
yet incorporated these data into current recommendations; however, these new findings
provide important safety data. Further study is warranted into treatment goals. Both guide-
lines support specific drug recommendations for renal disease, diabetes, and heart failure.
ACE-I and ARB treatment reduces proteinuria and the rate of progression of renal disease
in both diabetic and non-diabetics and thus should be included in first-line therapy.
Furthermore, the goal of therapy for hypertension complicated by diabetes and/or renal
disease is �130/80 mmHg. This is justified by the tight relationship between BP level and
loss of glomerular filtration rate [11]. The treatment of BP in heart failure should follow sim-
ilar treatment goals [1].
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SUMMARY

Optimal treatment of hypertension is a key feature in the prevention and management
of heart failure. The best opportunity to reduce the incidence of heart failure lies in tar-
geted and sustained goal reduction of BP. Future studies of prehypertension may further
improve strategies to prevent heart failure.
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