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The sympathetic nervous system modulates renal function
through its receptors namely f; (cardiac output and renin
release), a, (systemic and renovascular constriction), and f,
renovascular dilation. Sympathetic overactivity is commonly
seen in chronic kidney disease (CKD) and is an important
contributor to increasing the risk of cardiovascular events
as well as increasing renal disease progression. Recent
evaluations of drug use in people with CKD shows a
remarkably low percentage of patients receiving f-blockers,
especially in more advanced stage CKD when cardiovascular
risk is higher. This is in large part due to tolerability of these
agents. Moreover, water-soluble B-blockers such as atenolol
and metoprolol are dialyzable and require supplementation
to avoid exacerbation of arrhythmias following dialysis.
Newer vasodilating f-blockers have better tolerability and
different effects on renal hemodynamics as well as metabolic
variables. These effects are related to the relative a;-blocking
effect of agents such as carvedilol and labetolol, with
carvedilol having relatively greater a-blocking effects. Few
studies evaluate f-blockers on cardiovascular risk in CKD
patients. Studies with carvedilol demonstrate attenuated
increases in albuminuria as well as reduction in
cardiovascular events in CKD patients with hypertension. This
paper reviews the animal and clinical trial data that evaluate
B-blockers in CKD highlighting the vasodilating f-blockers.
It is apparent that greater use of this drug class for blood
pressure control would further enhance reduction of risk of
heart failure, the most common cause of death in the first
year of starting dialysis.
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Given the high prevalence of cardiovascular disease in people
with chronic kidney disease (CKD) and the clear benefits of
mortality reduction observed for most f-blockers in clinical
trials, they are relatively underused in CKD patients. The
reasons for this relative lack of f-blocker use as well as the
role of newer subclasses of this antihypertensive group in
people with CKD are discussed.

In order to understand the rationale for use of f-blockers
in patients with CKD, it is useful to review some background
information on sympathetic overactivity in such patients as
well as elucidate its role in the genesis of hypertension and
progression of kidney disease as well as potentially of
cardiovascular complications. Experimental evidence focused
on the role of the sympathetic system will be initially
presented followed by data from clinical studies and trials.

Studies by DiBona' identified chemoreceptors and
baroreceptors in the kidney. In models of experimental renal
damage, Campese and Krol® and Ye et al.®> documented that
the activation of afferent signals emanating from damaged
kidneys, travel via the spinal cord into the hypothalamus,
where local catecholamine turnover is upregulated, leading
to increased efferent sympathetic nerve traffic into the
periphery.

The activation of the hypothalamic centers which occurs
in response to afferent signals has been proven by experi-
ments with sections of the dorsal roots (rhizotomy), which
abrogated hypertension in subtotally nephrectomized rats.*
Such afferent signals were seen with different types of kidney
injury; most impressive was the observation that injection of
as little as 20 ul phenol raised blood pressure; this hyper-
tension was abrogated several weeks later by resection of the
phenol-treated kidney.” Sympathetic overactivity in kidney
disease is involved in the genesis of hypertension, in the
progression of kidney disease, and in the cardiac complica-
tions of kidney failure. The role of the sympathetic nervous
system (SNS) in the progression of nephropathy has been
documented by observations in subtotally nephrectomized
rats in which nonhypotensive doses of f-blockers amelio-
rated the development of glomerulosclerotic and cardiac
lesions.® Similar observations concerning kidney disease
progression were noted with the central sympathicoplegic
agent moxonidine.” Additionally, moxonidine also reduced
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albumin excretion in patients with type I diabetes, despite
causing no change in ambulatory blood pressure.*”

In a separate model of kidney disease (spontaneously
hypertensive rats with adriamycin nephropathy), o-/f-
blocker carvedilol decreased systolic blood pressure, de-
creased renal vascular resistance (RVR), and significantly
increased renal blood flow (RBF). Moreover, it significantly
decreased interstitial infiltration in the early phase of the
study, slowed development of interstitial fibrosis and tubular
atrophy, and decreased blood vessel changes. These changes
strongly correlated with slowed nephropathy progression as
well as decreases in proteinuria. The addition of captopril to
carvedilol improved its effects, especially on prevention of
tubulointerstitial changes."®

In subtotally nephrectomized rats with known micro-
angiopathy, -blockers increased the capillary density in the
heart.!! This is an important observation, as B-blockers
clearly improve cardiac function and reduce cardiovascular
events in hemodialyzed patients.'*

In models of chronic renal damage, norepinephrine (NE)
content was decreased, yet increased NE release was noted
upon stimulation of renal nerves.'> This is consistent with
increased NE discharge from reduced numbers of sympa-
thetic nerves, possibly because of partial denervation from
incipient polyneuropathy. Patchy denervation from auto-
nomic polyneuropathy with denervation supersensitivity to
catecholamines may also be relevant in the heart of uremic
patients.'* These observations may explain, at least in part,
the propensity for sudden death,'” a frequent cause of death
in dialysis patients, and the benefit derived from treatment
with B-blockers.'*'

Further abnormalities of the sympathetic system in renal
failure include reduction of - and wa-receptor responsive-
ness.'*"® Direct evidence of sympathetic overactivity was
provided using the methodological gold standard of micro-
neurography of the sural nerve in hemodialyzed patients,'® in
patients with advanced renal failure,?’ and even in the earliest
stage of renal disease, that is, patients with polycystic kidney
disease despite no reduction in glomerular filtration rate
(GFR).*" The role of the damaged kidney in causing
sympathetic overactivity is illustrated by the observation that
sympathetic activity is completely normal in hemodialyzed
patients with bilateral nephrectomy.'® Conversely, sympa-
thetic overactivity is still present in renal allograft recipients
and normalizes when their own shrunken kidneys are
removed.*

THE USE OF B-BLOCKERS IN CKD PATIENTS

As there is overwhelming evidence for sympathetic over-
activity in patients with kidney disease, coronary heart
disease and heart failure (HF) are the most common causes
of death in these patients.”> This may be due to inadequate
treatment, as demonstrated by a recent study in which
f-adrenergic blockade was used in fewer than 30% of
patients on hemodialysis.** This is surprising, as -blockers
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Figure 1| Kaplan-Meier curve for all-cause mortality during 24-
month follow-up in hemodialysis patients with cardiomyopathy
according to the use of carvedilol. Used with permission.'?

interfere with the deleterious actions of the SNS on cardiac
end points,14 and are well-established, evidence-based
therapy for reducing cardiovascular risk in hypertension®
and after myocardial infarction.'>?

Observational studies suggest definite survival benefits
derived from the use of f-blockers in patients with severe
renal disease.”””*® Furthermore, in a prospective, randomized
study in hemodialyzed patients with HF, Cice et al'?
documented an impressive and significant decrease in death
and hospitalization rates attributable to cardiovascular causes
in patients on carvedilol compared to placebo (Figure 1).
Nevertheless, f-blockers are inadequately used in patients
with CKD, especially those with the most severe renal
failure.?’ For example, the United States Renal Data System
Dialysis Morbidity and Mortality Study found that only
20% of chronic dialysis patients were receiving f-blocker
therapy.** In another study, only 24% of patients with esta-
blished coronary heart disease were treated with f-blockers.*
A similar trend occurs in the predialysis patients.”’ One
reason for this underutilization may be fear of adverse
hemodynamic effects on renal physiology or on glycemic
control in patients with diabetes.

p-blockers vary significantly in their pharmacologic
properties. These differences may determine how well an
agent will work and how tolerable it will be in patients with
CKD. Pharmacological properties including lipid solubility,
cardioselectivity and routes of excretion, and the presence of
adjunctive properties such as vasodilatory, antioxidant, and
calcium-blocking activity will all influence the effect of the
agent. Metabolic factors including lipoprotein and serum
potassium levels and glycemic control may also respond
differently to each f-blocker. This review will discuss the
different properties and effects of several commonly used
p-blockers in the management of CKD: propranolol, meto-
prolol, atenolol, labetalol, and carvedilol.

PHARMACOLOGIC PROPERTIES OF p-BLOCKERS
Controlling hypertension is a mainstay in the management

of CKD. Table 1 displays the pharmacologic and renal
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Table 1| Pharmacologic properties of f-blockers
Propranolol Metoprolol Atenolol Labetalol Carvedilol

Lipophilic Y Y N Y Y
Nonselective (/f5) Y N N Y Y
Cardioselective (f;) N Y Y N N
o1-blockade N N N Y Y
Insulin sensitivity l l ! — 1
Serum triglycerides 1 i T > 1
Serum HDL cholesterol l l l > il
Hyperkalemia in ESRD Y N N Y N
Renal effects in CKD

RVR 1 ! - - 1

RBF l > > — 1

GFR ! > > > 1

1, increases with use of drug; |, decreases with use of drug; <>, remains the same with use of drug; CKD, chronic kidney disease; ESRD, end-stage renal disease;
GFR, glomerular filtration rate; HDL, high-density lipoprotein; N, no; RBF, renal blood flow; RVR, renal vascular resistance; Y, yes.

Sources:>22

hemodynamic properties of several S-blockers that have been
used to lower blood pressure in hypertensive patients with
diabetic and nondiabetic renal impairment.’*™** Lipophilic
agents undergo extensive first-pass hepatic metabolism with
relatively little being excreted unchanged in the urine.
Hydrophilic agents are excreted primarily by the kidneys
and require dose adjustment in patients with end-stage renal
disease (ESRD). Hydrophilic agents may yield low blood
levels due to poor absorption after oral administration.***
f1-selective blockers are cardio-specific and result in reduced
cardiac output, blood pressure, and heart rate. f1-/f,-
blockers antagonize the effects of catecholamine stimulation
on f-adrenergic receptors in resistance vessels as well as the
myocardium. f3,-blockade has been shown to be particularly
important in mediating the proarrhythmic effect of NE.*’
However, inhibition of f,-vasodilation leaves the reflex o;-
mediated vasoconstrictor response to arterial underfilling
unopposed in the face of decreased blood pressure or cardiac
output. In general, the effects of f-blockade are amplified by
reduction of plasma renin release through inhibition of
p-adrenergic receptors located in the renal juxtaglomerular
apparatus.37

The addition of o,-inhibiting activity to f-adrenergic
antagonists blocks reflex vasoconstriction, and may also
increase blood flow to skeletal muscle, thereby improving
glucose availability and disposal.*® Whereas both nonselective
and f;-selective blockers can increase insulin resistance,
the addition of sufficient o;-blocking activity may
improve insulin sensitivity in both diabetic and nondiabetic
patients.*

f1- and o,-stimulation have opposite effects on specific
enzymes involved in lipid metabolism. Whereas f5;-selective
and -nonselective -blockers tend to increase blood levels of
triglycerides and lower levels of high-density lipoprotein
cholesterol, o;-blockers can lower triglycerides and raise
high-density lipoprotein cholesterol levels.*® Consequently,
the addition of a;-blocking activity to certain f-blockers may
impact both diabetes and arteriosclerotic cardiovascular
disease by promoting better glycemic control with less

Kidney International (2006) 70, 1905-1913

compensatory hyperinsulinemia and fewer proatherogenic
changes in serum lipids.*®?°

Nonselective f-blockers (as opposed to f3;-selective
blockers) may also promote hyperkalemia in patients with
ESRD, especially after exercise, and in patients taking
mineralocorticoid receptor blockers. The risk is higher in
patients with acidosis and patients with tubulointerstitial
disease and can be reduced by administering loop diuretics.
op-Blockade protects against increases in serum potassium
levels.***”*® CKD is associated with increased oxidative
stress.*” Adjunctive antioxidant activity may help f-blockers
protect cell membrane constituents against damage by
oxygen-free radicals and has been shown to attenuate
microalbuminuria.”®' B-blockers in general reduce urinary
sodium excretion, primarily as a result of lowered blood
pressure, but their adjunctive calcium-blocking activity may
attenuate this antinatriuretic effect, thereby leading to a
reduction in sodium retention.”” o;-Blockade improves RBF
and enhances sodium excretion.*

EFFECTS ON KIDNEY FUNCTION

The SNS exerts important control over normal renal function
and plays a key role in the development and progression of
CKD. The renal vasculature is richly innervated with
sympathetic nerves.”> Adrenergic receptors located in the
pre- and postglomerular arterioles regulate capillary blood
flow and pressure by differential vasomotor tone (renovas-
cular autoregulation) in order to maintain a constant rate of
GFR.”7 Afferent arterioles normally constrict to protect
glomerular capillaries from acute increases in blood pressure;
in the presence of CKD, efferent arterioles constrict more
than afferents, which increases intraglomerular pressure in
order to sustain adequate overall ultrafiltration at the expense
of RBE, thereby increasing the filtration fraction.

Increased SNS activity increases the release of NE from
presynaptic sympathetic neurons and epinephrine from the
adrenal medulla. Presynaptic f3,-receptors further augment
the release of NE at synaptic junctions. Postsynaptic
sympathetic neurons innervate the muscular layer of
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resistance vessels controlling systemic and local circulations.
NE stimulation of «;-adrenergic receptors in vascular smooth
muscle results in an increase in renal as well as peripheral
vascular resistance.”® f1-activation stimulates cardiac output
through its effects on myocardial contractility, and subse-
quent blood pressure fluctuations modulate RBF as a
function of cardiac output.

As discussed above, increased sympathetic activity has
been reported consistently in patients with moderate renal
failure as well as in those with ESRD undergoing renal
dialysis. The level of sympathetic activity is an independent
predictor of total as well as cardiovascular mortality in
patients with ESRD.'*>*

Nonselective f-blockers

f-blockers have traditionally been a cornerstone of anti-
hypertensive therapy. However, nonselective fi-blockers, such
as propranolol, generally decrease GFR and RBF by lowering
cardiac output, thereby reflexively increasing SNS activity
and raising systemic and RVR via a;-receptors. In addition,
blocking f,-vasodilation leaves o;-vasoconstriction unop-
posed.”” These effects could potentially exacerbate established
renal dysfunction in hypertensive patients.

In persons with normal renal function, [-blockers
produce no important effect on renal perfusion or glomer-
ular filtration and are not associated with increases in serum
creatinine or blood urea nitrogen levels.”>>® However, acute
dosing with many f-blockers can produce minor decreases in
GFR, presumably as a desirable consequence of the reversal of
glomerular hypertension. In parallel, a decrease of urinary
sodium excretion is observed.”” The nonselective f-blocker
propranolol diminishes renal perfusion by lowering cardiac
output and renal perfusion pressure, thereby stimulating
reflex a;-vasoconstrictor activity while blocking f3,-mediated
vasodilation. Most studies have shown that the chronic
administration of propranolol results in the reduction of RBF
and GFR.”

Cardioselective f-blockers
The f,-selective blockers metoprolol and atenolol were the
first blood pressure-lowering agents to be used in studies
with patients with renal disease, specifically diabetic nephro-
pathy, with dramatically beneficial effects on the rate of
decline of renal function.’®>* Today, B-blockers are recom-
mended as antihypertensive agents in patients with CKD.®
The f,-cardioselective blockers such as metoprolol and
atenolol have been studied in patients with essential
hypertension and normal renal function, hypertensive and
diabetic nephropathy, and ESRD with dialysis or transplanta-
tion. A number of small studies have consistently demon-
strated that neither metoprolol nor atenolol produce
significant reduction in GFR or RBF while effectively
lowering blood pressure in patients with essential hyper-
tension, although both can increase RVR.®™® In patients
with renovascular hypertension, lowering blood pressure
with metoprolol has been associated with a fall in plasma
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renin activity.°® Lowering blood pressure with atenolol in
patients with microalbuminuria owing to diabetic nephro-
pathy has been shown to prevent the usual progression to
macroalbuminuria.®”

In patients with impaired renal function, antihypertensive
therapy with metoprolol has beneficial hemodynamic effects,
including a significant reduction in RVR.®® In a clinical trial
of metoprolol plus hydralazine and diuretics in patients with
diabetic nephropathy, the rate of decline in GFR and increase
in albuminuria was significantly reduced compared to the
pretreatment control period.”® Studies with metoprolol and
atenolol in patients with ESRD on chronic dialysis or after
renal transplantation have demonstrated no adverse effects
on renal hemodynamics.”””' However, although atenolol
needs to be reduced by one-half to three quarters of its
normal dose owing to diminished renal clearance, metoprolol
dosing does not need to be altered, even though one of its less
active metabolites may accumulate.”>”> One study reported,
however, that long-term atenolol therapy in renal transplant
recipients was associated with a significant increase in urinary
protein excretion, but whether this resulted from progressive
transplant nephropathy or from the drug per se remains
unresolved.”* In patients on long-term maintenance hemo-
dialysis with dilated cardiomyopathy, left ventricular size and
function improved and levels of atrial natriuretic and brain
natriuretic peptides decreased following 4 months of
treatment with metoprolol.””

How does the renoprotective effect of f-blockers compare
with that of angiotensin-converting enzyme (ACE) inhibi-
tors? Both metoprolol and atenolol have been compared to
ACE inhibitors in patients with CKD. In both diabetic and
nondiabetic patients, the rate of GFR decline and progression
of albuminuria were attenuated to a greater extent by
antihypertensive therapy with an ACE inhibitor than by
metoprolol or atenolol.”®®" The African American Study of
Kidney Disease and Hypertension compared the long acting,
once daily formulation of metoprolol, the ACE inhibitor,
ramipril, and the calcium channel blocker, amlodipine in
1094 Black subjects with hypertensive nephropathy (GFR
20-65 ml/min per 1.73 m?) followed for a mean of 4 years.*’
The primary analysis of the GFR slope did not establish a
definitive difference among the three agents. Significant
benefits were seen, however, with ramipril compared to
metoprolol and amlodipine on the clinical composite out-
come of decline of GFR, ESRD, and death. The results of the
secondary analyses indicated that ramipril treatment slowed
the progression of hypertensive kidney disease to a greater
extent than either once daily metoprolol or amlodipine. The
once daily metoprolol-treated patients had a significantly
lower rate of ESRD or death than those treated with
amlodipine.®’

Vasodilating f-blockers

Lowering blood pressure with nonselective (propranolol) or
selective (metoprolol, atenolol) f-blockers is associated with
compensatory stimulation of the SNS and renin-angiotensin
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systems, leading to elevated NE and renin levels. Subsequent
activation of vascular a-adrenergic receptors results in an
increase in systemic as well as RVR. Vasoconstriction is
further exacerbated with nonselective f-antagonists because
of the blockade of ff,-mediated vasodilation. It has been
known for a long time that propranolol increases RVR and
reduces RBF and GFR.>>® Conversely, o;-blockers such as
prazosin and doxazosin enhance renal perfusion.”” In
addition, whereas f-blockers reduce insulin sensitivity and
promote proatherogenic lipoprotein changes, «;-blockers
have the opposite effect.® Consequently, nonselective
p-blockers with adjunctive o;-blocker activity have been
developed that attenuate renal nerve activity and could
preserve RBF and GFR. Two such agents, labetalol and
carvedilol, have been evaluated in hypertensive patients with
and without renal impairment.

Labetalol, a nonselective ff-antagonist with o,-inhibiting
activity (f/o ratio estimated to be between 3:1 and 7:1) has
been available for clinical use since the mid-1980s.°>>>% In
spite of this long duration of availability, there is very little
data available on renal outcomes or hemodynamics with this
agent. Moreover, in hypertensive patients labetalol has
yielded conflicting results. Five studies have been reported,
which included 81 patients with normal renal function and
six patients with impaired renal function. A fall in RVR led to
increased RBF in one placebo-controlled study of 24 patients
with normal renal function.*' Another study in 17 patients
confirmed a decrease in RVR in subjects with normal renal
function (n=11), but inconsistent responses were found in
those with more impaired renal function (n=6).* By
contrast, in 18 patients with essential hypertension labetalol
diminished RBF and GFR by 20%®* Two studies in patients
with normal renal function, one including 17 patients and
the other including 11 patients, found no significant effect of
labetalol on GFR, RBE, or body fluid volumes.>®%¢

The effects of labetalol on carbohydrate and lipid
metabolism have also been evaluated in small studies.
Labetalol administration resulted in a variable increase in
serum glucose levels without a measurable effect on
circulating insulin levels.*” ™ Several authors report a lack
of significant changes in cholesterol or triglyceride le-
vels,**?>%! whereas another group observed a slight decrease
in high-density lipoprotein cholesterol levels.*® Labetalol has
been used as antihypertensive therapy in patients with severe
chronic renal failure. Although this drug is removed by
dialysis, the procedure does not significantly increase its total
body clearance.”” A disturbing side effect of labetalol in
patients on hemodialysis or after renal transplantation is
serious hyperkalemia.””**

Carvedilol is a nonselective vasodilating f-adrenergic
antagonist with o;-blocking activity (f/a ratio estimated to
be approximately 7:1).°> In addition, carvedilol has anti-
oxidant activity.”®®” The renal effects of carvedilol have
been documented in a number of clinical trials involving
patients with the following conditions: essential hyperten-
sion, renal hypertension, hypertension with evidence of CKD,
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hemodialysis, renal transplantation, congestive HF, and
hypertension with diabetes. Carvedilol was administered for
4 weeks to 20 patients with mild-to-moderate essential
hypertension in a randomized, double-blind, placebo-con-
trolled study.”® Despite the therapeutic lowering of blood
pressure, RBF and GFR remained unchanged, whereas RVR
fell by 13%.°° In a longer-term trial, 10 patients with mild-
to-moderate hypertension were treated for an average of
17 weeks: there were no changes in RBF or GFR and a
significant decrease in RVR.”®

The efficacy and safety of carvedilol in lowering blood
pressure has been established in several clinical trials of
patients with CKD. In doses that reduced systolic blood
pressure by an average of 22 mmHg given over 2-4 weeks,
carvedilol caused no increase in serum creatinine or blood
urea nitrogen levels.”® In another study, carvedilol, alone or
in combination with a diuretic, was evaluated in 52 patients
with either renal hypertension or essential hypertension
accompanied by renal failure.'® In the group on carvedilol
monotherapy, blood pressure decreased significantly from
166/102 to 150/94 mmHg and in the combined group, the
blood pressure decreased significantly from 175/103 to 142/
85mmHg. Serum creatinine levels were not worsened,
despite such major reductions in blood pressure.

A pharmacokinetic study found that in CKD, renal
clearance of carvedilol is reduced by approximately 70%,
but the mean 24-h plasma concentration-time curves for the
parent drug and its major metabolites did not differ
significantly between patients with essential hypertension
and normal renal function and those with renal insuffi-
ciency.'”" Carvedilol does not accumulate during continuous
daily administration. Because it is 96% protein bound it does
not cross the dialysis membrane.'">'” A study of 15 ESRD
patients with moderate hypertension receiving chronic
dialysis treated with carvedilol for 12 weeks found no relevant
changes in major pharmacokinetic parameters. The max-
imum carvedilol blood concentration (Cp,.y), the time to
Cmax and the area under the time—concentration curve during
long-term treatment were all within the range observed in
normal persons.'® Importantly, in contrast to propranolol
and labetalol, serum potassium levels during exercise did not
increase in hemodialysis patients on carvedilol.'"®

Hypertension adversely affects renal allograft survival, and
effective blood pressure control is important to improve
outcomes. Cyclosporin A, which is frequently used to reduce
renal allograft rejection, is known to increase blood pressure
and RVR while decreasing RBF and GFR.'” Carvedilol
increases cyclosporin A blood levels by 20% so that careful
dose regulation of the antirejection agent is required.'’’
Conversely, carvedilol has been shown to reduce the oxidative
stress and subsequent upregulation of profibrotic cytokines
that occur in renal transplant patients receiving cyclosporin
A% Carvedilol was compared with metoprolol in a
randomized crossover study involving 12 renal allograft
recipients on cyclosporin A. These patients had hypertension
and chronic stable graft rejection. Adequate blood pressure
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control was obtained with both f-blockers, but carvedilol
resulted in an increase in RBF and a decrease in RVR.'%

HF may be encountered frequently in patients with CKD,
as both conditions are closely linked to common underlying
factors including hypertension, diabetes, and arteriosclerosis.
HF can also exacerbate renal dysfunction by reducing cardiac
output and stimulating SNS and renin-angiotensin system
overactivity.'” Because of its pharmacological properties, the
renal effects of carvedilol have been investigated in patients
with HF and normal renal function. A randomized, placebo-
controlled comparison was performed during 6 months of
treatment with either carvedilol or metoprolol in 14 patients
with moderately severe HF (New York Heart Association
Class III), severe left ventricular systolic dysfunction (ejection
fraction 16%), and no evidence of significant kidney
impairment.''® Although the ejection fraction increased
comparably with both drugs, only carvedilol improved RBF
and GFR. A subsequent randomized clinical trial compared
carvedilol and enalapril in 572 patients with chronic left
ventricular dysfunction and mild symptoms of HF (approxi-
mately 65% of patients were classified as NYHA Class II) for
18 months. Enalapril alone, carvedilol alone, and the
combination of carvedilol and enalapril were all well
tolerated. In this study, there were no significant differences
among the three study arms with regard to either blood
pressure or the number of patients achieving target drug
dose. Serum creatinine levels were normal at the onset of the
study, but increased slightly in patients receiving enalapril
alone (+2.3 umol/l) and reduced in the group receiving
carvedilol alone (—2.5 umol/1).""*

HEF is either present at the initiation of chronic dialysis or
develops subsequently in one-quarter to one-third of patients
with ESRD and substantially impacts survival.''* In chronic
hemodialysis patients with established dilated cardiomyo-
pathy, carvedilol has been associated with improvements in
left ventricular size and function. After 1 year of treatment
with carvedilol, left ventricular ejection fraction increased
39%, and left ventricular systolic and diastolic volumes
decreased 16 and 6%, respectively, compared with no change
shown with placebo.'” By the end of the second year of
the trial, 49% fewer carvedilol-treated patients had died
compared with those receiving placebo (P<0.01).

Microalbuminuria is recognized marker of increased
cardiovascular risk in patients with CKD, hypertension,
and/or  diabetes; progression to macroalbuminuria
(>300 mg/day) indicates presence of kidney disease. Carve-
dilol was compared with the f3,-selective blocker atenolol in a
randomized, open-label study involving 140 patients with
mild-to-moderate essential hypertension.''> Despite an
equivalent reduction in blood pressure, carvedilol was
associated with a significantly greater reduction in urinary
albumin excretion. After 2 months, the proportion of
patients with urine albumin levels >10mg/l (could not
verify unit) remained unchanged in the atenolol group, but
was reduced by 40% with carvedilol. Carvedilol has also been
shown to eliminate microalbuminuria in 58% of nondiabetic
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hypertensive patients who had tested positive by dipstick
before the start of 3 months of treatment."'* In a multicenter
trial of 245 patients with mild-to-moderate essential
hypertension and microalbuminuria treated with carvedilol
for 6-12 weeks, there was a blood pressure-independent
reduction in urine albumin in 56% of patients; urine albumin
disappeared completely in 48% of the patients.''?

A recent large-scale, randomized clinical trial compared
carvedilol and metoprolol tartrate added to a treatment
regimen containing a renin-angiotensin system antagonist in
1235 diabetic patients with established hypertension.''® After
5 months of maintenance therapy, blood pressure had
decreased to the same extent in both groups, yet the mean
urinary albumin/creatinine ratio of the carvedilol group had
decreased by 1%, whereas the albumin/creatinine ratio of the
metoprolol tartrate group increased by 2.5%. Of those
patients with trace protein loss (30 mg/g or less) at baseline,
47% fewer carvedilol-treated patients progressed to micro-
albuminuria (>30mg/gm/day) than those receiving meto-
prolol tartrate (P=0.03).""” The study also confirmed
previous reports that carvedilol improves insulin sensitivity
and glycemic control while producing significantly fewer
proatherogenic changes in serum cholesterol and triglyceride
levels than f3;-selective blockers.''®

Oxidative stress appears to be a blood pressure-indepen-
dent determinant of microalbuminuria in hypertensive
patients,"'® and the antioxidant activity of carvedilol (free-
radical scavenging as well as sequestration of iron in ferric
ion-induced oxidation), may play an additive role in its
protection against glomerular damage leading to albumin-
uria.!

Nebivolol is a relatively new lipophilic f;-blocker
approved for hypertension that is devoid of intrinsic
sympathomimetic or membrane stabilizing activity but is
unique in that it has nitric oxide-mediated vasodilatory
effects. The drug does not significantly influence glucose or
plasma lipid metabolism and appears to have a protective
effect on left ventricular function. The most common adverse
events reported with this agent are similar to other
vasodilating f-blockers and includes headache, fatigue,
paraesthesias, and dizziness.'?°

The effects of this novel f-blocker on kidney function are
limited to animal models as of this writing. In two separate
studies, one in Sprague-Dawley rats nebivolol was shown to
increase both renal plasma flow and GFR."*'™** Additionally,
sodium and chloride excretion were increased in a dose-
dependent manner, as was potassium, albeit not dose-
dependent. The mechanism by which this increase in renal
plasma flow occurs is presumably through the 5-HTIA
receptor/NO pathway.'?' ™%

CONCLUSION

CKD, with the frequently associated conditions of hyper-
tension, diabetes, and HF, is a state of overactivity of the SNS.
Antiadrenergic drugs play an important role in its manage-
ment. Antihypertensive regimens including f-blockers slow
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the deterioration of renal function as assessed by decreasing
GFR and worsening albuminuria. It is therefore deplorable
that -blockers are still underutilized out of fear of adversely
affecting renal function and glycemic control.

REFERENCES

1.

2.

20.

21.

22.

23.

DiBona GF. Neural control of the kidney: past, present, and future.
Hypertension 2003; 41: 621-624.

Campese VM, Krol E. Neurogenic factors in renal hypertension. Curr
Hypertens Rep 2002; 4: 256-260.

Ye S, Ozgur B, Campese VM. Renal afferent impulses, the posterior
hypothalamus, and hypertension in rats with chronic renal failure.
Kidney Int 1997; 51: 722-727.

Campese VM, Kogosov E. Renal afferent denervation prevents
hypertension in rats with chronic renal failure. Hypertension 1995; 25:
878-882.

Ye S, Zhong H, Yanamadala V et al. Renal injury caused by intrarenal
injection of phenol increases afferent and efferent renal sympathetic
nerve activity. Am J Hypertens 2002; 15: 717-724.

Salplachta J, Bartosikova L, Necas J. Effects of carvedilol and BL-443 on
kidney of rats with cyclosporine nephropathy. Gen Physiol Biophys 2002;
21: 189-195.

Amann K, Nichols C, Tornig J et al. Effect of ramipril, nifedipine,
and moxonidine on glomerular morphology and podocyte structure
in experimental renal failure. Nephrol Dial Transplant 1996; 11:
1003-1011.

Strojek K, Grzeszczak W, Gorska J et al. Lowering of microalbuminuria in
diabetic patients by a sympathicoplegic agent: novel approach to
prevent progression of diabetic nephropathy? J Am Soc Nephrol 2001;
12: 602-605.

Vonend O, Marsalek P, Russ H et al. Moxonidine treatment of
hypertensive patients with advanced renal failure. J Hypertens 2003;
21: 1709-1717.

Jovanovic D, Jovovic D, Mihailovic-Stanojevic N et al. Influence of
carvedilol on chronic renal failure progression in spontaneously
hypertensive rats with adriamycin nephropathy. Clin Nephrol 2005; 63:
446-453.

Amann K, Ritz E. Microvascular disease —the Cinderella of uraemic heart
disease. Nephrol Dial Transplant 2000; 15: 1493-1503.

Cice G, Ferrara L, D'Andrea A et al. Carvedilol increases two-year survival
in dialysis patients with dilated cardiomyopathy: a prospective,
placebo-controlled trial. J Am Coll Cardiol 2003; 41: 1438-1444.

Amann K, Rump LC, Simonaviciene A et al. Effects of low dose
sympathetic inhibition on glomerulosclerosis and albuminuria in
subtotally nephrectomized rats. J/ Am Soc Nephrol 2000; 11: 1469-1478.
Zuanetti G, Maggioni AP, Keane W et al. Nephrologists neglect
administration of betablockers to dialysed diabetic patients. Nephrol
Dial Transplant 1997; 12: 2497-2500.

Paoletti E, Specchia C, Di Maio G et al. The worsening of left ventricular
hypertrophy is the strongest predictor of sudden cardiac death in
haemodialysis patients: a 10 year survey. Nephrol Dial Transplant 2004;
19: 1829-1834.

Mann JF, Jakobs KH, Riedel J et al. Reduced chronotropic responsiveness
of the heart in experimental uremia. Am J Physiol 1986; 250: H846-H852.
Leineweber K, Heinroth-Hoffmann |, Ponicke K et al. Cardiac
beta-adrenoceptor desensitization due to increased beta-adrenoceptor
kinase activity in chronic uremia. J Am Soc Nephrol 2002; 13: 117-124.
Rascher W, Schomig A, Kreye VA et al. Diminished vascular response to
noradrenaline in experimental chronic uremia. Kidney Int 1982; 21:
20-27.

Converse Jr RL, Jacobsen TN, Toto RD et al. Sympathetic overactivity
in patients with chronic renal failure. N Engl J Med 1992; 327:
1912-1918.

Ligtenberg G, Blankestijn PJ, Oey PL et al. Reduction of sympathetic
hyperactivity by enalapril in patients with chronic renal failure. N Engl J
Med 1999; 340: 1321-1328.

Klein IH, Ligtenberg G, Oey PL et al. Sympathetic activity is increased in
polycystic kidney disease and is associated with hypertension. J Am Soc
Nephrol 2001; 12: 2427-2433.

Hausberg M, Kosch M, Harmelink P et al. Sympathetic nerve activity in
end-stage renal disease. Circulation 2002; 106: 1974-1979.

Eknoyan G. On the epidemic of cardiovascular disease in patients with
chronic renal disease and progressive renal failure: a first step to
improve the outcomes. Am J Kidney Dis 1998; 32: S1-54.

Kidney International (2006) 70, 1905-1913

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Abbott KC, Trespalacios FC, Agodoa LY et al. Beta-blocker use in
long-term dialysis patients: association with hospitalized heart failure
and mortality. Arch Intern Med 2004; 164: 2465-2471.

Chobanian AV, Bakris GL, Black HR et al. The Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure: the JNC 7 report. JAMA 2003; 289:
2560-2572.

Antman EM, Anbe DT, Armstrong PW et al. ACC/AHA guidelines for the
management of patients with ST-elevation myocardial infarction -
executive summary: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines (Writing
Committee to Revise the 1999 Guidelines for the Management of
Patients With Acute Myocardial Infarction). Circulation 2004; 110:
588-636.

Foley RN, Herzog CA, Collins AJ. Blood pressure and long-term mortality
in United States hemodialysis patients: USRDS waves 3 and 4 study.
Kidney Int 2002; 62: 1784-1790.

Horl MP, Horl WH. Drug therapy for hypertension in hemodialysis
patients. Semin Dial 2004; 17: 288-294.

Bakris GL. Role for beta-blockers in the management of diabetic kidney
disease. Am J Hypertens 2003; 16: 75-12S.

Trespalacios FC, Taylor AJ, Agodoa LY et al. Incident acute coronary
syndromes in chronic dialysis patients in the United States. Kidney Int
2002; 62: 1799-1805.

Wright RS, Reeder GS, Herzog CA et al. Acute myocardial infarction and
renal dysfunction: a high-risk combination. Ann Intern Med 2002; 137:
563-570.

Richards DA, Prichard BN. Clinical pharmacology of labetalol. Br J Clin
Pharmacol 1979; 8: 895-93S.

Inderal® (propranolol hydrochloride) tablets (prescribing information).
Wyeth Pharmaceuticals Inc.: Philadelphia, PA, 2005.

Tenormin® (atenolol) tablets (prescribing information). AstraZeneca
Pharmaceuticals: Wilmington, DE, 2000.

Hjalmarson A. Cardioprotection with beta-adrenoceptor blockers.
Does lipophilicity matter? Basic Res Cardiol 2000; 95(Suppl 1):

141445.

Cruz F, O'Neill Jr WM, Clifton G et al. Effects of labetalol and methyldopa
on renal function. Clin Pharmacol Ther 1981; 30: 57-63.

Epstein M, Oster JR, Hollenberg NK. f-Blockers and the kidney:
implications for renal function and renin release. The Physiologist
1985; 28: 53-63.

Giugliano D, Acampora R, Marfella R et al. Metabolic and cardiovascular
effects of carvedilol and atenolol in non-insulin-dependent diabetes
mellitus and hypertension. A randomized, controlled trial. Ann Intern
Med 1997; 126: 955-959.

Jacob S, Rett K, Wicklmayr M et al. Differential effect of chronic
treatment with two beta-blocking agents on insulin sensitivity: the
carvedilol-metoprolol study. J Hypertens 1996; 14: 489-494.

Hylander B, Eliasson K, Nilsson-Ehle P et al. Effects of long-term therapy
with labetalol on lipoprotein metabolism in patients with mild
hypertension. Acta Med Scand 1985; 218: 51-54.

Malini PL, Strocchi E, Negroni S et al. Renal haemodynamics after chronic
treatment with labetalol and propranolol. Br J Clin Pharmacol 1982; 13:
1235-126S.

Drug Facts and Comparisons 2006. Facts and Comparisons (a Wolters
Kluwer Company): St Louis, MO, 2005.

Meier J. Pharmacokinetic comparison of pindolol with other beta-
adrenoceptor-blocking agents. Am Heart J 1982; 104: 364-373.
Borchard U. Pharmacokinetics of beta-adrenoceptor blocking agents:
clinical significance of hepatic and/or renal clearance. Clin Physiol
Biochem 1990; 8(Suppl 2): 28-34.

Packer M. Beta-adrenergic blockade in chronic heart failure: principles,
progress, and practice. Prog Cardiovasc Dis 1998; 41: 39-52.

Jacob S, Rett K, Henriksen EJ. Antihypertensive therapy and insulin
sensitivity: do we have to redefine the role of beta-blocking agents? Am
J Hypertens 1998; 11: 1258-1265.

Williams ME, Gervino EV, Rosa RM et al. Catecholamine modulation
of rapid potassium shifts during exercise. N Engl J Med 1985; 312:
823-827.

Arrizabalaga P, Montoliu J, Martinez VA et al. Increase in serum
potassium caused by beta-2 adrenergic blockade in terminal renal
failure: absence of mediation by insulin or aldosterone. Proc Eur Dial
Transplant Assoc 1983; 20: 572-576.

Mehrotra S, Ling KL, Bekele Y et al. Lipid hydroperoxide and markers of
renal disease susceptibility in African-Caribbean and Caucasian patients
with Type 2 diabetes mellitus. Diabet Med 2001; 18: 109-115.

1911



review

GL Bakris et al.: B-blocker therapy for chronic kidney disease

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

1912

Onozato ML, Tojo A, Goto A et al. Oxidative stress and nitric oxide
synthase in rat diabetic nephropathy: effects of ACEl and ARB. Kidney Int
2002; 61: 186-194.

Ueno Y, Kizaki M, Nakagiri R et al. Dietary glutathione protects rats from
diabetic nephropathy and neuropathy. J Nutr 2002; 132: 897-900.
Dupont AG. Carvedilol and the kidney. Clin Investig 1992; 70(Suppl 1):
S$127-5131.

Salomonsson M, Brannstrom K, Arendshorst WJ. Alpha(1)-adrenoceptor
subtypes in rat renal resistance vessels: in vivo and in vitro studies. Am J
Physiol Renal Physiol 2000; 278: F138-F147.

Zoccali C, Mallamaci F, Parlongo S et al. Plasma norepinephrine predicts
survival and incident cardiovascular events in patients with end-stage
renal disease. Circulation 2002; 105: 1354-1359.

Epstein M, Oster JR. Beta blockers and renal function: a reappraisal. J Clin
Hypertens 1985; 1: 85-99.

Abbott KC, Bakris G. Renal effects of antihypertensive medications: an
overview. J Clin Pharmacol 1993; 33: 392-399.

Zech P, Pozet N, Labeeuw M et al. Acute renal effects of beta-blockers.
Am J Nephrol 1986; 6(Suppl 2): 15-19.

UKPD Study Group. Efficacy of atenolol and captopril in reducing risk of
macrovascular and microvascular complications in type 2 diabetes:
UKPDS 39. UK Prospective Diabetes Study Group. BMJ 1998; 317:
713-720.

Parving HH, Andersen AR, Smidt UM et al. Effect of antihypertensive
treatment on kidney function in diabetic nephropathy. BMJ (Clin Res Ed)
1987; 294: 1443-1447.

Bakris GL, Williams M, Dworkin L et al. Preserving renal function in adults
with hypertension and diabetes: a consensus approach. Am J Kidney Dis
2000; 36: 646-661.

Sugino G, Barg AP, O’Connor DT. Renal perfusion is preserved during
cardioselective beta-blockade with metoprolol in hypertension. Am J
Kidney Dis 1984; 3: 357-361.

Dreslinski GR, Messerli FH, Dunn FG et al. Hemodynamics, biochemical
and reflexive changes produced by atenolol in hypertension. Circulation
1982; 65: 1365-1368.

Van den Meiracker AH, Mani V, Boomsma F et al. Hemodynamic and
beta-adrenergic receptor adaptations during long-term beta-
adrenoceptor blockade. Studies with acebutolol, atenolol, pindolol, and
propranolol in hypertensive patients. Circulation 1989; 80: 903-914.
Wilkinson R, Stevens IM, Pickering M et al. A study of the effects of
atenolol and propranolol on renal function in patients with essential
hypertension. Br J Clin Pharmacol 1980; 10: 51-59.

Ljungman S, Wikstrand J, Hartford M et al. Effects of long-term
antihypertensive treatment and aging on renal function and

albumin excretion in primary hypertension. Am J Hypertens 1993; 6:
554-563.

Yasumoto R, Asakawa M, Kakinoki K et al. Effect of metoprolol in
patients with renal hypertension. Hinyokika Kiyo 1988; 34: 1669-1673.
Tindall H, Urquhart S, Stickland M et al. Treatment with atenolol
prevents progression of microalbuminuria in type | diabetic patients.
Curr Med Res Opin 1991; 12: 516-520.

Cook ME, Wallin JD, Clifton GG et al. Renal function effects of dilevalol, a
nonselective beta-adrenergic blocking drug with beta-2 agonist activity.
Clin Pharmacol Ther 1988; 43: 393-399.

Seiler KU, Schuster KJ, Meyer GJ et al. The pharmacokinetics of
metoprolol and its metabolites in dialysis patients. Clin Pharmacokinet
1980; 5: 192-198.

Agarwal R. Supervised atenolol therapy in the management of
hemodialysis hypertension. Kidney Int 1999; 55: 1528-1535.

Branten AJ, Hilbrands LB, van Hamersvelt HW et al. Renal and systemic
effects of atenolol and tertatolol in renal transplant recipients on
cyclosporine A. Nephrol Dial Transplant 1998; 13: 423-426.

Kirch W, Kohler H, Mutschler E et al. Pharmacokinetics of atenolol in
relation to renal function. Eur J Clin Pharmacol 1981; 19: 65-71.

Jordo L, Attman PO, Aurell M et al. Pharmacokinetic and
pharmacodynamic properties of metoprolol in patients with impaired
renal function. Clin Pharmacokinet 1980; 5: 169-180.

Suwelack B, Kobelt V, Erfmann M et al. Long-term follow-up of
ACE-inhibitor versus beta-blocker treatment and their effects on blood
pressure and kidney function in renal transplant recipients. Transp! Int
2003; 16: 313-320.

Hara Y, Hamada M, Shigematsu Y et al. Beneficial effect of
beta-adrenergic blockade on left ventricular function in haemodialysis
patients. Clin Sci (London) 2001; 101: 219-225.

Bjorck S, Mulec H, Johnsen SA et al. Renal protective effect of enalapril in
diabetic nephropathy. BMJ 1992; 304: 339-343.

77.

78.

79.

80.

81.

82.

83.

84,

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Hannedouche T, Landais P, Goldfarb B et al. Randomised controlled trial
of enalapril and beta blockers in non-diabetic chronic renal failure. BMJ
1994; 309: 833-837.

Lacourciere Y, Nadeau A, Poirier L et al. Captopril or conventional
therapy in hypertensive type Il diabetics. Three-year analysis.
Hypertension 1993; 21: 786-794.

Apperloo AJ, de Zeeuw D, Sluiter HE et al. Differential effects of enalapril
and atenolol on proteinuria and renal haemodynamics in non-diabetic
renal disease. BMJ 1991; 303: 821-824.

Himmelmann A, Hansson L, Hansson BG et al. ACE inhibition preserves
renal function better than beta-blockade in the treatment of essential
hypertension. Blood Press 1995; 4: 85-90.

Wright JT, Bakris G, Greene T. Effect of blood pressure lowering and
antihypertensive drug class on progression of hypertensive kidney
disease. Results from the AASK trial. JAMA 2002; 288: 2421-2431.
Bauer JH, Brooks CS. The long-term effect of propranolol therapy on
renal function. Am J Med 1979; 66: 405-410.

van Zwieten PA. An overview of the pharmacodynamic properties and
therapeutic potential of combined alpha- and beta-adrenoceptor
antagonists. Drugs 1993; 45: 509-517.

Wallin JD. Adrenoreceptors and renal function. J Clin Hypertens 1985; 1:
171-178.

Keusch G, Weidmann P, Ziegler WH et al. Effects of chronic alpha
and beta adrenoceptor blockade with labetalol on plasma
catecholamines and renal function in hypertension. Klin Wochenschr
1980; 58: 25-29.

Rasmussen S, Nielsen PE. Blood pressure, body fluid volumes and
glomerular filtration rate during treatment with labetalol in essential
hypertension. Br J Clin Pharmacol 1981; 12: 349-353.

Barbieri C, Ferrari C, Caldara R et al. Endocrine and metabolic effects of
labetalol in man. J Cardiovasc Pharmacol 1981; 3: 986-991.

Ohman KP, Weiner L, von Schenck H et al. Antihypertensive and
metabolic effects of nifedipine and labetalol alone and in combination
in primary hypertension. Eur J Clin Pharmacol 1985; 29: 149-154.
Andersson O, Berglund G, Hansson L. Anti-hypertensive action, time of
onset and effects on carbohydrate metabolism of labetalol. Br J Clin
Pharmacol 1976; 3: 757-761.

Sommers DK, de Villiers LS, van Wyk M et al. The effects of labetalol and
oxprenolol on blood lipids. S Afr Med J 1981; 60: 379-380.

Frishman WH. Properties of labetalol, a combined alpha- and
beta-blocking agent, relevant to the treatment of myocardial

ischemia. Cardiovasc Drugs Ther 1988; 2: 343-353.

Halstenson CE, Opsahl JA, Pence TV et al. The disposition and dynamics
of labetalol in patients on dialysis. Clin Pharmacol Ther 1986; 40:
462-468.

McCauley J, Murray J, Jordan M et al. Labetalol-induced hyperkalemia in
renal transplant recipients. Am J Nephrol 2002; 22: 347-351.

Hamad A, Salameh M, Zihlif M et al. Life-threatening hyperkalemia after
intravenous labetolol injection for hypertensive emergency in a
hemodialysis patient. Am J Nephrol 2001; 21: 241-244.

Yoshikawa T, Port JD, Asano K et al. Cardiac adrenergic receptor effects
of carvedilol. Eur Heart J 1996; 17(Suppl B): 8-16.

Dupont AG, Van der NP, Taeymans Y et al. Effect of carvedilol on
ambulatory blood pressure, renal hemodynamics, and cardiac function
in essential hypertension. J Cardiovasc Pharmacol 1987; 10(Suppl 11):
S$130-5136.

Calo LA, Semplicini A, Davis PA. Antioxidant and antiinflammatory effect
of carvedilol in mononuclear cells of hypertensive patients. Am J Med
2005; 118: 201-202.

Tomita K, Makumo F. Effect of long-term carvedilol therapy on renal
function in essential hypertension. J Cardiovasc Pharmacol 1992;
19(Suppl 1): 597-5101.

Kohno M, Takeda T, Ishii M et al. Therapeutic benefits and safety of
carvedilol in the treatment of renal hypertension. An open, short term
study. Carvedilol Renal Hypertension Study Group in Japan. Drugs 1988;
36(Suppl 6): 129-135.

Takeda T, Kohno M, Ishii M et al. Efficacy and safety of carvedilol in renal
hypertension. A multicenter open trial. Eur J Clin Pharmacol 1990;
38(Suppl 2): S158-5163.

Gehr TW, Tenero DM, Boyle DA et al. The pharmacokinetics of carvedilol
and its metabolites after single and multiple dose oral administration in
patients with hypertension and renal insufficiency. Eur J Clin Pharmacol
1999; 55: 269-277.

Miki S, Masumura H, Kaifu Y et al. Pharmacokinetics and efficacy of
carvedilol in chronic hemodialysis patients with hypertension.

J Cardiovasc Pharmacol 1991; 18(Suppl 4): S62-568.

Kidney International (2006) 70, 1905-1913



GL Bakris et al.: B-blocker therapy for chronic kidney disease

review

103.

104.

105.

106.

107.

108.

109.

110.

111,

112.

Masumura H, Miki S, Kaifu Y et al. Pharmacokinetics and efficacy of
carvedilol in hypertensive patients with chronic renal failure and
hemodialysis patients. J Cardiovasc Pharmacol 1992; 19(Suppl 1):
$102-5107.

Deetjen A, Heidland A, Pangerl A et al. Antihypertensive treatment with
a vasodilating beta-blocker, carvedilol, in chronic hemodialysis patients.
Clin Nephrol 1995; 43: 47-52.

Nowicki M, Szewczyk-Seifert G, Klimek D et al. Carvedilol does not
modulate moderate exercise-induced hyperkalemia in hemodialysis
patients. Clin Nephrol 2002; 57: 352-358.

Leeman M, Vereerstraeten P, Uytdenhoef M et al. Systemic and renal
hemodynamic responses to carvedilol and metoprolol in hypertensive
renal transplant patients. J Cardiovasc Pharmacol 1993; 22: 706-710.
Kaijser M, Johnsson C, Zezina L et al. Elevation of cyclosporin A blood
levels during carvedilol treatment in renal transplant patients. Clin
Transplant 1997; 11: 577-581.

Calo L, Giacon B, Davis PA et al. Oxidative stress and TGFbeta in
kidney-transplanted patients with cyclosporin-induced hypertension.
Effect of carvedilol and nifedipine. Clin Nephrol 2002; 58: 103-110.
Rahman M, Smith MC. Chronic renal insufficiency: a diagnostic and
therapeutic approach. Arch Intern Med 1998; 158: 1743-1752.
Abraham WT, Tsvetkova T, Lowes BD et al. Carvedilol improves renal
hemodynamics in patients with chronic heart failure. Circulation 1998;
98: 1-3784-379.

Komajda M, Lutiger B, Madeira H et al. Tolerability of carvedilol and
ACE-inhibition in mild heart failure. Results of CARMEN (carvedilol
ACE-inhibitor remodelling mild CHF evaluation). Eur J Heart Fail 2004;
6: 467-475.

Harnett JD, Foley RN, Kent GM et al. Congestive heart failure in dialysis
patients: prevalence, incidence, prognosis and risk factors. Kidney Int
1995; 47: 884-890.

Kidney International (2006) 70, 1905-1913

114.

115.

116.

117.

118.

119.

120.

121.

122

Marchi F, Ciriello G. Efficacy of carvedilol in mild to moderate essential
hypertension and effects on microalbuminuria: a multicenter,
randomized, open-label, controlled study versus atenolol. Adv Ther
1995; 12: 212-221.

Agrawal B, Wolf K, Berger A et al. Effect of antihypertensive treatment
on qualitative estimates of microalbuminuria. J Hum Hypertens 1996; 10:
551-555.

Fassbinder W, Quarder O, Waltz A. Treatment with carvedilol is
associated with a significant reduction in microalbuminuria: a
multicentre randomised study. Int J Clin Pract 1999; 53: 519-522.
Bakris GL, Fonseca V, Katholi RE et al. Metabolic effects of carvedilol
vs metoprolol in patients with type 2 diabetes mellitus and
hypertension: a randomized controlled trial. JAMA 2004; 292:
2227-2236.

Bakris GL, Fonseca V, Katholi RE et al. Differential effects of beta-blockers
on albuminuria in patients with type 2 diabetes. Hypertension 2005; 46:
1309-1315.

Giner V, Tormos C, Chaves FJ et al. Microalbuminuria and

oxidative stress in essential hypertension. J Intern Med 2004; 255:
588-594.

Raats CJ, Bakker MA, van den BJ et al. Hydroxyl radicals depolymerize
glomerular heparan sulfate in vitro and in experimental nephrotic
syndrome. J Biol Chem 1997; 272: 26734-26741.

McNeely W, Goa KL. Nebivolol in the management of essential
hypertension: a review. Drugs 1999; 57: 633-651.

Kakoki M, Hirata Y, Hayakawa H et al. Effects of vasodilatory
beta-adrenoceptor antagonists on endothelium-derived nitric oxide
release in rat kidney. Hypertension 1999; 33(Part 2): 467-471.

Greven J, Gabriels G. Effect of nebivolol, a novel beta 1-selective
adrenoceptor antagonist with vasodilating properties, on kidney
function. Arzneimittelforschung 2000; 50: 973-979.

1913





