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Abstract
Among patients on dialysis, hypertension is highly prevalent and contributes to the high burden of cardiovascular
morbidityandmortality. Strict volumecontrolvia sodiumrestrictionandprobingofdryweight arefirst-line approaches
for the treatment of hypertension in this population; however, antihypertensive drug therapy is often needed to control
BP. Few trials compare head-to-head the superiority of one antihypertensive drug class over another with respect to
improving BP control or altering cardiovascular outcomes; accordingly, selection of the appropriate antihypertensive
regimen should be individualized. To individualize therapy, consideration should be given to intra- and interdialytic
pharmacokinetics, effect on cardiovascular reflexes, ability to treat comorbid illnesses, and adverse effect profile.
b-Blockers followed by dihydropyridine calcium-channel blockers are our first- and second-line choices for antihy-
pertensive drug use. Angiotensin–converting enzyme inhibitors and angiotensin receptor blockers seem to be rea-
sonable third–line choices, because the evidence base to support their use in patients on dialysis is sparse. Add-on
therapywithmineralocorticoid receptor antagonists in specific subgroups of patients on dialysis (i.e., thosewith severe
congestive heart failure) seems to be another promising option in anticipation of the ongoing trials evaluating their
efficacy and safety. Adequately powered,multicenter, randomized trials evaluating hard cardiovascular end points are
urgentlywarranted to elucidate the comparative effectiveness of antihypertensivedrug classes in patients ondialysis. In
this review, we provide an overview of the randomized evidence on pharmacotherapy of hypertension in patients on
dialysis, and we conclude with suggestions for future research to address critical gaps in this important area.

Clin J Am Soc Nephrol 11: 2062–2075, 2016. doi: 10.2215/CJN.00870116

Introduction
Hypertension in people with ESRD on chronic dial-
ysis is often poorly controlled, highly prevalent, and
difficult to diagnose (1,2). Elevated BP, particularly
when recorded outside of dialysis with home or
ambulatory BP monitoring, is clearly associated
with increased risk of cardiovascular morbidity and
mortality (3). Sodium and volume overload are the
most important causes of hypertension in patients on
dialysis; therefore, nonpharmacologic interventions,
such as dietary sodium restriction, enhanced sodium
removal with dialysis, and probing of dry weight,
should be the initial therapies for achievement of ad-
equate BP control (4,5). This therapeutic approach is
challenging, because several factors, such as short de-
livered dialysis (6), missed dialysis sessions, patient
nonadherence to the dietary recommendations for
sodium restriction, and intradialytic sodium gain
through high dialysate sodium prescription, may be
barriers to the achievement of dry weight (7). Even
after aggressive volume management, hypertension re-
mains poorly controlled; in these patients, pharmaco-
logic therapy is necessary to control BP. Most classes of
antihypertensive drugs are useful for pharmacotherapy
of hypertension in patients on dialysis, and a combina-
tion therapy is often required (4,5).

In this article, we discuss the choice of the appropriate
antihypertensive regimen in the era of the currently
available evidence from randomized studies evaluating

the BP-lowering efficacy, safety, and cardioprotective
and pharmacokinetic properties of antihypertensive
agents in the dialysis population. In the absence of
properly designed randomized trials, several aspects
of pharmacologic and nonpharmacologic management
of hypertension in patients on dialysis remain obscure.
We conclude with critical gaps in the existing knowl-
edge, provide directions for future research, and call
for randomized trials among patients on dialysis.

Research Challenges in Designing Interventional
Studies
Compared with the nondialysis population, BP

among patients on dialysis is highly variable
from pre- to postdialysis and from one day to the
other (8). Peridialytic BP recordings cannot accu-
rately reflect the actual BP burden over the entire
interdialytic period and can easily miss the magnitude
of treatment-induced reduction in BP (9). In addition,
out-of-dialysis unit BP recordings were shown to be
strongly associated with all-cause and cardiovascular
mortality, contrary to the limited or no prognostic
significance of BP recordings obtained within the di-
alysis unit (3,10,11). The use of out-of-dialysis BP re-
cordings (home or ideally, interdialytic ambulatory
BP) as outcome measures of the efficacy of antihyper-
tensive drugs is critical. However, state of art out-of-
dialysis BP recording to evaluate BP outcomes are
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available only in a few of the studies conducted so far
(Table 1). Notably, use of ambulatory BP monitoring also
has the advantage of recording BP during nighttime, pro-
viding additional information on the efficacy of drugs to
restore the nondipping BP pattern and improve nocturnal
hypertension. The blunted nocturnal BP fall is common in
patients on dialysis and associated with acceleration of tar-
get organ damage (12) and increased mortality risk (13).
Nonpharmacologic interventions (i.e., changes in dry

weight or dialysate sodium) can easily confound the BP-
lowering efficacy of antihypertensive drug therapy. The
Dry-Weight Reduction in Hemodialysis Patients (DRIP)
trial showed the net BP–lowering effect of probing of dry
weight in patients on hemodialysis who are hypertensive
(14). A reduction in postdialysis weight of 0.9 kg
provoked a significant decrease of 6.9/3.1 mmHg in inter-
dialytic ambulatory BP at 4 weeks. Because background
antihypertensive therapy was not modified, BP lowering
seen in the DRIP trial is solely attributable to dry weight
reduction. In contrast, it is rather difficult to distinguish
the BP-lowering effect of drug therapy from the BP reduc-
tion caused by dry weight adjustment in studies combin-
ing pharmacologic and nonpharmacologic BP–lowering
interventions. In the Hypertension in Hemodialysis Pa-
tients Treated with Atenolol or Lisinopril (HDPAL) trial
(15), changes in interdialytic ambulatory BP during follow-
up were no different between the atenolol and the lisinopril
groups. However, lisinopril-treated patients required greater
dry weight reduction and administration of higher numbers
of antihypertensive drugs as add-on therapy (15). This sug-
gests that the BP-lowering efficacy of atenolol is superior to
that of lisinopril.

Pharmacologic Management of Hypertension in
Patients on Dialysis
Meta-analyses of randomized trials showed that BP

lowering with the use of antihypertensive agents re-
duces cardiovascular morbidity and mortality in patients on
dialysis (16,17), particularly when they are hypertensive
(16). All antihypertensive drug classes can be used for
pharmacotherapy of hypertension (4,5). The exception
may be diuretics, which are generally ineffective in pa-
tients with low GFR. Echocardiographic studies showed
that, among anuric patients, intravenous administration
of high–dose loop diuretics causes minimal alterations in
central hemodynamic parameters (18). Given the risk of
ototoxicity, use of diuretics in anuric patients on dialysis
is not recommended (4,5). These compounds may have a
role in those with preserved residual renal function as a
maneuver to limit interdialytic weight gain (19); whether
such an approach is useful or detrimental has not been
adequately examined.

Angiotensin–Converting Enzyme Inhibitors and Angiotensin
Receptor Blockers
Blockade of the renin-angiotensin-aldosterone system

(RAAS) is often recommended as first–line antihyperten-
sive therapy for patients on dialysis by extrapolation of
cardiovascular benefits of RAAS inhibitors in the gen-
eral population (5). However, extrapolation of outcomes
from the general population or those with CKD not on

dialysis to those on dialysis is hazardous. For example, in
the Fosinopril in Dialysis trial 397 patients on hemodialysis
were randomly assigned to the angiotensin–converting en-
zyme inhibitor (ACEI) fosinopril (titrated up to 20 mg/d) or
placebo for 48 months (20). This study enrolled patients
with left ventricular hypertrophy (LVH), but hypertension
was not an inclusion criterion. Although fosinopril signif-
icantly lowered predialysis BP relative to placebo in the
subgroup of hypertensive participants, incidence of fatal
and nonfatal cardiovascular events was no different be-
tween the active treatment and placebo groups (relative
risk [RR], 0.93; 95% confidence interval [95% CI], 0.68 to
1.26) (20). In contrast, in a much smaller Japanese study
that included only 80 patients on hemodialysis without
overt cardiovascular disease, the angiotensin receptor
blocker (ARB) candesartan improved cardiovascular
event–free survival versus placebo (21). Similarly, Suzuki
et al. (22) showed that, among 360 patients with hyperten-
sion on hemodialysis, ARB therapy (valsartan, candersartan,
or losartan) reduced by 49% the risk of cardiovascular
death, nonfatal myocardial infarction (MI), stroke, coro-
nary revascularization, and hospitalized congestive heart
failure (CHF) in comparison with control therapy not in-
cluding ARBs or ACEIs (hazard ratio [HR], 0.51; 95% CI,
0.33 to 0.79). A meta-analysis of these three studies
showed that ACEI and ARB use was not associated with
significant reduction in the risk of future cardiovascular
events (pooled RR, 0.66; 95% CI, 0.35 to 1.25), indicating
the necessity for larger high–quality studies (23). The sub-
sequent Olmesartan Clinical Trial in Okinawa Patients un-
der Okinawa Dialysis Study Trial compared the effect of
olmesartan (10–40 mg/d) versus control therapy not in-
cluding RAAS inhibitors in 469 patients with hypertension
on hemodialysis. Over a mean follow-up of 3.5 years, in-
cidence of all-cause death, nonfatal stroke, MI, and coro-
nary revascularization was identical in the ARB and control
arms (HR, 1.00; 95% CI, 0.71 to 1.40) (24).
RAAS blockade is suggested to exert beneficial actions

on LVH and large artery stiffness, both of which are strong
cardiovascular risk predictors in patients on dialysis (25,26).
This notion is supported by small randomized studies
showing that, compared with placebo or other therapies,
ACEIs and ARBs caused greater reductions in left ventric-
ular mass index (LVMI) and pulse wave velocity (PWV)
(Table 2) (27,28). A previous meta-analysis of five random-
ized studies showed that ACEI or ARB use resulted in a
significant reduction in LVMI, with a weighted mean dif-
ference of 15.4 g/m2 (95% CI, 7.4 to 23.3) relative to control
therapy (23). Improvement in LVMI with ARB therapy was
evident in another meta-analysis of six randomized studies
(29). However, these benefits were not consistent in all rel-
evant studies. In the recent Saving Residual Renal Func-
tion among Hemodialysis Patients Receiving Irbesartan
Study, 12-month treatment with irbesartan was not su-
perior to placebo in reducing LVMI and aortic PWV; nota-
bly, ARB-induced reductions in LVMI and PWV went in
parallel with the changes in predialysis BP (30). Therefore,
it remains unclear whether these beneficial actions on car-
diac remodeling and arterial stiffness are BP mediated or BP
independent (31).
Dual RAAS blockade may offer additive cardiovascular

protection in specific subgroups of patients on dialysis (i.e.,

2064 Clinical Journal of the American Society of Nephrology
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in patients with severe CHF). In a double-blind trial, 332
patients on hemodialysis with left ventricular ejection frac-
tion (LVEF) ,40% already treated with ACEIs were ran-
domized to add-on telmisartan (40–80 mg/d) or placebo
(32). After a mean follow-up of 35.5 months, telmisartan re-
duced cardiovascular mortality (HR, 0.42; 95% CI, 0.38
to 0.61) and hospitalizations for worsening CHF (HR, 0.38;
95% CI, 0.18 to 0.51). Incidence of hyperkalemia was similar
in the telmisartan and placebo groups (32). Whether dual
RAAS blockade is generalizable to the overall dialysis
population requires additional research; this trial included
patients with particular clinical characteristics (i.e., pa-
tients with CHF and reduced LVEF). Additionally, it
could be argued that the low incidence of hyperkalemia
with dual RAAS blockade in this trial could be partially
attributed to the fact that study participants were receiv-
ing intensive RRT with four dialysis session per week and
that most of them had a well functioning arteriovenous
fistula as vascular access for dialysis (32).
The intradialytic kinetics of various ACEIs differ sub-

stantially from each other. With the exception of the non-
dialyzable fosinopril, most of the other ACEIs are removed
during dialysis. In contrast, ARBs are nondialyzable, and
no supplement doses are required (5,33).
In summary, the evidence base to support the use of

ACEIs or ARBs among patients on dialysis for either
cardioprotection or regression of LVH is thin. Thus, in our
practice, we use them as third-line agents after blockers and
dihydropyridine calcium-channel blockers (CCBs).

Mineralocorticoid Receptor Antagonists
Among patients not on dialysis with CHF and reduced

LVEF, add-on therapy with mineralocorticoid receptor
antagonists (MRAs) on top of background treatment
with ACEIs, ARBs, and/or b-blockers effectively re-
duced cardiovascular morbidity and mortality (34). Efficacy
of spironolactone and eplerenone among patients on dialysis
is less well studied, mainly because of the concerns that
any benefit from their use may be counteracted by exces-
sive risk of life-threatening hyperkalemia. MRAs could
theoretically reduce potassium removal through the in-
testine, which represents an important route of excretion,
particularly in anuric patients on hemodialysis. A recent
randomized study compared the safety profile of eplere-
none (25–50 mg/d) versus that of placebo in 146 patients
on hemodialysis. Over a 13-week follow-up, incidence of
hyperkalemia (defined as predialysis serum potassium
.6.5 mmol/L) was higher in eplerenone-treated patients
(RR, 4.50; 95% CI, 1.0 to 20.2) (35). However, eplerenone
was not associated with excess need for permanent drug
discontinuation because of hyperkalemia or hypotension,
which was the primary study end point (35). Whether po-
tassium-binding resins could be helpful in maintaining the
potassium balance in patients with dialysis-requiring CKD
treated with spironolactone or eplerenone requires ran-
domized trials to evaluate efficacy and safety of this strat-
egy (36).
The cardioprotective properties of MRAs among patients

on dialysis are supported by a number of randomized
studies showing that these drugs culminate in sustained
reduction of interdialytic BP and improvement in LVMI,
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LVEF, and carotid intima-media thickness (Table 3) (37–39).
Two larger studies provided evidence that these ben-
eficial effects on surrogate cardiovascular risk factors may
be translated into survival benefits. In the Dialysis Out-
comes Heart Failure Aldactone Study, 309 oligoanuric pa-
tients on hemodialysis were randomized to spironolactone
(25 mg/d) or no add-on therapy for a mean follow-up of
3 years. Spironolactone lowered by 62% the risk of cardio-
vascular death or cardiovascular-related hospitalization
(HR, 0.38; 95% CI, 0.17 to 0.83) (40). Incidence of serious
hyperkalemia leading to drug discontinuation was as low
as 1.9%. In the second study, 253 nonheart failure patients
receiving hemodialysis or peritoneal dialysis were random-
ized to 2-year add-on therapy with spironolactone (25 mg/d)
or placebo. Spironolactone reduced by 58% the occur-
rence of the composite primary outcome of cardiocerebro-
vascular death, observed cardiac arrest, and sudden death
(HR, 0.42; 95% CI, 0.26 to 0.78) (41). These promising re-
sults need to be confirmed in larger, properly designed
studies. A trial named the Aldosterone Antagonist Hemo-
dialysis Survival Trial (42) that plans to recruit 825 patients
on hemodialysis is underway and anticipated to shed more
light on the potential harms and benefits of MRAs in pa-
tients on dialysis.

b-Blockers
Vulnerability of patients on dialysis to serious arrhyth-

mias and sudden death together with excessive sym-
pathetic overactivity make b-blockade an attractive
therapeutic option for cardiovascular protection in this
population (Tables 4–6) (43). In a double-blind fashion,
114 patients on hemodialysis with dilated cardiomyopa-
thy (not necessarily hypertensive) were randomized to
carvedilol (titrated up to 25 mg twice daily) or placebo.
Over a mean follow-up of 2 years, carvedilol improved left
ventricular systolic performance and reduced the risk of
all-cause hospitalization (HR, 0.44; 95% CI, 0.25 to 0.77)
and mortality (HR, 0.51; 95% CI, 0.32 to 0.82) (44). Cardio-
protective properties of b-blockers are supported by the
HDPAL trial which performed a head-to-head compari-
son between the b-blocker atenolol and the ACEI lisinopril
(both administered thrice weekly postdialysis) in 200 pa-
tients with hypertension on hemodialysis with LVH (15).
The HDPAL Trial was neutral with respect to the primary
outcome; improvement in LVMI over the 12-month follow-
up was similar in both arms. However, lisinopril-treated pa-
tients required more aggressive volume management and
administration of higher numbers of antihypertensive
drugs to achieve the prespecified home BP target of
,140/90 mmHg. The HDPAL Trial was prematurely ter-
minated because of excess risk of serious cardiovascular
adverse events in the lisinopril group. Incidence of the
combined end point of MI, stroke, hospitalized heart fail-
ure, and cardiovascular death was 2.29 times higher in
lisinopril-treated patients than in atenolol-treated patients
(incidence rate ratio, 2.29; 95% CI, 1.07 to 5.21) (15). In a
secondary analysis of the HDPAL Trial, atenolol was
shown to be superior to lisinopril in improving aortic
PWV (45). The recently reported Beta-Blocker to Lower
Cardiovascular Dialysis Events Trial failed to advance
our knowledge on the cardioprotective role of b-blockade
because of the low recruitment rate that resulted in a small

sample size (46). Particularly, among 1443 patients
screened, only 354 were eligible, 91 consented, and 72 en-
tered the 6-week active treatment run–in period. Of these,
only 49 participants (68%; 95% CI, 57% to 79%) tolerated
carvedilol therapy (6.25 mg twice daily) during the run in
and progressed to randomization (46). Narrow inclusion
criteria and insufficient washout of background b-blockade
therapy led to exclusion of high-risk patients who were
more likely to benefit from the cardioprotective actions of
carvedilol.
b-Blockers represent a highly variable medication class

with respect to their pharmacokinetic properties. Atenolol
is easily removable during dialysis compared with lipo-
philic agents, such as propranolol (5,33). Intradialytic re-
moval of b-blockers, apart from interfering with their
efficacy, may also exacerbate the risk of serious arrhyth-
mias and sudden death. In a propensity–matched retro-
spective cohort study of 6588 patients on hemodialysis,
use of a high–dialyzable versus a low–dialyzable b-blocker
was associated with 40% higher risk of all-cause death
(47). Another concern around the use of b-blockers is the
risk of exercise-induced or fasting hyperkalemia, an ad-
verse effect that has been described for the nonselective
b-blockers nadolol and labetalol and attributed to the
role of b2-receptors in regulating potassium entry intra-
cellularly (48). Finally, unfavorable metabolic effects of
older versus newer b-blockers on serum lipid profile, in-
sulin sensitivity, and risk of new-onset diabetes may have
unintended cardiovascular consequences, which should be
also taken into account (49).

CCBs
CCBs can effectively lower BP, even in the volume-

expanded state (50), and are often used as combination
therapy for management of hypertension in patients on
dialysis. Tepel et al. (51) randomized 251 patients with
hypertension on hemodialysis to receive amlodipine
(5–10 mg/d) or placebo for 30 months. Amlodipine insig-
nificantly improved survival relative to placebo but reduced
by 47% the composite secondary end point of all-cause
death, nonfatal stroke, MI, coronary revascularization,
and angioplasty for peripheral vascular disease (HR,
0.53; 95% CI, 0.31 to 0.93) (51). Other studies suggested
that dihydropyridine CCBs are as effective as ACEIs or
ARBs in reducing oxidative stress and producing regres-
sion of both LVMI and carotid intima-media thickness
(52,53). The pharmacokinetics of CCBs are unaltered
among patients on dialysis, and these agents are generally
nondialyzable (5,33).

Other Agents
The centrally acting a-agonist clonidine can effec-

tively lower BP by reducing autonomic activation. Because
of troublesome side effects, such as dry mouth, dizziness,
and somnolence, this agent is reserved for patients with
difficult to control hypertension (33). Guanfacine is also
centrally acting but has less potential for causing sedation
or dry mouth. Similarly, the direct vasodilators minoxidil
and hydralazine are used as drugs of last resort in patients
with multidrug-resistant hypertension. These agents cause
reflex tachycardia, the control of which often requires the
concomitant administration of b-blockers (33). A serious
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and not so rare side effect of minoxidil is pericardial effu-
sion. Hydralazine has been associated with a lupus-like
syndrome. Lastly, use of a-adrenergic blockers in patients
on dialysis is frequently associated with episodes of ortho-
static and intradialytic hypotension. These side effects
make their use problematic; when chosen, bedtime dosing
of these compounds is preferred (33).

Summary of Evidence and Clinical Practice
Recommendations
Evidence to support the preferential administration of

one antihypertensive drug class over another for pharma-
cologic management of hypertension in patients on dialysis
is currently missing. Choice of the appropriate antihyper-
tensive regimen should be individualized and on the basis
of the BP-lowering efficacy of drugs, the BP–independent
cardioprotective properties, the intra- and interdialytic
pharmacokinetics, and the tolerability and side effect pro-
file as well as the comorbidities of each patient. The use
of b-blockers should be strongly considered on the basis of
evidence suggesting that these agents likely offer the
greatest cardioprotection (15,21,22,44), including their ben-
eficial actions on regression of LVH and arterial stiffness
(23,29,45). In the absence of randomized studies to com-
pare the efficacy of different antihypertensive drug classes
in patients with specific comorbidities or end organ dam-
age conditions, any established indication of a certain drug
class in the general population (i.e., b-blockers for post-MI)
should be extrapolated to patients on dialysis as long as
firm evidence will become available in this specific popu-
lation (5). We use dihydropyridine CCBs as second-line
agents when BP remains uncontrolled despite nonphar-
macologic measures and b-blockade. ACEIs and ARBs
are our third choices. Recent studies suggest that, among
patients on dialysis, add-on administration of MRAs may
offer additive cardiovascular protection without excessive
risk of serious hyperkalemia (54). Safety and efficacy of
MRAs in patients on dialysis are under investigation in
ongoing trials; in the meantime, wide use of spironolac-
tone and eplerenone cannot be recommended. Because
management of hypertension often requires combination
therapy to achieve adequate BP control, long–acting dihy-
dropyridine CCBs are useful as combination therapy.
Other drug classes, such as centrally acting agonists,
direct vasodilators, and a-adrenergic blockers, are fre-
quently associated with serious side effects, and their use
should be limited to patients with difficult to control hy-
pertension.
Pharmacokinetic properties and dialyzability should be

taken into account in the choice and dosing of antihyper-
tensive drugs. The patterns and rhythms of BP during the
intra- and interdialytic periods are additional factors that
should be considered. In patients prone to intradialytic hy-
potension, short-acting agents, such as hydralazine, before
dialysis should not be administered. There is little support
to withhold antihypertensive therapy otherwise before
dialysis. Patients experiencing paradoxical BP elevation
during or immediately postdialysis also exhibit sustained
background hypertension over the entire interdialytic
period (55); accordingly, the target of therapy in these pa-
tients remains the achievement of adequate 44-hour BP
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control and not simply the normalization of the intradia-
lytic hemodynamic response (56). Therapeutic approach
of intradialytic hypertension is not substantially differ-
entiated from the overall treatment of hypertension in

patients on dialysis; dry weight should be probed (57),
and if volume control alone is ineffective, antihyperten-
sive drug therapy may be needed. Small studies seem to
suggest that improvement in endothelial dysfunction

Table 6. Pharmacokinetics of selected antihypertensive agents in patients on dialysis (5,33)

Drug Class and Drug Usual Dosage Route of
Excretion

Removal with
Dialysis, %

Supplement
Dose for

Dialysis, mg

Angiotensin–converting
enzyme inhibitors

Benazepril 5–40 mg every day K (L) 20–50 5–10
Captopril 12.5–50 mg three times per day K 50 12.5–25
Enalapril 2.5–10 mg every 12 h K (L) 50 2.5–5
Fosinopril 10 mg every day K (L) None None
Lisinopril 2.5–10 mg every daya K 50 2.5–5
Perindopril 2–8 mg every day K (L) 50 2
Ramipril 5–10 mg every day K (L) 20 2.5
Trandolapril 0.5–4 mg every day K (L) 30 0.5

Angiotensin receptor
blockers

Candesartan 8–32 mg/d K (L) None None
Eprosartan 600–1200 mg/d L None None
Irbesartan 75–300 mg/d L None None
Losartan 50–100 mg every day K (L) None None
Olmesartan 10–40 mg/d K (L) None None
Telmisartan 40–80 mg/d L None None
Valsartan 80–320 mg every day K (L) None None

Mineralocorticoid receptor
antagonists

Spironolactone 25–50 mg every day K (L) None None
Eplerenone 50–100 mg every day K (L) None None

b-Blockers
Atenolol 25 mg every dayb K (L) 50 25–50
Bisoprostol 2.5–20 mg every day L None None
Carvedilol 25 mg twice a day L (K) None None
Labetalol 200–600 mg twice a day K (L) None None
Metoprolol 50–100 mg twice a day K (L) None None
Nadolol 80–100 mg twice a day K 50 80
Propranolol 80–160 mg twice a day K None None

Calcium-channel blockers
Amlodipine 2.5–10 mg every day L None None
Felodipine 5–10 mg every day L None None
Nicardipine 20–40 mg three times a day L None None
Nifedipine XL 30–90 mg every day L None None
Lacidipine 2–6 mg/d L (K) None None
Manidipine 10–20 mg/d L None None
Diltiazem CD 180–360 mg L (K) None None
Verapamil CD 180–360 mg every day L (K) None None

a-Adrenergic blockers
Doxazosin 1–16 mg every day L None None
Prazosin 1–15 mg twice a day L None None
Terazosin 1–20 mg every day L None None

Others
Clonidine 0.1–0.3 mg twice a day/three

times a day
K (L) 5 None

Hydralazine 25–50 mg three times a day/
twice a day

L 25–40 None

K, kidney; L, liver.
aPreferred dosage for lisinopril is 10–40 mg three times weekly after dialysis. The maximum dose recommended in hemodialysis
patients is 40 mg per day.
bPreferred dosage for atenolol is 25 mg–100 mg three times weekly after dialysis to maximize the antihypertensive effect and conve-
nience of dosing.
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through newer vasodilating b-blockers may be of benefit
in these individuals (58). Patients with sustained interdia-
lytic hypertension should receive long-acting agents (56).
A maneuver to reduce the high pill burden and enhance
the patients’ compliance is supervised thrice weekly ad-
ministration of long-acting agents immediately postdialy-
sis (59,60). This is strongly supported by the HDPAL
Trial, in which administration of atenolol and lisinopril
in a three times per week schedule culminated in suffi-
cient home BP control over the course of the trial (15).
Patients with a nondipping BP pattern during nighttime
may benefit from bedtime dosing of at least one antihy-
pertensive agent. Whether this strategy would reduce car-
diovascular outcomes remains unknown.

Perspectives and Directions for Future Research
One critical gap in our knowledge is whether BP control

is associated with better outcomes in patients on dialysis.
Randomizing patients to two different BP levels using out-
of-office BP monitoring to assess cardiovascular outcomes
would be a top research priority. It remains unclear whether
one class of antihypertensive medications is superior to an-
other in improving cardiovascular outcomes in patients on
dialysis. Adequately powered, multicenter, randomized
trials evaluating hard cardiovascular end points, ideally
with identical BP targets in all treatment arms, are urgently
warranted to elucidate the comparative effectiveness of
major antihypertensive drug categories. Such types of stud-
ies may also clarify whether cardiovascular protection with
antihypertensive therapy is BP mediated or whether spe-
cific drug categories offer cardioprotection beyond their
BP-lowering properties. Another critical issue that remains
unclear is the optimal levels at which BP should be targeted
in patients on dialysis. Studies randomizing patients on di-
alysis to different BP goals, preferably with administration of
similar BP–lowering agents in the randomized groups, are an-
ticipated to elucidate whether a more aggressive BP–lowering
strategy is associated with better or worse outcomes.
Given the high variability of BP among patients on

dialysis (8), we need to know whether conventional peridia-
lytic BP recordings are sufficient to guide the management of
hypertension in this population. A small study randomized
60 patients on hemodialysis to home BP–guided versus pre-
dialysis BP–guided management of hypertension. Patients
randomized to home BP–guided therapy achieved a signif-
icantly higher reduction in ambulatory systolic BP at study
completion (61). Larger studies evaluating additional clin-
ically relevant outcomes can clarify the value of home BP
monitoring as a simple approach to optimize the manage-
ment of hypertension in dialysis.
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Calabrò R: Effects of telmisartan added to Angiotensin-
converting enzyme inhibitors on mortality and morbidity in he-
modialysis patients with chronic heart failure a double-blind,
placebo-controlled trial. J AmColl Cardiol 56: 1701–1708, 2010

33. Inrig JK: Antihypertensive agents in hemodialysis patients:
A current perspective. Semin Dial 23: 290–297, 2010

34. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A,
Palensky J, Wittes J; Randomized Aldactone Evaluation Study
Investigators: The effect of spironolactone on morbidity and
mortality in patients with severe heart failure. N Engl J Med 341:
709–717, 1999

35. WalshM,Manns B,Garg AX, Bueti J, Rabbat C, Smyth A, Tyrwhitt
J, Bosch J, Gao P, Devereaux PJ, Wald R: The safety of eplerenone
in hemodialysis patients: A noninferiority randomized controlled
trial. Clin J Am Soc Nephrol 10: 1602–1608, 2015

36. Georgianos PI, Sarafidis PA:Newpotassium binders: A call to test
their efficacy and safety in dialysis patients. Am J Kidney Dis 67:
165–166, 2016

37. Ito Y, Mizuno M, Suzuki Y, Tamai H, Hiramatsu T, Ohashi H,
Ito I, Kasuga H, Horie M, Maruyama S, Yuzawa Y, Matsubara T,

Matsuo S; Nagoya Spiro Study Group: Long-term effects of
spironolactone in peritoneal dialysis patients. J Am Soc Nephrol
25: 1094–1102, 2014

38. Ni X, Zhang J, Zhang P, Wu F, Xia M, Ying G, Chen J: Effects of
spironolactone on dialysis patients with refractory hypertension:
A randomized controlled study. J ClinHypertens (Greenwich) 16:
658–663, 2014

39. Vukusich A, Kunstmann S, Varela C, Gainza D, Bravo S,
Sepulveda D, Cavada G, Michea L, Marusic ET: A randomized,
double-blind, placebo-controlled trial of spironolactone on
carotid intima-media thickness in nondiabetic hemodialysis
patients. Clin J Am Soc Nephrol 5: 1380–1387, 2010

40. Matsumoto Y, Mori Y, Kageyama S, Arihara K, Sugiyama T,
Ohmura H, Yakushigawa T, Sugiyama H, Shimada Y, Nojima Y,
Shio N: Spironolactone reduces cardiovascular and cerebrovas-
cular morbidity andmortality in hemodialysis patients. J Am Coll
Cardiol 63: 528–536, 2014

41. Lin C, Zhang Q, Zhang H, Lin A: Long-term effects of low-dose
spironolactone on chronic dialysis patients: A randomized
placebo-controlled study. J Clin Hypertens (Greenwich) 18:
121–128, 2016

42. University Hospital, Brest: NCT01848639: ALdosterone Antagonist
Chronic HEModialysis Interventional Survival Trial (ALCHEMIST),
2013.Availableat: https://clinicaltrials.gov/ct2/show/NCT01848639.
Accessed September 1, 2016

43. Furgeson SB, Chonchol M: Beta-blockade in chronic dialysis
patients. Semin Dial 21: 43–48, 2008

44. Cice G, Ferrara L, D’Andrea A, D’Isa S, Di Benedetto A, Cittadini
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Introduction
This comprehensive review by Agarwal and Georgianos
summarizes results of numerous clinical trials of antihy-
pertensive medications in patients on chronic dialysis
(1). The authors note the unique challenges of such
studies in this patient population. For example, the
effect of widely used, nonpharmacologic approaches
to BP control, such as increased ultrafiltration and di-
etary sodium restriction, could easily outweigh the
more modest effects on BP of pharmacologic treatments.
Furthermore, there is enormous variability of BP across
the interdialytic period, and uncertainty regarding the
most appropriate or optimal timing of BP measurement
on which to guide treatment. Acknowledging these chal-
lenges and limitations, upon their review the authors
note the following key findings:

c Most clinical trials were open-label without blinding
of treatment assignment.

c No trials in patients on maintenance dialysis com-
pared different BP goals of antihypertensive phar-
macologic treatment.

c Most trials utilized a placebo or “usual care” control
comparator group; very few trials directly compared
two ormore classes of antihypertensive medications.

c Most prior trials involved small samples of pa-
tients and examined the effects on change in cardiac
structure, vascular function, and/or BP. Only a few
trials examined the effects of treatment on car-
diovascular morbidity/mortality.

c In some trials of patients on hemodialysis with left
ventricular hypertrophy or dilated cardiomyopathy,
beta-blockers reduced the incidence of cardiovas-
cular morbidity/mortality.

c Some trials demonstrated a reduction in adverse
cardiovascular events with angiotensin-converting
enzyme inhibitors or angiotensin receptor block-
ers, but other trials found no such reduction in risk
with this class of antihypertensives.

c There is insufficient evidence to support the pref-
erential use of one class of antihypertensive medi-
cations over another class.

Evaluating Clinical Trials
One useful systematic approach for evaluating clin-

ical trials is to focus on three characteristics of study

design: the study population, the intervention, and
the outcome. The study population in a clinical trial
typically balances internal validity (the ability of a
study to accurately answer a scientific question), with
external validity (the extent to which study results
can be applied to other individuals with the same
general disease condition). For example, a clinical
trial comparing calcium channel blockers to angio-
tensin-converting enzyme inhibitors might exclude
dialysis patients who are obese, have obvious signs
of volume overload, or are nonadherent. Such
exclusions could improve internal validity by re-
moving extraneous factors to enhance focus on the
inherent biologic effects of the medications. How-
ever, excluding patients on dialysis who are obese,
have clinical edema, or miss some dialysis sessions
would preclude understanding of the risks and
benefits of the study medications among these rel-
atively common groups, diminishing clinical appli-
cation. Because large randomized trial designs effectively
balance participant characteristics across treatment
groups, large pragmatic trials of BP treatments that
employ broad entry criteria and simple monitoring
strategies would maintain internal validity while
providing the greatest impact on clinical care.
Clinical trials of medications must carefully con-

sider the dosage and duration of the intervention
to provide clear separation of treatment groups
while maintaining patient safety. The numerous trials
cited in this review provide ample preliminary data for
choosing the correct dose and length of treatment for
future large-scale clinical trials.
Ideally, trials assess the impact of a treatment on

outcomes that are important to patients, such as the
development of major diseases, mortality, symp-
toms, and quality of life. Surrogate end points are
substitutes for direct measurements of how a patient
feels, functions, or survives. To qualify as a surro-
gate end point, a characteristic or measurement must
be shown to change in response to treatment in a
manner that is consistent with clinical benefit. For
example, in the general population, BP is an accepted
surrogate end point for cardiovascular disease be-
cause antihypertensive medications lower BP while
reducing the risks of stroke and heart failure. Simply
demonstrating associations of a characteristic with
disease risk is not sufficient to establish a surrogate
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end point for the purposes of clinical trials. For example,
higher serum phosphate or hemoglobin levels are associ-
ated with greater risk of cardiovascular disease and death
in patients with CKD; however, they would not be
considered surrogate end points for studies of treatment
of hyperphosphatemia or anemia with the intention of
reducing morbidity/mortality. In fact, there are repeated
examples of clinical trials in nephrology and other dis-
ciplines that demonstrated beneficial effects of an inter-
vention on a biomarker, only to find null or harmful effects
on clinical outcomes (2,3). Uncertainties regarding opti-
mal BP targets and the most accurate methods to measure
BP in patients on dialysis temper the use of BP as a surrogate
end point in studies of ESRD. Future BP trials that directly
assess clinical outcomes among patients on chronic dialysis
would have the greatest impact on clinical care.
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