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Abstract
Purpose of Review Hypertension and antihypertensive drug utilization are remarkably prevalent in ESRD patients. Management
of blood pressure elevation in this population is complicated by many factors, including a multidimensional etiology, challenges
in obtaining accurate and appropriately timed blood pressure measurements, highly specific drug dosing requirements, and a
paucity of outcomes-based evidence to guide management decisions. The purpose of this review is to summarize and apply
knowledge from existing clinical trials to enhance safe and effective use of antihypertensive agents in dialysis patients.
Recent Findings Twometa-analyses have established the benefit of antihypertensive therapy in ESRD. Data supporting the use of
one antihypertensive class over another is less robust; however, beta-blockers have more clearly demonstrated improved cardio-
vascular outcomes in prospective randomized trials. Interdialytic home blood pressure monitoring has been demonstrated to be
better associated with cardiovascular outcomes than clinic pre- or post-dialysis readings and should ideally be considered as a
routine part of blood pressure management in this population.
Summary As data from small trials provides limited guidance for the management of hypertension in ESRD, more research is
needed to guide medication selection and utilization. Specifically, large prospective randomized trails comparing cardiovascular
outcomes of various medication classes and differing blood pressure targets are needed.

Keywords Hypertension . Hemodialysis . Chronic kidney disease . Antihypertensive agents

Introduction

Hypertension is highly prevalent in the dialysis population,
affecting more than 80% of end-stage renal disease (ESRD)
patients [1–3]. Utilization of antihypertensive agents for treat-
ment of elevated blood pressure is equally common, with
estimates of 70–90% of patients receiving antihypertensive

treatment [1, 3]. Despite the fact that almost all dialysis pa-
tients suffer from hypertension, evidence from robust clinical
trials designed to examine the risk and benefit of various man-
agement strategies is lacking.

Hypertension in the Dialysis Patient

Etiology of Hypertension and Importance of Dry
Weight in the Dialysis Patient

Hypertension is one of the most common causes of chronic
kidney disease, accounting for 30% of all cases [4]. Once
ESRD develops, the dysfunction of the kidney contributes to
further blood pressure dysregulation; therefore, hypertension
serves as both a progression factor for kidney disease and a
complication of the disease process. Traditional risk factors
for hypertension are present in many dialysis patients who
have had long-standing hypertension, including smoking,
obesity, inactivity, dietary indiscretion, genetics, and others.
In addition, renal-specific contributors to hypertension in

This article is part of the Topical Collection on Antihypertensive Agents:
Mechanisms of Drug Action

* Michelle A. Fravel
michelle-fravel@uiowa.edu

1 Department of Pharmacy Practice and Science, College of Pharmacy,
The University of Iowa, 220 PHAR, 115 S. Grand Ave., Iowa
City, IA 52242, USA

2 Department of Pharmaceutical Care, University of Iowa Hospitals
and Clinics, Iowa City, IA, USA

3 Division of Nephrology and Hypertension, Department of Internal
Medicine, Carver College ofMedicine, The University of Iowa, Iowa
City, IA, USA

Current Hypertension Reports (2019) 21: 5
https://doi.org/10.1007/s11906-019-0909-z

http://crossmark.crossref.org/dialog/?doi=10.1007/s11906-019-0909-z&domain=pdf
mailto:michelle-fravel@uiowa.edu


ESRD are numerous and require special attention, as a suc-
cessful approach to management of blood pressure elevation
must take into account the underlying etiologies (see Fig. 1).

Specific pathophysiological explanations for hypertension
in ESRD include increased activation of the sympathetic ner-
vous system and the renin-angiotensin-aldosterone system
(RAAS) [5–7]. Interestingly, the origin of sympathetic activa-
tion seems to be directly related to diseased kidneys, as bilat-
eral nephrectomy and renal denervation have both demon-
strated improved effects on blood pressure control in dialysis
patients [8–11]. With regard to RAAS activation, it is well
established that this system is a primary target in pre-dialysis
CKD patients; however, it is important to acknowledge that
activation of this system persists in ESRD and should contin-
ue to be considered as a target for intervention.

Outside of renal-specific etiologies, established secondary
causes must be considered in ESRD patients with resistant
hypertension. These include hyperaldosteronism, pheochro-
mocytoma, thyroid diseases, sleep apnea, drug-induced hyper-
tension, and others. With regard to drug-induced causes, al-
though all medications known to increase blood pressure
should be routinely considered (i.e., NSAIDs, SNRIs, stimu-
lants, estrogens), erythropoiesis stimulating agents (ESAs) de-
serve extra attention given common use among dialysis pa-
tients. Various mechanisms have been proposed to explain the
blood pressure elevating effects of ESAs including increased
blood viscosity and heightened vasoconstriction [12•]. The
effect is a dose-related property and also correlates with
achievement of higher hemoglobin targets with use of ESAs

[13, 14]. Finally, medication non-adherence is a significant
consideration and a likely contributor to uncontrolled hyper-
tension in ESRD patients. It is estimated that dialysis patients
take, on average, 19 pills per day with non-adherence rates
projected to be greater than 60% [15, 16].

Fluid and sodium balance is the cornerstone of blood pres-
sure management in ESRD [12•, 17•]. With a decline in renal
clearance, the ability to excrete fluid and sodium diminishes,
leading to volume overload and resulting blood pressure ele-
vation. A plan primarily targeting the achievement of optimal
volume status is the first step in addressing hypertension in
ESRD, as efficacy of alternative approaches is mitigated by
the presence of volume overload and its insurmountable im-
pact on blood pressure. The general approach to attain optimal
fluid balance is sodium restriction paired with achievement of
a patient’s optimal dry weight.

Dry weight is a term used to describe a patient’s post-
dialysis weight, once maximal fluid has been removed by
dialysis. Maximizing volume removal, thus lowering a pa-
tient’s dry weight, has been demonstrated to result in im-
proved blood pressure control in clinical trials [18, 19].
There are many different approaches to attainment of dry
weight including ultrafiltration, extended dialysis duration,
and increased dialysis frequency. Isolated ultrafiltration offers
the advantage of minimizing patient time and financial re-
sources given that additional dialysis time is not required;
however, more aggressive removal of fluid is associated with
unpleasant side effects during dialysis, including hypotension,
cramps, nausea, and vomiting, making the strategy less

Fig. 1 Etiology of hypertension
in ESRD
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desirable and potentially intolerable for patients. Another key
challenge in dry weight management is determination of an
optimal weight goal. There are currently no standardized mea-
sures to accurately identify an appropriate target weight for a
patient, and active research in the utilization of ultrasound and
bio-impedance for this purpose is underway [20]. Until these,
more innovative measures are validated, a trial-and-error ap-
proach of “probing” the weight (i.e., gradually pushing the dry
weight lower with subsequent dialysis sessions) to the lowest
tolerated weight is the most common approach in practice
[21].

Sodium restriction is paramount inminimizing intradialytic
weight gain which, in return, allows for better tolerance in
achievement of optimal dry weight [22]. A sodium restriction
of 1.5 g of sodium per day is recommended, [12•] a task that
can be highly challenging for patients given the prevalence of
high-sodium foods in the US diet. Patient education and con-
tinued monitoring of dietary adherence is critical to ensure
optimization of these efforts. In addition to dietary restriction,
sodium concentration of dialysate can also be modified.
Dialysate solutions with high-sodium concentration may re-
sult in fewer side effects during dialysis treatment (e.g., hypo-
tension, muscle cramps, nausea/vomiting); however, clinical
trials have demonstrated increased interdialytic weight gain
with high-sodium concentration solutions and have suggested
benefit with minimizing sodium concentration based on indi-
vidual patients’ pre-dialysis sodium levels [23, 24].

Measurement of Blood Pressure in the Dialysis Patient

In addition to the complex and multifaceted etiology of hy-
pertension in patients with ESRD, accurate measurement of
blood pressure in this population proves to be perhaps an even
greater challenge. The routine shifts in volume status contrib-
ute to significant fluctuations in blood pressure, making it
difficult to determine which blood pressure readings should
be used to determine the patient’s true blood pressure and their
level of control. Substantial fluid gain between dialysis ses-
sions can lead to acutely elevated pre-dialysis blood pressure
readings while rapid fluid loss throughout a dialysis session
can lead to intradialytic and post-dialysis hypotension.
Although frequent blood pressure measurement is necessary
during dialysis for management of acute issues linked to vol-
ume homeostasis, evidence supports that home blood pressure
measurement and ambulatory blood pressure monitoring pro-
vide a more accurate estimate of blood pressure which is more
reliably correlated to cardiovascular outcomes compared to
pre- or post-dialysis readings [25••, 26, 27].

Given the cost, patient discomfort, and overall burden as-
sociated with ambulatory blood pressure monitoring, a practi-
cal alternative in routine practice may be to request that a
patient monitor blood pressure at home at specific intervals.
For example, monitor twice-daily readings on non-dialysis

days for 1 week every month. This allows for treatment deci-
sions to be based on average blood pressure readings which
include a large range of blood pressure data points. Home
blood pressure monitoring frequency can be tailored to indi-
vidual patients, with more frequent monitoring necessary in
those apparently lacking optimal blood pressure controls.

Blood Pressure Targets in the Dialysis Patient

While blood pressure targets continue to be debated in the
general public, even less conclusive evidence exists to guide
blood pressure targets for patients with ESRD. Conflicting
results are seen when pre- and post-dialysis blood pressure
levels are correlated with cardiovascular outcomes. For exam-
ple, a U-shaped curve has been demonstrated in clinical trials,
showing worse outcomes in individuals with lowest and
highest pre- or post-dialysis blood pressures [28]. In contrast,
lower interdialytic blood pressures levels, measured by home
or ambulatory blood pressure monitoring, have been consis-
tently associated with improved cardiovascular endpoints [26,
27].

Although ACC/AHA, JNC 8, and KDIGO hypertension
guidelines exclude ESRD patients in their recommendations
and no current guidelines address management of hyperten-
sion in ESRD, a 2016 European consensus statement on the
management of hypertension in ESRD suggests that an aver-
age BP > 135/85 mmHg, using measurements collected in the
morning and in the evening over 6 non-dialysis days, can be
used as a threshold to define hypertension in ESRD [12•].

Outcomes Supporting Use of Antihypertensive
Agents in Dialysis Patients

Two meta-analyses have been performed examining the car-
diovascular benefits of antihypertensive therapy in dialysis
patients. The first included eight trials containing 1679 pa-
tients in total. Active treatment with blood pressure lowering
medications was associated with reduced mean blood pressure
(4.5 mmHg systolic and 2.3 mmHg diastolic decline) and a
reduced risk of cardiovascular events (RR 0.7, 95% CI 0.55–
0.92), all-cause mortality (RR 0.8, 95% CI 0.66–0.96), and
cardiovascular mortality (RR 0.71, 95% CI 0.5–0.99) [29••].
A second meta-analysis, including 5 of the 8 studies in the
aforementioned analysis, evaluated data for 1202 patients.
Similar results were found, including an improved hazard ra-
tio for cardiovascular events (HR 0.69, 95% CI 0.56–0.84)
[30••]. Notably, when patients receiving antihypertensive ther-
apy were evaluated according to hypertensive status, hyper-
tensive vs. normotensive, the cardiovascular benefit was
retained in the hypertensive group but diminished in the nor-
motensive group (HR 0.49, 95% CI 0.35–0.67 and 0.86, 95%
CI 0.67–1.12 respectively) [30••].
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Limitations of both meta-analyses include the small num-
ber and size of included trials. Another important consider-
ation is the significant variation in design of each trial. Some
trials were designed to evaluate effectiveness of blood pres-
sure lowering with specific drug therapy; whereas, other trials
were designed to examine cardiovascular effects of specific
antihypertensive classes in patients at high CV risk, with or
without hypertension. Furthermore, a variety of different med-
ications were utilized in the individual trials. For these rea-
sons, it is not possible to draw conclusions about preferred
classes of antihypertensive agents in ESRD patients from this
data.

Medication classes with well-established evidence of ben-
efit in the general population do not always produce benefit in
an ESRD population. A prime example of this is statin thera-
py, which has not been demonstrated to provide cardiovascu-
lar benefit in an ESRD population [31–33]. For this reason,
extrapolating information from trials performed in the general
population to an ESRD population must be done with caution.
From this standpoint, the information generated form these
meta-analysis supporting a basic role of antihypertensive ther-
apy is the ESRD population is pivotal in guiding pharmaco-
therapy management for this population.

Use of Antihypertensive Agents in the Dialysis
Patient

Compared with the general population and the non-dialysis
CKD population, determining an optimal antihypertensive
medication regimen for a patient on dialysis requires an en-
tirely new approach for medication class selection, individual
agent choice, drug dosing, and timing of drug administration.
As noted previously, classes of antihypertensive medications
with well-established benefits demonstrated in clinical trials in
the general population might not confer the same benefits in
the ESRD population. Furthermore, renal clearance and
dialyzability of individual medications must be carefully con-
sidered when selecting a specific drug regimen.

Selection of antihypertensive therapy in the general popu-
lation is based on cardiovascular benefit of individual classes,
as demonstrated in large-scale clinical trials. In the ESRD
population, this data does not exist; therefore, treatment deci-
sions are less clear. A recent survey among 160 practicing US
nephrologists designed to examine prescribing patterns re-
vealed that the largest percentage of respondents (68%)
ranked calcium channel blockers (specifically nifedipine and
amlodipine) as most effective in the treatment of hypertension
in dialysis patients, followed by beta-blockers (35%), ACEIs
(32%), ARBs (29%), and diuretics (25%) [34]. The diversity
of practice preference highlighted by the survey responses
stems from the lack of evidence-based guidance that exists
for pharmacologic management of this condition.

Furthermore, it must be noted that, given the numerous chal-
lenges associated with maintaining adequate blood pressure,
many patients require treatment with multiple antihyperten-
sive agents.

A report from a KDIGO clinical controversy conference,
concludes that current evidence is not available to support use
of one class of antihypertensive agents over another in ESRD
[17•]. In contrast, within the 2016 European consensus docu-
ment, it is specifically recommended that beta-blockers should
be considered as f i rs t - l ine therapy, fol lowed by
dihydropyridine calcium channel blockers as second-line
agents [12•]. Both organizations highlight the need for clinical
trials examining efficacy of antihypertensive therapy in reduc-
ing cardiovascular disease outcomes in the dialysis
population.

With regard to drug dosing in dialysis, two primary factors
must be considered: the extent to which the drug is renally
eliminated and the significance of the removal of the drug via
dialysis. If a medication is not eliminated by the kidneys (e.g.,
primarily undergoes hepatic metabolism) and is not removed
via dialysis, no drug-dosing modifications need to be consid-
ered. In contrast, if a drug is removed by the kidney, dialysis,
or both, dosing adjustments will likely be necessary. For ex-
ample, if a drug is almost entirely renally eliminated and does
undergo appreciable dialysis removal, consideration may be
given to non-traditional dosing strategies, such as thrice week-
ly observed post-dialysis dosing. This innovative dosing strat-
egy is based on the idea that a renally eliminated drug will
maintain activity throughout the entire interdialytic time peri-
od and can then be cleared during the dialysis session and re-
dosed for the next interim period. Table 1 summarizes guid-
ance in applying these general properties to specific antihy-
pertensive agents.

Althoughmany guidance documents related to drug dosing
in dialysis exist to aid in proper dosing, it is critical to have a
basic understanding of drug removal processes to fully appre-
ciate the variability with which a medication may be removed
via dialysis, even at the same dose in the same patient.
Dialyzability of a medication is indirectly related to the med-
ication’s volume of distribution, protein binding, and molec-
ular weight, meaning that as these drug characteristics in-
crease, the dialyzability of the medication decreases and vice
versa. Table 2 provides an overview of these drug-specific
pharmacokinetic medication properties for commonly used
antihypertensive agents that may be encountered in the dialy-
sis patient.

Beta-Blockers

Although not recognized as first-line therapy for management
of hypertension in the general population, beta-blockers are
commonly used in the management of hypertension in ESRD
[17•]. Mechanistically, this class is beneficial in mitigating the
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increased sympathetic activity seen in ESRD. Furthermore,
the established benefits of beta-blockers in the general popu-
lation with established cardiovascular disease is a major con-
sideration for patients with ESRD given substantially higher
rates of cardiovascular disease and cardiovascular-related
death in this population. For these reasons, clinical trials have
been conducted to evaluate the effectiveness of beta-blockers
in dialysis populations to a greater extent than other antihy-
pertensive classes. In one trial of 114 dialysis patients with
cardiomyopathy, patients were randomized to receive carve-
dilol or placebo. After 2 years, 51.7% in the carvedilol group
died compared to 73.2% in the placebo group (p < 0.1) [39••].
In a second trial, the HAPDL trial, atenolol was compared to
lisinopril in 200 patients with hypertension [40]. Although the
primary outcome of LV mass index improved the same extent
in both groups, the trial was terminated early due to the ben-
eficial effects seen with atenolol with regard to prevention of
serious cardiovascular events, including MI, stroke, heart fail-
ure hospitalizations, and cardiovascular death. Notably, there
was no significant difference in blood pressure control be-
tween the two agents; however, atenolol was associated with
numerically lower blood pressure levels as well. Although
small, these trials suggest benefit with use of beta-blockers
in patients with ESRD making this class a primary consider-
ation for first-line therapy.

In terms of usability, beta-blockers vary widely with regard
to their renal elimination and dialyzability. Atenolol, for ex-
ample, is highly renally eliminated and highly dialyzable.
These properties have been exploited in non-traditional dosing
approaches involving supervised administration thrice

weekly, post-dialysis. In a small trial examining 3 weeks of
this atenolol dosing strategy among 8 dialysis patients, mean
44-h ambulatory systolic blood pressure levels fell from 144
to 127 mmHg [41]. Of note, the previously mentioned
HAPDL trial comparing lisinopril to atenolol used this dosing
strategy for both agents [40]. The advantage of in-clinic dos-
ing offered by this approach cannot be overstated given the
high pill burden and complex drug regimens that are common
among ESRD patients. On the other hand, small trials have
supported the use of non-dialyzable beta-blockers, citing the
benefit conferred from maintenance of intradialysis beta-
blocker effects [42]. Decisions regarding selection of a specif-
ic beta-blocker should be individualized, with thrice weekly
dosing preferred for patients challenged by medication adher-
ence. Table 2 includes specific pharmacokinetic information
for each beta-blocker, which should be considered for selec-
tion and dosing of each agent.

Calcium Channel Blockers

In the general population, calcium channel blockers are effec-
tive agents commonly utilized in the treatment of hyperten-
sion, angina, and supraventricular tachycardia. These agents
are divided into two subclasses based on primary site of ac-
tion, with dihydropyridines showing higher selectivity for vas-
cular smooth muscle and non-dihydropyridines acting primar-
ily in the myocardium. Although both subclasses demonstrate
similar eff icacy in blood pressure lowering, the
dihydropyridines are typically preferred over non-
dihydropyridines in the dialysis population and are overall

Table 1 General dialysis dosing concepts

Significant dialysis removal Non-significant dialysis removal

Significant renal excretion • Drug concentration/effect: may last until next
dialysis session; significantly decreased
following dialysis; drug accumulation
possible between dialysis sessions

• Drug concentration/effect: will last until
next dialysis section; unaffected by dialysis;
drug accumulation highly likely

• Drug dosing considerations: monitoring for
needed dose adjustments according to drug
effect in between dialysis sessions recommended

• Drug dosing considerations: reduced doses,
extended dosing intervals, or avoidance
of medication recommended

• Example: atenolol
○ Can consider supervised, in clinic, thrice weekly

dosing after dialysis

• Example: eplerenone
○ Labeling suggests contraindication in renal

impairment/ESRD given concerns with
accumulation and resulting hyperkalemia

Non-significant renal excretion • Drug concentration/effect: unaffected between
dialysis sessions; significantly decreased following
dialysis; drug accumulation unlikely

• Drug concentration/effect: unaffected; drug
accumulation unlikely

• Drug dosing considerations: usual dosing can be
followed; however, supplemental dosing or post-dialysis
dosing recommended to avoid drug loss during dialysis

• Drug dosing considerations: no change from
usual dosing recommended

• Example: enalapril
○ Specific supplemental dosing recommended
○ Can also consider adjusting administration time to

the evening to simplify regimen for improved adherence

• Example: irbesartan
○ No dose adjustment necessary
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considered second-line agents for the treatment of hyperten-
sion. The preference for dihydropyridines is based on a larger
body of data assessing the effectiveness in patients on dialysis
in comparison to the non-dihydropyridines [17•]. In one trial
of 251 patients on hemodialysis, amlodipine dosed at 10 mg/
day was associated with a non-significant improvement in
survival and a 47% reduction in the composite secondary end-
point of all-cause mortality or cardiovascular event when
compared with placebo [43••].

Calcium channel blockers have favorable pharmacokinetic
properties for use in the dialysis population. Most of these
agents primarily undergo hepatic elimination and none of
them are dialyzable. Patients receiving dihydropyridine calci-
um channel blockers should be closely monitored as fluid
retention and edema are common adverse effects associated
with these medications. Most of these agents only require
once-daily administration and have broad dosing ranges.
Concomitant administration of non-dihydropyridine calcium
channel blockers and beta-blockers should be avoided due to
increased risk of bradycardia and electrical conduction
defects.

Renin Angiotensin Aldosterone System Antagonists

RAAS inhibition with use of angiotensin II converting en-
zyme inhibitors (ACEIs) or angiotensin II receptor blockers
(ARBs) is inarguably first-line therapy in patients with hyper-
tension and CKD not receiving dialysis. Furthermore, these
agents are recognized as first-line therapy for the general pop-
ulation with hypertension, coronary artery disease, or heart
failure. As increased RAAS activity is a documented contrib-
utor to hypertension in ESRD, it is logical to also employ
these medications in dialysis patients with blood pressure el-
evation.While small trials have documented improved cardio-
vascular outcomes with use of ACEI/ARB therapy compared
to placebo [44–47], there is currently no evidence to support
an advantage in clinical outcomes with this class of antihyper-
tensive agents compared to other classes when used in an
ESRD population [40].

When using ACEIs or ARBs in dialysis patients, it is im-
portant to note the significant variability in renal clearance and
dialyzability of each individual agent. ARBs, in general, are
metabolized by the liver and do not undergo appreciable dial-
ysis removal. In contrast, certain ACEIs, lisinopril for exam-
ple, are predominantly eliminated by the kidneys and do un-
dergo substantial dialysis removal making dosing more com-
plex. As mentioned previously, supervised thrice weekly dos-
ing of lisinopril has been evaluated in clinical trials and has
been shown to result in significant blood pressure reduction
[40]. Refer to Table 2 for additional detail regarding specific
drug properties of each individual agent.

While ACEIs and ARBs are overall well tolerated,
hyperkalemia is an important consideration. Despite

potassium removal with dialysis, hyperkalemia is a chronic
issue for some patients and may limit utilization of this med-
ication class. It should be noted that patiromer, a potassium
binder studied for daily use in non-dialysis CKD patients with
hyperkalemia taking RAAS antagonists, has also been studied
in a small number of dialysis patients and has demonstrated
safe and effective potassium and phosphorus lowering [48].
Addition of daily patiromer therapy may be considered in
ESRD patients with hyperkalemia due to ACEI/ARB therapy
who may otherwise benefit; however, widespread use of
patiromer is limited by high cost and the requirement to sep-
arate administration from other medications by 4 h to avoid
medication binding and consequent diminished effects.

Aldosterone Antagonists

Aldosterone antagonists, spironolactone and eplerenone, have
established efficacy in the management of heart failure in the
general population and are widely accepted as add-on agents
to ACEI/ARB therapy in the treatment of proteinuria in CKD.
In ESRD, the activation of the RAAS system can be addressed
with use of ACEI/ARB therapy; however, it has been demon-
strated that increased levels of aldosterone persist in a phe-
nomenon referred to as “aldosterone breakthrough” [49].
Furthermore, the increased prevalence of left ventricular hy-
pertrophy and overall of burden of cardiovascular disease
among the ESRD population make the aldosterone antagonist
class attractive given the known morbidity and mortality ben-
efits conferred with use of these medications in patients with
heart failure. Small trials examining the efficacy and safety of
aldosterone antagonists have been performed in ESRD pa-
tients and have shown benefit in surrogate cardiovascular out-
comes, including ejection fraction improvements and decrease
in LVH prevalence [50–52]. Hyperkalemia is the primary
safety concern. Although more prevalent in these small trials,
the extent of hyperkalemia was determined to be manageable
and did not require drug discontinuation.

It should be noted that both spironolactone and eplerenone
undergo significant renal elimination and are not removed by
dialysis. For this reason, drug accumulation and resulting
hyperkalemia is a significant concern for patients with im-
paired renal clearance and has led to the recommendation
against use of these agents in patients with CKD and ESRD.
Despite this concern, use of these agents has been explored in
ESRD populations, as described previously, given the poten-
tial gains that may exist which could outweigh these potential
risks. Although at highest risk of drug accumulation among
CKD patients, ESRD patients are more closely monitored
than non-dialysis CKD patients, with thrice-weekly dialysis
clinic visit. This allows for routine monitoring of potassium,
making risks associated with hyperkalemia potentially less
concerning for dialysis patients compared to the non-dialysis
CKD population.
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A notably large prospective trial, ALCHEMIST, is under-
way and projected to be complete in 2024 [53]. This trial will
evaluate the effectiveness of spironolactone compared to pla-
cebo in over 800 ESRD patients. The primary outcome is time
to first incident of non-fatal MI, acute coronary syndrome,
hospitalization for heart failure or non-fatal stroke, or cardio-
vascular (CV) death after approximately 2 years of treatment.
The level of evidence in establishing safety/efficacy of anti-
hypertensive therapy in ESRD patients that will be produced
from this trial is highly anticipated and is a good step in meet-
ing the evidence needs that have been highlighted by several
organizations [12•, 17•].

Diuretics

It is commonly thought that diuretic therapy is ineffective in
ESRD due to lack of urine production as a result of renal
function decline. In ESRD patients with residual renal func-
tion, making at least 100 ml of urine per day, loop diuretics
may be efficacious in improving blood pressure and overall
health outcomes for dialysis patients [54]. It is suggested that
diuretic therapy may assist in decreasing fluid accumulation
over the interdialytic period which allows for less aggressive
fluid removal during dialysis, fewer intradialytic hypotensive
episodes, and more success at achieving optimal dry weight
[12•, 55]. Although maximizing doses can lead to maximized
efficacy, serious side effects, namely ototoxicity, are also dose
related. For this reason, dosing should not exceed usual limits.

Other Antihypertensive Agents

Other classes of antihypertensive agents include alpha-
blockers, alpha agonists, and vasodilators. Alpha-blockers
may be especially useful in patients with residual renal func-
tion and comorbid benign prostate hypertrophy given known
benefits in enhancement of urinary flow. Clonidine offers the
advantage of weekly transdermal patch administration, a par-
ticularly attractive option for certain ESRD patients with very
high pill burden. Given its centrally acting alpha agonist ac-
tivity, however, sedation and dry mouth limit widespread use
due to intolerance, even when administered transdermally.
Finally, vasodilators are useful adjuncts for blood pressure
lowering due optimal tolerability. Potential drawbacks include
multiple daily dosing and peripheral edema.

Conclusion

In the absence of consensus guidelines, practitioners involved
in optimizing the use of antihypertensive agents in ESRD
patients are required to combine knowledge generated from
small trials with fundamental knowledge of hypertension eti-
ology in ESRD and basic concepts associated with drug

dosing in dialysis. Involvement of the entire multi-
disciplinary dialysis team and engagement of the patient in
decision-making are critical components for successful man-
agement of blood pressure. The need for future research in this
area is a great, given the substantial cardiovascular-related
morbidity and mortality in this high-risk population.
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