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Resistant Hypertension in Dialysis: Epidemiology,
Diagnosis, and Management
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Abstract
Apparent treatment-resistant hypertension is defined as an elevated BP despite the use of ‡3 antihypertensive medications
from different classes or the use of ‡4 antihypertensives regardless of BP levels. Among patients receiving maintenance
hemodialysis or peritoneal dialysis, using this definition, the prevalence of apparent treatment-resistant hypertension is
estimated to be between 18% and 42%. Owing to the lack of a rigorous assessment of some common causes of
pseudoresistance, the burden of true resistant hypertension in the dialysis population remains unknown. What distin-
guishes apparent treatment-resistance from true resistance is white-coat hypertension and adherence to medications.
Accordingly, the diagnostic workup of a dialysis patient with apparent treatment-resistant hypertension on dialysis
includes the accurate determination of BP control status with the use of home or ambulatory BP monitoring and exclusion
of nonadherence to the prescribed antihypertensive regimen. In a patient on dialysis with inadequately controlled BP,
despite adherence to therapy with maximally tolerated doses of a b-blocker, a long-acting dihydropyridine calcium
channel blocker, and a renin-angiotensin system inhibitor, volume-mediated hypertension is the most important treatable
cause of resistance. In daily clinical practice, such patients are often managed with intensification of antihypertensive
therapy. However, this therapeutic strategy is likely to fail if volume overload is not adequately recognized or treated.
Instead of increasing the number of prescribed BP-lowering medications, we recommend diet and dialysate restricted in
sodium to facilitate achievement of dry weight. The achievement of dry weight is facilitated by an adequate time on dialysis
of at least 4 hours for delivering an adequate dialysis dose. In this article, we review the epidemiology, diagnosis, and
management of resistant hypertension among patients on dialysis.

JASN 35: 505–514, 2024. doi: https://doi.org/10.1681/ASN.0000000000000315

Introduction
Among patients on hemodialysis, hypertension is com-
mon and often treated but remains poorly controlled. In
one multicenter trial that included 2535 adult patients on
hemodialysis, the prevalence of hypertension, defined
by a 1-week average of predialysis BP, was 86%; 88%
were treated, but only 30% were controlled.1 In 369
patients on hemodialysis at a single center who under-
went 44-hour ambulatory BP monitoring (ABPM) over
an interdialytic interval—the gold standard for BP
control—the prevalence of hypertension was 82%; 89%
were treated, but only 38% were controlled.2 In this re-
view, we discuss the epidemiology of treatment-resistant
hypertension, its diagnosis, pathophysiology, and an ap-
proach to its management.

Definition and Epidemiology of Resistant
Hypertension across the Spectrum of CKD
Resistant hypertension is a phenotype that identifies a
subset of high-risk hypertensive patients with inadequately
controlled BP despite intensive treatment with multiple
antihypertensive medications. International guidelines
have specified the diagnostic criteria of this clinical entity

as follows: (1) BP that remains above the goal in patients
receiving $3 antihypertensives from different classes, one
of which should be a diuretic, or (2) concurrent use of $4
antihypertensive medications regardless of BP levels.3 In-
ternational guidelines make a clear distinction between
pseudoresistance and true resistant hypertension. Accord-
ingly, the definition of true resistant hypertension excludes
patients with the white-coat effect (i.e., abnormal office BP,
but normal out-of-office BP among treated patients) and
patients with nonadherence to the prescribed antihyper-
tensive regimen.3 Thus, diagnosing true resistant hyper-
tension requires both out-of-office BP measurements and
ensuring adherence; the latter is often performed by
sampling urine therapeutic drug monitoring. However,
pseudoresistance is not often excluded in epidemiologic
studies, and apparent treatment-resistant hypertension
more appropriately describes such patients.3 Notably,
these guideline recommendations are provided for the
general hypertensive population and may not be directly
applicable to patients on dialysis.

Epidemiology of Resistant Hypertension in CKD
In a 2019 meta-analysis of 91 studies incorporating data
from 3.2 million patients with drug-treated hypertension,4
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the prevalence of true resistant hypertension was 10.3%.4

As compared with the general population, the burden
of true resistant hypertension was reported to be two-fold
to three-fold higher in patients with CKD who are not
yet on dialysis.5 Furthermore, true resistant hypertension
seems to be of prognostic importance. As compared
with those with controlled hypertension, patients with
true resistant hypertension carry the highest long-term
risk of adverse cardiorenal outcomes.6 Accordingly,
in patients with CKD, classification of the severity of
hypertension facilitates better stratification of cardiore-
nal risk.

CKD-5D
The epidemiology of resistant hypertension is less well
defined in patients with kidney failure who are receiving
hemodialysis or peritoneal dialysis (Table 1). The five
available studies have provided prevalence rates ranging
from 18.0% to 42.0%.7–11 Several potential explanations
exist. These studies used different techniques in the as-
sessment of BP control status (i.e., dialysis unit BP mea-
surement, home BP measurement, or ABPM).7–11 Four of
five studies did not include any measure of medication
nonadherence.7,8,10,11 In line with pathophysiology and
pharmacologic principles, loop diuretics were not coun-
ted as a separate antihypertensive drug category in
these studies. Volume excess likely accounted for the
variation; two studies that used bioimpedance spectros-
copy (BIS) as a surrogate of volume excess showed that a
fraction of patients with apparent treatment-resistant
hypertension had subclinical hypervolemia.8,10 Because
causes of pseudoresistance were not adequately ad-
dressed in the existing literature,7–11 the prevalence of
true resistant hypertension among patients on dialysis
remains unknown.

Diagnosing True Resistant Hypertension in Patients
on Dialysis
Confirmation of Uncontrolled BP Outside of the Dialysis
Unit
According to guidelines,12 the first critical step in the
diagnostic workup of a patient with apparent treat-
ment-resistant hypertension is the confirmation of uncon-
trolled hypertension with BP measurements obtained
outside of the clinic. Among patients on dialysis, inter-
dialytic ABPM is recommended as the reference-standard
technique because this method is valid and reproducible
and enables the determination of BP not only under con-
ditions of resting but also during periods of activity.13

Furthermore, this technique enables the measurement of
BP during the period of sleep, facilitating the diagnosis of
an abnormal diurnal variation in BP, which is termed as
“non-dipping” or “reverse dipping.”13 These BP pheno-
types are commonly identified in patients on dialysis and
are associated with more severe target-organ damage
and increased risk of cardiovascular mortality.14,15 For
research studies, we recommend 44-hour interdialytic
ABPM. Because this method is not broadly available in
daily clinical practice, a more practical approach to achieve
an accurate assessment of hypertension is to ask the patients

to measure their BP at home over a few days with the use
of a validated BP monitor.

A growing body of evidence from studies conducted
specifically in the dialysis population suggests that the
technique of home BP monitoring has several advantages
over routine or even standardized dialysis unit BP record-
ings (Table 2).13 Home BP is superior to dialysis unit BP—
either routine or standardized—in diagnosing hyperten-
sion confirmed by ABPM.16,17 Home BP is volume sensi-
tive and can adequately detect changes in interdialytic
ambulatory BP provoked by the gradual reduction in dry
weight.18 Relative to predialysis and postdialysis BP,
home BP exhibits higher reproducibility and greater
test–retest reliability from one week to the next.18 As
compared with dialysis unit BP, home BP is more closely
associated with echocardiographically documented left
ventricular hypertrophy19 and is more informative in
the prognostication of the long-term risk of adverse car-
diovascular events and mortality.14,20 Finally, a random-
ized trial showed that the management of hypertension in
patients on dialysis with the guidance of home BP mon-
itoring is superior to antihypertensive therapy that is
guided by routine predialysis BP recordings in improving
ambulatory BP control over 6 months of follow-up.21

These data directly support the broader use of home BP
monitoring in the assessment and long-term management
of hypertension in patients on dialysis.

Defining the Optimal BP Target
The optimal BP threshold for the diagnosis and treatment of
hypertension in the dialysis population is not yet defined. In
the BP in Dialysis (BID) trial,22 126 patients on dialysis with
hypertension were randomized to a standardized predial-
ysis systolic BP of 110–140 mm Hg (intensive arm) versus
155–165 mm Hg (standard arm). Over a median follow-up
of 365 days, there was no difference between randomized
groups in change from baseline of left ventricular mass
index. The BID trial reported a potential signal of safety: the
risk of recurrent hospitalizations (hazard ratio [HR], 1.66;
95% confidence interval [CI], 1.18 to 2.34) and recurrent
vascular access thrombotic events (HR, 2.80; 95% CI, 1.18 to
6.66) was significantly higher in the intensive arm than in
the standard arm.22

The BID trial was a pilot study aiming to assess the
feasibility and safety of intensive BP control among pa-
tients on dialysis but was limited by its design. In the BID
trial, antihypertensive therapy was guided by standard-
ized predialysis BP measurements. This was so because
the investigators considered that the implementation of
home BP monitoring would not be feasible.22 However,
predialysis BP, even when measured with a standardized
methodology, is not an appropriate substitute for home BP
monitoring.18 Given the potential for harm when targeting
predialysis BP demonstrated in the BID trial, determina-
tion of BP target for the improvement of hard or interme-
diate clinical outcomes is better pursued through home BP
measurements. In the meantime, evidence from the Hy-
pertension in Hemodialysis Patients treated with Atenolol
and Lisinopril (HDPAL) trial suggests that lowering home
systolic BP below the threshold of 140 mm Hg is a reason-
able target for managing hypertension in patients on
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dialysis.23 In this 1-year long trial, monthly monitored
home systolic BP was targeted to levels ,140 mm Hg
with a combined therapeutic algorithm that included
probing of dry weight, sodium restriction, and adminis-
tration of BP-lowering medications.23

Assessment of Medication Nonadherence
Another important, but frequently underappreciated, cause
of pseudoresistance is the suboptimal adherence to anti-
hypertensive therapy. Medication nonadherence is
associated with several factors, such as pill burden,24

complexity of antihypertensive regimens, occurrence of
drug-related side effects, and poor relationship between
the patient and the clinician.25 A 2023 meta-analysis of
42 studies involving a total of 71,353 patients with
apparent treatment-resistant hypertension in the gen-
eral population showed that the overall prevalence of
medication nonadherence was 37% (95% CI, 27% to
47%).26 There was a significant heterogeneity across
the included studies. In part, this heterogeneity was

due to the variations in the methods of documenting
drug adherence. For example, when indirect measures
(i.e., pill counts or questionnaires) were used, the prev-
alence of nonadherence was 20% (95% CI, 11% to 35%).26

By contrast, when direct measures (i.e., directly ob-
served therapy or therapeutic drug monitoring) were
used, nonadherence was identified in 46% (95% CI, 40%
to 52%).26 These data indicate that direct methods are
likely superior to indirect methods, and the epidemio-
logic methods might markedly underestimate the mag-
nitude of drug adherence in the genesis of true resistant
hypertension.

Causes of True Resistant Hypertension in Patients on
Dialysis
Volume-Mediated Hypertension: The Elephant in the
Room
A patient on dialysis with poorly controlled hypertension
on$3 BP-lowering medications is volume expanded, unless

Table 1. Cross-sectional studies investigating the prevalence of apparent treatment-resistant hypertension in patients on dialysis

First
Author/Year Population

Definition of Apparent
Treatment-Resistant

Hypertension

Prevalence of
Apparent
Treatment-
Resistant

Hypertension

Home or
Ambulatory

BP Monitoring

Assessment
of Medication
Nonadherence

Assessment
of Volume

Status

Loop Diuretics
Counted as a

Separate
Antihypertensive
Drug Category

Tanaka
et al./20197

2999 patients
with
hypertension
on
hemodialysis

Uncontrolled BP
($140/90 mm Hg)
despite the use
of $3
antihypertensives
or use of $4
antihypertensives
regardless of
BP levels

18.0% No No No Not reported

Mallamaci
et al./20208

506 patients on
hemodialysis
from ten
dialysis
centers
in Europe

Uncontrolled
interdialytic BP
($130/80 mm Hg)
despite the use
of $3
antihypertensives
or controlled
hypertension by at
least four drugs

24.0% 44-h
interdialytic
ABPM

No BIS in an
unselected
subset of
104 patients

No

Li et al./20229 1789 patients
receiving
peritoneal
dialysis in
nine centers in
Guangdong,
China

Uncontrolled BP
($130/80 mm Hg)
with concurrent use
of $3
antihypertensive
drugs or controlled
BP by at least
four drugs

42.2% Home BP
monitoring
for 3 d

Use of a
questionnaire
and pill count
in one center

No No

Vareta
et al./202210

140 patients
receiving
peritoneal
dialysis in
four centers in
Northern
Greece

Uncontrolled BP
($130/80 mm Hg)
despite the use
of $3
antihypertensive
drugs or treatment
with $4 drugs
regardless of
BP levels

30.0% 24-h ABPM No BIS in the
overall
study
population

No

Symonidis
et al./202311

5879 unselected
patients
receiving
hemodialysis
in non-tertiary
centers
in Poland

Uncontrolled BP
($140/90 mm Hg)
despite the use
of $3
antihypertensives
or use of $4
antihypertensives
regardless of
BP levels

40.9% No No No Not reported

ABPM, ambulatory BP monitoring; BIS, bioimpedance spectroscopy.
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proven otherwise.13 This notion is supported by evidence
from a cross-sectional study that investigated the epi-
demiology of hypertension in 369 patients on dialysis
using the reference-standard technique of ABPM.2

Hypertension, defined as an average interdialytic ambu-
latory BP $135/85 mm Hg or the use of $1 antihyper-
tensive medications, was prevalent in 82% of the
patients. Although antihypertensive treatment was ad-
ministered in 89% on hypertensives, adequate ambula-
tory BP control was achieved in only 38% of drug-treated
patients.2 Exploratory analyses showed that the increas-
ing number of prescribed BP-lowering medications and
subclinical volume expansion—defined as the echocar-
diographic diameter of the inferior vena cava at end
expiration—were the two factors that were indepen-
dently associated with lack of adequate ambulatory BP
control.2 In a subgroup of 114 patients, antihypertensive
medications were withdrawn when BP was adequately
controlled at baseline. Over a period of 3–6 weeks, 80%
of these patients became hypertensive. Once again, prior
use of multiple antihypertensive medications and pres-
ence of an expanded volume state were the two major
determinants of developing uncontrolled hypertension.2

More direct evidence that hypertension in patients on
dialysis is a clinical manifestation of volume excess was
provided by a randomized controlled trial: the Dry-weight
Reduction in Hypertensive Hemodialysis Patients (DRIP)
trial.27 In this study, 150 patients on dialysis without overt
clinical signs or symptoms of hypervolemia were assigned
in a 2:1 ratio in an intervention group and control group.
In the intervention group, dry weight was probed through
gentle and gradual intensification of ultrafiltration. In the
control group, patients received only physician visits.27

Patients enrolled in the DRIP trial had uncontrolled hy-
pertension confirmed by ABPM, despite background treat-
ment with an average of 2.6 BP-lowering medications
daily at baseline. Thus, a substantial proportion of study
participants fulfilled the diagnostic criteria of apparent
treatment-resistant hypertension. At 4 weeks of follow-
up, an average reduction in postdialysis weight by 0.9 kg
was accompanied by a placebo-subtracted change
of 27.4/23.6 mm Hg in 44-hour ambulatory BP.27 The
proportion of patients with a $10 mm Hg reduction in
ambulatory systolic BP was 53% (46/87 patients) in the
intervention group versus 31% (14/45 patients) in the
control group. The combined odds ratio for a clinically
meaningful BP-lowering response to dry-weight reduction
over the course of the DRIP trial was 2.24 (95% CI, 1.32 to

3.81).27 These clinical trial data not only demonstrate the
efficacy of dry-weight probing in improving BP control
but also provide an estimation of the proportion of pa-
tients on dialysis with volume-responsive hypertension.

Volume assessment is especially important among
patients starting on dialysis, among those returning to
dialysis after a catabolic illness or prolonged hospitali-
zation, or among those who miss or shorten dialysis
treatments frequently. Thus, volume assessment is an
ongoing process. For patients who are incident on di-
alysis, there are expressions of concern that aggressive
volume management might provoke a more rapid loss of
residual kidney function. In such patients, observational
studies suggest that continuation of loop diuretics after
dialysis initiation is possibly associated with lower in-
terdialytic weight gain (IDWG), less intradialytic hypo-
tensive events, and lower risk of hospitalization.28,29

However, potential confounding from residual kidney
function precludes the opportunity to deduce direct
cause-and-effect relations from these observational
data. By contrast, a recent interventional study showed
that among patients on dialysis with substantial resid-
ual diuresis, oral furosemide administered up to a max-
imum dose of 320 mg/d was not effective in increasing
24-hour urine output over 18 weeks of treatment.30

Therefore, there are limited data to support the use of
loop diuretics for the improvement of volume and BP
control or for the long-term preservation of residual
kidney function. Irrespective of the presence or absence
of residual diuresis, the achievement and maintenance
of euvolemia remains the principal goal of treatment.

Interest has emerged for the clinical value of assistive
technologies, such as lung ultrasound and BIS, as tools
to guide management of dry weight. Observational stud-
ies showed that volume excess, as assessed with these
devices, is an independent predictor of future cardio-
vascular morbidity and mortality.31,32 However, in the
Lung Water by Ultrasound-Guided Treatment in Hemo-
dialysis Patients trial,33 as compared with conventional
management of dry weight, a lung ultrasound-guided
strategy failed to improve the primary composite out-
come of all-cause death, nonfatal myocardial infarction,
or decompensated heart failure (HR, 0.88; 95% CI, 0.63 to
1.24). In a meta-analysis of ten trials involving 2111
patients on dialysis, relative to usual care, adjustment
in dry weight with the guidance of assistive technologies
was not associated with a benefit on survival (risk ratio
[RR], 0.92; 95% CI, 0.57 to 1.51).34 Therefore, lung ultra-
sound, BIS, and other tools require further validation in
larger and longer-term clinical trials before being imple-
mented in everyday clinical practice.

Sodium Gain during Dialysis
Higher dialysate sodium concentrations are commonly
prescribed as a measure to maintain intradialytic hemo-
dynamic stability.35 However, this therapeutic approach
may increase sodium balance, thirst, and IDWG, result-
ing in volume overload and uncontrolled interdialytic
hypertension.35 In a meta-analysis of 12 trials incorpo-
rating data from 266 patients on dialysis, relative to a
neutral (138–140 mEq/L) or high (.140 mEq/L) sodium

Table 2. Evidence supporting the use of home BP monitoring
in patients on dialysis

1. Better diagnostic performance compared with routine or
standardized dialysis unit BP recordings

2. Adequately detects response to probing dry weight
3. Good week-to-week reproducibility
4. Associated with target-organ damage (echocardiographic

left ventricular hypertrophy)
5. Better associated with all-cause mortality than dialysis

unit recordings
6. Compared with dialysis unit measurements, treatment

guided by home BP recordings provides a better outcome
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concentration, the prescription of a lower sodium concen-
tration in the dialysate (,138 mEq/L) was associated with
less IDWG and reductions in the levels of predialysis and
postdialysis BP.36 However, these potential benefits were
counteracted by a higher incidence of cramps and hypo-
tension during dialysis.36 Most of the included studies in
this meta-analysis had small sample sizes and short dura-
tion of follow-up. With the exception of two trials, the
remaining ten studies evaluated a fixed prescription of a
lower versus higher sodium concentration in the dialy-
sate.36 Therefore, an abrupt and fixed (facility-wide) reduc-
tion in the dialysate sodium concentration probably leads
to a steeply negative dialysate-to-plasma sodium gradient
for a large sample of patients, magnifying the risk of
dialysis-related complications. Accordingly, we believe
that a positive benefit–risk ratio can be achieved if modi-
fications in the prescribed dialysate sodium concentration
are gradual and individualized, according to the predialysis
levels of serum sodium and patient’s response to this in-
tervention.13 Small interventional studies suggest that as
compared with fixed prescription, an individualized pre-
scription of the dialysate sodium concentration is effective
in limiting the IDWG and in improving BP control, without
excess risk of intradialytic hypotension.37–39

Non–Volume-Dependent Mechanisms of
Hypertension in Patients on Dialysis
Arterial Stiffness
Arteriosclerosis is a long-term process of structural alter-
ations in the wall of the aorta and large central arteries that
mediates isolated systolic hypertension, left ventricular hy-
pertrophy, subendocardial hypoperfusion, and down-
stream heart failure.40 It is, therefore, not surprising that
aortic pulse wave velocity (PWV), a direct marker of arterial
stiffness, is an independent predictor of cardiovascular
morbidity and mortality.41,42 As compared with the typical
age-related arterial stiffening in the general population,
progression of the arteriosclerotic process is accelerated
in patients on dialysis.41 A cross-sectional analysis of
11,833 BP measurements from 125 patients on dialysis
showed that increments in IDWG and aortic PWV sub-
stantially affected the patterns and rhythms of ambulatory
BP.43 In the trended cosinor model, each one log change in
aortic PWV was associated with an increase of 18.8 in mean
systolic pressure and a rise of 11.7 mm Hg in pulse pres-
sure.43 On the other hand, increments in IDWG predomi-
nantly influenced the rate of change in BP during the
interdialytic interval. The amplitude of circadian BP vari-
ation was blunted either with increasing aortic PWV or with
increments in IDWG.43

Because aortic PWV is associated with elevated BP and
taking into consideration that arterial stiffness is difficult
to modify with antihypertensive therapy, a secondary
analysis of the HDPAL trial explored the hypothesis
whether dialysis patients with higher aortic PWV also
experience more difficult-to-control hypertension.44

Among 179 hypertensive dialysis patients with left ven-
tricular hypertrophy, each 1-m/s higher aortic PWV was
associated with 1.34-mm Hg higher baseline ambulatory
systolic BP (b51.3460.46, P 5 0.004) and 1.02-mm Hg

higher baseline pulse pressure (b51.0260.33, P5 0.002).44

Most importantly, baseline aortic PWV did not predict the
treatment-induced reduction in ambulatory systolic/
diastolic BP at 3, 6, and 12 months of follow-up. In contrast
to the original hypothesis, increasing aortic PWV at base-
line was an independent predictor of the overall improve-
ment in pulse pressure over the course of the HDPAL
trial.44 Taken together, although aortic PWV is a strong
determinant of ambulatory BP in the dialysis population,
the severity of arterial stiffness in these patients does not
make hypertension more difficult to control.

Erythropoietin-Induced Hypertension
New-onset hypertension or worsening of preexisting
hypertension is an important, but frequently underrepor-
ted, complication of erythropoietin therapy.45 Several
clinical studies have failed to accurately detect the eleva-
tion in BP levels that is associated with the use of
erythropoietin-stimulating agents either because of the
lack of ABPM or because the pressor effect was blunted
by the more aggressive treatment of hypertension through
intensified prescription of BP-lowering medications and
closer attention to dry weight.46,47 However, in a cross-
sectional study, the use of erythropoietin was an indepen-
dent determinant of the prevalence of hypertension di-
agnosed by ABPM.2 Other studies using ABPM showed an
association of erythropoietin therapy with non-dipping
ambulatory BP.48 The exact mechanisms through which
erythropoietin exerts its pressor effect are not yet fully
clear, but it is unlikely that the magnitude of change in
hemoglobin and increased blood viscosity are the only
mediators of erythropoietin-induced hypertension.46,49

Preclinical studies suggest that the pressor effect of eryth-
ropoietin may be also mediated through impaired regu-
lation of nitric oxide, endothelin 1, and constrictor
prostanoids50–53 as well as through enhanced responsive-
ness to catecholamines and angiotensin II.54,55 The effect of
erythropoietin-stimulating agent therapy on the levels
of ambulatory BP and the underlying mechanisms medi-
ating this pressor effect are currently under investigation
in an ongoing trial among anemic patients with stage
3–4 CKD (NCT03810911).

Pharmacotherapy
Angiotensin-converting enzyme inhibitors (ACEIs) or angio-
tensin receptor blockers (ARBs) are recommended by guide-
lines as first-line agents in pharmacotherapy of hypertension
in the general population or in patients with earlier stages of
CKD.56,57 However, the cardioprotective benefit of ACEIs/
ARBs in the dialysis population remains uncertain. Individ-
ual trials to explore the safety and efficacy of these agents
have been few, have included small numbers of patients,
and have provided contradictory findings.58–62 In a 2022
meta-analysis of five trials involving a total of 1582 patients
on dialysis, relative to placebo, the use of ACEIs/ARBs was
not associated with a significant reduction in the risk of
cardiovascular events (RR, 0.79; 95% CI, 0.57 to 1.11).63 In
addition, therapy with ACEIs/ARBs had no clear benefit on
cardiovascular (RR, 0.82; 95% CI, 0.59 to 1.14) and all-cause
(RR, 0.86; 95% CI, 0.64 to 1.15) mortality.63
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b-blockers may be more effective in reducing BP in
patients on hemodialysis. The HDPAL trial was an
open-label, randomized controlled trial that provided a
head-to-head comparison between an ACEI-based and
b-blocker–based antihypertensive regimen in 200 patients
on dialysis with poorly controlled hypertension and left
ventricular hypertrophy.23 Patients enrolled in the
HDPAL trial were assigned in a 1:1 ratio to receive
either lisinopril (10–40 mg) or atenolol (25–100 mg),
each administered three times per week immediately after
dialysis. In contrast to the original hypothesis that an
ACEI-based regimen would be superior to atenolol in
causing regression of left ventricular hypertrophy,
treatment-induced improvement in left ventricular mass
index did not differ between groups.23 Furthermore,
monthly monitored home BP was consistently higher
in the lisinopril group than in the atenolol group, despite
the need for both a greater number of BP-lowering med-
ications and a more aggressive reduction in dry weight in

lisinopril-treated patients.23 Notably, the HDPAL trial
was closed early because of cardiovascular safety rea-
sons. The incidence rate ratio for the combined safety
outcome of cardiovascular death, myocardial infarction,
stroke, or hospitalization for heart failure was 2.29-fold
higher in lisinopril-treated patients than in atenolol-
treated patients.23

These clinical trial data indicate that among hyperten-
sive dialysis patients with left ventricular hypertrophy,
atenolol is possibly superior to lisinopril in improving BP
control and in preventing the risk of major adverse car-
diovascular events. In the absence of more conclusive
evidence from larger comparative phase 3 trials, based
on the results of the HDPAL trial,23 we use the b-blocker
atenolol as the first-line agent for the treatment of hyper-
tension in patients on dialysis.

In a double-blind trial, 251 patients on dialysis with
hypertension were randomized to active treatment with
amlodipine or placebo over a median follow-up period of

Figure 1. A step-by-step algorithm for the optimal assessment and management of hypertension among patients on dialysis. Because
dialysis-unit BP recordings, even when measured with a standardized methodology, provide an imprecise estimate of interdialytic
ambulatory BP, the diagnosis and overall management of hypertension should be on the basis of BP recordings obtained outside of the
dialysis unit. Home BP monitoring is a feasible and reliable approach to achieve an accurate diagnosis of hypertension. Home BP
monitoring is also a useful tool to guide the intensification of therapy over the long term. After an accurate diagnosis, management of
hypertension relies on four pillars of therapy: (1) probing of dry weight with gentle and gradual reduction in postdialysis weight, as
guided by the patient’s symptoms; (2) restriction of dietary sodium intake; (3) individualized prescription of sodium concentration in the
dialysate, according to the predialysis serum sodium levels and patient’s response to this intervention; and (4) adequate dialysis that should
be delivered three times per week with a total duration of at least 12 hours per week. When home systolic BP remains poorly controlled
(i.e., .140 mm Hg) despite the optimal management of volume, non–volume-dependent mechanisms are involved in the persistently
uncontrolled hypertension. At this stage, antihypertensive therapy is the next step to achieve normalization in home BP levels. The
selection of antihypertensive agents should be individualized and should be guided by clinical trials that explored the safety and efficacy of
different BP-lowering medications, particularly in the dialysis population. We use the b-blocker atenolol, administered three times per
week immediately after dialysis, as the first-line agent. If further intensification of treatment is needed, then we use long-acting dihy-
dropiridine CCBs, such as amlodipine and felodipine, as second-line therapy. ACEIs or ARBs are our third-line agents. In patients with
apparent treatment-resistant hypertension (i.e., above the goal despite concurrent use of three antihypertensive agents from different
classes), diagnostic workup includes confirmation of diagnosis of uncontrolled hypertension with the use of home BP monitoring,
evaluation of adherence to the prescribed antihypertensive regimen, and careful assessment of dry weight. ABPM, ambulatory BP
monitoring; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; aTRH, apparent treatment-resistant
hypertension; CCB, calcium channel blocker; HBPM, home BP monitoring.
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19 months.64 Whereas BP remained unchanged in placebo-
treated patients, a significant reduction of approximately
10 mm Hg in systolic BP was observed with amlodipine.
Amlodipine did not significantly improve the primary out-
come of all-cause mortality. However, relative to placebo,
amlodipine lowered by 47% the occurrence of the secondary
outcome, defined as the composite of nonfatal cardiovas-
cular events or all-cause death.64 Accordingly, we use long-
acting dihydropyridine calcium channel blockers, such as
amlodipine and felodipine, as second-line agents in phar-
macotherapy of hypertension in patients on dialysis.
ACEIs/ARBs are our third-line choice.65

In the general hypertensive population, the mineralo-
corticoid receptor antagonist (MRA) spironolactone is rec-
ommended by guidelines as the standard-of-care treatment
of resistant hypertension.56,57 However, among patients on
dialysis, the benefit–risk ratio of MRA therapy remains
unclear. In a 2021 Cochrane meta-analysis of 16 trials in-
corporating data from 1446 patients on dialysis, as com-
pared with a control group, the use of MRAs was associated
with a potential improvement in the risk of all-cause (RR,
0.45; 95% CI, 0.30 to 0.67) and cardiovascular (RR, 0.37; 95%
CI, 0.22 to 0.64) mortality.66 Regarding the safety profile,

relative to control therapy, MRA use was accompanied
with a 5.95-fold higher risk of gynecomastia and 1.41-
fold higher incidence of hyperkalemia.66 Notably, the po-
tential cardioprotective effect of spironolactone and epler-
enone in patients on dialysis should be interpreted with
caution. Most of the trials included in this meta-analysis had
an unclear or high risk of bias because of methodologic
limitations, such as small sample sizes and short-term du-
ration of follow-up.66 Larger and longer-term phase 3 trials
are ongoing with the aim to fully elucidate the safety and
efficacy of MRAs. A multicenter European 644-patient trial,
ALCHEMIST, compared spironolactone with placebo in
patients on long-term dialysis on its potential to prevent
cardiovascular outcomes. Cardiovascular outcomes were
as follows: nonfatal myocardial infarction, acute coronary
syndrome, hospitalization for heart failure, nonfatal
stroke, or cardiovascular mortality. Rossignol revealed
at the American Society of Nephrology Kidney Week
meeting in November 2023 that spironolactone did not
affect the primary outcome (HR, 0.996; CI, 0.729 to 1.362;
P 5 0.9819). In addition to concerns for the associated risk
of hyperkalemia,67,68 we do not routinely use spironolac-
tone and eplerenone in our patients on dialysis.65

Table 3. Areas of uncertainty in the field of hypertension in patients on dialysis and directions for future research

Topical Area Scientific Gaps and Existing Controversy Research Needed

BP targets The optimal BP targets for managing hypertension in
patients on dialysis are unknown. The only study to
compare a tighter versus less intensive systolic BP
target was a small feasibility trial aiming to inform
the design of a full-scale randomized trial

A full-scale trial comparing different goals of home
systolic BP target for the improvement of
cardiovascular events and all-cause mortality

Volume control Assistive technologies, such as lung ultrasound and
BIS, may be useful tools to guide management of
dry weight. Currently available studies have failed
to prove the superiority of these techniques over
usual care

A trial comparing a volume management strategy, i.e.,
guided by assistive technologies versus probing of
dry weight with the guidance of patients’ symptoms

Dialysate sodium Small crossover studies showed that a fixed
prescription of a lower versus higher dialysate
sodium concentration possibly limits the IDWG and
improves pre- and postdialysis BP. However, an
abrupt and fixed reduction in the dialysate sodium
concentration raises the risk of intradialytic cramps
and hypotension

A trial comparing the safety and efficacy of a strategy
using a fixed prescription of a high dialysate sodium
concentration with individualized prescription of
sodium concentration in the dialysate

Pharmacotherapy On the basis of extrapolation of evidence from clinical
trials conducted in the general population, ACEIs or
ARBs are commonly used as first-line agents in
pharmacotherapy of hypertension in patients on
dialysis. However, a phase 2 trial showed that an
atenolol-based regimen is possibly superior to a
lisinopril-based regimen in improving BP control
and in reducing the risk of major adverse
cardiovascular events

A phase 3 trial comparing the safety and efficacy of a
b-blocker–based regimen with a RAS blocker–based
regimen in improving cardiovascular morbidity and
mortality in patients on dialysis with hypertension

Pharmacotherapy BP medications are commonly held before dialysis to
prevent intradialytic hypotension. By contrast, this
might provoke persistently uncontrolled
hypertension

A trial to compare the safety and efficacy of taking
versus holding BP-lowering medications
before dialysis

Pharmacotherapy Nocturnal hypertension is common in patients on
dialysis and is associated with increased risk of
adverse cardiovascular outcomes. Therefore,
normalization of diurnal BP variation with bedtime
dosing of antihypertensive therapy may be an
effective strategy to improve
cardiovascular outcomes

A trial to compare evening versus morning dosing of
antihypertensive agents for the restoration of a
normal diurnal BP variation and improvement of
cardiovascular outcomes in patients on dialysis with
nocturnal hypertension

ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BIS, bioimpedance spectroscopy; IDWG,
interdialytic weight gain; RAS, renin-angiotensin system.
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The direct vasodilators hydralazine and minoxidil are
often administered in patients on dialysis with resistant
hypertension as agents of last resort.65 Hydralazine is short
acting and often provokes large variations (spikes and
valleys) in BP control. These pharmacokinetic properties
necessitate the dosing of hydralazine 3–4 times daily, rais-
ing substantially the pill burden and making its use com-
plex. By contrast, minoxidil has a longer duration of action
that ensures BP-lowering efficacy with only once-daily
dosing of this agent.65 However, the prescription of minox-
idil is often associated with hirsutism, which is a trouble-
some side effect for women. Another serious and not
infrequent side effect of minoxidil is pericardial effusion.
Centrally acting agents, such as clonidine, are also com-
monly prescribed to patients on dialysis with difficult-to-
control BP, but dry mouth, dizziness, and episodes of
orthostatic or intradialytic hypotension make once again
their use problematic.65 In our experience, patients on di-
alysis who are administered direct vasodilators or centrally
acting antihypertensives to achieve adequate BP control
require a closer examination of volume status. In such
patients, nonpharmacologic interventions, such as probing
of dry weight, sodium restriction, and adequate dialysis
delivery, are probably much more effective in controlling
hypertension.

Apart from short-acting agents, such as hydralazine,
there is limited evidence to support that holding antihy-
pertensive therapy before dialysis is effective in mitigating
the risk of intradialytic hypotension. A recent cluster
randomized trial failed to show that a strategy of taking
BP-lowering medications was noninferior to a strategy of
holding BP-lowering medications for the primary outcome
of intradialytic hypotension, defined as $30% of dialysis
sessions over a follow-up of 1 month with a nadir systolic
BP ,90 mm Hg.69 However, taking was superior to hold-
ing BP-lowering medications before dialysis for the sec-
ondary outcome of uncontrolled hypertension, defined as
an average predialysis systolic BP .160 mm Hg.69 These
data need to be carefully interpreted because this pilot
study had a short-term duration, adherence to the as-
signed dosing regimens was suboptimal, and the inci-
dence of symptomatic intradialytic hypotension was not
assessed. Finally, restoration of a normal diurnal BP var-
iation in patients on dialysis with a non-dipper or reverse-
dipper BP pattern could be theoretically achieved with
bedtime dosing of antihypertensive therapy.70 However,
there is currently no clinical trial evidence to demonstrate
that this strategy would improve cardiovascular outcomes
in this population.

Taken together, it seems that the prevalence of apparent
treatment-resistant hypertension in patients on dialysis may
be as high as 42%.7–11 However, we believe that the
proportion of patients on dialysis with true resistant hy-
pertension is substantially lower if we effectively address
some common causes of pseudoresistance. The diagnostic
workup of a patient on dialysis with apparent treatment-
resistant hypertension includes the accurate determination
of BP control status with the use of home BP monitoring or
ABPM and exclusion of nonadherence to the prescribed
antihypertensive regimen. In a patient on dialysis with
inadequately controlled BP, despite adherence to therapy
with maximally tolerated doses of a b-blocker, a long-acting

dihydropyridine calcium channel blocker, and an ACEI/
ARB, subclinical volume expansion is typically the media-
tor of uncontrolled hypertension. In this rather common
scenario, intensification of antihypertensive therapy is a
strategy that is likely to fail if volume excess is not ade-
quately addressed. Instead of an as-needed prescription of
an additional antihypertensive agent, we recommend di-
etary and dialysate sodium restriction, strict management
of dry weight, and adequate delivery of dialysis for the
holistic care of the patient. A step-by-step algorithm for the
optimal assessment and management of hypertension in
patients on dialysis is shown in Figure 1. Several areas of
uncertainty, such as optimal BP targets and strategies
for the effective pharmacologic and nonpharmacologic
treatment, need to be addressed in properly designed ran-
domized trials in the future (Table 3).
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