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ABSTRACT

Resistant hypertension (RH) represents an
advanced subtype of hypertension that is com-
plex to diagnose and treat. Compared with
general hypertension, RH increases the risk
patients will develop more advanced cardio-
vascular complications, including heart failure
with reduced ejection fraction (HFrEF). As
expected, the prevalence of RH has increased
since the introduction of lower blood pressure
targets included in the recent 2017 American
blood pressure guidelines. The array of phar-
macotherapies available to treat both hyper-
tension and HFrEF has also expanded within the
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past decade. However, the efficacy of these
cutting-edge pharmacotherapies has not come
without a more advanced understanding of the
important adjunct role non-pharmacological
therapies play in helping with the management
of both hypertension and HFrEF. In this review,
we provide a summary of the latest pharmaco-
logical and non-pharmacological strategies that
can be used to initiate treatment and optimize
long-term blood pressure control in patients
with coexistent RH and HFrEF.
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Key Summary Points

Resistant hypertension (RH) represents an
advanced subtype of hypertension that is
complex to diagnose, treat, and increases
the risk patients develop advanced
cardiovascular complications, such as
heart failure with reduced ejection
fraction (HFrEF).

As the number of patients with RH
continues to rise in the United States, so
too does the prevalence of patients with
HEFrEF and also those with coexistent RH
and HFrEF.

There is no randomized controlled clinical
trial-based evidence available to guide the
use of pharmacotherapies for the optimal
management of BP specifically in patients
with coexistent RH and HFrEF.

In this review, we summarize the latest
pharmacological and non-
pharmacological interventions that are
available for potentially optimizing BP
control in patients with coexistent RH and
HFrEF.

Non-pharmacological therapies, including
exercise training, when individually
prescribed based on the model established
in HFrEF is medically reasonable and can
be expected to contribute to the effective
management of both resting and
ambulatory BP in patients with coexistent
RH and HFrEF.

Cutting-edge treatment options, including
small interfering RNAs, renal denervation,
and baroreflex activation therapy, are
currently under investigation. As higher-
quality data become available from
randomized controlled clinical trials, it
can be expected that the continued
evolution of BP treatment guideline
recommendations will ultimately allow
for the advanced development of
individualized treatment plans that can
durably maintain BP below guideline-
recommended targets.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13160822

INTRODUCTION

Hypertension is a world-wide public health
concern that not only persists as a key risk fac-
tor for the development of more advanced and
chronic cardiovascular conditions, such as
ischemic heart disease and heart failure (HF),
unmanaged high blood (BP) pressure also
increases the risk of both hospitalizations and
mortality [1-3]. As expected, these concerns
have recently been amplified as the estimated
prevalence of high BP requiring treatment in
adults aged 20 years and older residing in the
United States (US) took a major uptick follow-
ing the release of the 2017 American Heart
Association (AHA) and American College of
Cardiology (ACC) BP guidelines [4, S]. The
decision to move towards more aggressive BP
targets for both initiating treatment and goal
setting largely came as a result of powerful data
generated from the Systolic Blood Pressure
Intervention Trial (SPRINT) [3]. Published in
2015, SPRINT demonstrated using a random-
ized controlled and open-label study design that
in non-diabetic patients, aggressive manage-
ment of hypertension to a systolic pressure goal
of < 120 mmHg lowers rates of adverse cardio-
vascular events, predominantly those associated
with new-onset HF, as well as all-cause mortal-
ity [3]. The strength of the SPRINT evidence
confirms how important it is to promptly diag-
nose, initiate therapy, and aggressively manage
hypertension in both primary and secondary
prevention settings as a long-term strategy that
can appreciably lessen the risk of adverse clini-
cal outcomes.

In addition to leading to an increase in the
overall prevalence of hypertension, the recent
lowering of BP targets has also led to a higher
number of patients diagnosed with resistant
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hypertension (RH). This is generally defined as
an above target BP in patients taking three or
more BP-lowering medications at maximally
tolerated doses, including a diuretic appropri-
ately dosed for renal function, as well as, ideally,
a dihydropyridine calcium channel blocker
(CCB) and a renin-angiotensin-aldosterone
system (RAAS) blocker. However, because not
all patients with RH strictly meet such criteria,
this has led to the identification of subclasses of
RH, including those with either controlled RH
or refractory hypertension. Patients with so-
called controlled RH are able to maintain BP at
or below target while taking four or more BP-
lowering medications [6]. Alternatively, the
newer subcategory of RH termed refractory
hypertension  describes individuals who
demonstrate persistent uncontrolled BP while
taking five or more BP-lowering medications,
including a mineralocorticoid receptor antago-
nist (MRA), such as spironolactone, and a long-
acting  thiazide-type diuretic, such as
chlorthalidone [7].

Hypertension has long been considered a
major risk factor for HF, although typically
discussed with less urgency as compared to links
associated with coronary artery disease and
myocardial ischemia [1, 2, 8-10]. To date,
however, there remains a paucity of large-scale
randomized controlled clinical trial-based evi-
dence to properly guide the use of pharma-
cotherapies for the optimal management of BP
specifically in patients with coexistent RH and
HF with reduced ejection fraction (HFrEF) [8].
Therefore, given the association between
uncontrolled hypertension and an increased
risk of developing advanced cardiovascular
complications, including HFrEF [1-3], it is cru-
cial to identify both pharmacological and non-
pharmacological therapies that can be used
right now for optimizing BP control in patients
with coexistent RH and HFrEF.

In this review, we summarize and discuss the
latest pharmacological and non-pharmacologi-
cal interventions currently available for initiat-
ing treatment and managing long-term BP
control in patients with coexistent RH and
HFrEF.

This article is based on previously conducted
studies and does not contain any new studies

with human participants or animals performed
by any of the authors.

Epidemiology

More than two out of every five adults residing
in the US are reported to demonstrate high
BP requiring treatment [5]. It follows that of
those who are treated, uncontrolled BP can
persist in a select number of patients where it is
appropriate to diagnose RH. However, deciding
which patients with uncontrolled BP have true
RH can be a complex process. This is because
other common clinical scenarios, such as
pseudo-resistant hypertension possibly related
to medication non-adherence or white coat
hypertension, must first be ruled out as possible
causes for uncontrolled BP [11].

Despite the difficulties involved in diagnos-
ing RH, prevalence reported in the US prior to
the 2017 BP guideline changes estimated that
nearly 13% of adults treated for hypertension
are of the RH subtype [12]. This is a number that
represents more than a twofold rise in estimated
prevalence since the 1990s [12]. Although more
recent estimates have placed the number of
patients with RH closer to 16%, this upward
bump of nearly 3% since being reported in 2012
can be largely explained by the aforementioned
recent BP target changes [12, 13].

HF is a global public health epidemic. Cur-
rent reports estimate there are more than 6.2
million patients with HF residing in the US,
approximately half of which are of the HFrEF
phenotype [5]. The accompanying healthcare
costs associated with managing care for these
patients is currently believed to exceed $30.7
billion annually, a number that is projected to
reach at least $69.7 billion by the year 2030 [5].
The anticipated rise in both the number of
patients and associated healthcare costs can be
largely explained by the vast increase in the
projected number of adults over the age of 65 by
the year 2030 coupled with an already-known
understanding that the risk of HF markedly
increases beyond 65 years of age [5, 14]. The
implications of these forthcoming estimates are
grave since elderly aged patients with HF are at
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the highest risk levels for cardiovascular-related
hospitalizations and death [5, 15, 16].

While a limited number of data are available
to confirm a causal link between RH and HFrEF,
several studies have reported on the coexistence
of RH and HFrEF. For example, it has been
estimated that approximately 15% of Chinese
patients with HFrEF (defined as LVEF < 50%)
demonstrate overlapping RH, whereas this
number drops to 11% in those with HF and
preserved ejection fraction (HFpEF) [17]. Others
have also suggested that the presence of RH not
only increases the risk of HF but also the likeli-
hood of adverse cardiovascular events, such as
myocardial infarction and/or stroke [18, 19].
Thus, given that patients with RH are known to
be at an increased risk of developing more
advanced cardiovascular conditions and com-
plications, including HFrEF, it is important that
early detection of RH occurs so that BP can be
aggressively managed using a combination of
pharmacological and non-pharmacological
therapeutic strategies. This multi-disciplinary
prevention approach for initiating treatment
and maintaining the aggressive management of
BP should be utilized irrespective of whether RH
is diagnosed while a patient is still in the sub-
clinical stage (A) of HF, or if RH is identified in a
patient who has already progressed to HFTEF.

Treatment Approaches

Once a diagnosis of RH is established, treatment
options should take into consideration the
integrative approach of both pharmacological
and non-pharmacological therapies. We pro-
vide in Fig. 1 a contemporary outline of avail-
able treatment strategies and recommended
therapies for managing both RH and HFrEF.
Although the efficacy of these collective treat-
ment recommendations has not been tested in a
randomized controlled clinical trial and con-
firmed specifically in patients with coexistent
RH and HFrEF, the natural overlap of these up-
to-date interventions makes it logical to con-
sider a combination of pharmacological and
non-pharmacological therapies listed herein
holds great promise for the effective long-term
management of BP control in these individuals.

Non-pharmacologic Interventions

Dietary Patterns and Sodium Intake

The Dietary Approaches to Stop Hypertension
(DASH) trial demonstrated that a diet consisting
of a high proportion of fruits, vegetables, and
low-fat dairy products as well as lower choles-
terol and fat intake resulted in lower average BP
measurements compared to an unrestricted diet
[20]. However, when interpreting DASH trial
results, it is noteworthy that the initial study
did not employ a low-sodium diet and partici-
pants averaged a daily oral sodium intake of
approximately 3000 mg. Subsequent follow-up
studies focusing on sodium restriction in com-
bination with the original DASH diet demon-
strated an effective role of low sodium intake on
BP reduction [21].

In patients with RH, several recent studies
confirm the benefits of sodium restriction on
lowering BP. Despite a limited sample size, a
study of 12 patients with RH showed that a low
sodium diet [50 mmol per day, equivalent to
approximately 1200 mg| correlated with a
decrease in average office SBP/DBP measure-
ments by 22.7/9.1 mmHg as compared to a
high-sodium diet (250 mmol per day, equiva-
lent to approximately 5750 mg) [22]. While
there remains some debate regarding the ideal
daily sodium intake for patients with RH, con-
temporary recommendations suggest reducing
sodium intake to less than 2300 mg daily is an
achievable goal, with further reduction to less
than 1500 mg daily possibly reducing future
morbidity and mortality [4, 6]. Thus, because
individual diet recommendations may vary
based on patient needs and other comorbidities,
in order to maximize potential dietary adher-
ence, it is important to connect patients with
nutrition support in order to ensure that per-
sonalized information is received.

Sodium restriction has classically been a
component of HF management, with the ulti-
mate goal of reducing fluid retention and opti-
mizing fluid balance. However, there is still not
a clear consensus on recommendations for
sodium intake for patients with HF. While ear-
lier ACC/AHA guidelines recommended sodium
restriction in patients with symptomatic HF,
subsequent 2013 guidelines downgraded the
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recommendation (Class Ila, level of evidence C)
[23]. A wide range of evidence exists regarding
sodium intake in HF, with certain studies
demonstrating benefits associated with sodium
restriction while others demonstrate more pos-
itive outcomes with liberal sodium intake. A
2016 study examined data from the Heart Fail-
ure Adherence and Retention Trial and found
that sodium intake of < 2500 mg daily did not
reduce the risk of death or hospitalization due
to HF compared with a higher dietary intake
of > 2500 mg daily. The study did report a
possible association between lower sodium
intake and increased risk of HF hospitalizations,
which contradicts past recommendations to
limit dietary sodium intake for patients with HF
[24]. While there currently remains no specific
guideline for optimal daily sodium intake for
patients with HFrEF, based on the collective
body of evidence available, it is medically rea-
sonable to recommend that patients with
coexistent RH and HFrEF should adhere to a
maximum daily dietary sodium intake of
2300 mg.

Exercise and Physical Activity
When exercise training is individually pre-
scribed to patients as medicine, the contempo-
rary view is that routine participation in
structured moderate intensity aerobic exercise
training can be an effective non-pharmacologi-
cal intervention for both lowering and manag-
ing BP in patients with hypertension, including
those treated for RH [4, 6, 25-27]. Indeed, it has
been estimated that, on average, for patients
with hypertension not specific to the RH sub-
type, extended participation in aerobic exercise
training can account for up to an 8.3/5.2 mmHg
drop in resting SBP/DBP [26], and an 3.2/
2.7 mmHg drop in daytime ambulatory SBP/
DBP [25]. For patients with RH, the average
therapeutic effect of aerobic exercise training on
lowering daytime ambulatory SBP/DBP has also
been reported to amount to at least 6/3 mmHg
[27], representing a two-fold-stronger thera-
peutic response for SBP as compared to that
noted for patients with hypertension not iden-
tified by RH subtype [25].

The dose of exercise training needed to
achieve a clinically relevant reduction in BP in

those with RH is generally consistent with
exercise dosing prescribed as necessary medical
therapy for stable patients with HFrEF
[4, 6, 28-32]. In the seminal randomized con-
trolled clinical trial, Heart Failure: A Controlled
Trial Investigating Outcomes of Exercise Train-
ing (HF-ACTION), patients who participated in
at least 36 supervised exercise training sessions
over 12 weeks demonstrated significantly larger
improvements in exercise capacity and lower
adjusted risk of both all-cause and cardiovascu-
lar related death as compared to counterparts
randomized to usual care without exercise
training [29]. The generalizable data reported in
HEF-ACTION and in related exercise training
studies can be collectively taken to mean that it
is medically reasonable for this form of non-
pharmacological therapy to be discussed with
stable patients with overlapping RH and HFrEF
as a plan centered around aiming to accumulate
at least 150 min of intentional moderate-in-
tensity aerobic exercise spread out over the
week; which would be further complemented
by engaging in general physical activity pro-
moting behaviors on all days of the week
[4, 6, 28, 30-33]. Whenever possible, it is also
reasonable to highlight to select stable and
exercise adherent patients that additional car-
diovascular and musculoskeletal health benefits
can be gained by incorporating into a training
plan resistance exercise (1-3 sets of 12-15 reps
per large muscle group) performed on 2-3 non-
consecutive days per week [4, 6, 28-32].

Exercise training that is performed as medi-
cine and based on individual capabilities and
medical history can be expected for most
stable patients with coexistent RH and HFrEF to
be safe and medically appropriate. In clinically
stable patients with moderate-to-severe HFrEF
where the left ventricular ejection fraction per-
centage for some may be lower than 30%, not
only has the safety of exercise training been
established, but patients who routinely partici-
pate in this therapy gain significant clinical
benefits, including decreases in risk for both
hospitalizations and death [29-32, 34-36].

The Centers for Medicare and Medicaid Ser-
vices (CMS) recognizes the role of exercise
training as medicine and considers this inter-
vention a Class I (Level of Evidence: A)
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indicated therapy for clinically stable patients
with HFrEF [29, 34, 35]. Accordingly, despite
there being no large-scale clinical trial-based
evidence available to confirm the role of exer-
cise training as an effective medicine specifi-
cally for patients with coexistent RH and HFrEF,
it should still be considered medically reason-
able to prescribe for clinically stable individuals
exercise training as a non-pharmacological
therapy that has the strong likelihood of yield-
ing improved clinical outcomes in addition to
BP-lowering effects.

In contrast to what is known for the mech-
anistic associations between exercise and BP
representative of the general population, there
is a paucity of evidence and an incomplete
mechanistic understanding of how exercise
training yields beneficial effects on BP in those
with RH. This is a scientific area requiring
directed efforts focusing on both mechanistic
and patient-oriented clinical research, possibly
centering on afferent pathways involving exer-
cise-induced neuromuscular signaling changes.
Examples of such phenomena have been fre-
quently tested and observed in HFrEF
[30, 31, 37-43]. In this context, many cases of
refractory hypertension are suggested to be the
result of excess and dysregulated sympathetic
tone [6]. Therefore, with the possibility of an
increase in parasympathetic tone acting to
counteract exaggerated sympathoexcitation, it
is conceivable that if such re-balancing of neu-
ral signaling stemming from muscle afferents
can occur as a result of exercise training con-
sistent with what has been observed in HFrEF
alone [43], benefits gained by overlap patients
may include for example, lower resting heart
rates, a more proportional rise in heart rate
relative to work-rate, lower circulating nore-
pinephrine levels, and baroreflex sensitivity re-
setting [44-48]. These and other exercise train-
ing induced adaptations when coupled with
improvements in functional capacity should be
expected to contribute to less severe clinical
status in patients exhibiting the RH and HFrEF
overlap.

Given that it is apparent that even in a high-
risk patient group, such as HFrEF, regular par-
ticipation in moderate-intensity exercise train-
ing can typically be safe and results in improved

physiological function and clinical status, mul-
ti-disciplinary interventions aimed at achieving
optimal decreases in BP and sustained control at
such goal levels in clinically stable patients with
coexistent RH and HFrEF should consider it
necessary to include in any prevention plan
exercise training therapy that largely mirrors
the proven exercise-based cardiac rehab model
established for HFrEF [29-32, 34-36].

Pharmacological Interventions

Renin-Angiotensin-Aldosterone Blockers
with Neprilysin Inhibition
Drugs that target the RAAS system are crucial for
the management of BP in hypertensive patients
as well as typical signs and symptoms related to
HFrEF. In patients with primary hypertension,
the wuse of angiotensin-converting enzyme
inhibitors (ACE-I) and/or angiotensin receptor
blockers (ARB) are often employed as first-line
therapies for effectively managing BP [4, 49]. In
patients with HFrEF, the efficacy of ACE-I/ARB
when used alongside other guideline therapies
has also been consistently supported [35].
However, there are select ambulatory
patients with HFrEF who remain symptomatic
despite being optimally treated with the com-
bination of an ACE-I/ARB, beta-blocker, and
MRA, where guidelines now recommend based
on contemporary evidence that better clinical
outcomes are likely when ACE-I/ARB are
replaced with an  angiotensin  recep-
tor-neprilysin inhibitor (ARNI) (i.e., sacubi-
tril/valsartan) [8, 50-55]. While a similar level of
evidence supporting the use of an ARNI to
specifically treat RH is not available [56], a
limited number of data are available to high-
light that this therapy can yield clear BP
reductions in select patients with primary
hypertension [57]. For example, a 2010 study of
1328 patients aged 18-75 years with mild-to-
moderate hypertension demonstrated that
sacubitril/valsartan compared with valsartan
alone resulted in greater BP lowering and simi-
lar tolerability [58]. Thus, although randomized
controlled clinical trial data on the efficacy and
safety of using an ARNI in patients with RH is
not available, the totality of data in HFrEF
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coupled with expert opinion can be taken to
suggest that in select ambulatory patients with
concomitant RH and HFrEF, use of an ARNI
should be considered a possible first-line ther-
apy after taking into consideration the known
contraindications to its use in HEFrEF
[8, 50, 51, 57, 58].

Beta-blockers

When managing primary hypertension alone,
beta-blockers may be used in combination with
other medication classes, but are no longer con-
sidered a first-line therapy unless compelling rea-
sons are present indicating otherwise [4]. HFrEF is
one example of an indication where the use of
beta-blockers has been shown to reduce the effects
of dysregulated sympathetic activation, slow
or prevent progressive pathologic remodeling,
and lessen the risk of cardiovascular-related mor-
tality. Thus, in contemporary HF guidelines, use
of beta-blocker therapy is strongly recommended
[23].

Concomitant management of RH and HFrEF
requires choosing a beta-blocker that will best
control BP but also has randomized control trial
data demonstrating a mortality benefit in
HFrEF. High-quality data for mortality reduc-
tion in HFrEF are seen with bisoprolol, carve-
dilol, and metoprolol succinate [23]. Use of
vasodilating beta-blockers such as carvedilol not
only lower BP to a greater extent, but have
neutral effects on risk factors for subsequent
cardiovascular disease, such as blood glucose
[59].

Diuretics

Sub-optimal volume status is posited to underlie
many cases of RH, therefore diuretics that are
long-acting and appropriately dosed for level of
kidney function remain an important compo-
nent of RH management [6]. Thiazide-type
diuretics, including chlorthalidone and inda-
pamide, are most effective in lowering BP in
patients with RH. Chlorthalidone demonstrates
superiority to hydrochlorothiazide at compara-
ble doses and shows effective BP lowering
among patients with an eGFR greater than
30 ml/min/1.73 m*  [60-63].  Thiazide-type
diuretics are not as effective for BP lowering

below this eGFR threshold, and use of loop
diuretics, such as furosemide, torsemide, or
bumetanide, should be considered. Thiazide-
type diuretics can be stopped in this setting and
substituted with a loop diuretic, or alternatively
sequential nephron blockade can be achieved
with both taken simultaneously, which has
been proven effective in CKD patients with RH
[64].

Diuretics are also used in HF management in
order to optimize fluid status. In contrast to RH,
loop diuretics are often the preferred diuretic
therapy in HF management because of the more
pronounced, albeit shorter-acting, diuretic
effects [65]. The most recent HF guidelines rec-
ommend diuretics for all patients with HFrEF
who demonstrate evidence of fluid overload in
order to reduce HF-related symptoms [23].

In the setting of coexistent RH and HFrEF,
efforts should be made to add or substitute a
thiazide-type diuretic, which will result in more
effective BP lowering than a loop diuretic alone.
Because such a substitution may result in
worsening congestion, close monitoring of a
patient’s renal function and volume status is
critical. At an eGFR of less than 30 ml/min/
1.73 m?, use of thiazide-type diuretics is gener-
ally reserved for refractory edema/volume, and
does not provide predictable BP lowering.

Mineralocorticoid Receptor Antagonists
Elevated aldosterone that is independent from
RAAS control is a common cause of hyperten-
sion and occurs in approximately 7-20% of
patients with RH [6, 66]. Guidelines report that
on top of the use of diuretics, MRAs are now
among the drug of choice for the treatment of
RH [6]. Strong support for this recommendation
comes from evidence generated from the
PATHWAY-2 trial, which involved the study of
patients with RH previously managed on a
three-drug regimen including a RAAS blocker,
CCB, and a diuretic, to which a fourth medica-
tion was added (spironolactone, bisoprolol,
doxazosin, or placebo) [67]. Key data reported
from PATHWAY-2 clearly demonstrated that
spironolactone lowered BP more effectively
than placebo, bisoprolol, or doxazosin [67].

A substudy of PATHWAY-2 assessed if
amiloride could be used as an alternative to
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spironolactone. This study was an open-label
extension of the main PATHWAY-2 trial in
participants who were willing to crossover from
spironolactone to amiloride for 6 to 12 weeks.
Amiloride at doses between 10 and 20 mg daily
reduced home systolic BP by 20 mmHg, which
was comparable to reductions seen in the pri-
mary trial with spironolactone [68].

MRAs are also recommended for patients
with HFrEF to reduce symptoms of HF as well as
associated mortality. Key data supporting the
efficacy of MRAs in the management of
HF comes from the Randomized Aldactone
Evaluation Study (RALES) where spironolactone
was observed to lower morality risk by approx-
imately 30% in patients with HFtEF [69]. Addi-
tional studies of eplerenone in HFrEF, including
the EPHESUS and EMPHASIS, demonstrate that
eplerenone is also effective for decreasing the
risk of HF-related hospitalizations and cardio-
vascular mortality [70, 71].

Given the evidence supporting the efficacy
of MRAs in treating both HFrEF and RH, medi-
cations falling within this class of ther-
apy should be prescribed regularly in patients
with coexistent RH and HFrEF. However, it is
noteworthy that for select patients where MRAs
are prescribed close monitoring of renal func-
tion and electrolyte levels is necessary since use
of this therapy is traditionally contraindicated
in the presence of elevated serum creatinine
and/or hyperkalemia. Use of potassium binders
(discussed below) may obviate the risk of
hyperkalemia.

Sodium-Glucose Cotransporter-2 Inhibitors
Sodium-glucose cotransporter-2 (SGLT2) inhi-
bitors, which include empagliflozin, canagli-
flozin, and dapagliflozin, block reabsorption of
glucose in the proximal tubule of the kidney,
resulting in substantial glycosuria. SGLT2 inhi-
bitors were initially developed for the manage-
ment of type 2 diabetes mellitus. However,
recent data support theuse of these medica-
tions in HFrEF patients without diabetes. Both
empagliflozin and dapagliflozin have been
reported tolower the risk of cardiovascular
death or hospitalization for HF when compared
with placebo, regardless of the presence or
absence of diabetes [72, 73].

In addition to the demonstrated benefits
regarding blood sugar control and reduction of
HF events, SGLT2 inhibitors can also lead to
reductions in BP. While the exact mecha-
nism responsible for lowering BP is not clear, it
is likely a combination of osmotic diuresis from
glycosuria and natriuresis, which causes an
average reduction of 3.6/1.7 mmHg in 24-h
ambulatory SBP/DBP. Such a reduction is com-
parable to the effect of a low-dose thiazide-like
diuretic [74, 75]. The BP-lowering role of SGLT2
inhibitors extends to special populations. A
randomized trial involving elderly diabetic
patients demonstrated improved nocturnal
hypertension control with empagliflozin [76].
Given the multiple beneficial effects of SGLT2
inhibitors, they should be included in the
treatment regimen for RH and co-existing
HFrEF, particularly if the BP remains uncon-
trolled after addition of an MRA.

Direct Vasodilators and Calcium Channel
Blockers

Hydralazine is a direct-acting vasodilator and
has been used for the treatment of hypertension
since the 1950s. Hydralazine modestly lowers
BP but has generally been supplanted by newer
antihypertensive therapies that are better tol-
erated and are taken once daily [77].

Early HF trials of hydralazine in combination
with nitrate therapy demonstrate a mortality
benefit in select patients with HFrEF, but it must
be noted that these trials did not take place in
the setting of contemporary HF therapy
[78, 79]. In the V-HeFT I trial, no patients were
taking a beta-blocker or ACE-inhibitor. Hydra-
lazine plus isosorbide dinitrate reduced all-cause
mortality at 2 years as compared to placebo. In
the V-HeFT II trial, no patients were treated
with beta-blockers, and participants were ran-
domized to enalapril or hydralazine plus
isosorbide dinitrate. Participants taking enala-
pril demonstrated a lower mortality rate at
2 years. Given the above data, the use of
hydralazine in combination with a nitrate can
be considered when treating patients with RH
and HFrEF. This combination should only be
added after maximizing doses of ARNI, beta-
blocker, MRA, diuretic, and SGLT2-inhibitor.
How much the combination of hydralazine and
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nitrate impacts adverse cardiovascular events in
the background of contemporary HF therapy is
unknown? A major limiting factor in the use of
hydralazine and a nitrate is the need for multi-
ple doses per day and may greatly limit patient
adherence.

Dihydropyridine CCBs are among first-line
medications for the treatment of primary
hypertension [4]. However, the role of these
medications in patients with hypertension and
coexistent HFrEF is less prominent. Unlike beta-
blockers and blockers of the RAAS, there is no
mortality benefit seen in studies of dihydropy-
ridine CCBs in HFrEF. Second-generation dihy-
dropyridine CCBs such as amlodipine and
felodipine have minimal to no negative ino-
tropic activity when prescribed at usual doses
and are safe to use to treat hypertension in
HFrEF. However, the use of these medications
does not result in improved patient survival
[80, 81]. Non-dihydropyridine CCBs such as
verapamil and diltiazem should generally be
avoided because they do not provide any car-
diovascular risk reduction for patients with
HFrEF, and may worsen outcomes [82]. Given
the desire to maximize doses of ARNIs, beta-
blockers, mineralocorticoid receptor antago-
nists in HFrEF, dihydropyridine CCBs should be
used sparingly, and generally as a fifth or sixth
agent to treat hypertension.

Potassium Binders

Hyperkalemia is associated with an increased
risk of adverse events, including cardiac
arrhythmias. Many medications that treat both
HFrEF and RH increase serum potassium,
including ARNIs and MRAs. Additionally, many
patients with both HFrEF and RH have CKD,
which further disrupts potassium homeostasis.
Elevated serum potassium levels may preclude
concomitant use of these medication classes or
may result in withdrawal of these effective
medications [83]. Thus, strategies to maintain
normal serum potassium levels are needed.

Use of loop and thiazide diuretics, in com-
bination with a low-potassium diet, should be
the first approach undertaken to lower serum
potassium levels before considering adding
medications specifically for potassium lowering.
Historical treatment for chronic hyperkalemia

includes sodium polystyrene sulfonate, a
cation-exchange resin that binds potassium in
the colon. However, the modern use of this
treatment approach has fallen out of favor and
isno longer recommended given the lack of
efficacy data and the presence of an association
with colonic necrosis.

Relatively new therapies include patiromer, a
cation-exchange polymer that binds potassium
in the colon, and zirconium cyclosilicate, which
exchanges both sodium and hydrogen ions for
potassium while it transits the gastrointestinal
tract. Zirconium cyclosilicate has proven effec-
tive in potassium lowering in patients with HF
and multiple cardiovascular comorbidities
including CKD and diabetes mellitus [84, 85].
The pivotal study of patiromer enrolled 243
patients with CKD who were receiving RAAS
blockers (42% had concomitant HF and 97%
had hypertension) use of patiromer was associ-
ated with a decrease in serum potassium levels
and, when compared with placebo, a reduction
in the recurrence of hyperkalemia [86].

Patients with RH and HFrEF are at risk of
complications associated with hyperkalemia,
but also stand to benefit from medication clas-
ses that increase serum potassium. Treatment
with newer potassium binding agents should be
strongly considered if needed to optimize
potassium levels and better control BP.

Future Treatment Options

The management of coexisting RH and HFrEF
becomes complex for physicians and patients
when considering the numerous drugs and
treatment combinations available. While
patients may trial several medication combina-
tions in order to identify the most effective
regimen, treatment options beyond currently
available pharmacotherapies are currently
under investigation. The below therapies may
be incorporated into future practice if ongoing
clinical trials demonstrate favorable outcomes.

Small Interfering RNAs

Small interfering RNAs (siRNAs) that target
angiotensinogen production in the liver, with
the ultimate goal of limiting RAAS activity,
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represent a potential future management
option for RH. SiRNAs are given as subcuta-
neous injections, administered approximately
every 4 weeks. Studies on animal models
demonstrate significant reductions in BP with
the use of targeted siRNAs [87, 88]. Phase 1
human trials are currently ongoing (clinicaltri-
als.gov identifier: NCT03934307), with phase 2
trials stillin planning stages. SiRNAs, for
example inclisiran, have already demonstrated
efficacy for the management of dyslipidemia in
the setting of atherosclerotic cardiovascular
disease [89]. These are an exciting new class of
medications that may prove beneficial in the
treatment of RH.

Renal Denervation

The evidence in support of the use of renal
denervation in the treatment of RH is varied
[90]. Multiple unblinded studies suggest renal
denervation can result in lowered BP; although,
the pivotal SYMPLICITY-HTN 3 trial in patients
with RH and did not demonstrate a significant
BP reduction difference between the interven-
tion arm and sham control arm [91]. Other
smaller trials of different catheter-based tech-
nologies have shown the possibility for limited
BP lowering effects yielded by such therapy
[92, 93]. A study of the SPYRAL renal denerva-
tion catheter in patients not taking BP-lowering
medications demonstrated a statistically signif-
icant decrease in BP as measured by 24-h ABPM
[94]; although to what extent renal denervation
lowers BP in patients with RH is still unknown.
Substudy data from the SYMPLICITY-HTN 3
trial are still being scrutinized, analyzed, and
interpreted for an improved understanding of
reasons for primary outcome results, and
ongoing trials of renal denervation for RH
include the SPYRAL-ON trial (clinicaltrials.gov
identifier: NCT02439775) and the TARGET BP 1
trial (clinicaltrials.gov identifier:
NCT02910414).

Given that a hallmark feature of HFtEF is
dysregulated sympathetic activity, resulting in
chronically elevated sympathetic activation,
renal denervation may eventually emerge as an
effective treatment tool for this population. A
2017 systematic review and meta-analysis of
renal denervation in patients with HFrEF

suggests that in addition to possible BP lowering
effects, this advanced therapy may also yield
improvements in LV systolic function, amongst
other physiological adaptations [95]. Thus,
patients with RH and HFrEF may derive sub-
stantiative clinical benefits from renal denerva-
tion therapy, although this is a hypothesis
thathas not been supportedwith data
generated from a dedicated randomized con-
trolled clinical trial.

Baroreflex Activation Therapy

Baroreflex activation therapy (BAT) has been
studied in the treatment of both RH and HFrEF.
Recently, the Rheos Pivotal Trial enrolled 265
patients with RH who underwent surgical
implantation with a device designed to stimu-
late the carotid baroreceptors. Although partic-
ipants achieved lowered BP, the study failed to
meet two of five primary endpoints, including a
safety end-point, and thus did not receive
approval by the US Food and Drug Administra-
tion to treat RH [96]. Therefore, while BAT has
the potential to yield decreased BP in patients
with RH, this treatment is not currently
approved for medical use for this indication in
the US.

A less invasive and newer iteration of the
implant previously studied and discontinued in
hypertension, the so-called BAROSTIM NEO
system (CVRx, Minneapolis, MN, USA) has been
developed for study in HFrEF. Using a multi-
center and randomized controlled trial study
design, the Baroreflex Activation Therapy for
Heart Failure trial prospectively enrolled and
randomized individuals with HFrEF (LVEF <
35%) in a 1:1 ratio to receive either BAT using
the BAROSTIM NEO system plus optimal med-
ical management or optimal medical manage-
ment alone [97]. The key results published in
2020 not only confirmed the safety of BAT, but
participants randomized to this arm also
demonstrated significant baseline to follow up
improvements in quality of life, exercise
capacity, and NT-proBNP; changes which were
all significantly greater than those observed for
control arm patients [97].

A newer but similar technology that is
inserted into the carotid sinus by endovascular
deployment, rather a surgical implant, is
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currently enrolling in a pivotal clinical trial for
the treatment of RH. Initial study of this ther-
apy occurred in the CALM first-in-man trial,
demonstrating in 30 participants that this next-
generation therapy for lowering BP is both safe
and effective [98]. The pivotal CALM-2 trial is
currently enrolling patients (clinicaltrials.gov
identifier: NCT03179800).

CONCLUSIONS

As the number of patients with RH continues to
rise in the US, so too does the prevalence of
patients with HFrEF and also those with coex-
istent RH and HFrEF. While more directed
research is needed to advance the mechanistic
understanding of associations between BP, RH,
HFrEF, and adverse clinical outcomes, patients
diagnosed with both RH and HFrEF require
treatment for high BP right now. Both phar-
macological and non-pharmacological thera-
pies are currently available and can be used to
effectively target and aggressively manage BP
control in patients with coexistent RH and
HFrEF. As more higher-quality data become
available as a result of cutting-edge therapeutic
trials, it can be expected that the continued
evolution of BP treatment guideline recom-
mendations will ultimately allow for the
advanced development of individualized treat-
ment plans that can durably maintain BP below
guideline-recommended targets.
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