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The Burden of Hypertension and
Resistant Hypertension In Women

Hypertension is an important cardiovascular disease risk factor
that causes more than 7 million deaths worldwide per year,
and accounts for 54% of strokes and 47% of coronary heart
disease." In the US, almost half of the population (45%) have
hypertension, and this number is higher in individuals with ex-
isting CVD or increased CVD risk, such as in those with diabe-
tes, chronic kidney disease, and older adults."

Hypertension remains under-treated and difficult to control.
Clinicians are challenged with knowing at what blood pressure
(BP) level to start medication, at what level to maintain medi-
cation, and what medications should be used to get to the BP
goal. Despite the improvements in hypertension awareness
and treatment, a large proportion of hypertensive adults still
fail to achieve their BP targets, despite continuous and per-
sistent therapy.?® In particular, individuals who fail to achieve
BP targets on 3 antihypertensive medications or require =4
medications to achieve their targets are designated as hav-
ing treatment-resistant hypertension, a condition that poses
increased risks for organ damage, morbidity and mortality.2
For these patients, controlling blood pressure is extremely
challenging, as options are very limited. Furthermore, there
are data to suggest that this is a bigger challenge in women
compared to men. Until recently, there was limited informa-
tion about sex differences in hypertension control and related
outcomes, however, studies have shown that even though the
prevalence of HTN is similar and women are more likely to be
treated with antihypertensive therapy, women are less likely
than men to achieve BP control, particularly in aging and older
populations.* It has been suggested that despite having higher
rates of resistant HTN, women have lower risk of adverse car-
diovascular events, however, this latter part has been disputed
by other studies showing the opposite.** These disparities,
both in the prevalence of resistant HTN and increased CV risk,
are more pronounced in hypertensive women from certain ra-
cial and ethnic groups, such as non-Hispanic black women."¢7
In addition, BP thresholds at which CVD develops are lower in
women compared to men, highlighting the need for stricter BP
targets in women."® Furthermore, in addition to conventional
risk factors, women also have gender-specific risk factors that
can increase the risk of resistant hypertension, such as the use
of oral contraceptives, postmenopausal hormone replacement
therapy, and history of adverse pregnancy outcomes.??
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Initial Assessment and Treatment of
Patients with Resistant Hypertension

Resistant hypertension is typically defined as BP that remains
elevated despite the concurrent use of 3 antihypertensive
agents, most commonly being a combination of the following:
a long-acting calcium channel blocker (CCB), an angioten-
sin-converting enzyme (ACE) inhibitor or angiotensin receptor
blocker (ARB), and a diuretic.? Because errors in BP mea-
surement can contribute to the misdiagnosis and suboptimal
treatment of hypertension and RH, it is critical to ensure that
accurate BP measurements are made before establishing a
diagnosis.? The white-coat effect is important in diagnosing
resistant hypertension as some degree of BP rise is seen with
in-office measurement in most individuals, but this effect can
be greater in individuals diagnosed with hypertension, women,
and older individuals.? Additionally, non-adherence in tak-

ing prescribed medications must be evaluated and excluded
before true RH is diagnosed, given that as many as 50-80% of
hypertensive patients demonstrate suboptimal adherence.? As
discussed above, women can also have sex-specific risk factors
for resistant hypertension, in addition to conventional risk
factors, and these should be taken into account when getting a
comprehensive medical history.??

When it comes to the management of RH, lifestyle inter-
ventions, including weight loss, dietary salt restriction, and
exercise, as well as optimization of current antihypertensive
medications are critical.? In a 2018 statement on RH published
by the American Heart Association, a treatment algorithm was
released, which involves constant re-evaluations if BP remains
elevated and practical steps to continue to address RH.2



Management of Resistant Hypertension
STEP 1

Ensure low sodium diet Optimize 3-drug regimen
Exclude other causes of (<2400 mg/d) ) Ensure .adherence to 3
hypertension, including secondary Maximize lifestyle interventions: antihypertensive agents of dlfferept
causes. white-coat effect and ¢ 26 hours uninterrupted sleep classes: (RAS blocker, CCB, diuretic)
medi'cation nonadherence e Overall dietary pattern at maximum or maximally tolerated
e Weight loss doses. Diuretic type of be
¢ Exercise appropriate for kidney function

BP not at target

STEP 2 (v STEP 3

Substitute optimally dosed thiazide-like diuretic: ie. ° Add mineralocorticoid receptor antagonist (MRA):

chlorthalidone or indapamide* for the prior diuretic. spironolactone or eplerenone**

BP not at target

N

BP still not at target

STEP 4 O

Note: Steps 4-6 are

suggestions on the basis Check heart rate: unless <70 beats/min, add B-blocker (eg. metoprolol succinate, bisopr-
of expert opinion only olol) or combined a-B-blocker (e, labetalol, cardevilol). If B-blocker is contraindicated,
and these steps should consider central a-agonist (ie. clonidine patch weekly or guanfacine at bedtime). If these
be individualized. are not tolerated, consider once-daily diltiazem.

BP still not at target

STEP5 € STEP 6

Add hydralazine*** 25 mg three timgs daily a”?’ titrate Substitute minoxidil**** 2.5 mg two to three times daily
upwards to max dose; in patients with congestive ° for hydralazine and titrate upward. If BP still not at target,

heart failure with reduced ejection fraction, hydrala- : . S

. . . consider referral to a hypertension specialist and/or for on-
zine should be administered on background isosor- oing experimental studies —www.clinicaltrials.qov
bide mononitrate 30 mg daily (max dose 90 mg daily). going &xp ’ -gov.

L

Figure 1 - Management of Resistant Hypertension - 2018 AHA Scientific Statement?

Additionally, in 2023, the European Society of Hypertension Several selective nonsteroidal MRAs, such as KBP-5074, esax-
published new guidelines for the management of HTN, includ- erenone, apararenone, and AZD9977 are in development.’>'®
ing specific recommendations for the diagnosis and treatment Of these, KBP-5074 is at the most advanced stage, currently

of true resistant hypertension, delineating a simple algorithm for being evaluated in a phase 3 trial. Phase 2 studies showed that
treatment intensification in this setting that now includes renal KBP-5074 effectively lowers BP with some risk of hyperkale-
denervation (Figure 2).° mia in patients with advanced CKD and uncontrolled blood

pressure.'® A phase 3 trial evaluating this agent in patients with
uncontrolled hypertension and moderate or severe CKD is

Emerging pharmacological treatments ongoing.”

for resistant hyperten5|°n Aprocitentan, a novel dual endothelin-receptor antagonist, was
evaluated in a phase Il trial (PRECISION trial) for its ability to
As part of the cardiovascular outcomes' trials, several SGLT-2 lower blood pressure when added to other antihypertensive
inhibitors, including canagliflozin, empagliflozin, and dapagli- drugs in patents with resistant hypertension.'® The study was
flozin have been shown to decrease blood pressure, however, recently concluded and the results showed that aprocitentan
they are not indicated for BP reduction and additional studies was well-tolerated and superior to placebo in lowering BP in
in this area are needed."" In addition, multiple agents targeting patients with resistant HTN." The study also enrolled a signifi-
the renin-angiotensin-aldosterone pathway are in advanced cant proportion of women (41%)."

clinical development for RH."? An overview of key evidence
with these agents is outlined below.
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Baxdrostat, which lowers aldosterone
production by blocking aldosterone

BP-lowering therapy in true resistant hypertension?

synthase, was shown to lead to dose-de-

pendent reductions in BP in patients |~
with resistant HTN in the phase 2

BrigHTN study.?® The results of another
phase Il study, HALO, showed that treat-
ment with baxdrostat did not resultin a

If eGFR =30 ml/min/1.732

" If eGFR >30 ml/min/1.732
(not on dialysis)

NG

N
O O

significant reduction of BP compared to
placebo in patients with uncontrolled

Patients not controlled with
ACEi or ARB + CCB + _; Diuretic®

Patients not controlled with
ACE:i or ARB + CCB + Loop Diuretic®

hypertension.?’ However, a larger than
expected placebo effect was noted and

low adherence was observed in some

study sites, which can account for the / Adde

discrepancies observed between the I) Spironolactone? (preferred) 1) Chlorthalidone (preferred)

BrigHTN and HALO trials.?" Despite or other MRA® or other . Diuretic

this, experts remain confident about the or

viability of this approach and a phase 3 II) BB* or Alpha1-blocker I1) BB° or Alpha1-blocker
or

trial is currently being planned. Addi-
tionally, lorundrostat (formerly MLS-101),
another aldosterone synthase inhibitor,
is currently being evaluated in a phase 2
trial for resistant hypertension.?? Recent-

Ill) Centrally acting agent
or consider
Renal Denervation

If eGFR >40 ml/min/1.73 m2 J

lll) Centrally acting agent /

ly, results from another phase 2 trial with
lorundrostat were published, showing
effective BP lowering with treatment vs.
placebo in patients with uncontrolled hypertension.?

Another novel approach for resistant hypertension involves
using RNA-based therapeutics, such as antisense oligonucle-
otides (ASOs) and small interfering RNAs (siRNAs).”® Several
approaches that fall under this category are in phase 2 trials,
including with zilebesiran (RNAi against angiotensinogen)

and ION904 (ASO against angiotensinogen).?*?* Results from
a phase 1 study with zilebesiran showed dose-dependent
decreases in serum angiotensinogen levels and 24-hr ambula-
tory BP, which were sustained for up to 24 weeks after a single
subcutaneous injection of zilebesiran (200mg or more).?

Renal Denervation: Basics and Newer
Clinical Data

Several device-based therapies have been studied in RH,
however, the one that is more extensively investigated is
catheter-based renal sympathetic denervation, which aims to
interrupt the activity of afferent and efferent renal sympathetic
nerves by applying radiofrequency energy, ultrasound energy,
or injection of alcohol in the perivascular space.®

Renal denervation (RDN) first emerged as a potential treatment
for RH more than a decade ago, but has recently re-emerged
as an alternative for effective blood pressure lowering in these
patients.® Early on, its utility was not fully clear due to conflict-
ing study results, however, recent developments, improved
technology and study designs have provided adequate
evidence that renal denervation can be an effective treatment
option 32728

In 2019, 3 sham-controlled trials, SPYRAL HTN-ON MED,
SPYRAL-HTN-OFF MED, and RADIANCE-HTN SOLO, showed
that RDN (radiofrequency-based in the SPYRAL trials, and
ultrasound energy in the RADIANCE-HTN trial) was effective in
reducing blood pressure in patients with RH in the presence
or absence of antihypertensive medications.??*" Additionally,
data from the Global SYMPLICITY Registry, which represents
the largest real-world study of hypertensive patients receiving
RDN, has demonstrated the efficacy and safety of this proce-
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Figure 2. Treatment for true resistant hypertension -
2023 ESH guidelines™

dure with significant and sustained office and ambulatory BP
reductions in patients with RH for up to 3 years.23 Further-
more, these data have also shown the efficacy of RDN in high-
risk patients, including those with chronic kidney disease, high
cardiovascular risk, diabetes, atrial fibrillation, RH, and in older
adults;**% with data also suggesting that there is a benefit of
RDN in decreasing left ventricular mass, albumin-to-creatinine
ratio, and albuminuria in patients with RH.**3¢ Based on these
data, prediction models have suggested a potential for RDN
to reduce the risk of adverse cardiovascular events in high-
risk patients, including stroke, all-cause mortality, and MACE,
although more studies are needed in this setting.®

Several trials with RDN have been published recently. Data
presented at the 2021 American College of Cardiology (ACC)
from the RADIANCE-HTN TRIO trial, showed that ultrasound
renal denervation reduced blood pressure at 2 months in
patients with hypertension and resistant to a standardized
triple combination pill.39 Data from the SPYRAL HTN-ON trial
showed that renal denervation produced a clinically mean-
ingful and lasting BP reduction up to 36 months of follow-up,
independent of concomitant antihypertensive medications and
without major safety concerns.*® Additionally, recent topline
results from RADIANCE Il trial showed that ultrasound renal
denervation significantly reduced daytime ambulatory systolic
blood pressure when with a sham procedure at 2 months in
patients with mild to moderate uncontrolled hypertension.41
Furthermore, data from the SPYRAL HTN-ON MED trial were
presented at the 2022 AHA meeting, showing that it met some
important secondary endpoints compared to sham controls,
such as improvements in office-based systolic blood pressure,
as well as meeting its primary safety endpoint, however, the
primary efficacy endpoint of a change in 24-hr systolic am-
bulatory BP monitoring at sixth months was not met.42 More
recently, data from the 36-month follow up of the SYMPLICITY
study (SIMPLICITY HTN-3) were published, further supporting
the efficacy and safety of this procedure, including reductions
in mean office and 24-hr BP measurements compared to sham




(-22.1 mmHg vs. sham at 36 months with office measure-
ments; -16.5mmHg vs. sham at 36 months with 24-hr
ABPM).®

A patient-level analysis of the RADIANCE Il, RADIANCE-HTN
SOLO, AND RADIANCE-HTN trial trials showed that BP re-
ductions with renal denervation were consistent across HTN
severity compared to sham control at 2 months, with consis-
tency across trials.** In terms of safety, the totality of the stud-
ies to date have shown that RDN intervention preserved renal
function and re-interventions are rare, with low incidence of
renal stenting.?’- 447

In addition, there have been questions about any sex-related
differences in response to renal denervation. A recent expert
perspective highlighted that no clear sex-based evidence can
be generated due to the under-representation of women in
clinical trials, limited data, and lack of pre-specified sex-based
analysis, and concluded that more data are needed, including
increasing enrollment of women in clinical trials.*

Renal Denervation: Updates to
guidelines and position statements

In 2018, the ESC/ESH guidelines for the management of hyper-
tension did not recommend RDN as a routine treatment, citing
the need for additional evidence in this setting, and the 2017
US. guidelines do not even mention RDN.#**® However, recent
position statements, such as that from the European Society of
Hypertension, as well as from the ESC Council on Hypertension
and the European Association of Percutaneous Cardiovascu-
lar Interventions (EAPCI) state that RDN is an evidence-based
option to treat HTN in addition to lifestyle changes and BP-low-
ering pharmacotherapy, as it expands the therapeutic options
for HTN treatment, is relatively safe, and it is a viable alternative
or additive strategy in this setting.?’-*"

As mentioned above, the new 2023 ESH guidelines now have
included RDN as part of the treatment algorithm for true resis-
tant hypertension (Figure 2)."°They recommend that RDN can
be considered as an additional treatment option in patients with
resistant hypertension if eGFR >40 ml/min/1.73m2, and patient
selection for RDN should be done in a shared decision-making
process (Figure 3).1°

In addition, based on this evidence, in November 2023, the
FDA approved both the ReCor and Medtronic renal denerva-
tion devices for the treatment of HTN as adjunctive to lifesstyle
changes and pharmacotherapy.® The approval for the ReCor
ultrasound device was based on the data from RADIANCE I,
RADIANCE-HTN SOLO and RADIANCE-HTN TRIO, and the
approval of the Medtronic Symplicity system on data from the
SPYRAL clinical program.
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Recommendations and statements

CoR

LoE

RDN can be considered as a treatment option in patients an eGFR
>40 mil/min/1.73% who have uncontrolled BP despite the use of
antihypertensive drug combination therapy, or if drug treatment
elicits serious side effects and poor quality of life.

RDN can be considered as an additional treatment option in pa-
tients with resistant hypertension if eGFR is >40 ml/min/1.73m2.

Selection of patients to whom RDN is oddered should be done in
a shared decision-making process after objective and complete
patient’s information.

Renal denervation should only be performed in experienced
specialized centers to guarantee appropriate selection of eligible
patients and completeness of the denervation procedure.

Figure 3 - Use of renal denervation - 2023 ESH

guidelines™

Conclusion

Resistant hypertension is a major challenge and has significant
implications for increased cardiovascular risk in women, who
are more likely than men to develop resistant hypertension.
Conventional hypertension treatment options are often not

successful in this setting, and several approaches are currently
in development that may help address some of these treatment
gaps in the near future. However, additional studies are needed
to better inform the potential role of these emerging therapies
for the treatment of RH. These treatments will most likely be in

addition to current pharmacotherapy, particularly in the case
of RDN, which may address the current gaps in pill burden and
adherence concerns in difficult to treat patients.>
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