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Abstract Aim: This review aims to summarize and discuss some of the most relevant clinical
trials in epidemiology, diagnostics, and treatment of hypertension published in 2020 and 2021.
Data synthesis: The trials included in this review are related to hypertension onset age and risk
for future cardiovascular disease, reliability of different blood pressure monitoring methods, role
of exercise-induced hypertension, treatment of hypertension in patients with SARS-CoV-2 infec-
tion, management of hypertension high-risk patient groups, e.g., in the elderly (�80 years) and
patients with atrial fibrillation, and the interplay between nutrition and hypertension, as well as
recent insights into renal denervation for treatment of hypertension.
Conclusions: Hypertension onset age, nighttime blood pressure levels and a riser pattern are rele-
vant for the prognosis of future cardiovascular diseases. The risk of coronary heart disease ap-
pears to increase linearly with increasing exercise systolic blood pressure. Renin-angiotensin
system blockers are not associated with an increased risk for a severe course of COVID-19. In
elderly patients, a risk-benefit assessment of intensified blood pressure control should be indi-
vidually evaluated. A J-shaped association between cardiovascular disease and achieved blood
pressure could also be demonstrated in patients with atrial fibrillation on anticoagulation. Salt
restriction and lifestyle modification remain effective options in treating hypertensive patients
at low cardiovascular risk. Sodium glucose co-transporter 2 inhibitors and Glucagon-like pep-
tide-1 receptor agonists show BP-lowering effects. Renal denervation should be considered as
an additional or alternative treatment option in selected patients with uncontrolled hyperten-
sion.
ª 2021 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian
Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
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Introduction

Hypertension remains the most prevalent risk factor for
cardiovascular diseases (CVD) [1]. Blood pressure (BP)
control to guideline-recommended target levels is
frequently not achieved, even with the use of various
treatment modalities [2]. This review sought to discuss
some of the most relevant clinical trials published in 2020
and 2021 in major journals in the field of hypertension
research. The studies discussed herein deal with the as-
sociation between age of hypertension onset and future
CVD, the reliability of office, home, and ambulatory BP, the
prognostic value of nighttime BP, new insights into
exercise-induced hypertension and management of hy-
pertension in high-risk patient groups, as patients �80
years and patients with atrial fibrillation (AF) requiring
oral anticoagulation. With the outbreak of the severe acute
respiratory syndrome coronavirus type 2 (SARS-CoV-2)
pandemic, challenges in the management of patients with
SARS-CoV-2 and concomitant hypertension arose. Since
the SARS-CoV-2 cell entry depends on the angiotensin-
converting-enzyme 2 and potentially involved in blood
pressure regulation and cardiovascular outcomes, we
critically discuss trials investigating the impact of renin-
angiotensin system- (RAS)-inhibitor treatment on out-
comes of coronavirus disease 2019 (COVID-19) in patients
with hypertension. Finally, we deal with the most recent
trials in device-based hypertension treatments, above all
results of the first pivotal study of catheter-based renal
denervation.

Epidemiology

Association of hypertension onset age and risk for future
CVD

The relationship between age of hypertension onset and
risk for future cardiovascular events and all-cause mor-
tality was studied in the Kailuan trial [3]. Cardiovascular
events were defined as myocardial infarction, and
ischemic or hemorrhagic stroke [3]. Between July 2006
and October 2007, a total of 71,245 participants without
preexisting hypertension or CVD were enrolled and fol-
lowed for ten years. A total of 20,221 cases of new-onset
hypertension were documented. Each case was matched
with a control subject of the same age (�1 year) and sex
resulting in 19,887 case-control-pairs. During a median
follow-up of 6.5 years, 1672 CVDs (387 myocardial in-
farctions, 1116 ischemic strokes and 182 hemorrhagic
strokes) and 2008 deaths were documented. Hyperten-
sion was associated with an elevated risk for CVD and all-
cause mortality. The younger the age of hypertension
onset was, the stronger was the association. Participants
�45 years demonstrated the highest risk for all the
endpoints: adjusted hazard ratio (aHR) 2.26 (95% confi-
dence interval (CI) 1.19 to 4.30) for CVDs and 2.59 (95% CI
1.32 to 5.07) for death (Fig. 1) when compared with older
individuals [3].
Perspective
The Kailuan trial confirmed once more the association
between arterial hypertension and risk for CVD and all-
cause mortality. The younger the age of hypertension
onset was, the stronger was this association [3].

Diagnosis

Reliability of office, home, and ambulatory blood
pressure

The 2018 European Guidelines on the management of
hypertension recommend that the diagnosis of hyperten-
sion should not only be based on office BP (OBP) but also
on “out-of-office” measurements, such as ambulatory
blood pressure monitoring (ABPM) or home blood pres-
sure monitoring (HBPM) [2]. This should enable a more
accurate diagnosis, especially white-coat and masked hy-
pertension. The reliability and prognostic value of OBP,
ambulatory BP (ABP), and home BP (HBP) and their asso-
ciations with left ventricular mass index (LVMI) in un-
treated subjects were analyzed in the Improving the
Detection of Hypertension (IDH) trial. The study enrolled
408 participants without CVD who had their OBP assessed
at three visits and completed three weeks of HBPM
(measured twice in the morning and twice in the evening),
two 24-hour (24-h) ABPM recordings, and a 2-dimensional
echocardiogram [4]. For SBP and DBP, the highest reli-
ability has been observed to be present in HBP, OBP and
24-h ABP respectively. Likewise, the strongest correlation
with elevated LVMI as a hypertension-mediated organ
damage was found for HBP [4].

Perspective
The Improving the Detection of Hypertension trial sug-
gested that 1 week of HBP monitoring (measured twice
in the morning and twice in the evening) may be the
most reliable method for diagnosing hypertension. The
use of “out-of-office” methods can help to diagnose
various phenotypes of hypertension, such as white-coat
and masked hypertension [5].

Importance of nighttime blood pressure

24-h ABPM plays an incremental role in the management
of hypertension as it provides information on circadian
variations in BP and can identify white-coat and masked
hypertension [6]. A reduction in SBP by 10e20% during
nighttime is considered physiological dipping. An absence
of (“non-dipping”), or reverse (“rising“) SBP-dipping is
associated with higher CVD risk [7,8]. The prospective
JAMP-trial (Japan Ambulatory Blood Pressure Monitoring
Prospective) included 6359 asymptomatic patients with at
least one cardiovascular risk factor (mainly hypertension)
between 2008 and 2017. This study aimed to determine
associations between both, nocturnal hypertension and BP
dipping patterns and the risk of CVD, including heart
failure [9]. During a follow-up period of 4.5 years, there



Figure 1 The association of hypertension onset age and risk for future cardiovascular disease. The average hazard ratios (95% confidence interval) of
incident cardiovascular disease (myocardial infarction, ischemic stroke, and hemorrhagic stroke) and all-cause mortality of new-onset hypertensive
participants across age groups in 39,744 Chinese participants [3].
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were 306 CVDs (119 stroke, 99 coronary artery disease, 88
heart failure events). Nighttime SBP was significantly
associated with higher risk of CVD and in particular heart
failure (HR per 20-mmHg increase 1.21; 95% CI 1.03 to
1.41; p Z 0.017 and 1.36; 95% CI 1.08 to 1.71; p Z 0.009).
The worst outcomes were found in patients with rising
pattern in nighttime BP (HR for CVD 1.48; 95% CI 1.05 to
2.08; p Z 0.924 and 2.45 for heart failure; 95% CI 1.34 to
4.48; p Z 0.004) (Fig. 2) [9].

Perspective
The JAMP trial is among the largest, prospective ABPM
studies consistently using the same device and monitoring
protocol. The results suggest that nighttime BP levels and a
riser pattern were independently associated with higher
risk of CVD, in particular heart failure, highlighting the
importance of antihypertensive approaches targeting
elevated nighttime BP.
Exercise-induced hypertension

Cardio-pulmonary exercise testing provides the oppor-
tunity to assess the behavior of BP under reproducible,
standardized physical exercise conditions. There is an
association between exaggerated exercise SBP and risk of
CVD during follow-up [10]. However, there is no uniform
definition for exercise-induced hypertension [11]. The
German Society of Hypertension, for instance, recom-
mends to use an upper threshold of 200/100 mmHg for
diagnosing exercise-induced hypertension in middle-
aged women and men during submaximal effort at 100
Watts (W) [11].

A recently published study investigated the relationship
between a sustained elevation of exercise SBP at moderate
workload of 100 W for 6 minutes and future risk of coro-
nary artery disease in healthy men using repeated exercise
testing [11]. In the 1970s, 2014 healthy, white men were
enrolled in the OSLO-ISCHEMIA-STUDY [11]. After 7 years
of follow up, 1392 men remained in the study. Each
participant underwent bicycle exercise testing at two visits
at 100 W for 6 minutes, followed by an increase of work-
load by 50 W every sixth minute until near exhaustion.
Based on the results, participants were divided into three
groups: 1st group with SBP <165 mmHg at 100 W at both
visits, 2nd group with SBP <165 mmHg at 100 W in one of
two visits and 3rd group with SBP >165 mmHg at 100Wat
both visits [11]. During the median follow up of 24.7 years,
452 coronary heart disease events occurred of which 186
were death. The risk of CVD increased almost linearly in
participants with increasing exercise SBP (Fig. 3) [11].

Perspective
There is an increasing risk of coronary heart disease with
increasing exercise SBP independent of SBP at rest. The as-
sociation appears to be linear from the low range of exercise
SBP, and there is no sign of a distinct SBP threshold level for
increased coronary disease risk. When interpreting the re-
sults of this study, it must be considered that only healthy,
Norwegian middle-aged men were included. Therefore,
these findings may not be applicable to women, young or
elderly patients, or patients of other ethnicities [11].
Therapy

Hypertension and COVID-19

It has been suggested that hypertension is among the major
risk factors for severe complications of COVID-19 [12,13].



Figure 2 Cardiovascular disease risk by dipping status. Cumulative incidence rate of A-total cardiovascular events and B- heart failure events by
different dipping patterns (extreme dipper, dipper, non-dipper, and riser). Riser pattern is associated with higher risk of cardiovascular risk, in
particular heart failure [9]. CVD: cardiovascular disease, CHF: chronic heart failure.
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However, it remains elusive whether this association is due
to hypertension per se or attributed to confounding factors
(such as older age, diabetes and other comorbidities typi-
cally associated with hypertension). A retrospective analysis
on 2877 patients with COVID-19 in China showed an
increased adjusted risk for death in patients with hyper-
tension compared to those without hypertension (4.0% vs.
1.1%, aHR 2.12; 95% CI 1.17 to 3.82; p Z 0.013) [14]. On the
contrary, the prevalence of hypertension among these pa-
tients appears to be lower than the estimated prevalence of
hypertension seenwith other viral infections [15] and in the
general population in China [16e18].

It is known that angiotensin-converting enzyme-2
(ACE2) expression can be increased by angiotensin-
converting enzyme inhibitors (ACE-I) and angiotensin re-
ceptor blockers (ARBs) [18]. Since ACE2 facilitates SARS-
Figure 3 Risk of future coronary events depending on exercise blood pressu
exercise systolic blood pressure at moderate exercise workload (100 W fo
association appears to be linear [11]. HR: hazard ratio, SBP systolic blood p
CoV-2 entry into cells, concerns have been expressed
that treatment with these drugs could increase the risk of
severe COVID-19 (Fig. 4) [2,18,19]. Although the impact of
discontinuing ACE-I and ARBs in patients with COVID-19
was uncertain, some authors suggested switching antihy-
pertensive therapy with RAS blockers to calcium antago-
nists [18,19]. In March 2020, the European Society of
Cardiology recommended to continue treatment with
their usual anti-hypertensive therapy because there is no
solid evidence suggesting that treatment with ACE-I or
ARBs during SARS-CoV-2 infection is deleterious [20].

In the meantime, more robust evidence on this topic
has become available. A recent study combined clinical
data (n Z 144) and single-cell sequencing data of airway
samples (n Z 48) with in vitro experiments [21]. A
distinct inflammatory predisposition of immune cells was
re. There is an increasing risk of coronary heart disease with increasing
r 6 minutes) independent of systolic blood pressure value at rest. The
ressure, W: Watt.



Figure 4 The interaction of the renin-angiotensin-system-blockers with SARS-CoV-2. Angiotensin-converting enzyme-2 facilitates SARS-CoV-2
entry into cells. Its expression can be increased by angiotensin-converting enzyme inhibitors and angiotensin receptor blockers. ARB: angiotensin
receptor blocker, AT: angiotensin, SARS-CoV-2: severe acute respiratory syndrome coronavirus type 2, ACE: angiotensin-converting enzyme.
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correlated with critical COVID-19 progression in patients
with hypertension [21]. Treatment with ACE-I was asso-
ciated with dampened COVID-19-related hyper-
inflammation [21]. These processes could, in part, explain
the worse outcomes observed in hypertensive patients.
The limitations of this study are the relatively small
sample size and lack of reproducibility by other trials
[21].

Several observational-studies demonstrated that
neither the risk of SARS-CoV-2 infection nor the risk of a
severe course of COVID-19 were associated with ACE-I or
ARB therapy[22e24] These observational data were
recently supported by the findings of two randomized,
controlled trials [25,26]. The open-label REPLACE-COVID-
Study randomized 152 patients, who were already treated
with ARB or ACE-I in a 1:1 pattern to continuation or
discontinuation of this treatment [25]. No significant dif-
ferences between the two groups in the rank score for
clinical outcome during hospitalization (days of survival,
duration of mechanical ventilation, duration of dialysis,
SOFA-score) were detected (73; 95% CI 40 to 110 vs. 81;
95% CI 38 to 117; p Z 0.61) (Fig. 5A) [25].

The BRACE-CORONA-Study showed similar results
[26]. In this trial, 659 patients were randomized either to
continuation or discontinuation of antihypertensive
treatment with either ARB or ACE-I [26]. No significant
differences regarding the primary endpoint, days of sur-
vival or days of hospital stay, were found between the
two populations (continuation: 21.9 days; 95% CI 13.9 to
29.9 vs. discontinuation 22.9 days; 95% CI 15.8 to 30)
(Fig. 5B) [26].
Perspective
ACE-I and ARBs are not associated with an increased risk
for a severe course of COVID-19. It can be assumed that the
use of these drugs leads to a long-term benefit, also during
COVID-19, mediated via their beneficial cardiovascular
effects.

Hypertension therapy in the elderly

Elderly patients with hypertension often have other
comorbidities and therefore frequently receive poly-
pharmacotherapy, which can lead to adverse events and
increased morbidity [27]. Therefore, “deprescribing” has
been proposed as a strategy of reduction and optimization
of pharmacotherapy in the elderly [27].

The unblinded, non-inferiority OPTIMISE-trial exam-
ined whether antihypertensive medication reduction is
feasible, safe, and not associated with loss of SBP control
[28]. A total of 569 patients �80 years with SBP
<150 mmHg, taking at least two different antihypertensive
agents were randomized to a strategy of medication
reduction (removal of one hypertension drug, n Z 282) or
usual care (no changes in medication, n Z 287) [28]. The
primary endpoint was maintaining SBP <150 mmHg at 12-
week follow-up; 86% of the participants in the medication
reduction group had a SBP <150 mmHg vs. 88% in the
usual care group, indicating no difference between the
groups (adjusted risk reduction: 0.98; 97.5% 1-sited CI 0.92
to N; p Z 0.01 for non-inferiority). Expectedly, SBP and
DBP increased significantly by 3.4 mmHg (95% CI 1.0 to 5.8;
p Z 0.005) and 2.2 mmHg (95% CI 0.9 to 3.6; p Z 0.001) in



Figure 5 Primary outcomes of REPLACE-COVID [25] BRACE-CORONA [26] trials. A shows the cumulative hazard for all-cause death of the REPLACE-
COVID trial [25]. B demonstrate the mean number of days alive and out of the hospital of the BRACE-CORONA [26] trail. In both trials, no significant
difference between the groups was observed. ACE-I: angiotensin-converting enzyme inhibitors, ARB: angiotensin receptor blocker.
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the medication reduction group, respectively. Of the 7
prespecified secondary endpoints, 5 showed no significant
difference between the strategies. However, medication
reduction was only sustainable in 187 (66.3%) participants
at 12 weeks.

Perspective
This study suggested that antihypertensive medication
reduction can be achieved without substantial changes in
BP control in certain elderly patients but was maintained
in only 2 out of 3 patients at 12 weeks. In elderly patients,
a risk-benefit assessment of intensified BP control should
be critically and individually evaluated.
Anticoagulation in atrial fibrillation and hypertension

The current European Guidelines recommend BP target
values of 120e129/�80 mmHg in patients <65 years [2,6].
These recommendations are based on J-shaped associa-
tions between BP and cardiovascular outcomes [29e31].
Recently, new findings from the Randomized Evaluation of
Long-Term Anticoagulation Therapy (RE-LY) trial illus-
trated a J-curve phenomenon also in patients with atrial
fibrillation under oral anticoagulation [32]. In this study,
Dabigatran compared with warfarin was tested in 18,113
patients with non-valvular atrial fibrillation (6012 patients
received dabigatran 110 mg, 6075 dabigatran 150 mg and
6020 warfarin). The median follow up was 2 years [32].

Compared with the reference range 120e129 mmHg, J-
shaped associations were detectable. In patients with SBP
of 140e160 mmHg the risk of mortality increased by 19%
(HR 1.19; 95% CI 1.00 to 1.42) and in patients with SBP of
110e119 mmHg by 48% (HR 1.48; 95% CI 1.25 to 1.75)
(Fig. 6) [32]. However, in patients with low SBP, the
incidence of stroke and systemic embolism was not
increased. On the other hand, in patients with SBP above
the target range, the risk of systemic embolism increased
as expected (HR 1.81; 95% CI 1.40 to 2.33) (Fig. 6) [32].
High dose dabigatran protected from systemic embolism
compared with warfarin within the reference range (HR
0.54; 95% CI 0.35 to 0.85) and lower dose dabigatran
protected from severe bleeding when compared with
warfarin (HR 0.70; 95% CI 0.52 to 0.94). There was an
increase in severe bleeding if SBP was <110 mmHg,
compared with SBP within reference range (HR 2.17; 95%
CI 1.7 to 2.75) [32].

Perspective
A J-shaped association between CVD and achieved SBP and
DBP was demonstrated in anticoagulated patients with
atrial fibrillation. Low SBP levels were associated with an
increased risk of mortality, systemic embolism, and
bleeding in patients with atrial fibrillation on oral anti-
coagulation and may identify patients at elevated risk.
Dietary approaches to treat hypertension

Effective lifestyle changes may be sufficient to delay or
even prevent initiation of drug therapy in patients with
grade 1 hypertension [2]. Lifestyle modification may also
enhance the effect of BP-lowering therapy but should not
delay the initiation of drug therapy in hypertensive pa-
tients at high cardiovascular risk. Hence, the guidelines of
the ESC/ESH on hypertension management recommend
lifestyle modifications, i.e. limiting salt intake, moder-
ating alcohol consumption, high intake of vegetables and
fruits, etc. [2].

In the crossover, parallel DASH (Dietary Approaches to
Stop Hypertension)-Sodium trial, 412 adults with SBP/DBP
120e159/80-95 mmHg not taking antihypertensive medi-
cations were randomized to DASH or control diet [33].
Participants consumed each of the 3 sodium levels (low,



Figure 6 Blood pressure and complications in patients on therapeutic anticoagulation. A and C show the KaplaneMeier event curves according to
mean-achieved systolic blood pressure for all-cause death and stroke, respectively. B and D illustrate a J-shape associations between the mean-
achieved systolic blood pressure and all-cause death and stroke, respectively [32].
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medium, and high) for 4 weeks and received all meals but
were free to drink calorie-free beverages (e.g., water). After
each period, energy intake, weight, self-reported thirst,
and 24-h urine volume were assessed. On both diets,
weight was slightly but significantly reduced with low
sodium intake in participants on DASH diet (p
trend Z 0.049) and in participants on control diet (p
trend Z 0.001). Furthermore, higher sodium levels were
associated with more thirst (p trend 0.001 for both diets),
whereas urine volumewas higher in the control diet group
(p trend Z 0.007). Moreover, lower sodium intake
decreased both office SBP and DBP regardless of diet
(�3.1/-1.5 vs. �6.4/-3.2 mmHg, all p-trends <0.001).
Additionally, sodium reduction did not increase energy
requirements to maintain a stable weight, but decreased
thirst (in both diets) and urine volume (control diet only),
respectively [33].

Another randomized trial investigated the effect of a 6-
month DASH-focused nutrition compared with a diet
consistent with pediatric guideline recommendations
established by the American National High Blood Pressure
Education Program in 159 adolescents (aged 11e18) with
newly diagnosed elevated BP or stage 1 hypertension [34].
To promote DASH adherence, participants were frequently
counseled. The office SBP change was greater in partici-
pants with DASH diet than those in the control group
�2.7 mmHg (95% CI -5.2 to �0.1; p Z 0.03) and
�1.7 mmHg (95% CI -4.2 to 0.9; p Z 0.20) vs. �0.3 mmHg
(95% CI -0.5 to 0.03) and �0.2 mmHg (95% CI -0.4 to �0.03)
at 6 months and 18 months, respectively [34].

Perspective
Two recent DASH studies reiterated the traditional un-
derstanding of sodium physiology in BP regulation.
Therefore, salt restriction and lifestyle modification remain
effective options in treating hypertensive patients at low
cardiovascular risk.
Diabetes and hypertension

Sodium glucose co-transporter 2 (SGLT2) inhibitors and
Glucagon-like peptide-1 receptor agonists (GLP1-RA) are
newer classes of antihyperglycemic drugs used for treating
diabetes mellitus type 2 (T2DM) [35]. Moreover, regardless
of the presence of diabetes, they appear to be advanta-
geous in the treatment of CVD, especially heart failure [36].

Additionally, recent studies showed that SGLT2 in-
hibitors and GLP1-RAs exhibit BP lowering effects [37,38].
Thus, the 2019 European Guidelines on diabetes man-
agement recommend that reduction of BP should be
considered while treating with GLP1-RAs and SGLT-2 in-
hibitors [35].

The BP-lowering effect of dapagliflozin was examined in
a double blind, randomized trial, in which 85 patients with
diabetes on mono- or combination therapy were
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randomized 1:1 to dapagliflozin or placebo for 12 weeks
[39]. All participants underwent 24-h ABPM. The 24-h SBP
change was significantly reduced in the dapagliflozin
group but not in the placebo group (�5.8 � 9.5 vs.
0.1 � 8.7 mmHg, p Z 0.005) [39].

In another study, the BP-lowering effect of dapagliflozin
was compared with placebo in 1205 patients with heart
failure and reduced ejection fraction from the Dapagliflozin
and Prevention of Adverse Outcomes in Heart Failure
(DAPA-HF) trial [40]. The BP-lowering effect of dapagliflozin
was examined considering office SBP as both a continuous
and categorical variable. The placebo-corrected reduction in
office SBP from baseline to 2 weeks with dapagliflozin was
�2.54 mmHg (95% CI -3.33 to �1.76; p < 0.001). The
between-treatment difference was greater in patients with
highest compared with lowest SBP category [40].
Figure 7 Change in 24-h systolic blood pressure after renal denervation
frequency- (SPYRAL HTN OFF and SPYRAL HTN ON) [41e43] and ultrasound-
systolic blood pressure. ) including the pilot trial, SBP: systolic blood press
Perspective
SGLT-2 inhibitors and GLP-1 RAs show BP-lowering effects.
More randomized controlled trials should be conducted to
further evaluate their role in hypertension therapy.

Device-based therapies e catheter-based renal
denervation

In 2020, the results of the SPYRAL HTN- OFF-MED Pivotal
trial [41] were published. In this trial data from the pilot
and pivotal trials were combined using a Bayesian design.
The trial was powered for change in mean 24-h and office
SBP between baseline and three months [41]. A total of
331 patients were randomized either to renal denerva-
tion (RDN) (nZ 166) or sham (n Z 165) treatment. While
mean 24-h SBP did not change significantly in the sham
. Three randomized, sham-controlled trials demonstrating that radio-
based (RADIANCE-HTN) [43] renal denervation can significantly reduce
ure, 24-h SBP: 24-h systolic blood pressure.
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group (�0.6 mmHg; 95% CI �2.1 to 0.9), there was a
significant reduction in the RDN group (�4.7 mmHg; 95%
CI �6.4 to �2.9). The primary endpoint, which was a
baseline-adjusted change in mean 24-h SBP after 3
months, was reached. The between-group change of
mean SBP was �3.9 mmHg (Bayesian 95% credible inter-
val: �6.2 to �1.6). This study is one of three randomized,
sham-controlled studies demonstrating that radio-
frequency- (SPYRAL-HTN)[41e43] and ultrasound-based
(RADIANCE-HTN) [43] RDN can safely and significantly
reduce BP in patients with and without antihypertensive
medication (Fig. 7)[6, 41e45].

A common feature of all studies in RDN is the high
variability in treatment effects [46]. From this perspective,
strategies to a priori identify patients with high likelihood
of BP fall are of great importance [46]. The most recent
studies on RDN did not include patients with severe
(resistant) but mild to moderate hypertension. In this
context, 24-h heart rate in the SPYRAL HTN-OFF MED trial
[47] and baseline nighttime SBP including its variability in
the DENER-HTN trial [48] predicted future BP reductions
after RDN [49]. These parameters were also investigated in
a post-hoc analysis of the RADIANCE-HTN SOLO study. The
participants were not treated with concomitant antihy-
pertensive therapy following ultra-sound RDN or sham
[49]. The 24-h heart rate �73.5 bpm had insufficient pre-
dictive value, whereas nighttime SBP �136 mmHg and SBP
variability of �12 mmHg had good specificity (>90%) but
low sensitivity [49]. Furthermore, another study evaluated
the changes in plasma renin activity and aldosterone after
RDN in a total of 226 patients from the SPYRAL HTN-OFF
MED trial. At baseline, there was no significant difference
in the plasma renin activity between the RDN- and the
control group (1.0 � 1.1 vs. 1.1 �1.1 mg/mL/hour; pZ 0.37)
[50]. After 3 months, the change in plasma renin activity
was significantly greater in the RDN group than in the
control group (�0.2 � 1.0; p Z 0.019 vs. 0.1 � 0.9 mg/mL/
hour; pZ 0.001 for RDN). Moreover, significant reductions
in plasma aldosterone were observed. Despite similar
baseline BP, a significant greater reduction of 24-h and
office SBP at 3 months for RDN compared with control
group was observed, in patients with higher baseline
plasma renin activity (�0.65 vs.<0.65 ng/mL/hour) [50].

New study results are expected shortly, RADIANCE
HTN-TRIO (NCT02649426), REQUIRE (NCT02918305) and
RADIANCE II (NCT03614260) are three studies focusing on
ultrasound-based RDN. Chemical-mediated RDN with the
injection of alcohol in the perivascular space of the renal
arteries through microneedles is under investigation in the
Target BP I (NCT02910414) and TARGET BP OFF-MED
(NCT03503773) studies [51].

Not only in hypertension but also in other CVDs char-
acterized by increased sympathetic activity, RDN may
represent a therapy option, e.g., atrial fibrillation (SYM-
PLICITY-AF, NCT02064764), chronic kidney disease (RDN-
CKD, NCT04264403), heart failure with reduced ejection
fraction (RE-ADAPT-HF, NCT02085668), or congestive
heart failure and renal failure (SYMPLICITY-HF,
NCT01392196).
Perspective
The efficacy and safety of RDN has been demonstrated in
several randomized controlled trials. Therefore, RDN
should be considered as an additional or alternative
treatment option, beside lifestyle modification and anti-
hypertensive therapy, in selected patients with uncon-
trolled hypertension.
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