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The overall prevalence of hypertension in adults globally
is estimated to be 30-45% with even higher rates of >60%
in people aged above 60 years (1). It is expected that the
number of people with hypertension will further grow by
15% to 20% and reach ~1.5 billion in 2025 (2). A systolic
blood pressure (BP) >140 mmHg contributes substantially
to the mortality and disability burden (70%), mostly related
to ischemic and hemorrhagic stroke (1.5 and 2 million,
respectively), and ischemic heart disease (4.9 million) (3).
While lifestyle modification and antihypertensive (AH)
pharmacotherapy are highly effective in reducing elevated
BP, many patients remain uncontrolled due to a variety
of reasons including non-adherence and non-compliance,
intolerance to prescribed drugs, or true treatment
resistance. Some of these patients may benefit from novel
interventional procedures such as catheter-based renal
denervation (RDN) as a suitable alternative.

Indeed, initial proof-of-concept studies and randomized
controlled clinical trials (Symplicity HTN-1 and HTN-2)
demonstrated significant BP-lowering efficacy as add on
therapy to concomitant drug therapy (4,5). However, the
randomized, blinded, sham-controlled Symplicity HTN-
3 trial (6) failed to demonstrate the superiority of RDN in
BP-lowering compared to a sham control group at 6 months
post procedure. The unexpected results of the Symplicity
H'TN-3 trial have been extensively discussed and attributed
to some possible confounding factors (7) which were taken
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into account in the design of studies in the post-Symplicity
HTN-3 era.

A decade after the publication of the original proof-of-
concept RDN study (4) recent evidence from appropriately
designed trials have resulted in a renewed interest
in RDN. These include the DENERHTN trial (8),
the SPYRAL HTN-OFF MED (9) and RADIANCE-
HTN SOLO (10) trials, both in drug-naive hypertensive
patients, as well as the SPYRAL HTN-ON MED trial (11)
in hypertensive patients on concomitant AH therapy. All
of these studies demonstrated a significant and clinically
relevant reduction in ambulatory BP compared to respective
control groups. Evidence is, therefore, now available
from a number of properly designed, randomized, sham-
controlled trials confirming the BP-lowering efficacy of
a catheter-based RDN approach (12). Based on findings
from recent large scale outcome studies a decrease in office
BP of around 10 mmHg, as achieved in these RDN trials,
if maintained in the long-term, would likely be associated
with a reduction in cardiovascular (CV) events by ~25%.

Very recently, an updated study-level meta-analysis of
all published sham-controlled randomized trials evaluated
the effect of RDN on BP in uncontrolled hypertensive
subjects (13). Six trials (Table 1) that met the inclusion and
exclusion criteria were identified by the authors. These
trials involved a total of 977 participants (582 randomized
to RDN and 395 to sham). Four out of 6 trials allowed
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A RSD Sham Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Second Generation Trials
RADIANCE-HTN SOLO -7 86 74 =31 97 72 31.6% -3.90(-6.88,-0.92) -
SPYRAL HTN-OFF MED -5.5 107 35 -05 104 36 11.6% -5.00 (-9.91,-0.09) ——
SPYRAL HTN-ON MED -9 n 36 -1.6 107 36 11.1% -7.40 (-12.41,-2.39) ——
Subtotal (95% Cl) 145 144 543%  -4.85(-712,-2.58) *
Heterogeneity: Tau? = 0.00; Chi® = 1.39, df = 2 (P = 0.50); I = 0%
Test for overall effect: Z = 4.19 (P < 0.0001)
1.1.2 First Generation Trials
Deschetal -7 n 32 35 9.8 35 1.2% -3.50 (-8.51,1.51) —
ReSET -37 164 35 -26 128 33 5.8% -1.10 (-8.07, 5.87) —
SYMPLICITY HTN-3 -675 1511 329 -479 1725 162 28.8% -1.96 (-5.08, 1.16) -
Subtotal (95% CI) 396 230 457%  -2.23(-4.70, 0.25) L
Heterogeneity: Tau? = 0.00; Chi® = 0.38, df = 2 (P = 0.83); I* = 0%
Test for overall effect: Z = 1.76 (P = 0.08)
Total (95% CI) 541 374 100.0% -3.65(-5.33,-1.98) ¢
Heterogeneity: Tau? = 0.00; Chi2 = 4.1, df = 5 (P = 0.53); I = 0% I + + {
Test for overall effect: Z = 4.28 (P < 0.0001) -50 -25 (o] 25 50
Test for subgroup differences: Chi2 = 2.35, df =1 (P = 0.13); 1> = 57.4% Favors RSD Favors Sham
B RSD Sham Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
1.2.1 Second Generation Trials
RADIANCE-HTN SOLO -44 58 74 -3 6.1 72 23.4% -1.40 (-3.33, 0.53) =
SPYRAL HTN-OFF MED -48 66 35 -04 5.5 36 15.2%  -4.40(-7.23,-1.57) —_
SPYRAL HTN-ON MED -6 74 36 -19 82 36 10.7%  -4.10 (-7.71,-0.49) —=—
Subtotal (95% CI) 145 144 493% -2.98(-5.10,-0.86) *
Heterogeneity: Tau? = 1.63; Chi2 = 3.70, df = 2 (P = 0.16); I> = 46%
Test for overall effect: Z = 2.75 (P = 0.006)
1.2.2 First Generation Trials
Deschetal -28 56 32 =21 5.5 35 16.4% -0.70 (-3.36, 1.96) -
ReSET -1.7 86 35 -26 75 33 9.8% 0.90 (-2.93, 4.73) -
SYMPLICITY HTN-3 -41 92 329 -31 101 162 24.5%  -1.00 (-2.85, 0.85) =
Subtotal (95% CI) 396 230 507%  -0.66(-2.07, 0.75) 4
Heterogeneity: Tau? = 0.00; Chi® = 0.77, df = 2 (P = 0.68); I = 0%
Test for overall effect: Z = 0.91 (P = 0.36)
Total (95% CI) 541 374 100.0% -1.71(-3.06, -0.35) L
Heterogeneity: Tau? = 1.07; Chi? = 813, df = 5 (P = 0.15); I> = 38% f f t i
Test for overall effect: Z = 2.47 (P = 0.01) -50 -25 0 25 50

Test for subgroup differences: Chi? = 318, df = 1 (P = 0.07); I* = 68.6%

Favors RSD Favors Sham

Figure 1 24-h ambulatory systolic and diastolic blood pressure changes with RSD versus sham-controlled group. (A) Ambulatory systolic

blood pressure (mmHg); (B) ambulatory diastolic blood pressure (mmHg). The size of central markers reflects the weight of each study. CI,

confidence interval; IV, inverse variance; RADIANCE-HTN SOLO, a study of the ReCor medical paradise system in clinical hypertension;

ReSET, renal sympathectomy in treatment resistant essential hypertension, a sham controlled randomized trial; RSD, renal sympathetic

denervation; SPYRAL HTN-OFF MED, global clinical study of renal denervation with the Symplicity Spyra

I™ multi-electrode renal

denervation system in patients with uncontrolled hypertension in the absence of antihypertensive medications; SPYRAL HTN-ON

MED, global clinical study of renal denervation with the Symplicity Spyral™ multi-electrode renal denervation system in patients with

uncontrolled hypertension on standard medical therapy. With permission from (13).

in estimated glomerular filtration rate between the RDN
and sham procedure groups in first- or second-generation
trials was demonstrated. No major periprocedural adverse
events were reported in either group in 5 trials. Symplicity
HTN-3 reported significant adverse events in 1.4% of
the RDN group and 0.6% of the sham-controlled group.
Meta-regression with multiple covariates did not detect any
confounding factors/effect modifiers for changes in ASBP.
To put these findings into context, it is worthwhile to
compare the BP-lowering effect of RDN with those of
commonly used AH drugs in placebo-controlled trials.
Indeed, a recent meta-analysis of 52 placebo-controlled
studies, including 9,500 patients found that a variety of
AH drug regimens reduced ASBP and office SBP by 1.4
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and 4.6 mmHg, respectively (18). While perhaps not
directly comparable, findings from these two meta-analyses
comparing RDN vs. AH drug treatment with their relevant
controls (sham and placebo, respectively) do indicate that the
ASBP-lowering effect of RDN may be superior to that of a
single AH drug (~2.5 times the effect size). Assuming that
the BP-lowering effect of RDN is consistently observed and
durable, this approach may offer several benefits over time
and overcome the inherent limitations of AH drug therapy
including drug intolerance, non-adherence, and variability
in BP control due to trough levels (11). AH medications
have produced less pronounced effects on BP in placebo-
controlled when compared with non-placebo controlled
single-arm studies. Likewise, RDN demonstrated a more

Cardiovasc Diagn Ther 2019;9(6):601-606 | http://dx.doi.org/10.21037/c¢dt.2019.07.03
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pronounced reduction in BP in single-arm studies, which
evaluated pre- and post-RDN treatment effects (19,20).

An obvious question in this context is whether RDN is
ready for more widespread clinical use. The latest RDN
trials have been designed in collaboration with the US Food
and Drug Administration and are still considered proof-of-
concept studies to be extended into pivotal trials as currently
ongoing. The results presented in the aforementioned
meta-analysis, however, reinforce the safety and efficacy
of RDN for BP reduction and emphasize the importance
of incorporating relevant modifications into trials design
(e.g., randomized sham-controlled trials, selection of
patients with combined systolic and diastolic hypertension
rather than isolated systolic hypertension (21), procedural
techniques employed, AH drugs regimen prescribed, highly
experienced operators, endpoint ascertainment, and others).
Longer-term follow up will be required to ultimately
determine the vascular safety of RDN. The ongoing pivotal
studies have incorporated these features and will provide
more robust and much-needed evidence to inform several
remaining questions and will allow appropriate positioning
of RDN as an alternative approach to lower BP in clinical
medicine.
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