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Aims The SYMPLICITY HTN-3 randomized, blinded, sham-controlled trial confirmed the safety of renal denervation (RDN),
but did not meet its primaryefficacyendpoint. PriorRDN studieshavedemonstrated significant and durable reductions in
blood pressure. This analysis investigated factors that may help explain these disparate results.

Methods
and results

Patients with resistant hypertension were randomized 2 : 1 to RDN (n ¼ 364) or sham (n ¼ 171). The primary endpoint
was the difference in office systolic blood pressure (SBP) change at 6 months. A multivariable analysis identified predictors
of SBP change. Additional analyses examined the influence of medication changes, results in selected subgroups and
procedural factors. Between randomization and the 6-month endpoint, 39% of patients underwent medication
changes. Predictors of office SBP reduction at 6 months were baseline office SBP ≥180 mmHg, aldosterone antagonist
use, and non-use of vasodilators; number of ablations was a predictor in the RDN group. Non-African-American
patients receiving RDN had a significantly greater change in office SBP than those receiving sham; –15.2+23.5 vs.
–8.6+24.8 mmHg, respectively (P ¼ 0.012). Greater reductions in office and ambulatory SBP, and heart rate were
observed with a higher number of ablations and energy delivery in a four-quadrant pattern.

Conclusions Post hoc analyses, although derived from limited patient cohorts, reveal several potential confounding factors that may
partially explain the unexpected blood pressure responses in both the sham control and RDN groups. These hypoth-
esis-generating data further inform the design of subsequent research to evaluate the potential role of RDN in the
treatment of resistant hypertension.
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Introduction
The recognition of the importance of the renal sympathetic and
somatic nerves in modulating blood pressure and the development

of a novel procedure intended to selectively interrupt the sympath-
etic contribution to hypertension has introduced an opportunity to
provide meaningful benefit to patients with resistant hypertension.
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Early experience with surgical sympathectomy demonstrated posi-
tive reductions in blood pressure for some patients, but such proce-
dures were abandoned because, in part, they had serious side
effects.1,2 Additionally, the demonstration of high renal norepineph-
rine spill over into plasma of patients with untreated essential hyper-
tension provides key evidence for the central role of renal
sympathetic activation in the pathogenesis of hypertension.3,4 More
recently, preclinical and early phase human evaluations of a catheter-
based approach to renal denervation (RDN) have mechanistically
correlated afferent sensory and sympathetic efferent denervation
with decreased renal norepinephrine spill over, halving of renin activ-
ity and increased renal plasmaflow.5 In parallel, RDN has also demon-
strated clinically significant, sustained reductions in office systolic
blood pressure (SBP) of �25 mmHg in unblinded studies.6,7 Further-
more, observed reductions in blood pressure in a real-world, less-
selected patient population have been substantive across a broader
range of baseline blood pressures and confirm the safety of radiofre-
quency RDN.8 These early promising results in patients with resistant
hypertension led to the rapid adoption of this therapy and its inclu-
sion as a potential treatment option in published guidelines.9,10

The recent results of the SYMPLICITY HTN-3 trial have chal-
lenged preclinical science, clinical anecdote, and the consistency
observed across early phase trials. Although the trial demonstrated
the safety of RDN, among 535 patients identified with treatment-
resistant hypertension the difference in 6-month blood pressure
decline between RDN and sham-treatment groups was not
significantly different for office or ambulatory measures.11 Given
such discordant findings between SYMPLICITY HTN-3 and prior
experience, we investigated key factors that could have contributed
to the greater than expected drop in blood pressureafter a sham pro-
cedure and the less than expected blood pressure drop in the
patients receiving RDN. Based on the results of multivariable analysis
to identify predictors of SBP change, and analysis of pre-specified and
post hoc subgroups to identify potential confounding factors that may
have affected the trial results, three areas of investigation were
pursued: (i) changes in antihypertensive medications, (ii) outcomes
in selected subgroups, and (iii) detailed assessment of procedural
data that may have impacted the delivery of effective RDN.

Methods

Patients
Details of the methods, patient eligibility, and primary results of SYMPLI-
CITY HTN-3 have been published.11,12 Briefly, the trial enrolled patients
with drug-resistant hypertension defined as an office SBP of at least
160 mmHg and an ambulatory SBP of at least 135 mmHg despite adher-
ence to maximally tolerated doses of at least threeantihypertensivemed-
ications including a diuretic. All patients provided written informed
consent for participation in the trial. The primary safety endpoint was
the rate of major adverse events compared with a performance goal.11

The primary efficacy endpoint compared the change in office SBP from
baseline to 6 months between the denervation group and the control
group using a 5 mmHg superiority margin.

Trial procedure
After manual documentation of medication use in patient diaries for at
least 10 of 14 days prior to the second screening visit and confirmation
of blood pressure criteria for randomization, patients underwent a

renal angiogram to confirm acceptable renal artery anatomy. Eligible
patients were randomized 2:1 to RDN (n ¼ 364) or sham control
(renal angiogram; n ¼ 171). Randomization was stratified by study
centre and by race (African American vs. non-African American). The
protocol specified that four to six ablations should be delivered to
each renal artery beginning at the distal end of the artery and rotating
in a helical pattern as the catheter is pulled back. Trained non-physician
proctors were present at all cases. The protocol specified that no
changes to antihypertensive medications should be made during the
6-month follow-up period before the primary endpoint was assessed
unless considered a clinical necessity by the treating physician.

For each patient randomized to RDN using the SymplicityTM renal
denervation system (Medtronic, Inc., Santa Rosa, CA, USA), procedure
data were collected including the number of ablations in each renal
artery and the locations of the ablations. A ‘four-quadrant’ ablation was
determined by at least one superior treatment, one inferior treatment,
and a minimum of two anterior/posterior treatments in each artery.

Additional analysis
Multivariable predictors of change in SBP at 6 months from baseline were
performed for office and 24-h ambulatory blood pressure measure-
ments. Because of the importance of medication treatment in this
study and the unique requirement for stable doses of antihypertensive
drugs at maximally tolerated doses from baseline to 6-month follow-up,
a detailed examination of medication adherencewasundertaken. Follow-
ing enrolment, blood pressure and medication use were documented
between screening visit 1 and screening visit 2. Assessment of medication
prescription between baseline (screening visit 2) and 6-month follow-up
for all antihypertensive medications and for medications at maximally
tolerated doses was completed as well. Blood pressure change from
baseline was assessed for each group of patients on aldosterone antago-
nists, vasodilators, beta-blockers, and calcium-channel blockers.

The significant change in office SBP observed for the non-African-
American subgroup but not observed in the African-American subgroup
was further explored based on differences between subgroups in base-
line antihypertensive medications prescribed, particularly vasodilator
prescription at baseline.

Procedural considerations were analysed according to the number of
radiofrequency ablation attempts documented, and the proportion of
patients with a four-quadrant ablation in both renal arteries, one renal
artery or not delivered to either renal artery based on data collected at
the time of the procedure. Office, ambulatory and home blood pressure
changes at 6 months were included for each of the procedural analyses.
The mean number of ablation attempts and the number of treatments
per length of both arteries were assessed according to the number of
ablations attempted.

Statistical analysis
Factors that could potentially affect outcomes were tabulated, and out-
comes related to those factors, including office and ambulatory blood
pressures, and heart rates are presented. Effects related to baseline anti-
hypertensive medications on blood pressure outcomes were compared
between RDN and sham groups using the two-sample t-test.

Because RDN procedure data were available only in the patients ran-
domized to the treatment group, a post hoc analysis was performed to
match sham patients with RDN patients using the propensity score
method (Figure 2). Specifically, propensity scores were calculated for
each randomized patient using logistic regression, with treatment assign-
ment as a dependent variable, and the baseline covariates as independent
variables (age, gender, BMI, baseline eGFR, diabetes, race [African Ameri-
can, non-African American], obstructive sleep apnoea, heart failure,
number of medication classes at baseline, baseline office SBP, baseline
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ambulatory SBP, and baseline medication classes). For each sham patient,
one treatment patient with the closest baseline characteristics is selected
as the matching patient.13 The clinical outcomes in each matched cohort
based on the number of ablations delivered to the RDN treatment group
are compared between the matched patients in the two randomization
arms using the two-sample t-test. The change from baseline at 6
months for office and ambulatory SBP and heart rate was assessed for
each of the matched groups.

Multivariable predictors of SBP change at 6 months were determined
using multiple linear regressions. The following covariates were consid-
ered for each model: baseline office SBP ≥180 mmHg, African-American
race, age ,65 years, history of diabetes, eGFR ≥60 mL/min/1.73 m2,
male gender, four-quadrant ablation pattern, ≥8 full 120-s ablations,
≥4 notches (defined as a visible depression in arterial wall at the site of
ablation on fluoroscopic image), total number of ablation attempts, as
well as baseline prescription of aldosterone antagonist, a-1-blocker,
a-2 agonist, angiotensin-converting enzyme inhibitor, angiotensin-
receptor blocker, beta-blocker, calcium-channel blocker, direct renin
inhibitor, and vasodilator. The RDN procedural variables were included
only in multivariable analyses of the RDN arm. A stepwise selection algo-
rithm was used to select significant covariates with entry/stay significance
levels of 0.2/0.1, respectively.

Results
Multivariable analysis of the overall group identified baseline office
SBP ≥180 mmHg, and prescription of an aldosterone antagonist at
baseline as positive predictors for increasing 6-month change from
baseline in office SBP; prescription of a vasodilator at baseline was
a negative predictor of office blood pressure reduction at 6 months
(Table 1). The subgroup of patients ,65 years in age was associated
with SBP change in the RDN group in univariable analysis but not in
the multivariable model. In the multivariable analysis, the total
number of ablation attempts was an additional independent predict-
or for office SBP change in the RDN group. Aldosterone antagonist
prescription at baseline was also a positive predictor for change in
the 24-h ambulatory SBP change. Multivariable analysis of the
control group also identified baseline office SBP ≥180 mmHg as a
significant predictor of decreased office SBP. No variable predicted
response in the control group for 24-h ambulatory SBP changes at
6 months.

Anaverage of19.5 days transpired between the two screening visits.
Between screeningvisit 1 and screeningvisit 2, 94%ofpatients were on
stable doses of their antihypertensive medications and 78% of all
patients were on maximum tolerated doses of at least three drugs
for at least 6 weeks. After randomization, medication changes oc-
curred more frequently with 39% of patients having a change in dose
or drug class between baseline and the 6-month primary endpoint.
The majority of the medication changes (69%) were for drugs
prescribed at maximally tolerated dose, and this was often related to
clinical symptoms oran adverseevent, aspermitted by the ‘medication
escape’ criteria in the protocol (Table 2).

Subgroup analysis
Medication classes
Office and 24-h ambulatory blood pressure change at 6 months for
subgroups based on medication class prescription at baseline are
shown in Table 3. There were no significant differences in blood

pressure changes for patients on a vasodilator, beta-blocker, or
calcium-channel blocker at baseline although there was a trend for
greater office SBP change in the denervation group for the beta-
blocker and calcium-channel blocker subgroups.

Patient population
A significant difference in office SBP change was observed for the
non-African-American subgroup, but this was not observed in the
African-American population that comprised 26.2% of the overall
population (Figure 1A). There was not a significant treatment inter-
action between the two subgroups (interaction P ¼ 0.09). Although
trends were similar, the differences between African-American and
non-African-American subgroups were not significant for mean
24-h ambulatory or home SBP.

Baseline medication prescription in the African-American and
non-African-American subgroups was examined and found to be
similar for all antihypertensive drug classes, except vasodilators:
56% of African-American sham patients and 46.7% of African-
American RDN patients were receiving a vasodilator; 40.5% of
non-African-American sham control patients and 33.7% of non-
African-American patients were receiving a vasodilator at baseline.
Overall 71% of the vasodilators prescribed were hydralazine and
27% were minoxidil; the remaining 2% were reserpine.

Further analysis of these subgroups based on baseline prescription
of a vasodilator revealed a particularly large decline in SBP for the
African-American subgroup prescribed vasodilators in the sham
group (221.9+29.1 mmHg) which did not occur in either the
African-American sham group not prescribed vasodilator therapy
or in the non-African-American sham groups with or without
vasodilator prescription at baseline (Figure 1B). In the non-African-
American subgroup, patients not prescribed a vasodilator had a
significantly greater change in office SBP (217.6 mmHg in the
RDN group and 210.4 mmHg in the sham group; 95% CI, 27.1
[213.7, 20.6], P ¼ 0.03).

Procedural analysis
Consistent and greater reductions in office and ambulatory blood
pressure, and heart rate were identified with a higher number of
renal artery ablations. When control patients and RDN patients
werepropensity scorematchedaccording tobaseline characteristics,
the difference in office and ambulatory SBP, and heart rate between
the two groups, increased with increasing numbers of ablations deliv-
ered to the treatment group (Figure 2). This was statistically significant
for the office SBP (P value for trend 0.01) and heart rate (P value for
trend ,0.01) and for the ambulatory SBP groups that received 12 or
13 ablations. The majority of patients received at least the minimum
recommended number of ablations (4–6 per artery) but there were
four patients who received less than eight ablations including two
patients who only received one ablation. The higher numbers of
ablations were related to repeated ablations when generator error
codes appeared or in instances in which longer renal arteries permit-
ted more ablations. The mean number of ablation attempts increased
with increasing renal artery length. There was no increase in safety
events corresponding to the increasing number of renal artery
ablations (no MAEs occurred in patients receiving ≥13 ablations).

Delivery of ablations in a four-quadrant pattern to neither one or
both renal arteries revealed a similar but not statistically significant
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Table 1 Multivariable predictors of systolic blood pressure change at 6 months

Covariate Estimate 95% Confidence interval P-value

Pooled patients

Office SBP change (n ¼ 518)

Randomized to RDN 23.64 27.96, 0.69 0.100

Baseline office SBP ≥180 mmHg 214.94 219.06, 210.82 ,0.0001

Aldosterone antagonist 26.39 211.24, 21.54 0.010

Vasodilator 5.49 1.26, 9.72 0.011

Ambulatory SBP change (n ¼ 483)

Randomized to RDN 22.11 25.10, 0.88 0.167

Baseline eGFR ≥60 mL/min/1.73 m2 23.91 27.39, 20.44 0.028

Aldosterone antagonist 23.98 27.24, 20.72 0.017

RDN group

Office SBP change (n ¼ 318)

Baseline office SBP ≥180 mmHg 214.31 219.23, 29.39 ,0.0001

Total number of ablation attempts 20.94 21.82, 20.05 0.040

Aldosterone antagonist 29.77 215.83, 23.72 0.002

Vasodilator 7.55 2.38, 12.72 0.005

Ambulatory SBP change (n ¼ 293)

Baseline eGFR ≥60 mL/min/1.73 m2 24.56 28.99, 20.13 0.044

Aldosterone antagonist 25.19 29.33, 21.06 0.014

Sham groupa

Office SBP change (n ¼ 169)

Baseline office SBP ≥180 mmHg 28.00 216.42, 0.41 0.064

African-American race 211.97 219.81, 24.14 0.003

Alpha-1 blocker use 212.00 223.60, 20.40 0.044

P value needs to be ,0.2 to enter the model, and needs to be ,0.1 to stay.
aThere were no multivariable predictors of ambulatory SBP change in the sham group.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Antihypertensive medication use change analysis

RDN group Sham group

Baseline number of medications 5.1+1.4 5.2+1.4

6-month number of medications 5.0+1.4 5.2+1.6

Medication change SV1 to SV2 18 (4.9%) 13 (7.6%)

Any medication change between baseline and 6 months 139a (38.2%) 72a (42.1%)

.1 change between baseline and 6 months 119 (32.7%) 60 (35.1%)

Decreased number of medication classes or doses 52 (14.3%) 23 (12.8%)

Increased number of medication classes or doses 31 (8.5%) 17 (9.9%)

Combination of increases and decreases in class and/or dose 56 (15.3%) 32 (18.7%)

Medication change related to an adverse event or symptom change 98 (26.9%) 53 (31.0%)

Medication change related to SBP ,115 mmHg 13 (3.6%) 2 (1.2%)

Medication change related to SBP increase .15 mmHg 14 (3.8%) 7 (4.1%)

Other reasons 72 (19.8%) 41 (24.0%)

Data is mean (SD) or n (%).
SV, screening visit.
aFour RDN group patients and two control group patients who had no net change for the 6-month period (i.e. the same medication changed and returned to previous dose).
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Table 3 Blood pressure 6-month change from baseline according to baseline medication use

Effectiveness measure RDN group Sham group 95% CI P-value

Aldosterone antagonists

Office (n ¼ 76) (n ¼ 47)

SBP 221.9+25.0 213.8+27.8 28.05 (217.6, 1.5) 0.10

DBP 210.3+13.2 26.2+17.5 24.06 (210.0, 1.8) 0.18

24-h ambulatory (n ¼ 73) (n ¼ 46)

SBP 211.1+15.4 25.4+21.9 25.7 (213.1, 1.7) 0.13

DBP 27.0+9.9 22.7+12.0 24.3 (28.3, 20.3) 0.04

Vasodilators

Office (n ¼ 125) (n ¼ 76)

SBP 211.0+24.6 211.6+26.7 0.6 (26.7, 7.9) 0.86

DBP 26.0+12.6 24.7+15.0 21.2 (25.1, 2.7) 0.53

24-h ambulatory (n ¼ 113) (n ¼ 73)

SBP 27.2+15.7 24.1+17.0 23.1 (27.9, 1.7) 0.21

DBP 24.8+9.9 22.9+9.6 21.9 (24.8, 1.0) 0.20

Beta-blockers

Office (n ¼ 298) (n ¼ 145)

SBP 215.6+24.1 210.6+27.0 25.0 (210.0, 0.0) 0.05

DBP 26.5+12.0 24.7+13.9 21.8 (24.5, 0.8) 0.18

24-h ambulatory (n ¼ 274) (n ¼ 135)

SBP 26.8+15.5 24.8+16.7 22.0 (25.3, 1.3) 0.23

DBP 24.2+9.5 23.1+9.7 21.1 (23.1, 0.9) 0.28

Calcium-channel blockers

Office (n ¼ 242) (n ¼ 124)

SBP 215.0+22.9 29.6+26.8 25.4 (210.9, 20.2) 0.06

DBP 26.6+12.2 24.8+13.7 21.8 (24.5, 1.0) 0.21

24-h ambulatory (n ¼ 225) (n ¼ 117)

SBP 27.1+15.8 24.7+16.9 22.4 (26.0, 1.2) 0.20

DBP 24.3+9.9 23.1+9.8 21.2 (23.4, 1.0) 0.29

Values are mean+ SD.

Figure 1 Change in office systolic blood pressure at 6 months for non-African-American and African-American subgroups (A) and for non-African-
American and African-American subgroups according to baseline vasodilator use (B). P-values shown are for the difference between the 6-month
change from baseline for the RDN group and the sham group. All 6-month change from baseline values are significant (P , 0.001).
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pattern of increasing reduction in office (P value for trend 0.10), am-
bulatory (P value for trend 0.24), and home blood pressures (P value
for trend 0.58) (Figure 3). These analyses revealed that only 19 treated
patients received four-quadrant ablations in both renal arteries.

Discussion
Amidst enthusiasm for a promising breakthrough therapy in treat-
ment-resistant hypertension, the failure of SYMPLICITY HTN-3 to
demonstrate a significant improvement in blood pressure compared
with a sham procedure led to the examination of factors that might
have contributed to the unexpected results. These post hoc analyses
were conducted following completion of the primary analyses for the
SYMPLICITY HTN-3 trial. The implementation of blinding and a

sham control were expected to narrow but not eliminate the differ-
ence between experimental and control groups; what was observed
was a less than expected RDN treatment effect and a more
pronounced response in the sham group. Our initial multivariable
analysis serves to guide further exploration of factors that may
have affected the overall study efficacy result, since the result was
similar between treatment groups, yet factors predicting changes in
SBP differed between subgroups. Recognizing the limitations of
additional exploratory testing in the context of an overall negative
result, this preliminary analysis also provides the basis to identify
and prioritize various factors for further study.

Variable adherence to and frequent revisions of antihypertensive
therapy are well documented among hypertensive patients.14– 18

However, in this trial, an analysis eliminating those with medication

Figure2 The impactof numberof ablationattemptson difference in6-month change in office systolic bloodpressure (A), 24-h ambulatory systolic
blood pressure (B), and heart rate (C) between treated and matched sham patients. Baseline characteristics of the sham patients were propensity
scored matched with the RDN patients. The SBP change measures for the RDN and matched sham patients, 95% confidence intervals, and P-values
for the difference in change between the groups are shown.
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changes did not affect the primary outcome or pre-specified second-
ary outcome.14 Nevertheless, a substantial decrease in blood pres-
sure among sham patients suggests a change in patient behaviour
(despite self-reported documentation of medication adherence),
or changes in prescribed antihypertensive medications during the
course of trial participation. To the latter issue, although nearly all
patients were prescribed maximal medical therapy at least 6 weeks
prior to randomization, many patients (39%) underwent medication
changes between the randomization and the 6-month endpoint
assessment. These changes typically represented both alterations in
dose and class of prescribed medications, a finding that challenges the
premise that patients were actually receiving maximally tolerated
doses at enrolment. Several randomized placebo-controlled pharma-
ceutical trials19–21 have shown much smaller reductions in ambulatory
blood pressure than that observed in this trial, which also suggests that
the observed sham response might be related to the maximum toler-
ated dose requirement and changing medication adherence patterns.
The fact that there were eight clinical contact points with enrolled
patients between the initial screening visit and the 6-month follow-up
is clearly not representative of usual clinical practice and may also
have impacted medication adherence. Moreover, the sham interven-
tion and related hospitalization are not encountered in placebo-
controlled pharmaceutical trials and may have had more impact than
anticipated. This observation identifies the challenge for future RDN
trials that, in spite of protocol mandate, patients with treatment-
resistant hypertension can be maintained on a stable medication
regimen to avoid confounding the assessment of device effectiveness.
In fact, it is unclear whether a 2-week screening period for stabilization
of antihypertensive medications is adequate for drugs that are not at
maximal tolerated dose or whether the mandate for maintenance of
a complex medical regimen under close supervision actually increased
medication changes during the study.

Whether a differential blood pressure response following RDN
exists relative to classes of antihypertensive therapy has been of
particular interest, and in fact, outcomes among patients taking
aldosterone antagonists represented a pre-specified analysis. The
greater decline in blood pressure with RDN among patients already
taking aldosterone antagonists seems initially counterintuitive and
may bepartially related toa higherbaselineSBP for patients prescribed
analdosteroneantagonist anddifferences incertainbaselinecharacter-
istics (younger age and history of significantly more hypertensive
crises).Alternatively, itmaybethatdenervationcontributesanadditive
effect to pre-existing neurohormonal blockade demonstrated with
aldosterone antagonists22 and therefore results in the more exagger-
ated blood pressure response in this subgroup. However, it may be
by chance alone that baseline aldosterone antagonist use appears as
a predictor of blood pressure reduction.

Unlike previous SYMPLICITY trials, SYMPLICITY HTN-3 enrolled
a substantial number of African-American patients who represent
a significant proportion of hypertensive patients in the USA. The
African-American sham patients demonstrated an unusually large
decrease in SBP compared with non-African-American controls.
Although a genetic basis has been postulated for differential response
to hypertension and heart failure therapies among African Amer-
icans,23–25 the marked reduction in blood pressure in the sham
group could be related to a change in medical adherence and/or type
of therapy; notably, a higher proportion of African Americans were
prescribed vasodilator therapy. The exact reasons for blood pressure
differences observed between African-American and non-African-
American control patients are unclear and highlight the importance
ofconsistent and standardizedBPcare in subsequentdenervation trials.

Anespecially challenging aspectofRDN therapy is thatnopractical
and immediate measure of procedural success exists. Based on
early experience, catheter-based RDN was expected to result in an

Figure 3 Systolic blood pressure change at 6 months according to the ablation pattern. Change in office, ambulatory, and home systolic blood
pressure at 6 months are shown based on delivery of ablations in four quadrants of the renal artery for both kidneys, one kidney, or neither
kidney. A four-quadrant ablation is defined as one superior, one inferior, and two anterior/posterior ablations delivered.
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�50% reduction in renal norepinephrine spillover.26,27 However, sub-
sequent investigations regarding the effect of RDN on norepinephrine
spillover as a surrogate marker of sympathetic activity have reported
more modest and highly variable declines in sympathetic activity.26,28

Given this variability the possible contribution of a placebo effect in
previous trials cannot be excluded. Assumption that the renal efferent
and afferent nerves represent an isthmus for the sympathetic nervous
system may be an oversimplification, and more detailed translational
science was likely curtailed by clinical enthusiasm following early clin-
ical trial results. These observations underscore the need for greater
understanding of the pathophysiology of the sympathetic nervous
system and histopathological insights to renal nerve ablation. Despite
widespread clinical adoption, surprisingly little is known regarding
the translation of RDN to sympathetic activity, and these results indi-
cate that revisiting the basic science of RDN is essential to its advance-
ment.26 Recently published research regarding the anatomical
distribution of the peri-arterial sympathetic renal nerves in humans
provides important new information that reinforces the need to
refine the RDN procedure to target the renal arterial nerves more
effectively and achieve more consistent denervation.29

Anequally importantprocedural considerationwaswhether RDN
was performed in the same manner as in early studies. For example,
the recently presented experience from the Global SYMPLICITY
Registry, with experienced operators in a similar population, demon-
strated a mean SBP drop of 219.3+22.4 at 6 months and delivered
more ablations per patient (13.5+4.1) than were delivered in the
current trial.8 This issue was especially relevant given that more
than half of operators performed at most two RDN procedures,
and 31% performed only one RDN procedure during the trial. In
our analysis, the lack of ablations in all four quadrants and the
number of ablation attempts were highly correlated with blood pres-
sure reductions. These two variables may be correlated and more
ablation attempts may well increase the probability of ablating
within all four quadrants. Additionally, the directional changes in
blood pressure were consistent across all measures of blood pres-
sure assessment as well as heart rate (an indicator of reduced hyper-
sympathetic activity). Comparison of propensity score matched
sham cohorts showed that this pattern of increasing response was
less apparent in control patients and the RDN group receiving
≥14 ablations had significantly greater reductions in SBP. In addition,
approximately three-quarters of patients did not receive ablations
in all four quadrants.

Conclusions
The failure of RDN to significantly reduce blood pressure in a well-
conducted study provides an opportunity to redefine methods of
study and endpoints that may more carefully reveal its potential.
The purpose of these analyses was to critically examine the results
of the SYMPLICITY HTN-3 trial in the context of both existing
RDN data and clinical trial design, systematically explore hypotheses
related to confounding variables identified in either substudy or
review of procedural technique, and directly address outstanding
issues that have been postulated in the medical community as
reasons for lack of efficacy. As this report represents both pre-
specified and post hoc analyses from the SYMPLICITY HTN-3 trial,
an important limitation is that these results are derived from more

limited patient cohorts and from a trial that did not meet its
primary efficacyendpoint. Thus, subgroup analyses should be consid-
ered exploratory and hypothesis-generating to inform the design of
future RDN investigation. However, findings from these analyses
will considerably influence both preclinical investigation and
performance of clinical trials related to further RDN study.
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