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Long-term efficacy and safety of renal denervation in the 
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Summary
Background Renal denervation has been shown to lower blood pressure in the presence of antihypertensive 
medications; however, long-term safety and efficacy data from randomised trials of renal denervation are lacking. In 
this pre-specified analysis of the SPYRAL HTN-ON MED study, we compared changes in blood pressure, 
antihypertensive drug use, and safety up to 36 months in renal denervation versus a sham control group.

Methods This randomised, single-blind, sham-controlled trial enrolled patients from 25 clinical centres in the USA, 
Germany, Japan, the UK, Australia, Austria, and Greece, with uncontrolled hypertension and office systolic blood 
pressure between 150 mm Hg and 180 mm Hg and diastolic blood pressure of 90 mm Hg or higher. Eligible patients 
had to have 24-h ambulatory systolic blood pressure between 140 mm Hg and less than 170 mm Hg, while taking one 
to three antihypertensive drugs with stable doses for at least 6 weeks. Patients underwent renal angiography and were 
randomly assigned (1:1) to radiofrequency renal denervation or a sham control procedure. Patients and physicians 
were unmasked after 12-month follow-up and sham control patients could cross over after 12-month follow-up 
completion. The primary endpoint was the treatment difference in mean 24-h systolic blood pressure at 6 months 
between the renal denervation group and the sham control group. Statistical analyses were done on the intention-to-
treat population. Long-term efficacy was assessed using ambulatory and office blood pressure measurements up to 
36 months. Drug surveillance was used to assess medication use. Safety events were assessed up to 36 months. This 
trial is registered with ClinicalTrials.gov, NCT02439775; prospectively, an additional 260 patients are currently being 
randomly assigned as part of the SPYRAL HTN-ON MED Expansion trial.

Findings Between July 22, 2015, and June 14, 2017, among 467 enrolled patients, 80 patients fulfilled the qualifying 
criteria and were randomly assigned to undergo renal denervation (n=38) or a sham control procedure (n=42). Mean 
ambulatory systolic and diastolic blood pressure were significantly reduced from baseline in the renal denervation group, 
and were significantly lower than the sham control group at 24 and 36 months, despite a similar treatment intensity of 
antihypertensive drugs. The medication burden at 36 months was 2·13 medications (SD 1·15) in the renal denervation 
group and 2·55 medications (2·19) in the sham control group (p=0·26). 24 (77%) of 31 patients in the renal denervation 
group and 25 (93%) of 27 patients in the sham control group adhered to medication at 36 months. At 36 months, the 
ambulatory systolic blood pressure reduction was –18·7 mm Hg (SD 12·4) for the renal denervation group (n=30) and 
–8·6 mm Hg (14·6) for the sham control group (n=32; adjusted treatment difference –10·0 mm Hg, 95% CI –16·6 to –3·3; 
p=0·0039). Treatment differences between the renal denervation group and sham control group at 36 months were 
–5·9 mm Hg (95% CI –10·1 to –1·8; p=0·0055) for mean ambulatory diastolic blood pressure, –11·0 mm Hg 
(–19·8 to –2·1; p=0·016) for morning systolic blood pressure, and –11·8 mm Hg (–19·0 to –4·7; p=0·0017) for night-time 
systolic blood pressure. There were no short-term or long-term safety issues associated with renal denervation.

Interpretation Radiofrequency renal denervation compared with sham control produced a clinically meaningful and 
lasting blood pressure reduction up to 36 months of follow-up, independent of concomitant antihypertensive 
medications and without major safety events. Renal denervation could provide an adjunctive treatment modality in 
the management of patients with hypertension.
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Introduction 
Hypertension is the leading cause of death worldwide,1 
and a reduction in blood pressure has been shown to 
lower the risk of cardiovascular events and mortality.2–5 

Poor adherence to pharmacological treatments is 
frequently observed in hypertension management and 
highlights the need for additional treatment options.6 
Randomised sham-controlled trials have shown the safety 
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and efficacy of catheter-based renal denervation to lower 
blood pressure in the presence7,8 and absence9–11 of 
antihypertensive medications. Since randomised trial 
primary endpoints are limited to short follow-up, whether 
reductions in blood pressure following renal denervation 
are durable or further decreased over long-term follow-up 
is unclear. Non-randomised catheter-based renal 
denervation studies have shown sustained reductions in 
blood pressure for up to 3 years;12–15 however, data from 
randomised sham-controlled trials on long-term safety 
and efficacy are lacking and challenging to obtain because 
of variance in medications, influence of unblinding status 
among patients and health-care providers, and control 
group crossover to renal denervation.16 The SPYRAL 
HTN-ON MED trial was initially designed as a proof-of-
concept study with non-powered endpoints to minimise 
exposure of patients to an interventional procedure. We 
previously reported a favourable safety and efficacy profile 
in these patients at 6 months7 and this report represents 
long-term safety and efficacy results. In this pre-specified 
analysis of the SPYRAL HTN-ON MED study,17 we 
compared changes in blood pressure, antihypertensive 
drug use, and safety up to 36 months in renal denervation 
versus a sham control group.

Methods 
Study design and participants 
The SPYRAL HTN-ON MED proof-of-concept trial was a 
single-blind, sham-controlled, randomised trial of 
80 patients. The trial has previously been described in 
detail and 6-month outcomes reported.7,17 Prospectively, an 
additional 260 patients are currently being randomly 
assigned as part of the SPYRAL HTN-ON MED Expansion 
trial.

Briefly, patients were enrolled from 25 clinical centres 
in the USA, Germany, Japan, the UK, Australia, Austria, 

and Greece. Patients were eligible if they had office 
systolic blood pressure of at least 150 mm Hg but less 
than 180 mm Hg, office diastolic blood pressure of at 
least 90 mm Hg, mean 24-h systolic blood pressure of at 
least 140 mm Hg but less than 170 mm Hg, and were 
taking one to three antihypertensive medications. Full 
inclusion and exclusion criteria are provided in the 
appendix (pp 2–5).

The trial protocol was approved by each participating 
local ethics committee or institutional review board, and 
all patients provided written informed consent to 
participate. The trial was designed in accordance with the 
Declaration of Helsinki.

Randomisation and masking 
Patients were randomly assigned (1:1) to renal 
denervation or sham control. Randomisation was 
stratified by trial centre, using block randomisation with 
a block size of four. SAS-based software was used to 
generate the lists of randomisation codes and participants 
were assigned to their intervention by ICON via the 
website. Patients and designated trial staff conducting 
follow-up assessments were masked to study group 
assignment up to 12 months after randomisation.

Procedures 
For patients undergoing the renal denervation 
procedure, the four-electrode Symplicity Spyral catheter 
(Medtronic; Galway, Ireland) and the Symplicity G3 
radio frequency generator (Medtronic; Minneapolis, 
MN, USA) were used to provide radiofrequency ablations 
in a spiral pattern in renal arteries and branch vessels 
between 3 and 8 mm in diameter. One interventionalist 
from each centre performed the renal denervation 
procedure to minimise inter-operator variability. Patients 
who received the sham procedure remained on the 

Research in context

Evidence before this study
We searched PubMed using the terms “renal denervation”, 
“hypertension”, and “clinical trial” for papers published in English 
between Jan 1, 2018, and Jan 31, 2022. The search returned 
39 clinical trial reports of renal denervation for treatment of 
hypertension, as well as 24 review papers, 11 meta-analyses, 
five design papers, and two position papers or consensus. Adding 
the search term “medication adherence” resulted in identification 
of four clinical trials and three review articles.

Added value of this study
This trial investigated the long-term safety and efficacy of 
catheter-based renal denervation in patients with uncontrolled 
hypertension who were taking one to three antihypertensive 
drugs. The procedure was safe and associated with significant 
and consistent clinically meaningful long-term reductions in 
ambulatory blood pressure compared with a sham control 
procedure, with no differences in the number of 

antihypertensive medications. The reduction in ambulatory 
blood pressure following renal denervation was progressive 
throughout follow-up.

Implications of all the available evidence
Significant reductions in night-time and early morning 
ambulatory blood pressure at 24 months and 36 months could 
translate into reductions in cardiovascular events, including 
stroke and heart failure. The sustained nature of 24-h blood 
pressure reduction with renal denervation might be 
superior to treatments with antihypertensive drugs, which are 
often associated with non-adherence. The data support the 
favourable long-term safety profile of catheter-based renal 
denervation. Renal denervation provides an adjunctive 
treatment modality besides lifestyle modifications and 
antihypertensive medications in the management of patients 
with uncontrolled hypertension.

For more on ICON see 
https://www.iconplc.com

See Online for appendix
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procedure table for at least 20 min during the renal 
angiogram to help prevent possible unmasking of 
randomisation.

At all visits, patients were required to take prescribed 
antihypertensive medications in the presence of staff 
members before initiating 24-h ambulatory blood 
pressure monitoring. The protocol allowed changes in 
antihypertensive medications after 6 months at the 
discretion of the treating physician. Prescription of 
antihypertensive medication dose and class was according 
to the treating physician. A list of prescribed anti
hypertensive medications was collected at all in-person 
and telephone follow-up visits. The study was originally 
designed to only collect urine and blood tests to assess 
antihypertensive medication use for up to 6 months. 
Subsequently, the study protocol was updated to also 
include medication use assessment at 24 months and 
36 months. All available drug testing data and prescribed 

medications were used to determine antihypertensive 
medication burden.

Blood tests for sodium, potassium, glucose, and serum 
creatinine were done at each follow-up visit. The estimated 
glomerular filtration rate (eGFR) was calculated using the 
four variable modification of diet in renal disease formula18 
or the local Japanese criteria for patients enrolled in Japan.19

At 3, 6, 12, 24, and 36 months, ambulatory blood pressure 
(Mobil-O-Graph; IEM; Stolberg, Germany) and office 
blood pressure were measured as outlined in the appendix 
(pp 9–10). For patients in the sham control group, the 
study was originally designed to only collect safety 
outcomes at 24 months and 36 months. Subsequently, the 
study protocol was updated to include in-person blood 
pressure assessment for patients in the sham control 
group at 24 months and 36 months; however, not all 
patients consented before 24 months, resulting in some 
missed blood pressure measurements at 24 months.

Duplex ultrasound, CT, or MRI was recommended to 
be done either at 12, 24, or 36 months to assess renal 
artery anatomy.

The protocol states that patients in the sham control 
group are eligible for crossover to receive renal denervation 
after their 12-month follow-up visit according to patient 
and investigator discretion; there was no required blood 
pressure range to qualify for crossover. However, approval 
for crossovers in the study did not occur until after 
outcomes in the renal denervation group were deemed 
positive, as determined by the study sponsor and the 
Executive Steering Committee, which did not occur until 
most patients had passed their 24-month visit.

Outcomes 
The primary endpoint was the treatment difference in 
mean 24-h systolic blood pressure at 6 months between 
the renal denervation group and the sham control group,7 
and was centrally assessed.

A complete list of secondary endpoints is included in 
the appendix (pp 6–8).

Long-term safety was compared between the renal 
denervation group and sham control group up to 
36 months using a composite endpoint of major adverse 
events, comprising all-cause mortality, end-stage renal 

Renal denervation 
group (n=38)

Sham procedure 
group (n=42)

Age, years 53·9 (8·7) 53·0 (10·7)

Sex

Female 5 (13%) 8 (19%)

Male 33 (87%) 34 (81%)

Body-mass index, kg/m² 31·4 (6·4) 32·5 (4·6)

Race

White 13 (34%) 15 (36%)

Black or African American 4 (11%) 5 (12%)

Asian 3 (8%) 2 (5%)

Not reportable per local laws 
or regulations

18 (47%) 20 (48%)

Estimated glomerular filtration 
rate (ml/min per 1·73 m²)

81·9 (15·3) 82·0 (20·0)

Type 2 diabetes 5 (13%) 8 (19%)

Current smoker 8 (21%) 11 (26%)

Obstructive sleep apnoea 2 (5%) 10 (24%)

Peripheral artery disease 0 0

Coronary artery disease 1 (3%) 1 (2%)

Myocardial infarction or acute 
coronary syndrome

0 0

Stroke 0 1 (2%)

Blood pressure, mm Hg

Office systolic blood pressure 164·4 (7·0) 163·5 (7·5)

Office diastolic blood pressure 99·5 (6·9) 102·7 (8·0)

Mean 24-h systolic blood 
pressure

152·1 (7·0) 151·3 (6·8)

Mean 24-h diastolic blood 
pressure

97·2 (6·9) 97·9 (8·4)

Morning systolic blood 
pressure

156·7 (14·1) 156·6 (16·7)

Daytime systolic blood 
pressure

156·6 (8·6) 157·3 (8·6)

Night-time systolic blood 
pressure

142·0 (12·9) 139·7 (10·7)

Data are mean (SD) or n (%).

Table 1: Baseline characteristics

Renal denervation 
group

Sham control 
group

p value*

Baseline 2·13 (1·40)† 1·98 (1·14)‡ 0·59

3 months 1·84 (1·37)† 2·05 (1·10)‡ 0·044

6 months 2·13 (1·40)† 2·21 (1·05)‡ 0·17

12 months 2·53 (0·89)† 2·81 (0·99)‡ 0·09

24 months 2·97 (1·21)§ 2·95 (1·16)¶ 0·74

36 months 3·03 (1·20)|| 3·05 (1·43)** 0·76

Data are mean (SD), unless otherwise indicated. *From ANCOVA. †n=38. ‡n=42. 
§n=36. ¶n=41. ||n=35. **n=39.

Table 2: Number of antihypertensive medications from baseline to 
36 months
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disease, an embolic event resulting in end-organ 
damage, renal artery perforation or dissection requiring 
intervention, vascular complications, hospitalisation for 
hypertensive crisis, and new renal artery stenosis greater 
than 70%. Other safety endpoints collected included 
myocardial infarction, stroke, renal artery reintervention, 
major bleeding, and an increase in serum creatinine of 
more than 50% from baseline. For each reported adverse 
event, the investigator assessed the event in terms of the 
relationship to the device, procedure, or renal denervation 
therapy (if applicable), and then the Clinical Events 
Committee independently  adjudicated these events. Long-
term efficacy was evaluated from baseline to 36 months.

Statistical analysis 
Statistical analyses were done on the intention-to-treat 
population. Categorical variables are reported as counts 

and percentages and were compared between treatment 
groups using exact binomial tests. Continuous variables 
are reported as mean (SD). Baseline measures were 
compared between the renal denervation group and 
sham control group using t tests. Follow-up change 
measures were compared between the renal denervation 
group and sham control group using ANCOVA, 
adjusting for baseline measurements. For patients in 
the sham control group who crossed over and received 
renal denervation between the 24-month and 36-month 
follow-up visit, the last observations of blood pressure 
measurements, medication burden, and laboratory 
values were used to impute their 36-month values. 
Antihypertensive medication burden was assessed 
using four medication indices, as described in the 
appendix (pp 11–15). 

A Data Safety Monitoring Board monitored the health, 
safety, and welfare of patients enrolled in the study. The 
Executive Steering Committee comprises scientific experts 
in the fields of cardiology, cardiovascular disease, statistics, 
hypertension, and internal medicine, with at least one 
member affiliated to the study funder. The Executive 
Steering Committee monitors project status and com
pliance, ensures study objectives are being adequately 
addressed, and provides guidance for the overall conduct 
of the study.

SAS for Windows version 9.4 was used for all statistical 
analyses. The trial is registered with ClinicalTrials.gov, 
NCT02439775.

Role of the funding source 
The Executive Steering Committee designed the protocol 
and identified clinical sites in collaboration with the funder 
of the study. The funder was responsible for collection, 
monitoring, and analysis of the data. Interpretation of the 
data and writing of the manuscript was the 
responsibility of  the lead author with contributions from 
the Executive Steering Committee and coauthors. The 
funder assisted in figure and table generation, copy 
editing, and formatting.

Results 
Between July 22, 2015, and June 14, 2017, among 
467 enrolled patients, 80 patients fulfilled the qualifying 
criteria and were randomly assigned to undergo renal 
denervation (n=38) or a sham control procedure (n=42). 
The number of patients with available blood pressure 
measurements at each follow-up is shown in the 
appendix (p 21). In the sham control group, 13 patients 
crossed over and received renal denervation between their 
24-month and 36-month visits; therefore, 36-month values 
for these patients were imputed using the value before the 
crossover renal denervation procedure (p 16). Baseline 
characteristics, including blood pressure, were similar 
between patients in the renal denervation group and 
patients in the sham control group (table 1). The number 
of antihypertensive medications was similar between the 

Figure 1: Change in 24-h systolic blood pressure (A) and diastolic blood pressure (B) from baseline up to 
36 months
Mean sham control measurements at 36 months include 13 imputed crossover patients’ blood pressure values 
from the most recent measurements before the renal denervation procedure. Error bars represent the SE. *Only 
safety event follow-up was originally required for patients in the sham control group after 12 months, and not all 
patients reconsented before 24-month follow-up.
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renal denervation group and sham control group at 
baseline and all follow-up timepoints (table 2). At 
24 months, patients in the renal denervation group were 
prescribed a mean of 2·97 antihypertensive medications 
(SD 1·21), compared with 2·95 antihypertensive 
medications (1·16) for patients in the sham control group 
(p=0·74). At 36 months, patients in the renal denervation 
group were prescribed a mean of 3·03 antihypertensive 
medications (1·20), compared with 3·05 antihypertensive 
medications (1·43) for participants in the sham control 
group (p=0·76). However, when also accounting for 
medication classes and dosages, comparison of 
medication indices at 12 months found a significantly 
greater antihypertensive medication burden for patients 
in the sham control group at 12 months (MEDINDEX2 
and MEDINDEX3; appendix p 17). The medication burden 
at 36 months was 2·13 medications (SD 1·15) in the renal 
denervation group and 2·55 medications (2·19) in the 
sham control group (p=0·26; appendix p 17). Nine (82%) 
of 11 patients in the renal denervation group and 14 (88%) 
of 16 patients in the sham control group adhered to 

medication at 24 months, and 24 (77%) of 31 patients in 
the renal denervation group and 25 (93%) of 27 patients in 
the sham control group adhered to medication at 
36 months.

Long-term changes in 24-h systolic blood pressure and 
diastolic blood pressure from baseline to 36 months show 
sustained reductions in blood pressure, with increasing 
reductions after renal denervation over time (figure 1). At 
36 months, the ambulatory systolic blood pressure 
reduction was –18·7 mm Hg (SD 12·4) for the renal 
denervation group (n=30) and –8·6 mm Hg (14·6) for the 
sham control group (n=32; adjusted treatment difference 
–10·0 mm Hg, 95% CI –16·6 to –3·3; p=0·0039). At 
24 months and 36 months, there were significantly 
greater reductions in mean 24-h, morning, daytime, and 
night-time systolic blood pressure for patients in the 
renal denervation group compared with patients in the 
sham control group (figure 2). At 24 months, mean 
treatment differences were –11·2 mm Hg (95% CI 
–21·7 to –0·6; p=0·039) for morning systolic blood 
pressure and –12·9 mm Hg (–21·1 to –4·7; p=0·0026) for 

Figure 2: Reduction in mean systolic blood pressure at (A) 24 months and (B) 36 months for renal denervation compared with sham control for 24-h, 
morning, daytime, night-time, and office systolic blood pressure
Only safety event follow-up was originally required for patients in the sham control group after 12 months, and not all patients reconsented before 24-month 
follow-up. 36-month sham control blood pressure measurements include 13 imputed values from crossover patients.
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night-time systolic blood pressure. At 36 months, 
treatment differences were –5·9 mm Hg (95% CI –10·1 
to –1·8; p=0·0055) for mean ambulatory diastolic blood 
pressure, –11·0 mm Hg (–19·8 to –2·1; p=0·016) for 
morning systolic blood pressure and –11·8 mm Hg 
(–19·0 to –4·7; p=0·0017) for night-time systolic blood 
pressure. Similar results were observed for 24-h diastolic 
blood pressure (appendix p 22). Results from a sensitivity 
analysis for 24 months and 36 months show changes in 
mean 24-h systolic blood pressure without imputation for 
patients who crossed over to renal denervation (appendix 
p 18). Office systolic blood pressure and diastolic blood 
pressure reductions were significantly greater at 24 

months for patients in the renal denervation group 
compared with patients in the sham control group. Mean 
blood pressures in the renal denervation group and sham 
control group at each timepoint are shown in the 
appendix (p 19). Six (18%) of 33 patients in the renal 
denervation group and one (6%) of 17 patients in the 
sham control group had mean 24-h systolic blood 
pressure less than 130 mm Hg and 24-h diastolic blood 
pressure less than 80 mm Hg at 24 months (p=0·398), 
and six (20%) of 30 patients in the renal denervation 
group and one (3%) of 32 patients in the sham control 
group had mean 24-h systolic blood pressure less than 
130 mm Hg and 24-h diastolic blood pressure less than 80 
mm Hg at 36 months (p=0·050). 11 (33%) of 33 patients 
in the renal denervation group and three (18%) of 17 
patients in the sham control group had mean 24-h systolic 
blood pressure less than 130 mm Hg (regardless of 24-h 
diastolic blood pressure measures) at 24 months 
(p=0·327), and 12 (40%) of 30 patients in the renal 
denervation group and eight (25%) of 22 patients in the 
sham control group had mean 24-h systolic blood 
pressure less than 130 mm Hg (regardless of 24-h 
diastolic blood pressure measures) at 36 months 
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Figure 3: Hourly plots comparing 24-h systolic blood pressures at baseline and (A) 24 months and (B) 
36 months post-procedure
Night-time is 0100 h to 0600 h, morning is 0700 h to 0900 h, daytime is 0900 h to 2100 h. Only safety event 
follow-up was originally required for patients in the sham control group after 12 months, and not all patients 
reconsented before 24-month follow-up. Mean sham control measurements at 36 months include 13 imputed 
crossover patients’ blood pressure values from their most recent measurements before the renal denervation 
procedure. Error bars represent the SE.

Renal denervation 
group

Sham control 
group

Composite safety endpoint* 1 1

All-cause death 0 1†

New myocardial infarction 0 0

New stroke 1‡ 0

Hospitalisation for hypertensive 
crisis or emergency

1‡ 0

Major bleeding (TIMI) 0 0

End-stage renal disease 0 0

Embolic event resulting in end-
organ damage

0 0

Renal artery reintervention 0 0

Renal artery perforation 
requiring reintervention

0 0

Renal artery dissection requiring 
reintervention

0 0

Vascular complication§ 0 0

New renal artery stenosis >70% 0 0

Serum creatinine reduction >50% 0 0

Data show number of patients with events. TIMI=thrombolysis in myocardial 
infarction. *Defined as a composite of all-cause mortality, end-stage renal disease, 
embolic event resulting in end-organ damage, renal artery perforation requiring 
reintervention, renal artery dissection requiring reintervention, vascular 
complications, hospitalisation for hypertensive crisis or emergency, or new renal 
artery stenosis >70%. †One cardiovascular death occurred 693 days after the 
procedure; the patient was found unconscious at home, and an autopsy was not 
performed; therefore cause of death is unknown. ‡One patient had a 
hypertension crisis and stroke at 427 days after the procedure; the patient 
presented to the emergency department with weakness on the left side and 
elevated blood pressure (193/123 mm Hg), received in-patient treatment, and 
was discharged in a stable condition. §Defined as requiring surgical repair, 
interventional procedure, thrombin injection, or blood transfusion.

Table 3: Safety events at 36 months
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(p=0·279). We found no significant differences in office 
heart rate between the renal denervation group and the 
sham control group at 12, 24, and 36 months after random 
assignment.

Comparison of hourly changes in ambulatory systolic 
blood pressure between the renal denervation group 
and the sham control group at 24 months and 36 months 
showed greater reductions across the 24-h period for the 
renal denervation group (figure 3), with similar results 
for ambulatory diastolic blood pressure (appendix p 23).

Safety events were rare during the 36 months of the 
study, with one death of unknown cause in the sham 
control group and one stroke and hypertensive crisis in 
the renal denervation group (table 3). There were no 
instances of renal artery stenosis or re-intervention 
associated with renal denervation during the 36 months 
of follow-up. Changes in eGFR, serum creatinine, 
sodium levels, and potassium levels from baseline 
to 24 months and 36 months did not differ between the 
renal denervation group and the sham control group 
(appendix p 20).

Discussion 
In this study, long-term results from the SPYRAL HTN-
ON MED trial showed significant reductions in 24-h 
systolic blood pressure and diastolic blood pressure at 24 
months and 36 months in patients who underwent renal 
denervation compared with patients who underwent a 
sham control procedure, despite similar antihypertensive 
drug use, with a favourable safety profile. Although 
previous non-randomised studies and registries12,13,15 
showed increasing reductions in blood pressure after 
radiofrequency renal denervation at 3 years, this trial 
enabled comparison of changes in blood pressure with a 
sham control group with similar baseline demographics 
and blood pressure values, showing the long-term 
efficacy of catheter-based renal denervation.

The reported sustained reductions in daytime, night-
time, morning, and mean 24-h blood pressure at 
36 months are relevant because they are associated with 
significant reductions in cardiovascular morbidity and 
mortality.20 In particular, treatment differences in 
morning systolic blood pressure and night-time systolic 
blood pressure are relevant, since both closely correlate 
with risk of cardiovascular events, such as stroke and 
heart failure, highlighting the importance of anti
hypertensive treatment strategies that target these time 
periods.21–23 The reductions after renal denervation versus 
sham control for morning and night-time systolic blood 
pressure in this study might translate into a meaningful 
risk reduction.21–23

A progressive decline in blood pressure over time 
after renal denervation has been reported in randomised 
and non-randomised trials. The REDUCE HTN: 
REINFORCE trial found similar reductions in blood 
pressure after renal denervation compared with sham 
control at 2 months, but a greater blood pressure 

reduction for the renal denervation group at 6 months, 
suggesting a progressive effect of renal denervation on 
blood pressure reduction.24 The Global SYMPLICITY 
Registry, with more than 3000 patients enrolled, has 
shown progressive reductions in blood pressure after 
renal denervation up to 3 years, without an increase in 
medication burden,15 which is consistent with the data 
presented in this study. This progressive reduction 
could be caused by long-term continued remodelling of 
the vasculature following modulation of the sympathetic 
nervous system by renal denervation, causing changes 
in total peripheral resistance and hence pulse wave 
reflection.25,26 Furthermore, renal denervation alters the 
activity of the renin angiotensin aldosterone system. 
Indeed, in the SPYRAL HTN-OFF MED Pivotal study, a 
significant reduction in plasma renin activity and 
aldosterone concentration was observed following renal 
denervation compared with sham control treatment.27 
Whether these alterations interfere long term with 
antihypertensive medications is unclear, but might 
explain the progressive decline in blood pressure 
observed in this study.

Concerns have been expressed regarding functional 
reinnervation of the kidneys and long-term durability of 
renal denervation. Preclinical data in hypertensive sheep 
with chronic kidney disease suggest partial regrowth of 
renal nerves and return of function 30 months after renal 
denervation.28 In comparison, a study in pigs showed 
permanent axonal destruction and sustained reductions 
in renal norepinephrine indicative of unrecoverable 
sympathetic nerve activity.29 Similarly, the sustained 
reductions in blood pressure observed up to 36 months 
after renal denervation in this study showed no 
significant functional reinnervation in this cohort of 
patients with hypertension.

Assessment of the durability in blood pressure lowering 
between renal denervation versus sham control 
procedures in randomised trials has been recognised as 
challenging. These challenges include potential changes 
in pharmacotherapy, drug adherence, patient lifestyle, 
and co-existing health conditions.30 It is also difficult to 
keep patients on stable medications long term in sham-
controlled clinical trials because of safety concerns related 
to uncontrolled blood pressure.31,32 In the current study, 
changes in antihypertensive medication were allowed 
after 6-month follow-up and left at the physician’s 
discretion. This allowance resulted in a similar number 
of antihypertensive medications between the renal 
denervation group and the sham control group at 
12 months, but a higher medication burden when 
accounting for medication classes and dosages for the 
sham control group compared with the renal denervation 
group. This finding could potentially explain the non-
significant blood pressure treatment differences between 
the renal denervation group and sham control at 
12 months. The sustained nature of 24-h blood pressure 
reduction with renal denervation as observed at 24 months 
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and 36 months might be superior to treatments with 
antihypertensive drugs with a short half-life or partial and 
complete non-adherence, including the missing of a 
single dose, not providing consistent protection over 24 h 
in contrast to the always-on quality of renal denervation.7

The addition of one antihypertensive drug in 
combination with renal denervation led  to a 20·9 mm Hg 
reduction in office systolic blood pressure at 36 months, 
suggesting that renal denervation produced a sustained 
effect of at least 10 mm Hg.33 Such a reduction is 
considered clinically meaningful and is thought to be 
associated with lower rates of cardiovascular events. Data 
from meta-analyses reported a 20% reduction in risk of 
cardiovascular events with a 10-mm Hg reduction in 
systolic blood pressure.2,4 We observed a progressive 
decline in blood pressure up to 36 months. However, in 
both the renal denervation group and sham control 
group, mean office systolic blood pressure was greater 
than 140 mm Hg at 36 months despite the ability of 
physicians to increase antihypertensive medications after 
6 months, suggesting clinician inertia to aggressively 
titrate medications to reach target of 140 mm Hg, patients’ 
difficulty in tolerating increases in medication, or both.34

Similar to the approach outlined for the primary 
analysis at 6 months,7 last observation carried forward 
blood pressure measurements were imputed for 
13 patients in the control group who underwent a 
crossover renal denervation procedure between 
24-month and 36-month follow-up. The outcomes 
observed at 24 months without imputation were similar 
to those at 36 months with imputation. Since more 
36-month blood pressure data were missing in the sham 
control group than in the renal denervation group 
because of expected crossover of patients assigned to the 
sham control, the missing data were not completely 
random; therefore, imputation was appropriate to 
reduce bias.35

One safety event occurred in each study group 
throughout the 36 months after random assignment. 
There were no instances of renal artery re-intervention or 
vascular complications after renal denervation. These 
results support the findings of a meta-analysis of 
5769 patients, which also found renal artery re-
intervention after radiofrequency renal denervation to be 
rare (pooled annual incidence 0·2%).36 In this population 
with hypertension, observed eGFR changes were within 
the expected range and did not differ between the renal 
denervation group and the sham control group.37

There were several limitations in this study. Blood and 
urine testing were done to assess antihypertensive 
medication use at discrete timepoints and do not 
necessarily imply complete adherence or non-adherence 
over an extended period of time. However, the 
combination of drug testing and collection of prescribed 
medications provides a reasonable estimate of patients’ 
antihypertensive medication burden in the trial. Blood 
and urine testing were not required at 12 months. We did 

not evaluate changes in patients’ exercise, diet, or 
smoking habits, which could have influenced blood 
pressure measurements. Moreover, there were no 
specific blood pressure criteria that were required for the 
purposes of crossover.

Follow-up for this trial was conducted during the 
COVID-19 pandemic; however, in-person follow-up visits 
were not affected. It is unclear whether COVID-19 
affected patients’ blood pressure and behaviour. We 
modified case report forms to collect information on 
patients’ infection status, and no cases were reported in 
this population. There was a lower percentage of women 
enrolled in this study compared with other studies of 
renal denervation, such as the Global SYMPLICITY 
Registry,15 and future clinical studies should prioritise 
equitable enrolment of women. Finally, long-term results 
from this trial are specific to radiofrequency renal 
denervation procedures and might not be generalisable 
to other renal denervation modalities.

In conclusion, in the SPYRAL HTN-ON MED trial, 
radiofrequency renal denervation compared with a sham 
control procedure produced clinically meaningful blood 
pressure reductions, independent of concomitant 
antihypertensive medications, up to 36 months without 
safety issues. Given this long-term safety and efficacy 
finding, renal denervation could provide an adjunctive 
treatment modality in the management of patients with 
hypertension.
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