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6 #5 NOT (animal[mh] NOT human[mh]) 
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“renal artery denervation”[tiab] OR “renal sympathetic 
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Search# Query Hits 
7 ((((denervation[mh] AND (kidney[mh] 

OR “renal artery”[mh])) OR (“renal 
denervation”[tiab] OR “renal-artery 
denervation”[tiab] OR “renal artery 
denervation”[tiab] OR “renal 
sympathetic denervation”[tiab])) NOT 
(Addresses[ptyp] OR News[ptyp] OR 
Patient Education Handout[ptyp] OR 
Bibliography[ptyp] OR 
Dictionary[ptyp] OR Directory[ptyp] 
OR Legal Cases[ptyp] OR 
Legislation[ptyp] OR Newspaper 
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Index[ptyp])) NOT (animal[mh] NOT 
human[mh])) AND “2005/01/01”[pdat] 
: “2015/12/31”/[pdat] 
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Appendix E: Evidence Tables 
 
Table 1. Characteristics of studies evaluating renal denervation devices 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Azizi, 20151 
Europe 
RCT 
NCT01570777 

Yes run-in Adherence 
during the run-
in not reported 
Other 
adherence 
during the study 

RCT follow-
up: 6 months 

N screened: 
1416 
N enrolled: 106 

Govt./ 
non-profit 

Ages <18 and >75; blood pressure <140 mmHg / 90 mmHg; 
<3 antihypertensive medications; does not have suitable renal 
artery anatomy on CT angiogram, magnetic resonance 
angiogram, or renal angiogram performed within the previous 
year; secondary hypertension (ruled out by standardized 
screening in the past 2 years); eGFR < 40 mL/min/1.73 m2; 
Ambulatory BP <135/85 

Bhatt, 20142 
United States 
RCT 
NCT01418261 

Yes run-in Pill count RCT follow-
up: 6 months 

N screened: 
1441 
N enrolled: 535 

Manufact. Ages <18 and >80; blood pressure <160; <3 antihypertensive 
medications; 24-hr Systolic ABPM <135; Clinical exclusion 
criteria were known secondary causes of hypertension and 
more than one hospitalization for a hypertensive emergency in 
the previous year; anatomical: renal-artery stenosis > 50%, 
renal-artery aneurysm, prior renal-artery intervention, multiple 
renal arteries, renal artery < 4 mm in diameter, treatable 
segment <20 mm length 

Bohm, 20153 
Worldwide 
Before-after 
study 
NCT01534299 

Not 
applicable 

Other 
adherence 
during run-in 
Other 
adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 998 

Govt./ 
non-profit 
Manufact. 

Ages <18; not eligible for RDN as defined by local regulations 

Burchell, 20164 
Before-after 
study 
No registered 
protocol 

Yes run-in Other 
adherence 
during run-in 
Other 
adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened: 321 
N enrolled: 29 

Govt./ 
non-profit 

Unsuitable renal artery anatomy; eGFR <45 ml/min/1.73m²; 
secondary causes of hypertension; pseudoresistant 
hypertension; poor medication adherence 

de Sousa 
Almeida, 20165 
Before-after 
study 
No registered 
protocol 

Yes run-in Other 
adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened: 318 
N enrolled: 31 

None Ages <18; <3 antihypertensive medications; OSBP <160 
mmHg; <1 diuretic; secondary causes for hypertension; 1-year 
followup with 24-hour ABPM and transthoracic 
echocardiogram 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Desch, 20156 
Europe 
RCT 
NCT01656096 

No Other 
adherence 
during run-in  
Other 
adherence 
during the study 

RCT follow-
up: 6 months 

N screened: 
1597 
N enrolled: 71 

Govt./ 
non-profit 

Ages <18 and >75; <3 antihypertensive medications; ABPM 
values below or above the predefined ranges ( (2) mean 
daytime systolic BP on 24-hour ambulatory BP measurement 
(ABPM) between 135 and 149 mmHg or mean day-time 
diastolic BP between 90 and 94 mmHg); unsuitable anatomy 
for RSD; severe renal artery stenosis; estimated glomerular 
filtration rate <45 mL/min per 1.73 m2 (modification of diet in 
renal disease formula); change in BP medication in the 4 
weeks preceding randomization; unwillingness to adhere to 
unchanging BP medication during the study period of 6 
months; pregnancy, and severe comorbidities with limited life 
expectancy 

Dorr, 20137 
Europe 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 3 
months 

N screened not 
reported 
N enrolled: 62 

Not 
reported 

Does not have resistant hypertension (undefined)renal artery 
stenosis; secondary causes of hypertension 

Dorr, 20158 
Europe 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 150 

Not 
reported 

Blood pressure <140; <3 antihypertensive medications; not on 
stable antihypertensive drug regimen; secondary, treatable 
causes of hypertension 

Dorr, 20159 
Europe 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 100 

Not 
reported 

Blood pressure <160 mmHg (150 for type 2 diabetics) or 
ABPM >135 mmHg; <3 antihypertensive medications; does 
not have secondary causes of secondary origins of 
hypertension; not on a stable antihypertensive regimen; 
systemic infections; rheumatoid diseases; malignancies 

Dorr, 201510 
Europe 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 60 

Govt./ 
non-profit 

Blood pressure -140; <3 antihypertensive medications; 
secondary origins of hypertension; patients with systemic 
infections; rheumatoid diseases; malignancies 

  

E-2 
 



Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Eikelis, 201511 
Australia 
Non-
randomized 
trial 
No registered 
protocol 

No Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 69 

Govt./ 
non-profit 

Secondary hypertension; does not meet criteria for 
hypertension using the European Society of Hypertension 
guidelines 

Ewen, 201412 
Europe 
Prospective 
cohort 
No registered 
protocol 

No Adherence 
during run-in 
not applicable 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 60 

Manufact. Ages <18; blood pressure <140/90 mmHg; <3 
antihypertensive medications; not using a diuretic; not on a 
stable antihypertensive drug regimen; secondary causes of 
hypertension 

Ewen, 201513 
Europe 
Before-after 
study 
NCT01888315 

No Adherence 
during run-in 
not applicable 
Other 
Adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 100 

Govt./ 
non-profit 

Ages <18 and >140; <3 anti-hypertensive medications; not on 
a diuretic; not on a stable antihypertensive regimen; 
secondary, treatable causes of hypertension 

Ewen, 201514 
Europe 
Before-after 
study 
NCT01888315 

No Adherence not 
reported 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 126 

Govt./ 
non-profit 

Ages <18; blood pressure <140; <3 antihypertensive 
medications; not on a diuretic; not on a stable 
antihypertensive drug regimen; secondary, treatable causes of 
hypertension 

Ewen, 201515 
Before-after 
study 
NCT01888315 

Not 
applicable 

Adherence 
during run-in 
not applicable 
Other 
adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 30 

Govt./ 
non-profit 

Ages <18; <3 antihypertensive medications; OSBP <140 
mmHg; <1 diuretic; secondary, treatable causes of 
hypertension; not on a stable antihypertensive drug regimen; 
ejection fraction < 50% 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Ewen, 201516 
Before-after 
study 
NCT01888315 

Not 
applicable 

Adherence 
during run-in 
not applicable 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 84 

Deutsche 
Forschun
gsgemein
schaft 
(KFO 
196), 
Deutsche 
Gesellsch
aft fu¨r 
Kardiologi
e, and 
Deutsche 
Hochdruc
kliga 

Ages <18; <3 antiphyertensive medications; OSBP <140 
mmHg and ASBP <135 mmHg; <1 diuretic; unstable 
antihypertensive drug regimen; secondary, treatable causes of 
hypertension 

Fadl Elmula, 
201417 
Europe 
RCT 
NCT01673516 

No Other 
Adherence 
during run-in 
Adherence 
during the study 
not reported 

RCT follow-
up: 6 months 

N screened: 65 
N enrolled: 20 

Govt./ 
non-profit 

Ages <18 and >80; blood pressure <140; <3 antihypertensive 
medications; secondary or spurious hypertension or high 
serum aldosterone levels that responded to treatment with 
spironolactone; drug treatment changed in last 2 weeks; no 
change in treatment preplanned for the next 6 months; 
abnormal renal arteries at computed tomography or MRI 
within last 2 years; eGFR < 45 ml/min/1.73 m2; urine 
albumin/creatinine ratio >50 mg/mmol; type 2 diabetes; mean 
ambulatory daytime SBP <135 mm Hg immediately after 
investigator witnessed intake of their antihypertensive morning 
drugs 

Hameed, 
201518 
Europe 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during the run-
in not applicable 
Other 
Adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 34 

Not 
reported 

Blood pressure -160, with confirmed daytime average BP > 
150 mmHg on ABPM or >140 mmHg on ABPM in patients 
with type 2 diabetes--3-eGFR < 45 mL/min/1.73 m2 (but those 
with a lower eGFR could be considered after discussion with a 
nephrologist); non-adherence; white-coat hypertension; 
secondary causes of hypertension; non-suitable renal artery 
anatomy 

  

E-4 
 



Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Hamza, 201419 
Egypt 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not applicable 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 55 

Not 
reported 

Ages <18; blood pressure <160; <3 antihypertensive 
medications; not on a diuretic; pregnant; secondary causes of 
hypertension; type 1 diabetes; eGFR < 45 mL/min/1.73 m2; 
hemodynamically significant valvular disease; implantable 
cardioverter defibrillators; renal artery problems or stenosis or 
small accessory renal artery 

Hering, 201520 
Australia 
Before-after 
study 
No registered 
protocol 

No Other 
adherence 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 91 

Govt./ 
non-profit 
Manufact. 

Did not have successful 24-hr ABPM at baseline, 3-, and 6-
months after RDN 

Honarvar, 
201321 
Iran 
Before-after 
study 
IUMS.ac.ir  
#391001 

Yes run-in Adherence 
during run-in: 
diary 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened: 45 
N enrolled: 30 

Not 
reported 

Ages <15; Blood pressure-160/90 mmHg (>=150 mmHg in 
patients with type 2 diabetes); <3 antihypertensive 
medications; unsuitable renal artery anatomy; known 
secondary hypertension; eGFR < =45 mL/min/1.73 m2; history 
of unstable angina or cerebrovascular accident in past 6 
months; pregnant; blood pressure measurements below the 
enrolment criteria for blood pressure in 24-hr BP Holter 
monitoring 

Id, 201522 
Europe 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during run-in 
not reported 
Adherence 
during the 
study: diary 

Mean obs 
follow-up: 6 
months 

N screened: 221 
N enrolled: 101 

Not 
reported 

Ages <18; <140 mmHg; <3 antihypertensive medications; 
does not have bilateral single renal arteries; systolic 24-hr 
ABPM < 130 mmHg; secondary causes of hypertension; renal 
artery abnormalities 

Kaiser, 201423 
Europe 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not applicable 
Other 
adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 93 

Not 
reported 

Ages <40 and >85; blood pressure <160; <3 antihypertensive 
medications 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Kario, 201524 
Japan 
RCT 
NCT01644604 

Yes run-in Adherence 
during run-in: 
diary 
Adherence 
during the study 
not reported 

RCT follow-
up: 6 months 

N screened: 84 
N enrolled: 41 

Manufact. Ages <20 and >80; Blood pressure <160; <3 antihypertensive 
medications; not on a diuretic; 24-hour average ambulatory 
SBP < 135 mm Hg; eGFR < 45 mL/min/1.73 m2; main renal 
arteries < 4mm in diameter or <20 mm treatable length; 
multiple renal arteries for which the main renal artery was 
estimated to supply <75% of the kidney; renal artery stenosis 
>50% or renal artery aneurysm; history of prior renal artery 
intervention; >1 inpatient hospitalization for a hypertensive 
crisis not related to confirmed non-adherence to medication 
within the last year; type 1 diabetes mellitus; >=1 episodes of 
orthostatic hypotension not related to medication changes; 
secondary causes of hypertension 

Kim, 201525 
Korea 
Before-after 
study 
NCT01534299 

No Adherence not 
applicable 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 534 

Manufact. OSBP < 160 mmHg (or 150 mmHg if type 2 diabetes); <3 
antihypertensive medications; prior renal intervention; main 
renal arteries < 4 mm in diameter or < 20 mm in length and 
hemodynamically or anatomically significant renal artery 
abnormalities; eGFR < 45 mL/min/1.73 m2; type 1 diabetes; 
stenotic valvular heart disease; myocardial infarction, unstable 
angina, or cerebrovascular accident within 6 months; possible 
secondary hypertension; not of African descent 

Kiuchi, 201426 
Brazil 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not applicable 
Adherence 
during the 
study: diary 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 27 

Govt./ 
non-profit 

Ages <18 and >70; Blood pressure 160 mmHg (or <150 
mmHg for type 2 diabetics); <3 antihypertensive medications; 
eGFR <15 and >89 mL/min/1.73 m2; pregnancy; valvular 
heart disease with significant hemodynamic consequences; 
stenotic valvular heart disease for which the reduction in BP 
could be dangerous; acute myocardial infarction, unstable 
angina, or transitory ischemic attack within the previous 6 
months; renovascular anomalies; type 1 diabetes; secondary 
cause for hypertension; not on a diuretic 

Kiuchi, 201527 
Brazil 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not applicable 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 30 

Not 
reported 

Did not have CKD stages 1 or 5 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Kiuchi, 201528 
Before-after 
study 
No registered 
protocol 

Yes Adherence 
during run-in 
not reported 
Other 
adherence 
during the study 

Mean obs 
follow-up: 24 
months 

N screened: 33 
N enrolled: 30 

Hospital 
Regional 
Darcy 
Vargas 

Ages <18 and >70; <3 antihypertensive medications (including 
a diuretic); SBP <160 mmHg or <150 mmHg for patients with 
type 2 diabetes; eGFR <15 ml/min/1.73m^2 and >89 
ml/min/1.73m²; pregnancy; valvular heart disease with 
significant hemodynamic consequences; use of warfarin; 
stenotic valvular heart disease; acute myocardial infarction; 
unstable angina; stroke; transient ischaemic attack within the 
previous 6 months; renovascular anomalies; diabetes mellitus 
type 1; secondary causes of hypertension 

Krum, 201429 
Europe, 
Australia, 
United States 
Before-after 
study 
NCT00483808, 
NCT00664638, 
and 
NCT00753285 

No Adherence 
during run-in 
not applicable 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 36 
months 

N screened not 
reported 
N enrolled: 150 

Manufact. Blood pressure -160; <3 antihypertensive medications; not on 
a diuretic; eGFR < 45 mL/min/1.73 m2; renovascular 
abnormalities (renal-artery stenosis, previous renal stent or 
angioplasty, dual renal arteries, or polar arteries) 

Kyvelou, 
201330 
Europe 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not applicable 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 31 

Not 
reported 

Did not fulfill criteria for resistant hypertension; secondary 
causes of hypertension 

Lambert, 
201231 
Australia 
Prospective 
cohort 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

obs-duration-
not reported 

N screened: 62 
N enrolled: 62 

Govt./ 
non-profit 
Manufact. 

<3 antihypertensive medications; History of CV disease; 
Known psychiatric disorders 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Lambert, 
201432 
Europe 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not reported 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 86 

Not 
reported 

Ages <18; <3 antihypertensive medications; pregnant; eGFR 
of <45 mL/min/1.73 m^2; renal artery diameter <4 mm; renal 
artery length <20 mm; non-diabetic 

Lambert, 
201533 
Europe 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 76 

Not 
reported 

Ages <18; systolic office BP <160 mmHg; <3 antihypertensive 
medications; secondary causes of hypertension; <1 diuretic; 
pregnancy; eGFR<45 ml/min/1.73; artery diameter <4 mm; 
artery length <20 mm; renal artery stenosis 

Lambert, 
201534 
Europe 
Before-after 
study 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 24 
months 

N screened not 
applicable 
N enrolled: 32 

Not 
reported 

Ages <18; blood pressure <160 mmHg; <3 antihypertensive 
medications; -<1 diuretic; pregnant; eGFR<45 ml/min/1.73 
m^2; renal artery anatomy < 4mm diameter; renal artery 
anatomy <20 mm long 

Lambert, 
201535 
Australia 
Retrospective 
cohort 
NCT01865240, 
NCT01865253, 
NCT02016573 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 97 

Manufact. ---- 

Lambert, 
201536 
Europe 
Before-after 
study 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 106 

Not 
reported 

Ages <18; Blood pressure <160 mmHg and systolic office BP; 
<3 antihypertensive medications; <1 diuretic; pregnancy; 
eGFR < 45 ml/min/1.73 m^2; secondary causes of 
hypertension; artery diameter < 4 mm; artery length < 20 mm 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Lenski, 201337 
Europe 
Before-after 
study 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 119 

Govt./ 
non-profit 

Ages <18 and >85; SBP 160 mmHg; <3 antihypertensive 
medications; eGFR < 45 mL/min/1.73 m; type 1 diabetes; 
contraindications to MRI; substantial stenotic valvular heart 
disease; pregnancy or planned pregnancy during study; 
history of myocardial infarction; unstable angina; 
cerebrovascular accident in previous 6 months 

Lenski, 201338 
Europe 
Before-after 
study 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 3 
months 

N screened not 
applicable 
N enrolled: 36 

Govt./ 
non-profit 

Ages <18 and >85; SBP 160 mmHg; <3 antihypertensive 
medications; eGFR <45 mL/min/1.73; type 1 diabetes; 
contraindications to MRI; substantial stenotic valvular heart 
disease; pregnancy or planned pregnancy during study; 
history of myocardial infarction; unstable angina; 
cerebrovascular accident in the previous 6 months 

Lobo, 201539 
Not reported 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 12 
months 

N screened not 
applicable 
N enrolled: 129 

Not 
reported 

Blood pressure <160; <3 antihypertensive medications; <1 
diuretic; eGFR < 45 mL/min/1.73 m2 

Ott, 201340 
Europe 
Before-after 
study 
NCT01687725 

No Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 54 

Not 
reported 

OBP 140/90 mmHg; "white coat" or pseudo resistant 
hypertension; unchanged antihypertensive drug regimen for at 
least 2 months; main renal arteries <4 mm in diameter or < 20 
mm in length; hemodynamically or anatomically significant 
renal artery abnormality or stenosis in either renal artery; 
history of renal artery intervention including balloon 
angioplasty or stenting; multiple main renal arteries in either 
kidney; secondary cause of hypertension 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Ott, 201441 
Europe 
Before-after 
study 
NCT01687725 

No Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 59 

Manufact. OBP 140/90 mmHg; <3 antihypertensive medications; <1 
diuretic; nephrotic syndrome or active renal disease defined 
as being unstable within the last 3 months; renal artery 
diameter of <4mm and <20 mm in length; hemodynamically or 
anatomically significant renal artery abnormality or stenosis in 
either renal artery; history of prior renal artery intervention 
including balloon angioplasty or stenting; secondary cause of 
hypertension 

Ott, 201542 
Europe 
Before-after 
study 
NCT01687725 

Not 
applicable 

Adherence 
during the run-
in not reported 
Other 
adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 63 

Not 
reported 

OBP 140/90 mmHg; <3 antihypertensive medications; 
unstable drug regime for less than 4 weeks prior to study 
inclusion; renal artery diameter <4mm; renal artery length 
<20mm; hemodynamically or anatomically significant renal 
artery abnormality or stenosis in either renal artery; history or 
prior renal artery intervention including balloon angioplasty or 
stenting; secondary cause of hypertension; eGFR <15 
ml/min/1.73m^2 

Ott, 201543 
Europe 
Before-after 
study 
NCT01442883 

Not 
applicable 

No adherence 
during run-in 
Other 
adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 27 

Not 
reported 

eGFR <15 ml/min/1,73 m^2; unstable drug regimen; renal 
artery diameter <4mm; renal artery length <20mm; 
hemodynamically or anatomically significant renal artery 
abnormality or stenosis in either renal artery; history of prior 
renal artery intervention including balloon angioplasty or 
stenting; secondary cause of hypertension 

Ott, 201544 
Europe 
Before-after 
study 
NCT01687725 

Not 
applicable 

Adherence 
during run-in 
not reported 
Other 
adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
applicable 
N enrolled: 51 

Not 
reported 

office BP 140/90 mmHg and daytime ABPM 135/85 mmHg; 
<3 antihypertensive medications; <1 diuretic; secondary 
causes of hypertension; eGFR <15 ml/min/1.73 m^2; renal 
artery diameter <4mm/<20 mm in length; hemodynamically or 
anatomically significant renal artery abnormality or stenosis in 
either renal artery; history of prior renal artery intervention 
including balloon angioplasty or stenting 

Papademetriou
, 201445 
Europe, 
Australia 
Before-after 
study 
NCT01438229 

Not 
applicable 

No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
applicable 
N enrolled: 46 

Manufact. Ages <18 and >80; office SBP 160 mmHg (150 for type 2 
diabetes); <3 antihypertensive medications; <1 diuretic; 
evidence of renal artery stenosis in either renal artery; multiple 
main arteries in either kidney; main renal arteries are <4mm in 
diameter; main renal arteries are <20mm in length; eGFR <45 
mL/min/1.73m; type 1 diabetes; identified secondary cause of 
hypertension; chronic fibrillation/atrial flutter 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Persu, 201446 
Europe 
Retrospective 
cohort 
No registered 
protocol 

Not 
applicable 

Adherence 
during the run-
in not applicable 
Adherence 
during the study 
not applicable 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 109 

Not 
reported 

---- 

Pokushalov, 
201247 
Not reported 
RCT 
NCT01117025 

No Adherence 
during run-in 
not applicable 
Adherence 
during the study 
not reported 

RCT follow-
up: 1 Year 

N screened not 
reported 
N enrolled: 27 

Manufact. Blood pressure -160; <3 antihypertensive medications; does 
not have symptomatic drug-refractory AF (with history of 
failure of _>=2 class I or III antiarrhythmic drugs) in patients 
referred for catheter ablation of AF; does not have paroxysmal 
AF with _1 monthly episodes or Pers; AF in patients who had 
already undergone _3 electrical cardioversions; not on a 
diuretic; eGFR<45 ml/min/1.73 m2; secondary cause of 
hypertension; severe renal artery stenosis or dual renal 
arteries; CHF with NYHA functional class II to IV symptoms; 
left ventricular ejection fraction <35%; transverse left atrial 
diameter _>60 mm on transthoracic echocardiography; 
previous AF ablation procedure; treatment with amiodarone; 
previous renal artery stenting or angioplasty or type 1 diabetes 

Poss, 201448 
Europe 
Prospective 
cohort 
No registered 
protocol 

No Other 
adherence 
during run-in 
Other 
adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 101 

Manufact. Ages <18; office SBP 160 mmHg; <3 antihypertensive 
medications; eGFR 45 ml/min/1.73 m^2; using a vitamin D 
supplement 

Poss, 201549 
Europe 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not applicable 
Adherence 
during the study 
not applicable 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 137 

Govt./ 
non-profit 
Manufact. 

Ages <18; SBP 140 mmHg; <3 antihypertensive medications; 
GFR < 15 ml/min/1.73 m; hemodialysis; <1 diuretic 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Prochnau, 
201250 
Not reported 
Before-after 
study 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
applicable 
N enrolled: 30 

Not 
reported 

<4 antihypertensive medications 

Prochnau, 
201351 
Europe 
Before-after 
study 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 43 

Not 
reported 

AMP 140 mmHg--4-reversible causes of HTN; previous renal 
angioplasty 

Ripp, 201552 
Before-after 
study 
NCT01499810 

Not 
applicable 

Adherence 
during run-in 
not applicable 
No adherence 
during the study 

Mean obs 
follow-up: 24 
weeks 

N screened not 
reported 
N enrolled 60 

Not 
reported 

Ages <18 and >80; <3 antihypertensive medications; OBP 
<160/100 mmHg; <1 diuretic; eGFR < 30 ml/min/1.73 m²; daily 
arterial blood pressure less than 135/85 mmHg according to 
24-h monitoring; renal diseases; blood disorders; 
gastrointestinal diseases; neurological disorders; metabolic 
syndromes; other conditions with the signs of insufficiency of 
any system; symptomatic arterial hypertension; pregnancy or 
planned pregnancy during the period of observation; refusal to 
sign the informed consent form to enroll in the study 

Rohla, 201653 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during run-in 
not applicable 
No adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled 103 

Govt./ 
non-profit 

Ages <18; <3 antihypertensive medications; OSBP <160 
mmHg (<150 mmHg in patients with diabetes); <1 diuretic; 
secondary causes of hypertension; pregnancy; eGFR <45 
ml/min/1.73 m²; renal artery diameter <4 mm and a length <20 
mm 

Rosa, 201554 
Europe 
RCT 
NCT01560312 

No Adherence 
during run-in 
not applicable 
Adherence 
during the study 
not reported 

RCT follow-
up: 6 months 

N screened not 
reported 
N enrolled: 106 

Govt./ 
non-profit 

Blood pressure -140 mmHg; <3 antihypertensive medications; 
secondary hypertension; 24-hour ABPM (average systolic BP 
,130 mm Hg); assessment of treatment compliance 
(quantitative plasma drugs level measurements) 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Scheurig-
Muenkler, 
201355 
Europe 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Obs-duration 
– not 
reported 

N screened not 
reported 
N enrolled: 53 

Not 
reported 

Implanted pacemakers or cardioverter defibrillators and a 
vessel diameter below 4 mm, assessed in pre-interventional 
computed tomography or magnetic resonance angiography 

Schmid, 201356 
Europe 
Before-after 
study 
NCT01687725 

Not 
applicable 

Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 53 

Not 
reported 

Blood pressure <140; common and rare causes of secondary 
hypertension; drug-induced hypertension and obstructive 
sleep apnea; renal artery anatomy making the patient 
ineligible for treatment (main renal arteries <4 mm in diameter 
or <20 mm in length; hemodynamically or anatomically 
significant renal artery abnormality or stenosis [>50 %] in 
either renal artery) 

Schmid, 201557 
Europe 
Before-after 
study 
NCT 01442883 

Not 
applicable 

Adherence 
during run-in 
not applicable 
Adherence 
during the study 
not reported 

Not reported 
 
Months 

N screened: 89 
N enrolled: 51 

Manufact. Blood pressure <140/90; <3 antihypertensive medications; 
true TRH (office systolic BP >/= 140/90 mmHg and 24-h 
ambulatory BP monitoring >/=130/80 mmHg; at least three 
antihypertensive drugs at maximum tolerated dose including 
one diuretic agent 

Schneider, 
201558 
Europe 
RCT 
NCT01899456 

No Adherence 
during run-in 
not applicable 
Adherence 
during study: 
diary 

RCT follow-
up: 6 months 

N screened: 109 
N enrolled: 18 

None Ages <18 and >85; Blood pressure <140; <3 anti-hypertensive 
medications; have not had a renal transplant or were 
transplanted within the last 6 months; not on a diuretic; eGFR 
<= 30 mL/min/1.73 m2 

Schwerg, 
201459 
Not reported 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 41 

 SBP 135 mmHg; <3 antihypertensive medications; pseudo 
resistance; secondary causes of hypertension; history of renal 
stenting or nephrectomy; eGFR < 50 ml/min/1.73 m^2 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Sharp, 201560 
Not reported 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 10 
months 

N screened not 
applicable 
N enrolled: 246 

Not 
reported 

---- 

Sharp, 201661 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during run-in 
not applicable 
No adherence 
during the study 

Mean obs 
follow-up: 11 
months 

N screened not 
reported 
N enrolled 253 

None <3 antihypertensive medications; OSBP < 160 and systolic 
ASBP <150; white-coat or secondary hypertension; patient 
selection by multidisciplinary teams of hypertension specialists 
and interventionists 

Sievert, 201562 
Europe, 
Australia, New 
Zealand 
Before-after 
study 
No registered 
protocol 

No Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 146 

Manufact. Ages <18 and >75; OSBP 160 and ODBP 90 mmHg; <3 
antihypertensive medications; no changes to antihypertensive 
medication regimen within 2 weeks prior to enrollment; eGFR 
< 45 ml/min/1.73 m^2; secondary hypertension; 
contraindication for intravascular contrast material or 
medications required for an interventional procedure; bleeding 
or hyper coagulation disorders; type 1 diabetes; myocardial 
infarction, unstable angina pectoris, uncompensated heart 
failure, or cerebrovascular accident within 6 months prior to 
screening; widespread atherosclerosis with documented 
intravascular thrombosis or unstable plaques; 
hemodynamically significant valvular heart disease for which 
reduction of BP would be considered hazardous; implantable 
cardioverter defibrillator or pacemaker or a clinically significant 
abnormal electrocardiogram at time of screening; pregnant, 
nursing or planning to become pregnant; currently taking 
oestrogen or any oestrogen like compound 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Symplicity, 
201063 
Worldwide 
RCT 
NCT00888433 

Yes run-in Adherence 
during run-in: 
diary 
Adherence 
during the 
study: diary 

RCT follow-
up: 36 
months 

N screened: 190 
N enrolled: 106 

Manufact. Ages <18 and >85; 160 mmHg (or 150 mmHg for patients with 
type 2 diabetes); <3 antihypertensive medications; eGFR < 45 
mL/min/1.73 m2; type 1 diabetes; contraindications to MRI; 
substantial stenotic valvular heart disease; pregnancy or 
planned pregnancy during the study; history of myocardial 
infarction, unstable angina, or cerebrovascular accident in 
previous 6 months; hemodynamically significant renal artery 
stenosis, previous renal artery intervention, or renal artery 
anatomy that precluded treatment 

Symplicity, 
201164 
Europe, 
Australia, 
United States 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence not 
reported 

Mean obs 
follow-up: 24 
months 

N screened not 
applicable 
N enrolled: 153 

Manufact. Ages <18; SBP <160 mmHg; <3 antihypertensive 
medications; <1 diuretic; eGFR <45 ml/min/1.73 m^2; type 1 
diabetes mellitus; secondary cause of hypertension; 
significant renovascular abnormalities 

Tiroch, 201565 
Before-after 
study 
NCT01875809 

Not 
applicable 

Adherence 
during run-in 
not applicable 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened: 53 
N enrolled: 50 

Not 
reported 

Ages <18 and >85; <3 antihypertensive medications; SBP 
<160 mmHg; <1 diuretic; renal artery stenosis; solitary kidney; 
obstructive sleep apnea; thyroid disorders; elevated cotrisol 
levels; elevated aldosterone/renin ratio; acromegaly; elevated 
plasma metanephrine; anaemia; extensive use of alcohol, 
drugs; extensive use of liquorice or NSAIDS 

Tsioufis, 201566 
Europe, 
Australia 
Prospective 
cohort 
NCT01438229 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 31 

St. Jude 
Medical 
Inc. 

Ages <18 and >80; office SBP 160 mmHg; <3 
antihypertensive medications; -<1 diuretic; evidence of renal 
artery stenosis in either renal artery; multiple main renal 
arteries in either kidney; main renal arteries diameter <4mm; 
main renal arteries length <20mm; eGFR of < 
45mL/min/1.73m; type 1 diabetes; identified secondary cause 
of hypertension; chronic atrial fibrillation/atrial flutter 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Tsioufis, 201567 
Not reported 
Other study 
design 
NCT01438229 

Not 
applicable 

No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 24 
months 

N screened not 
applicable 
N enrolled: 46 

St. Jude 
Medical 
Center 

Ages <18 and >80; office SBP <160 mmHg; <3 anti-
hypertensive medications; <1 diuretic; evidence of renal artery 
stenosis; multiple main renal arteries in either kidney; renal 
artery diameter <4mm; renal artery length <20mm; eGFR <45 
mL/min/1,73m; type 1 diabetes; identified secondary causes 
of hypertension; chronic atrial fibrillation/atrial flutter 

Tsioufis, 201568 
Europe, 
Australia 
Prospective 
cohort 
NCT01438229 

Not 
applicable 

No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 30 

St. Jude 
Medical 
Inc. 

Ages <18 and >80; office SBP 160 mmHg; <3 
antihypertensive medications; -<1 diuretic; evidence of renal 
artery stenosis in either renal artery; multiple renal arteries in 
either kidney; main renal arteries are <4mm diameter; renal 
arteries are <20mm in length; eGFR <45mL/min/1.73m; type 1 
diabetes; identified secondary cause of hypertension; chronic 
atrial fibrillation/atrial flutter 

Tsioufis, 201569 
Europe, 
Australia 
Other study 
design 
NCT01438229 

Not 
applicable 

No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 24 
months 

N screened not 
applicable 
N enrolled: 46 

St. Jude 
Medical 
Inc. 

Ages <18 and >80; office SBP 160 mmHg; <3 
antihypertensive medications; evidence of renal artery 
stenosis in either renal artery; multiple renal arteries in either 
kidney; renal artery diameter <4mm; renal artery length 
<20mm; eGFR <45 mL/min/1.73m; type 1 diabetes; identified 
secondary cause of hypertension; chronic atrial 
fibrillation/atrial flutter 

van Brussel, 
201570 
Europe 
Before-after 
study 
No registered 
protocol 

Yes run-in Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
weeks 

N screened not 
applicable 
N enrolled: 21 

Govt./ 
non-profit 

Ages <40 and >70: Blood pressure 150/100; <3 anti-
hypertensive medications; Secondary causes of hypertension; 
abnormal renal artery anatomy; renal insufficiency 
(eGFR<45); proteinuria (?1 g/24 h); Pacemaker; Implantable 
cardiac defibrillator; fibrillation; type 1 diabetes 

Verheye, 
201571 
Europe, New 
Zealand 
Before-after 
study 
NCT01520506 

Not 
applicable 

No adherence 
during run-in 
Other 
adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
applicable 
N enrolled: 50 

Manufact. Ages <18 and >85; SBP 160 mmHg; <3antihypertensive 
medications; <1 diuretic; unstable antihypertensive regimen 
14 days prior to enrollment; renal artery diameter <4mm 
<7mm; renal artery length <20mm; ESRD; eGFR <45 
ml/min/1.73 m^2; type 1 diabetes mellitus; bleeding disorders; 
myocardial infarction, unstable angina, coronary events or 
stroke within six months of the treatment; serious renal 
abnormalities including severe renal artery stenosis; evidence 
of prior renal stenting; more than one main renal artery 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Verloop, 201472 
Europe 
Before-after 
study 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 69 

Not 
reported 

OSBP <160 mmHg; <3 antihypertensive medications; eGFR 
<30 ml/min/1.73 m^2; severe comorbidity; renal artery 
diameter < 4mm; renal artery length < 20mm; renal artery 
stenting or stenosis 

Verloop, 201573 
Not reported 
Before-after 
study 
NCT01465724 

Not 
applicable 

Adherence 
during run-in 
not reported 
No adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 29 

Manufact. Ages <18; SBP 130 mmHg; high fasting glucose <5.6 mmol/L; 
<1 antidiabetic or 1 antihypertensive drug at baseline 

Verloop, 201574 
Not reported 
Before-after 
study 
NCT01427049 

Not 
applicable 

Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean bs 
follow-up: 12 
months 

N screened not 
applicable 
N enrolled: 46 

Govt./ 
non-profit 

SBP 160 mmHg; <3 antihypertensive medications; eGFR <30 
ml/min/1.73 m^2; secondary causes of hypertension; history 
of renal artery stenting 

Vink, 201475 
Europe 
Before-after 
study 
No registered 
protocol 

Not 
applicable 

Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened not 
applicable 
N enrolled: 67 

Not 
reported 

SBP 160 mmHg; <3 antihypertensive medications; eGFR < 30 
ml/min/1.73 m^2; secondary causes of hypertension; history 
of renal artery stenting or severe comorbidity 

Vink, 201576 
Not reported 
Before-after 
study 
NCT01427049 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 46 

Manufact. SBP <160 mmHg; <3 antihypertensive medications; eGFR < 
30 ml/min/1.73 m^2; secondary causes of hypertension; 
history of renal artery stenting; severe comorbidity 

Vogel, 201477 
Europe 
Before-after 
study 
No registered 
protocol 

No No adherence 
during run-in 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 63 

Not 
reported 

Blood pressure -160 or 150 mmHg in diabetics; <3 
antihypertensive medications 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Volz, 201478 
Sweden 
Non-
randomized 
trial 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 6.7 
months 

N screened: 60 
N enrolled: 38 

Not 
reported 

<3 antihypertensive medications; Secondary form of 
hypertension; OBP < 140/90 mmHg in the sitting position; 
ABPM < 135/85 mmHg; hemodynamically significant valve 
disease; significant renal dysfunction (eGFR < 45 
ml/min/1,73m); lack of drug compliance; diabetes type 1; 
previously being subject to renal artery or abdominal aortic 
stenting 

Whitbourn, 
201579 
Australia 
Before-after 
study 
NCT01699529 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
applicable 
N enrolled: 50 

Manufact. OSBP < 160 mmHg; <3 antihypertensive medications; eGFR 
< 45 mL/min/1.73 m; type 1 diabetes; renal artery stenosis of 
>50%; renal artery aneurysm; prior renal artery intervention; 
artery length < 22mm 

Worthley, 
201380 
Europe, 
Australia 
Before-after 
study 
NCT01438229 

Yes run-in No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened: 62 
N enrolled: 47 

Manufact. Ages <18 and >80; OSBP 160 mmHg; <3 antihypertensive 
medications; <1 diuretic; evidence of renal stenosis; multiple 
main renal arteries in either kidney; main renal artery diameter 
<4mmmain renal artery length <20mm; eGFR < 45 
ml/min/1.73m^2; type 1 diabetes; identified secondary cause 
of hypertension; chronic atrial fibrillation/atrial flutter 

Worthley, 
201581 
Europe, 
Australia 
Other study 
design 
NCT01438229 

No Adherence 
during run-in 
not reported 
Adherence 
during the study 
not reported 

Mean obs 
follow-up: 6 
months 

N screened: 62 
N enrolled: 40 

St. Jude 
Medical 
Inc. 

Ages <18 and >80; office SBP 160 mmHg; <3 
antihypertensive medications; <1 diuretic; evidence of renal 
artery stenosis in either renal artery; multiple renal arteries in 
either kidney; main renal artery diameter <4mm; main renal 
artery length <20mm; eGFR < 45 mL/min/1.73m; type 1 
diabetes; identified secondary cause of hypertension; chronic 
atrial fibrillation/atrial flutter 

Zhang, 201482 
China 
Case-control 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 12 
months 

N screened not 
reported 
N enrolled: 81 

Govt./ 
non-profit 

Ages <18; OSBP 160 mmHg; <3 antihypertensive 
medications; <1 diuretic; secondary hypertension; type 1 
diabetes; multiple renal arteries with diameter <4mm; renal 
artery length of <20mm; dual renal artery systems; renal 
artery stenosis >50% or patients who had received renal 
artery balloon angioplasty or stenting; eGFR <45 
ml/min/1.73m^2 
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Table 1. Characteristics of studies evaluating renal denervation devices (continued) 
Author, year 
Country 
Study design 
Registered 
protocol 

Run-in 
period 

Adherence 
during the run-
in and 
adherence 
during the 
study 

Follow-up 
duration 

Number 
screened/ 
enrolled 

Funding 
source 

Exclusion criteria 

Zuern, 201383 
Not reported 
Before-after 
study 
No registered 
protocol 

No No adherence 
during run-in 
No adherence 
during the study 

Mean obs 
follow-up: 6 
months 

N screened not 
reported 
N enrolled: 50 

Not 
reported 

Ages <18; OSBP 160 mmHg; <3 antihypertensive medications 
with no changes in medication for a minimum of 2 weeks 
before enrollment; eGFR <45 ml/min/1.73m^2; secondary 
cause of hypertension other than sleep apnea or chronic 
kidney disease 

ABPM = ambulatory blood pressure monitor; AF = atrial fibrillation; BP = blood pressure; CHF = congestive heart failure; CT = computed tomography; CV = cardiovascular; 
eGFR = estimated glomerular filtration rate; ESRD = End Stage Renal Disease; Govt. = government; hr = hour; HTN = hypertension; m = meters; manufact. = manufacturer; min 
= minute; mL = milliliters; mm = millimeters; mmHg = millimeter of mercury; mmol/L = millimoles per litre; MRI = magnetic resonance imaging; N = total population; NYHA = 
New York Heart Association; OBP = office blood pressure; obs = observation; RCT = randomized controlled trial; RDN = renal denervation; RSD = reflex sympathetic dystrophy 
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Table 2. Population characteristics of studies evaluating renal denervation devices 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Azizi, 20151 Renal 
denervation 

53 55.2 64.2 Caucasian: 79.2 
 

30.7 
 

Mean eGFR: 88 CKD stages 
not reported 
 

DM, %: 17 
LVH not 
reported 

Diuretics, %: 100 

Azizi, 20151 Continuation 
of anti-
hypertensive 
drugs 

53 55.2 60.4 Caucasian: 77.4 
 

29.7 
 

Mean eGFR: 90 CKD stages 
not reported 
 

DM, %: 26.4 
LVH not 
reported 

Diuretics, %: 100 

Bhatt, 20142 Renal 
denervation 

364 57.9 59.1 African American: 
24.8 
Caucasian: 73 
Other race: 2.3 

34.2 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 47 
LVH not 
reported 

Mean # of BP 
meds: 5.1 
Diuretics, %: 
99.7 

Bhatt, 20142 Sham 
procedure 

171 56.2 64.3 African American: 
29.2 
Caucasian: 69.6 
Other race: 1.2 

33.9 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 40.9 
LVH not 
reported 
 

Mean # of BP 
meds: 5.2 
Diuretics, %: 100 

Bohm, 20153 Renal 
denervation 

998 61 59.9 Race/ethnicity not 
reported 
 
 

30.6 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 
41.40% 
 
LVH, %: 
17.10% 

Mean # of BP 
meds: 4.5 
Diuretics, %: 
80.1 

Burchell, 20164 Renal 
denervation 

29 55.4 48 Race/ethnicity not 
reported 

30.2 Mean eGFR: 74 CKD stages 
not reported 

DM, %: 17 
LVH not 
reported 

Mean # of BP 
meds: 5.2 
Diuretics, %: 76 

de Sousa Almeida, 20165 Renal 
denervation 

31 65 48.4 Caucasian: 100 31.8 Mean eGFR: 76.4 CKD stages 
not reported 

DM, %: 71 
LVH, %: 87 

Mean # of BP 
meds: 5.8 
Diuretics, %: 
87.1 

Desch, 20156 Renal 
denervation 

35 64.5 77 Race/ethnicity not 
reported 
 
 

31.9 
 

Mean eGFR: 79 CKD stages 
not reported 
 

DM, %: 54 
LVH not 
reported 
 

Mean # of BP 
meds: 4.4 
 

Desch, 20156 Sham 
procedure 

36 57.4 69 Race/ethnicity not 
reported 
 

31.2 
 

Mean eGFR: 84 CKD stages 
not reported 
 

DM, %: 36 
LVH not 
reported 

Mean # of BP 
meds: 4.3 
 

Dorr, 20137 Renal 
denervation 

62 67.8 51.6  
 
 

29.3 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

Diabetes 
status not 
reported 
LVH not 
reported 

Mean # of BP 
meds: 5.4 
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Table 2. Population characteristics of studies evaluating renal denervation devices (continued) 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Dorr, 20158 Renal 
denervation 

150 64.9 71.2 Race/ethnicity not 
reported 
 

BMI not 
reported 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 35 
LVH not 
reported 

Mean # of BP 
meds: 4.9 
Diuretics, %: 97 

Dorr, 20159 Renal 
denervation 

100 65.4 57 Race/ethnicity not 
reported 
 

BMI not 
reported 

Kidney function not 
reported 

CKD stages 
not reported 
 

DM, %: 40 
LVH not 
reported 
 

Mean # of BP 
meds: 5.2 
Diuretics, %: 99 

Dorr, 201510 Renal 
denervation 

60 67.9 62 Race/ethnicity not 
reported 
 

28.7 
 

Kidney function not 
reported 
 

CKD stages 
not reported 

DM, %: 42 
LVH not 
reported 

Mean # of BP 
meds: 5.3 
Diuretics, %: 93 

Eikelis, 201511 Renal 
denervation 

69 69 65 Race/ethnicity not 
reported 
 

32.2 
 

Kidney function not 
reported 

CKD stages 
not reported 
 

Diabetes 
status not 
reported 
LVH not 
reported 

Mean # of BP 
meds: 4.6 
 

Ewen, 201412 Renal 
denervation 

50 64.7 77 Race/ethnicity not 
reported 
 

30.7 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 50 
LVH not 
reported 

Mean # of BP 
meds: 5.1 
Diuretics, %: 84 

Ewen, 201412 Unspecified 10 68.4 80 Race/ethnicity not 
reported 
 

28.6 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 30 
LVH not 
reported 

Mean # of BP 
meds: 4 
Diuretics, %: 50 

Ewen, 201513 Renal 
denervation 

100 62.7 67 Race/ethnicity not 
reported 
 

30.8 
 

Mean kidney 
function: 74.5 

CKD stages 
not reported 
 

DM, %: 44 
LVH not 
reported 

Mean # of BP 
meds: 5.2 
Diuretics, %: 86 

Ewen, 201514 Renal 
denervation 

126 66.7 55 Race/ethnicity not 
reported 
 

29.5 
 

Mean eGFR: 68.5 CKD stages 
not reported 
 

DM, %: 40 
LVH not 
reported 
 

Mean # of BP 
meds: 5.1 
Diuretics, %: 92 

Ewen, 201515 Renal 
denervation 

30 61.9 60 Race/ethnicity not 
reported 

30.4 Mean eGFR: 59 CKD stages 
not reported 

DM, %: 32 
LVH not 
reported 

Mean # of BP 
meds: 5 
Diuretics, %: 92 

Ewen, 201516 Renal 
denervation 

84 65 73 Race/ethnicity not 
reported 

31 Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 37 
LVH not 
reported 

Mean # of BP 
meds: 5 
Diuretics, %: 86 

Fadl Elmula, 201417 Renal 
denervation 

9 57 78 Race/ethnicity not 
reported 
 

29 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 22 
LVH, %: 56 

Mean # of BP 
meds: 5.1 
Diuretics, %: 100 
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Table 2. Population characteristics of studies evaluating renal denervation devices (continued) 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Fadl Elmula, 201417 Continuation 
of anti-
hypertensive 
drugs 

10 62.7 100 Race/ethnicity not 
reported 
 

30 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 30 
LVH, %: 60 

Mean # of BP 
meds: 5 
Diuretics, %: 100 

Hameed, 201518 Renal 
denervation 

34 56 58.8 African American: 
14.7 
Caucasian: 82.4 
Other race: 2.9 

32.2 
 

Mean serum 
creatinine: 90 

CKD stage 2, 
%: 64.7 
CKD stage 3, 
%: 26.5 
CKD stage 4, 
%: 8.8 

DM, %: 26.5 
LVH not 
reported 
 

Mean # of BP 
meds: 4.5 
Diuretics, %: 
91.2 

Hamza, 201419 Renal 
denervation 

55 58 69 Race/ethnicity not 
reported 
 

28.9 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 40 
LVH not 
reported 

Mean # of BP 
meds: 3.95 
Diuretics, %: 100 

Hering, 201520 Renal 
denervation 

65 63 63 Race/ethnicity not 
reported 
 

31 
 

Mean eGFR: 72 CKD stages 
not reported 
 

DM, %: 37 
LVH not 
reported 

Mean # of BP 
meds: 4.5 
Diuretics, %: 72 

Hering, 201520 Renal 
denervation 

16 63 75 Race/ethnicity not 
reported 
 

31 
 

Mean eGFR: 71 CKD stages 
not reported 
 

DM, %: 44 
LVH not 
reported 

Mean # of BP 
meds: 4.6 
Diuretics, %: 81 

Hering, 201520 Renal 
denervation 

10 67 40 Race/ethnicity not 
reported 
 

31 
 

Mean eGFR: 71 CKD stages 
not reported 
 

DM, %: 10 
LVH not 
reported 

Mean # of BP 
meds: 4.9 
Diuretics, %: 70 

Honarvar, 201321 Renal 
denervation 

30 52 56.7 Race/ethnicity not 
reported 

30.6 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

DM, %: 17.7 
LVH not 
reported 

Mean # of BP 
meds: 3.6 
Diuretics, %: 
63.3 

Id, 201522 Renal 
denervation 

101 62.8 60.4 Race/ethnicity not 
reported 
 

30.6 
 

Mean eGFR: 71.1 CKD stages 
not reported 
 

DM, %: 32.4 
LVH not 
reported 

Mean # of BP 
meds: 4.2 
Diuretics, %: 
82.4 

Kaiser, 201423 Renal 
denervation 

93 68 45 Race/ethnicity not 
reported 
 

BMI not 
reported 
 

Mean kidney 
function: 71 

CKD Stage 3, 
%: 1 
CKD Stage 4, 
%: 3 

DM, %: 47 
LVH not 
reported 

 
Diuretics, %: 83 

Kario, 201524 Renal 
denervation 

22 59.5 68.2 Race/ethnicity not 
reported 
 

27 
 

Kidney function not 
reported 
 

CKD stage 3, 
%: 4.5 
 

DM, %: 36.4 
LVH not 
reported 

Mean # of BP 
meds: 4.9 
Diuretics, %: 100 
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Table 2. Population characteristics of studies evaluating renal denervation devices (continued) 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Kario, 201524 Continuation 
of anti-
hypertensive 
drugs 

19 56 84.2 Race/ethnicity not 
reported 

28 
 

Kidney function not 
reported 

CKD stage 3, 
%: 15.8 
 

DM, %: 63.2 
LVH not 
reported 

Mean # of BP 
meds: 4.9 
Diuretics, %: 100 

Kim, 201525 Renal 
denervation 

93 55.9 72 Race/ethnicity not 
reported 

27.5 
 

Mean eGFR: 88.9 CKD stages 
not reported 
 

DM, %: 46.2 
LVH not 
reported 

Mean # of BP 
meds: 3.7 
Diuretics, %: 
83.9 

Kim, 201525 Renal 
denervation 

169 61.8 62.7 Race/ethnicity not 
reported 
 

31.2 
 

Mean eGFR: 80.9 CKD stages 
not reported 
 

DM, %: 36.3 
LVH not 
reported 

Mean # of BP 
meds: 4.7 
Diuretics, %: 
78.1 

Kiuchi, 201426 Renal 
denervation 

27 54.8 40.7 Caucasian: 70.4 
 

31.4 
 

Mean eGFR: 62.2 CKD stage 2, 
%: 66.7 
CKD stage 3, 
%: 14.8 
CKD stage 4, 
%: 18.5 

DM, %: 37 
LVH not 
reported 
 

Mean # of BP 
meds: 4.6 
Diuretics, %: 100 

Kiuchi, 201527 Renal 
denervation 

30 55 43 Other race: 70 30.8 
 

Mean eGFR: 61.9 CKD stage 2, 
%: 63 
CKD stage 3, 
%: 20 
CKD stage 4, 
%: 17 

DM, %: 37 
LVH not 
reported 
 

Mean # of BP 
meds: 4.6 
 

Kiuchi, 201528 Renal 
denervation 

30 55 43 Caucasian: 30 
Other race: 70 

30.8 Mean eGFR: 61.9 CKD stage 2, 
%: 63 
CKD stage 3, 
%: 20 
CKd stage 4, 
%: 17 

DM, %: 37 
LVH not 
reported 

Mean # of BP 
meds: 4.6 
Diuretics, %: 100 

Krum, 201429 Renal 
denervation 

150 57.1 62 Caucasian: 95 
Other race: 5 

BMI not 
reported 

Mean eGFR: 83.4 CKD stages 
not reported 
 

DM, %: 31 
LVH not 
reported 

Mean # of BP 
meds: 5 
Diuretics, %: 92 

Kyvelou, 201330 Renal 
denervation 

31 45 Male not 
reported 

African American: 
3 
Caucasian: 97 

BMI not 
reported 
 

Mean serum 
creatinine: 91 

CKD stages 
not reported 
 

Diabetes 
status not 
reported 
LVH not 
reported 

Medication use 
not reported 
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Table 2. Population characteristics of studies evaluating renal denervation devices (continued) 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Lambert, 201231 Renal 
denervation 

62 61.9 65 Race/ethnicity not 
reported 

31.9 
 

Kidney function not 
reported 
 

CKD stages 
not reported 
 

Diabetes 
status not 
reported 
LVH not 
reported 

Mean # of BP 
meds: 4.8 
 

Lambert, 201231 Un-medicated 
normotensive 
subjects 

63 62 63 Race/ethnicity not 
reported 

30.8 
 

Kidney function not 
reported 

CKD stages 
not reported 

Diabetes 
status not 
reported 
LVH not 
reported 

Mean # of BP 
meds: 0 
 

Lambert, 201231 Hypertensive 
patient data 

68 65.4 68 Race/ethnicity not 
reported 
 

31.6 
 

Kidney function not 
reported 

CKD stages 
not reported 

Diabetes 
status not 
reported 
LVH not 
reported 

Mean # of BP 
meds: 1.3 
 

Lambert, 201432 Renal 
denervation 

81 Age not 
reported 

59.3 Race/ethnicity not 
reported 

BMI not 
reported 

Mean eGFR: 80.5 CKD stages 
not reported 
 

DM, %: 100 
LVH not 
reported 

Diuretics, %: 100 

Lambert, 201533 Renal 
denervation 

76 64 57 Race/ethnicity not 
reported 

BMI not 
reported 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 30 
LVH not 
reported 

Medication use 
not reported 

Lambert, 201534 Renal 
denervation 

32 Age not 
reported 

53.1 Race/ethnicity not 
reported 

BMI not 
reported 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 28.1 
LVH not 
reported 

Medication use 
not reported 

Lambert, 201535 Renal 
denervation 

97 64 61 Race/ethnicity not 
reported 

31.1 Mean eGFR: 70 CKD stages 
not reported 

Diabetes 
status not 
reported 
LVH not 
reported 

Mean # of BP 
meds: 5 

Lambert, 201536 Renal 
denervation 

106 Age not 
reported 

58.5 Race/ethnicity not 
reported 
 

BMI not 
reported 

Mean eGFR: 79.6 CKD stages 
not reported 

DM, %: 25.5 
LVH not 
reported 

Medication use 
not reported 
 

Lenski, 201337 Renal 
denervation 

119 61.8 55 Race/ethnicity not 
reported 

30.3 
 

Mean kidney 
function: 78.2 

CKD stages 
not reported 

DM, %: 40.3 
LVH, %: 
21.8 

Mean # of BP 
meds: 5.7 

Lenski, 201338 Renal 
denervation 

36 65 75 Race/ethnicity not 
reported 

30.2 
 

Mean kidney 
function: 75.2 

CKD stages 
not reported 

DM, %: 56 
LVH not 
reported 

Mean # of BP 
meds: 4.8 
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Table 2. Population characteristics of studies evaluating renal denervation devices (continued) 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Lobo, 201539 Renal 
denervation 

129 62 Male not 
reported 

Race/ethnicity not 
reported 

BMI not 
reported 
 

Kidney function 
measure: eGFR 
 

CKD stages 
not reported 

Diabetes 
status not 
reported 
LVH not 
reported 

Mean # of BP 
meds: 4.22 

Ott, 201340 Renal 
denervation 

54 63.6 70 Race/ethnicity not 
reported 

31.1 
 

Mean kidney 
function: 69.5 

CKD stages 
not reported 

DM, %: 50 
LVH not 
reported 

Mean # of BP 
meds: 5.1 

Ott, 201441 Renal 
denervation 

59 63 69 Race/ethnicity not 
reported 
 

31.6 
 

Mean kidney 
function: 67.2 

CKD stages 
not reported 

DM, %: 53 
LVH not 
reported 

Mean # of BP 
meds: 5.5 

Ott, 201542 Renal 
denervation 

63 Age not 
reported 

71 Race/ethnicity not 
reported 

BMI not 
reported 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 44 
LVH not 
reported 

Medication use 
not reported 

Ott, 201543 Renal 
denervation 

27 63.4 81 Race/ethnicity not 
reported 

31.2 
 

Mean kidney 
function: 48.5 

CKD stages 
not reported 

DM, %: 56 
LVH not 
reported 

Mean # of BP 
meds: 6.2 

Ott, 201544 Renal 
denervation 

51 59.1 71 Race/ethnicity not 
reported 

31.2 
 

Kidney function 
measure: eGFR 
 

CKD stages 
not reported 

DM, %: 43 
LVH not 
reported 

Mean # of BP 
meds: 5.7 

Papademetriou, 201445 Renal 
denervation 

46 60 67 Caucasian: 98 
 

32 
 

Mean eGFR: 87 CKD stages 
not reported 

DM, %: 33 
LVH not 
reported 

Mean # of BP 
meds: 4.7 
Diuretics, %: 98 

Persu, 201446 Renal 
denervation 

21 58.9 28.6 Race/ethnicity not 
reported 

27.5 
 

Mean eGFR: 80.9 CKD stages 
not reported 

DM, %: 14.3 
LVH not 
reported 

Mean # of BP 
meds: 4.2 

Persu, 201446 Renal 
denervation 

22 62 63.6 Race/ethnicity not 
reported 

27.7 Mean eGFR: 66.5 CKD stages 
not reported 

DM, %: 13.6 
LVH not 
reported 

Mean # of BP 
meds: 4.7 

Pokushalov, 201247 Renal 
denervation 
pulmonary 
vein isolation 

13 57 85 Race/ethnicity not 
reported 

28 
 

Mean eGFR: 78 CKD stages 
not reported 

DM, %: 7.7 
LVH not 
reported 

Mean # of BP 
meds: 3.8 
Diuretics, %: 100 
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Table 2. Population characteristics of studies evaluating renal denervation devices (continued) 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Pokushalov, 201247 Pulmonary 
vein isolation 

14 56 71 Race/ethnicity not 
reported 

28 Mean eGFR: 80.2 CKD stages 
not reported 

DM, %: 14.2 
LVH not 
reported 

Mean # of BP 
meds: 3.6 
Diuretics, %: 92 

Poss, 201448 Renal 
denervation 

101 61.9 58.3 Race/ethnicity not 
reported 

31 Mean kidney 
function: 82.7 

CKD stages 
not reported 

DM, %: 38.8 
LVH not 
reported 

Mean # of BP 
meds: 5.3 
 

Poss, 201549 Renal 
denervation 

137 63 63 Race/ethnicity not 
reported 

30.4 
 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 39 
LVH not 
reported 

Mean # of BP 
meds: 5.2 

Prochnau, 201250 Renal 
denervation 

30 62.4 67 Race/ethnicity not 
reported 

32.4 
 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 50 
LVH not 
reported 

Mean # of BP 
meds: 6 

Prochnau, 201351 Renal 
denervation 

43 63 63 Race/ethnicity not 
reported 
 

31.5 
 

Mean eGFR: 67.3 CKD stages 
not reported 

DM, %: 51 
LVH not 
reported 

Mean # of BP 
meds: 5.8 

Ripp, 201552 Renal 
denervation 

60 Age not 
reported 

Male not 
reported 

Race/ethnicity not 
reported 

BMI not 
reported 

Kidney function not 
reported 

CKD stages 
not reported 

Diabetes 
status not 
reported 
LVH not 
reported 

Medication use 
not reported 

Rohla, 201653 Renal 
denervation 

103 63 56 Race/ethnicity not 
reported 

BMI not 
reported 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 23 
LVH not 
reported 

Mean # of BP 
meds: 4.1 
Diuretics, %: 86 

Rosa, 201554 Renal 
denervation 

52 56 77 Race/ethnicity not 
reported 

31.2 Mean serum 
creatinine: 87 

CKD stages 
not reported 

DM, %: 22 
LVH not 
reported 

Mean # of BP 
meds: 5.1 
 

Rosa, 201554 Continuation 
of anti-
hypertensive 
drugs 

54 59 63 Race/ethnicity not 
reported 

33.4 Mean serum 
creatinine: 84 

CKD stages 
not reported 

DM, %: 17 
LVH not 
reported 

Mean # of BP 
meds: 5.4 

Scheurig-Muenkler, 201355 Renal 
denervation 

53 59 66 Race/ethnicity not 
reported 

30.5 
 

Mean eGFR: 76.4 CKD stages 
not reported 

DM, %: 23 
LVH not 
reported 

Medication use 
not reported 

Schmid, 201356 Renal 
denervation 

53 Age not 
reported 

77 Race/ethnicity not 
reported 

BMI not 
reported 

Kidney function not 
reported 

CKD stages 
not reported 

Diabetes 
status not 
reported 
LVH not 
reported 

Medication use 
not reported 
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Table 2. Population characteristics of studies evaluating renal denervation devices (continued) 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Schmid, 201557 Renal 
denervation 

51 61.3 76 Race/ethnicity not 
reported 

30.8 Mean eGFR: 73.5 CKD stages 
not reported 

DM, %: 76 
LVH not 
reported 

Mean # of BP 
meds: 5.9 

Schneider, 201558 Renal 
denervation 

9 62 78 Caucasian: 89 
Other race: 11 

31 
 

Mean eGFR: 40.8 CKD stages 
not reported 

DM, %: 89 
LVH not 
reported 

Mean # of BP 
meds: 5.1 
Diuretics, %: 100 

Schneider, 201558 Continuation 
of anti-
hypertensive 
drugs 

9 60 89 Caucasian: 89 
Other race: 11 

33 Mean eGFR: 42 CKD stages 
not reported 

DM, %: 33 
LVH not 
reported 

Mean # of BP 
meds: 4.3 
Diuretics, %: 89 

Schwerg, 201459 Renal 
denervation 

40 63 60 Race/ethnicity not 
reported 

30 
 

Mean kidney 
function: 96 

CKD stages 
not reported 

DM, %: 35 
LVH not 
reported 

Mean # of BP 
meds: 5 

Sharp, 201560 Renal 
denervation 

246 56.7 13 Caucasian: 87 
 

BMI not 
reported 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 27 
LVH not 
reported 

Mean # of BP 
meds: 4.7 

Sharp, 201661 Renal 
denervation 

253 57 47 Caucasian: 88.1 32 Mean eGFR: 69 CKD stages 
not reported 

DM, %: 26.5 
LVH not 
reported 

Mean # of BP 
meds: 5 
Diuretics, %: 95 

Sievert, 201562 Renal 
denervation 

146 58.6 61 Race/ethnicity not 
reported 
 

BMI not 
reported 

Mean serum 
creatinine: 82 

CKD stages 
not reported 

DM, %: 28.1 
LVH not 
reported 

Mean # of BP 
meds: 5.3 

Symplicity, 201063 Renal 
denervation 

52 58 65 Caucasian: 98 31 Mean eGFR: 77 CKD stage 3, 
%: 21 

DM, %: 40 
LVH not 
reported 

Mean # of BP 
meds: 5.2 
Diuretics, %: 89 

Symplicity, 201063 Unspecified, 
but allowed to 
crossover to 
RDN after 6 
months 

54 58 50 Caucasian: 96 31 
 

Mean eGFR: 86 CKD stage 3, 
%: 11 

DM, %: 28 
LVH not 
reported 

Mean # of BP 
meds: 5.3 
Diuretics, %: 91 

Symplicity, 201164 Renal 
denervation 

153 57 61 Race/ethnicity not 
reported 

BMI not 
reported 

Mean eGFR: 83 CKD stages 
not reported 

DM, %: 31 
LVH not 
reported 

Mean # of BP 
meds: 5.1 
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Table 2. Population characteristics of studies evaluating renal denervation devices (continued) 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Tiroch, 201565 Renal 
denervation 

46 65.3 50 Race/ethnicity not 
reported 

32 eGFR: 69 CKD stages 
not reported 

DM, %: 41 
LVH not 
reported 

Mean # of BP 
meds: 5.1 
Diuretics, %: 100 

Tsioufis, 201566 Renal 
denervation 

31 61.1 61.3 Race/ethnicity not 
reported 

32 
 

Kidney function not 
reported 

CKD stages 
not reported 
 

DM, %: 35.5 
LVH not 
reported 

Mean # of BP 
meds: 4.5 
 

Tsioufis, 201566 No-renal 
denervation 

12 58 66.7 Race/ethnicity not 
reported 

33.5 
 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 25 
LVH not 
reported 

Mean # of BP 
meds: 4.2 
 

Tsioufis, 201567 Renal 
denervation 

46 60 67 Caucasian: 98 32 
 

Mean Kidney 
Function: 84.7 

CKD stages 
not reported 

DM, %: 33 
LVH not 
reported 

Mean # of BP 
meds: 4.7 
 

Tsioufis, 201568 Renal 
denervation 

18 56 67 Race/ethnicity not 
reported 

33.6 
 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 33 
LVH, %: 100 

Mean # of BP 
meds: 4.5 

Tsioufis, 201568 Sham 
procedure 

10 54 60 Race/ethnicity not 
reported 
 

31.8 
 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 30 
LVH, %: 100 

Mean # of BP 
meds: 4.6 
 

Tsioufis, 201569 Renal 
denervation 

46 60 Male not 
reported 

Race/ethnicity not 
reported 

32 
 

Kidney function not 
reported 
 

CKD stages 
not reported 

Diabetes 
status not 
reported 
LVH not 
reported 

Mean # of BP 
meds: 4.7 
 

van Brussel, 201570 Renal 
denervation 

21 58.7 71 Caucasian: 76 
 

27.9 
 

Mean kidney 
function: 73 

CKD stage 4, 
%: 67 

DM, %: 0 
LVH, %: 29 

Mean # of BP 
meds: 4.7 

Verheye, 201571 Renal 
denervation 

50 63 58 Race/ethnicity not 
reported 

32.6 
 

Mean eGFR: 75.8 CKD stages 
not reported 

DM, %: 42 
LVH, %: 12 

Mean # of BP 
meds: 5.1 

Verloop, 201472 Renal 
denervation 

126 59 58 Race/ethnicity not 
reported 

29.1 Mean eGFR: 74 CKD stages 
not reported 

DM, %: 17 
LVH not 
reported 

Mean # of BP 
meds: 4 

Verloop, 201573 Renal 
denervation 

29 60 59 Race/ethnicity not 
reported 

31.5 
 

Mean kidney 
function: 85 

CKD stages 
not reported 

DM, %: 17 
LVH not 
reported 

Mean # of BP 
meds: 1.2 

Verloop, 201574 Renal 
denervation 

54 58 50 Race/ethnicity not 
reported 

29.2 Mean eGFR: 75 CKD stages 
not reported 

DM, %: 15 
LVH not 
reported 

Mean # of BP 
meds: 6.1 

Vink, 201475 Renal 
denervation 

67 59 49 Race/ethnicity not 
reported 

29.1 
 

Mean eGFR: 74 CKD stages 
not reported 

DM, %: 18 
LVH not 
reported 

Mean # of BP 
meds: 4 
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Table 2. Population characteristics of studies evaluating renal denervation devices (continued) 
Author, year Intervention Total 

N 
Mean 
age 

Male, % Race, % Mean BMI Mean 
eGFR/serum 
creatinine 

CKD stages DM, % and 
LVH, % 

Mean # of 
medications 
and diuretics, % 

Vink, 201576 Renal 
denervation 

46 57 50 Race/ethnicity not 
reported 

29.1 
 

Mean kidney 
function: 76 

CKD stages 
not reported 
 

DM, %: 17 
LVH not 
reported 

Mean # of BP 
meds: 4 
 

Vogel, 201477 Renal 
denervation 

63 64 56 Race/ethnicity not 
reported 

30 
 

Kidney function not 
reported 

CKD stages 
not reported 

DM, %: 37 
LVH not 
reported 

Mean # of BP 
meds: 4.6 
 

Volz, 201478 Renal 
denervation 

22 61 46 Race/ethnicity not 
reported 

30 
 

Mean eGFR: 98 CKD stages 
not reported 

DM, %: 23 
LVH not 
reported 

Mean # of BP 
meds: 4 
 

Volz, 201478 Continuation 
of anti-
hypertensive 
drugs 

22 63 68 Race/ethnicity not 
reported 

29 
 

Mean eGFR: 95 CKD stages 
not reported 

DM, %: 27 
LVH not 
reported 

Mean # of BP 
meds: 4 
 

Whitbourn, 201579 Renal 
denervation 

50 63 64 Caucasian: 90 31.1 
 

Mean eGFR: 85.1 CKD stages 
not reported 

DM, %: 46 
LVH not 
reported 

Mean # of BP 
meds: 4.5 

Worthley, 201380 Renal 
denervation 

46 59.9 67.3 Race/ethnicity not 
reported 

32.4 
 

Kidney function not 
reported 
 

CKD stages 
not reported 

DM, %: 32.6 
LVH not 
reported 

Mean # of BP 
meds: 4.1 

Worthley, 201581 Renal 
denervation 

40 Age not 
reported 

Male not 
reported 

Race/ethnicity not 
reported 

BMI not 
reported 

Kidney function not 
reported 

CKD stages 
not reported 

Diabetes 
status not 
reported 
LVH not 
reported 

Medication use 
not reported 

Zhang, 201482 Renal 
denervation 

39 58.6 62 Race/ethnicity not 
reported 

29.9 
 

Mean serum 
creatinine: 89.6 

CKD stages 
not reported 

DM, %: 18 
LVH not 
reported 

Mean # of BP 
meds: 5.3 
 

Zhang, 201482 Continuation 
of anti-
hypertensive 
drugs 

38 62.9 53 Race/ethnicity not 
reported 

30.1 
 

Mean serum 
creatinine: 92.6 

CKD stages 
not reported 

DM, %: 16 
LVH not 
reported 

Mean # of BP 
meds: 4.9 
 

Zuern, 201383 Renal 
denervation 

50 60.3 56 Race/ethnicity not 
reported 

30.7 
 

Mean serum 
creatinine: 0.9 

CKD stages 
not reported 

DM, %: 36 
LVH not 
reported 

Mean # of BP 
meds: 5.4 
 

BMI = body mass index; BP = blood pressure; CKD = chronic kidney disease; DM = diabetes mellitus; eGFR = estimated glomerular filtration rate; LVH = left ventricular hypertrophy; N = total population
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Table 3. Intervention characteristics 
Author, year Type of 

intervention 
Manufacturer
/device 

Performed 
procedure 

Training Medication up 
titration in RDN arm 

Did not receive assigned 
treatment, % 

Azizi, 20151 
RCT 

Renal 
denervation 

Medtronic 
Simplicity 
 

Interventionalist Not reported Not reported 13.2% 

Azizi, 20151 
RCT 

Continuation of 
anti-hypertensive 
drugs 

Not applicable 
 
 

Not applicable 
 

Not applicable Yes Not reported 

Bhatt, 20142 
RCT 

Renal 
denervation 

Medtronic 
Simplicity 
 

Not specified 
 

Not reported Yes 0% 

Bhatt, 20142 
RCT 

Sham procedure Not applicable 
 

Not applicable 
 

Not applicable Not applicable Not reported 

Bohm, 20153 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 
 

Not specified 
 

Not reported Not reported Not reported 

Burchell, 20164 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Yes 0% 

de Sousa 
Almeida, 20165 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity, 
St. Jude 
Medical 
EnligHTN, 
Covidien 
OneShot 
System 

Not specified Not reported Not reported 0% 

Desch, 20156 
RCT 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 8.6% 

Desch, 20156 
RCT 

Sham procedure  
 

Not specified Not reported Not reported 2.9% 

Dorr, 20137 
Before-after study 

Renal 
denervation 

Unspecified 
 

Not specified 
 

Not reported Not reported Not reported 

Dorr, 20158 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Yes, prior experience Yes Not reported 

Dorr, 20159 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Yes, prior experience Yes Not reported 

Dorr, 201510 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported Not reported 

Eikelis, 201511 
Non-randomized 
trial 

Renal 
denervation 

Unspecified Not specified Not reported Yes Not reported 
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Table 3. Intervention characteristics (continued) 
Author, year Type of 

intervention 
Manufacturer
/device 

Performed 
procedure 

Training Medication up 
titration in RDN arm 

Did not receive assigned 
treatment, % 

Ewen, 201412 
Prospective 
cohort 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Yes Not reported 

Ewen, 201412 
Prospective 
cohort 

Unspecified Not applicable Not applicable Not applicable Not applicable Not reported 

Ewen, 201513 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Yes, prior experience Yes Not reported 

Ewen, 201514 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Yes, prior experience Yes Not reported 

Ewen, 201515 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Yes, prior experience Yes 0% 

Ewen, 201516 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported No 0% 

Fadl Elmula, 
201417 
RCT 

Renal 
denervation 

Medtronic 
Simplicity 

Interventional 
radiologist 

Yes, prior experience No 10% 

Fadl Elmula, 
201417 
RCT 

Continuation of 
anti-hypertensive 
drugs 

Not applicable Not applicable Not applicable Not applicable Not reported 

Hameed, 201518 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Interventional 
cardiologist 
Interventional 
radiologist 

Not reported Yes Not applicable 

Hamza, 201419 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported Not applicable 

Hering, 201520 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Yes Not applicable 

Hering, 201520 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Yes Not applicable 

Hering, 201520 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Yes Not applicable 

Honarvar, 201321 
Before-after study 

Renal 
denervation 

Steerable 
catheter with 
radiofrequenc
y energy 
electrode tip 

Interventional 
fellow 

Not reported Yes Not applicable 

Id, 201522 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Yes Not applicable 
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Table 3. Intervention characteristics (continued) 
Author, year Type of 

intervention 
Manufacturer
/device 

Performed 
procedure 

Training Medication up 
titration in RDN arm 

Did not receive assigned 
treatment, % 

Kaiser, 201423 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported Not applicable 

Kario, 201524 
RCT 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported Not reported 

Kario, 201524 
RCT 

Continuation of 
anti-hypertensive 
drugs 

Not applicable Not applicable Not applicable Not applicable Not reported 

Kim, 201525 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported Not applicable 

Kim, 201525 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported Not applicable 

Kiuchi, 201426 
Before-after study 

Renal 
denervation 

Unspecified Not specified Not reported Yes Not applicable 

Kiuchi, 201527 
Before-after study 

Renal 
denervation 

Unspecified Not specified Not reported Not reported Not applicable 

Kiuchi, 201528 
Before-after study 

Renal 
denervation 

AlCath Flux 
eXtra Gold 
Full Circle 
2708 

Not specified Not reported No 0% 

Krum, 201429 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Yes Not reported 

Kyvelou, 201330 
Before-after study 

Renal 
denervation 

Unspecified Not specified Not reported Not reported Not applicable 

Lambert, 201231 
Prospective 
cohort 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported Not reported 

Lambert, 201231 
Prospective 
cohort 

Un-medicated 
normotensive 
subjects 

Unspecified Not specified Not reported Not reported Not reported 

Lambert, 201231 
Prospective 
cohort 

hypertensive 
patient data 

Unspecified Not specified Not reported Not reported Not reported 

Lambert, 201432 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported No 0% 

Lambert, 201533 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 

Lambert, 201534 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 
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Table 3. Intervention characteristics (continued) 
Author, year Type of 

intervention 
Manufacturer
/device 

Performed 
procedure 

Training Medication up 
titration in RDN arm 

Did not receive assigned 
treatment, % 

Lambert, 201535 
Retrospective 
cohort 

Renal 
denervation 

Symplicity 
Flex 

Not specified Not reported Not reported 0% 

Lambert, 201536 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 

Lenski, 201337 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 

Lenski, 201338 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 

Lobo, 201539 
Before-after study 

Renal 
denervation 

St. Jude 
Medical 
EnligHTN 

Not specified Not reported Not reported 0% 

Ott, 201340 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported No 0% 

Ott, 201441 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 

Ott, 201542 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 

Ott, 201543 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 

Ott, 201544 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported No 0% 

Papademetriou, 
201445 
Before-after study 

Renal 
denervation 

St. Jude 
Medical 
EnligHTN 

Not specified Not reported Not reported 0% 

Persu, 201446 
Retrospective 
cohort 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported No Not applicable 

Persu, 201446 
Retrospective 
cohort 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported No Not applicable 

Pokushalov, 
201247 
RCT 

Renal 
denervation 
pulmonary vein 
isolation 

Unspecified Not specified Not reported Yes 0% 
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Table 3. Intervention characteristics (continued) 
Author, year Type of 

intervention 
Manufacturer
/device 

Performed 
procedure 

Training Medication up 
titration in RDN arm 

Did not receive assigned 
treatment, % 

Pokushalov, 
201247 
RCT 

Pulmonary vein 
isolation 

Not applicable Not applicable Not applicable Not applicable 0% 

Poss, 201448 
Prospective 
cohort 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported No 0% 

Poss, 201549 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Interventionalist Not reported Not reported Not reported 

Prochnau, 201250 
Before-after study 

Renal 
denervation 

7-French 
Marinr 
Medtronic 

Not specified Not reported No 0% 

Prochnau, 201351 
Before-after study 

Renal 
denervation 

7-French 
Marinr 
Medtronic 

Not specified Not reported Not reported 0% 

Ripp, 201552 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 

Rohla, 201653 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported Not applicable 

Rosa, 201554 
RCT 

Renal 
denervation 

Medtronic 
Simplicity 

Interventional 
cardiologist 
Electrophysiologi
sts 

Yes, prior experience Yes Not reported 

Rosa, 201554 
RCT 

Continuation of 
anti-hypertensive 
drugs 

Not applicable Not applicable Not applicable Not applicable Not reported 

Scheurig-
Muenkler, 201355 
Before-after study 

Renal 
denervation 

Boston 
Scientific 
Natick 

Not specified Not reported Not reported Not reported 

Schmid, 201356 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported Not reported 

Schmid, 201557 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 1.9% 

Schneider, 201558 
RCT 

Renal 
denervation 

Medtronic 
Flex 

Not specified Not reported Yes Not reported 

Schneider, 201558 
RCT 

Continuation of 
anti-hypertensive 
drugs 

Not applicable Not applicable Not applicable Not applicable Not reported 

Schwerg, 201459 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Not reported Not reported 0% 
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Table 3. Intervention characteristics (continued) 
Author, year Type of 

intervention 
Manufacturer
/device 

Performed 
procedure 

Training Medication up 
titration in RDN arm 

Did not receive assigned 
treatment, % 

Sharp, 201560 
Before-after study 

Renal 
denervation 

Unspecified Not specified Not reported Not reported 0% 

Sharp, 201661 
Before-after study 

Renal 
denervation 

Symplicity 
Flex; 
Medtronic 
Spyra; 
Boston 
Scientific 
Vessix V2 
Renal 
Denervation 
System 

Not specified Yes, prior experience Yes 0% 

Sievert, 201562 
Before-after study 

Renal 
denervation 

Boston 
Scientific 
Vessix V2 
Renal 
Denervation 
System 

Not specified 
 
 

Not reported Not reported 0% 

Symplicity, 201063 
RCT 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified 
 

Not reported Yes  

Symplicity, 201063 
RCT 

Unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

Not applicable 
 

Not applicable 
 

Not applicable Not applicable Not reported 

Symplicity, 201164 
Before-after study 

Renal 
denervation 

Ardian 
Symplicity 

Not specified 
 

Not reported Yes 0% 

Tiroch, 201565 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified Yes, prior experience Not reported Not reported 

Tsioufis, 201566 
Prospective 
cohort 

Renal 
denervation 

St. Jude 
Medical 
EnligHTN 

Not specified Not reported Not reported 0% 

Tsioufis, 201566 
Prospective 
cohort 

No-renal 
denervation 

Not applicable Not specified Not reported Not reported Not applicable 

Tsioufis, 201567 
Prospective 
cohort, 1 study 
group 

Renal 
denervation 

St. Jude 
Medical 
EnligHTN 

Not specified Not reported Not reported 0% 
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Table 3. Intervention characteristics (continued) 
Author, year Type of 

intervention 
Manufacturer
/device 

Performed 
procedure 

Training Medication up 
titration in RDN arm 

Did not receive assigned 
treatment, % 

Tsioufis, 201568 
Prospective 
cohort 

Renal 
denervation 

St. Jude 
Medical 
EnligHTN 

Not specified Not reported Not reported 0% 

Tsioufis, 201568 
Prospective 
cohort 

Sham procedure Not applicable Not specified Not reported Not reported Not applicable 

Tsioufis, 201569 
Retrospective, 1 
study group 

Renal 
denervation 

St. Jude 
Medical 
EnligHTN 

Not specified 
 
 

Not reported Not reported 0% 

van Brussel, 
201570 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Interventional 
radiologist 
 

Yes, prior experience No Not applicable 

Verheye, 201571 
Before-after study 

Renal 
denervation 

Covidien 
OneShot 
System 

Not specified 
 

Not reported Not reported 0% 

Verloop, 201472 
Before-after study 

Renal 
denervation 

Symplicity 
Flex, 
Medtronic 
St. Jude 
Medical 
EnligHTN 
Covidien 
OneShot 
System 

Not specified 
 
 

Not reported Not reported 0% 

Verloop, 201573 
Before-after study 

Renal 
denervation 

Symplicity 
Flex, 
Medtronic 

Not specified 
 
 

Not reported Not reported 0% 

Verloop, 201574 
Before-after study 

Renal 
denervation 

Symplicity 
Flex, 
Medtronic 
St. Jude 
Medical 
EnligHTN 
Covidien 
OneShot 
System 

Not specified 
 
 

Not reported Not reported 0% 

Vink, 201475 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified 
 

Not reported Not reported 0% 
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Table 3. Intervention characteristics (continued) 
Author, year Type of 

intervention 
Manufacturer
/device 

Performed 
procedure 

Training Medication up 
titration in RDN arm 

Did not receive assigned 
treatment, % 

Vink, 201576 
Before-after study 

Renal 
denervation 

Symplicity 
Flex, 
Medtronic 
St. Jude 
Medical 
EnligHTN 
Covidien 
OneShot 
System 

Not specified 
 
 

Not reported Not reported 0% 

Vogel, 201477 
Before-after study 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified 
 

Not reported Yes Not reported 

Volz, 201478 
Non-randomized 
trial 

Renal 
denervation 

Medtronic 
Simplicity 

Not specified 
 

Not reported Not reported Not reported 

Volz, 201478 
Non-randomized 
trial 

Continuation of 
anti-hypertensive 
drugs 

Not applicable 
 
 

Not specified 
 
 

Not reported Not reported Not reported 

Whitbourn, 201579 
Before-after study 

Renal 
denervation 

Medtronic 
Spyra 

Not specified Not reported No 0% 

Worthley, 201380 
Before-after study 

Renal 
denervation 

St. Jude 
Medical 
EnligHTN 

Not specified 
 
 

Not reported Not reported 0% 

Worthley, 201581 
retrospective 
cohort, 1 group 

Renal 
denervation 

EnligHTN 
multielectrode 
radiofrequenc
y ablation 
catheter 

Not specified 
 
 

Not reported Not reported Not reported 

Zhang, 201482 
Case-control 

Renal 
denervation 

IBI, St. Jude 
Medical 

Not specified Not reported Not reported 0% 

Zhang, 201482 
Case-control 

Continuation of 
anti-hypertensive 
drugs 

Not applicable Not applicable Not applicable Not applicable Not applicable 

Zuern, 201383 
Before-after study 

Renal 
denervation 

Symplicity 
Flex, 
Medtronic/Ardi
an 

Not specified 
 
 

Not reported No 0% 

RDN = renal denervation 
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Table 4. Results of controlled studies evaluating blood pressure outcomes 
Author, year 
Study design 

Outcome Mean follow-up RDN, n Control, N Mean change 
from baseline in 
RDN group 

Mean change 
from baseline in 
control group 

Mean between 
group difference 

Azizi, 20151 
RCT 

Night ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 48 

Continuation of 
anti-hypertensive 
drugs, 53 

-13.9 (-18 to -9.8) -7.6 (-11.4 to -
3.7) 

-6.3 (-11.9 to -
0.7) P=0.0296 

Azizi, 20151 
RCT 

Change in meds 6 months RDN (Medtronic 
Simplicity), 53 

Continuation of 
anti-hypertensive 
drugs, 53 

NR NR NR 

Azizi, 20151 
RCT 

Office systolic 
blood pressure 

6 months RDN (Medtronic 
Simplicity), 48 

Continuation of 
anti-hypertensive 
drugs, 53 

-15.1 (-20.6 to -
9.5) 

-9.5 (-14.7 to -
4.2) 

-5.6 (-13.2 to 2) 
P=0.1491 

Azizi, 20151 
RCT 

Daytime 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 48 

Continuation of 
anti-hypertensive 
drugs, 53 

-15.8 (-19.7 to -
11.9) 

-9.9 (-13.6 to -
6.2) 

-5.9 (-11.3 to -
0.5) P=0.0329 

Bhatt, 20142 
RCT 

Daytime 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 361 

Sham procedure, 
168 

-7.2 (-8.9 to -5.5) 
P=<0.001 

-6.1 (-8.9 to -3.3) 
P=<0.001 

-1.1 (-4.4 to 2.2) 
P=0.52 

Bhatt, 20142 
RCT 

Night ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 362 

Sham procedure, 
168 

-5.6 (-7.6 to -3.7) 
P=<0.001 

-2.4 (-5.2 to 0.5) 
P=0.1 

-3.3 (-6.8 to 0.2) 
P=0.06 

Bhatt, 20142 
RCT 

Change in meds 6 months RDN (Medtronic 
Simplicity), 364 

Sham procedure, 
171 

-0.1 (-0.1 to -0.1) 0 (0 to 0) -0.1 (-0.5 to 0.3) 

Bhatt, 20142 
RCT 

Office systolic 
blood pressure 

6 months RDN (Medtronic 
Simplicity), 364 

Sham procedure, 
171 

-14.13 (-16.6 to -
11.6) 

-11.74 (-18 to -
10.2) 

-2.39 (-7 to 2.2) 
P=0.26 

Bhatt, 20142 
RCT 

Office systolic 
blood pressure 

12 months RDN (Medtronic 
Simplicity), 319 

Sham procedure, 
48 

-18.9 (-21.7 to -
16.1) 

-21.4 (-24.5 to -
13.3) 

2.5 (-3.8 to 8.8) 

Bhatt, 20142 
RCT 

Office systolic 
blood pressure 

6 months RDN (Medtronic 
Simplicity),  

Sham procedure,  NR NR NR 

Bhatt, 20142 
RCT 

Overall 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 360 

Sham procedure, 
167 

-6.75 (-8.4 to -
5.1) 

-4.79 (-9.4 to -
4.1) 

-1.96 (-5.1 to 1.2) 
P=0.98 

Bhatt, 20142 
RCT 

Overall 
ambulatory 
systolic blood 
pressure 

12 months RDN (Medtronic 
Simplicity), 247 

Sham procedure, 
20 

-7.6 (-7.9 to -7.3) -6.1 (-13.9 to -
1.3) 

-1.5 (-7.8 to 4.8) 
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Table 4. Results of controlled studies evaluating blood pressure outcomes (continued) 
Author, year 
Study design 

Outcome Mean follow-up RDN, n Control, N Mean change 
from baseline in 
RDN group 

Mean change 
from baseline in 
control group 

Mean between 
group difference 

Desch, 20156 
RCT 

Overall 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity),  

Sham procedure,  -8.3 (-11.7 to -5) -3.5 (-6.8 to -0.2) -4.8 (-9.5 to -0.1) 

Desch, 20156 
RCT 

Overall 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity),  

Sham procedure,  -7 (-10.8 to -3.2) -3.5 (-6.7 to -0.2) -3.5 (-8.5 to 1.5) 

Desch, 20156 
RCT 

Overall 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity),  

Sham procedure,  -9.5 (-13.1 to -
5.9) 

-13.1 (-6.1 to -
0.3) 

3.6 (-1 to 8.2) 

Desch, 20156 
RCT 

Daytime 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity),  

Sham procedure,  -9.9 (-13.4 to -
6.5) 

-3.7 (-7.1 to -0.2) -6.2 (-11.1 to -
1.3) 

Ewen, 201412 
Prospective 
cohort 

Office systolic 
blood pressure 

6 months RDN (Medtronic 
Simplicity), 50 

unspecified, 10 -26 (-27.4 to -
24.6) P=<0.001 

-2 (-6.8 to 2.8) 
P=0.75 

-24 

Fadl Elmula, 
201417 
RCT 

Daytime 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 9 

Continuation of 
anti-hypertensive 
drugs, 10 

-10 (-17.8 to -2.2) 
P=<0.05 

-19 (-17.4 to -2.6) 
P=<0.0005 

-9 (-19.8 to 1.8) 
P=NS 

Fadl Elmula, 
201417 
RCT 

Office systolic 
blood pressure 

6 months RDN (Medtronic 
Simplicity), 9 

Continuation of 
anti-hypertensive 
drugs, 10 

-8 (-17.8 to 1.8) 
P=0.12 

-28 (-16.1 to 0.1) 
P=<0.0005 

-20 (-32.7 to -7.3) 
P=0.008 

Kario, 201524 
RCT 

Office systolic 
blood pressure 

6 months RDN (Medtronic 
Simplicity), 22 

Continuation of 
anti-hypertensive 
drugs, 19 

-16.6 (-24.3 to -
8.9) P=<0.001 

-7.9 (-26 to -7.2) 
P=0.117 

-8.6 (-20.8 to 3.6) 
P=0.169 

Kario, 201524 
RCT 

Overall 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 22 

Continuation of 
anti-hypertensive 
drugs, 19 

-7.5 (-12.5 to -
2.5) P=0.008 

-1.4 (-12.1 to -
2.9) P=0.563 

-6.2 (-13 to 0.6) 
P=0.087 

Lambert, 201231 
Prospective 
cohort 

Office systolic 
blood pressure 

3 RDN (Medtronic 
Simplicity), 62 

Unmedicated 
normotensive 
subjects, 63 

NR NR -16 (-16.7 to -
15.3) P=0.01 

Lambert, 201231 
Prospective 
cohort 

Office systolic 
blood pressure 

3 RDN (Medtronic 
Simplicity), 62 

hypertensive 
patient data, 68 

NR NR -16 (-16.7 to -
15.3) P=0.01 
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Table 4. Results of controlled studies evaluating blood pressure outcomes (continued) 
Author, year 
Study design 

Outcome Mean follow-up RDN, n Control, N Mean change 
from baseline in 
RDN group 

Mean change 
from baseline in 
control group 

Mean between 
group difference 

Lambert, 201231 
Prospective 
cohort 

Office systolic 
blood pressure 

3 RDN 
(Unspecified), 63 

hypertensive 
patient data, 68 

NR NR NR 

Pokushalov, 
201247 
RCT 

Change in meds 1 year RDN 
(Unspecified), 13 

pulmonary vein 
isolation, 14 

-0.5 (-0.6 to -0.4) 0.2 (0.1 to 0.3) -0.7 (-1.4 to 0) 

Pokushalov, 
201247 
RCT 

Office systolic 
blood pressure 

6 months RDN 
(Unspecified), 13 

pulmonary vein 
isolation, 14 

-28 (-30.7 to -
25.3) 

-5 (-29.3 to -26.7) -23 (-26 to -20) 

Pokushalov, 
201247 
RCT 

Office systolic 
blood pressure 

1 year RDN 
(Unspecified), 13 

pulmonary vein 
isolation, 14 

-25 (-27.7 to -
22.3) 

-5 (-27.6 to -22.4) -20 (-23.8 to -
16.2) P=<0.001 

Rosa, 201554 
RCT 

Daytime 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 52 

Continuation of 
anti-hypertensive 
drugs, 54 

-9 (-13.2 to -4.7) 
P=<0.001 

-8.2 (-12.4 to -4) 
P=<0.001 

-0.8 (-6.8 to 5.2) 
P=0.79 

Rosa, 201554 
RCT 

Night ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 52 

Continuation of 
anti-hypertensive 
drugs, 54 

-8.1 (-12.7 to -
3.6) P=<0.001 

-7.6 (-12.1 to -
3.1) P=0.001 

-0.5 (-6.9 to 5.9) 
P=0.87 

Rosa, 201554 
RCT 

Change in meds 6 months RDN (Medtronic 
Simplicity), 52 

Continuation of 
anti-hypertensive 
drugs, 54 

-0.02 (-0.2 to 0.1) 
P=0.81 

0.3 (0.2 to 0.5) 
P=<0.001 

-0.3 (-0.6 to -0.1) 
P=<0.01 

Rosa, 201554 
RCT 

Office systolic 
blood pressure 

6 months RDN (Medtronic 
Simplicity), 52 

Continuation of 
anti-hypertensive 
drugs, 54 

-12.4 (-17 to -7.8) 
P=<0.001 

-14.3 (-19.7 to -
8.9) P=<0.001 

1.9 (-5.2 to 9) 
P=0.6 

Rosa, 201554 
RCT 

Overall 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity), 52 

Continuation of 
anti-hypertensive 
drugs, 54 

-9 (-11.8 to -5.3) 
P=<0.001 

-8.1 (-12.7 to -
3.4) P=0.001 

-0.5 (-6.2 to 5.2) 
P=0.87 

Rosa, 201554 Office systolic 
blood pressure 

12 months RDN (Medtronic 
Simplicity), 51 

Continuation of 
anti-hypertensive 
drugs, 50 

NR (-18.9 to -7.9 
) P = <0.001 

-11.3 (-17.1 to -
5.5) P = <0.001 

-2.1 (-10.1 to 5.9) 
P = 0.61 

Rosa, 201554 Overall 
ambulatory 
systolic blood 
pressure 

12 months RDN (Medtronic 
Simplicity), 51 

Continuation of 
anti-hypertensive 
drugs, 50 

NR (-10.1 to -2.7) 
P = 0.001 

-8.2 (-13.3 to -
3.3) P = 0.002 

1.9 (-4.3 to 8.1) P 
= 0.54 

Rosa, 201554 Change in meds 12 months RDN (Medtronic 
Simplicity), 51 

Continuation of 
anti-hypertensive 
drugs, 50 

0.1 (-0.06 to 0.3) 
P = 0.2 

0.2 (-0.2 to 0.6) P 
= 0.33 

-0.1 (-0.5 to 2) P 
= 0.69 
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Table 4. Results of controlled studies evaluating blood pressure outcomes (continued) 
Author, year 
Study design 

Outcome Mean follow-up RDN, n Control, N Mean change 
from baseline in 
RDN group 

Mean change 
from baseline in 
control group 

Mean between 
group difference 

Schneider, 201558 
RCT 

Night ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Flex),  

Continuation of 
anti-hypertensive 
drugs,  

-10.38 (-18.7 to -
2) P=0.06 

1.97 (-18.4 to -
2.4) P=0.64 

-12.35 (-23.9 to -
0.8) P=0.18 

Schneider, 201558 
RCT 

Office systolic 
blood pressure 

6 months RDN (Medtronic 
Flex), 9 

Continuation of 
anti-hypertensive 
drugs, 9 

-23 (-32.5 to -
13.5) P=0.003 

1 (-31.5 to -14.5) 
P=0.77 

-24 (-36.7 to -
11.3) P=<0.001 

Schneider, 201558 
RCT 

Overall 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Flex), 9 

Continuation of 
anti-hypertensive 
drugs, 9 

-2.88 (-10.1 to 
4.4) P=0.49 

-5 (-10.1 to 4.4) 
P=0.21 

2.1 (-8.2 to 12.4) 

Schneider, 201558 
RCT 

Daytime 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Flex),  

Continuation of 
anti-hypertensive 
drugs,  

1.5 (-7.3 to 10.3) 
P=0.76 

-5.18 (-6.7 to 9.7) 
P=0.25 

6.68 (-5.3 to 
18.7) 

Symplicity, 201063 
RCT 

Office systolic 
blood pressure 

6 months RDN (Medtronic 
Simplicity), 49 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months, 
51 

-32 (-38.4 to -
25.6) P=<0.001 

1 (-37.8 to -26.2) 
P=0.77 

-33 (-41.6 to -
24.4) P=<0.001 

Symplicity, 201063 
RCT 

Change in meds 36 months RDN (Medtronic 
Simplicity), 40 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months,  

-0.5 (-0.6 to -0.4) 
P=0.02 

NR NR 

Symplicity, 201063 
RCT 

Office systolic 
blood pressure 

12 months RDN (Medtronic 
Simplicity), 49 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months,  

-28.1 (-35.4 to -
20.7) P=<0.001 

NR NR 

Symplicity, 201063 
RCT 

Office systolic 
blood pressure 

36 months RDN (Medtronic 
Simplicity), 52 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months,  

-33 (-40 to -25) 
P=<0.001 

NR NR 

Symplicity, 201063 
RCT 

Overall 
ambulatory 
systolic blood 
pressure 

6 months RDN (Medtronic 
Simplicity),  

unspecified, but 
allowed to 
crossover to RDN 
after 6 months,  

-11 (-17.6 to -4.4) 
P=0.006 

-3 (-18.4 to -3.6) 
P=0.51 

-8 (-17.9 to 1.9) 

Tsioufis, 201566 
Prospective 
cohort 

Daytime 
ambulatory 
systolic blood 
pressure 

6 RDN (St. Jude 
Medical 
EnligHTN), 31 

no-renal 
denervation, 12 

-9.9 (-11.4 to -
8.4) 

0.7 (-1 to 2.4) -10.6 (-20.7 to -
0.5) 
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Table 4. Results of controlled studies evaluating blood pressure outcomes (continued) 
Author, year 
Study design 

Outcome Mean follow-up RDN, n Control, N Mean change 
from baseline in 
RDN group 

Mean change 
from baseline in 
control group 

Mean between 
group difference 

Tsioufis, 201566 
Prospective 
cohort 

Night ambulatory 
systolic blood 
pressure 

6 RDN (St. Jude 
Medical 
EnligHTN), 31 

no-renal 
denervation, 12 

-10.5 (-12.1 to -
8.9) 

-2.2 (-4.3 to -0.1) -8.3 (-19.6 to 3) 

Tsioufis, 201566 
Prospective 
cohort 

Overall 
ambulatory 
systolic blood 
pressure 

6 RDN (St. Jude 
Medical 
EnligHTN), 31 

no-renal 
denervation, 12 

-10.2 (-11.5 to -
8.9) 

-0.6 (-2.2 to 1) -9.6 (-18.9 to -
0.3) 

Tsioufis, 201568 
Prospective 
cohort 

Office systolic 
blood pressure 

6 RDN (St. Jude 
Medical 
EnligHTN), 18 

Sham procedure, 
10 

-42 (-45.1 to -
38.9) 

0 (-3 to 3) -42 (-58.4 to -
25.6) 

Tsioufis, 201568 
Prospective 
cohort 

Overall 
ambulatory 
systolic blood 
pressure 

6 RDN (St. Jude 
Medical 
EnligHTN), 18 

Sham procedure, 
10 

-20 (-22.7 to -
17.3) 

0 (-2.8 to 2.8) -20 (-34.6 to -5.4) 

n = sample size; N = total population; NR = not reported; NS = not specified; RCT = randomized controlled trial; RDN = renal denervation 
 

E-42 
 



Table 5. Results of controlled studies evaluating clinical outcomes 
Author, year 
Study design 

Mean follow-up Outcome 
definition 

RDN Control group n/N (%) in RDN 
group 

n/N (%) in 
control group 

Absolute risk 
difference 

Azizi, 20151 
RCT 

6 months Stroke (Not 
specified) 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 46 (2.2) 0 / 53 (0) 2.2 (-2 to 6.4) 

Azizi, 20151 
RCT 

6 months Myocardial 
infarction (Not 
specified) 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 46 (2.2) 1 / 53 (1.9) 0.3 (-5.3 to 5.9) 

Bhatt, 20142 
RCT 

6 months Mortality (Not 
specified) 

Medtronic 
Simplicity 

Sham procedure 2 / 352 (0.6) 1 / 171 (0.6) 0 (-1.4 to 1.4) 

Bhatt, 20142 
RCT 

6 months Stroke (Not 
specified) 

Medtronic 
Simplicity 

Sham procedure 4 / 352 (1.1) 2 / 171 (1.2) -0.1 (-2.1 to 1.9) 

Bhatt, 20142 
RCT 

6 months Hospitalization 
(hospitalization 
for new-onset 
heart failure) 

Medtronic 
Simplicity 

Sham procedure 9 / 352 (2.6) 3 / 171 (1.8) 0.8 (-1.8 to 3.4) 

Bhatt, 20142 
RCT 

6 months Hospitalization 
(hospitalization 
for atrial 
fibrillation) 

Medtronic 
Simplicity 

Sham procedure 5 / 352 (1.4) 1 / 171 (0.6) 0.8 (-0.9 to 2.5) 

Bhatt, 20142 
RCT 

12 months Mortality (Not 
specified) 

Medtronic 
Simplicity 

Sham procedure 6 / 355 (1.8) 2 / 69 (3.6) -1.8 (-6.4 to 2.8) 

Bhatt, 20142 
RCT 

6 months Myocardial 
infarction (Not 
specified) 

Medtronic 
Simplicity 

Sham procedure 6 / 352 (1.7) 3 / 171 (1.8) -0.1 (-2.5 to 2.3) 

Desch, 20156 
RCT 

6 months Mortality (Not 
specified) 

Medtronic 
Simplicity 

Sham procedure 0 / 32 (0) 0 / 35 (0) 0 (0 to 0) 

Fadl Elmula, 
201417 
RCT 

6 months Myocardial 
infarction 
(myocardial 
infarction) 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 9 (11.1) NR NR 

Rosa, 201554 
RCT 

6 months Stroke (ischemic 
stroke) 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (1.9) NR NR 

Rosa, 201554 
RCT 

6 months Mortality (Not 
specified) 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

0 / 52 (0) 0 / 54 (0) 0 (0 to 0) 

Rosa, 201554 
RCT 

6 months Myocardial 
infarction (MI 
without ST 
elevations) 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (1.9) NR NR 
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Table 5. Results of controlled studies evaluating clinical outcomes (continued) 
Author, year 
Study design 

Mean follow-up Outcome 
definition 

RDN Control group n/N (%) in RDN 
group 

n/N (%) in 
control group 

Absolute risk 
difference 

Rosa, 201554 
RCT 

12 months Mortality (Not 
specified) 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

0 / 52 (0) 0 / 54 (0) 0 (0 to 0) 

Rosa, 201554 
RCT 

12 months Myocardial 
infarction (MI 
without ST 
elevations) 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (1.9) NR NR 

Rosa, 201554 
RCT 

12 months Stroke (Ischemic 
stroke) 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (1.9) NR NR 

Symplicity, 201063 
RCT 

6 months Hospitalization 
(hospitalization 
for hypertensive 
emergency) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

3 / 52 (5.8) 2 / 54 (3.7) 2.1 (-6 to 10.2) 

Symplicity, 201063 
RC 

6 months Hospitalization 
(hospital 
admission for 
nausea and 
edema) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

1 / 52 (1.9) NR NR 

Symplicity, 201063 
RCT 

6 months Hospitalization 
(hospitalization 
with hypertension 
crisis after abrupt 
stopping of 
clonidine) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

1 / 52 (1.9) NR NR 

Symplicity, 201063 
RCT 

6 months Hospitalization 
(hospitalization 
due to transient 
ischemic attack) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

1 / 52 (1.9) 2 / 54 (3.7) -1.8 (-8.1 to 4.5) 

Symplicity, 201063 
RCT 

6 months Hospitalization 
(hospitalization 
for hypotensive 
episode) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

1 / 52 (1.9) NR NR 

Symplicity, 201063 
RCT 

6 months Hospitalization 
(hospitalization 
for coronary stent 
for angina) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

1 / 52 (1.9) 1 / 54 (1.9) 0 (-5.2 to 5.2) 
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Table 5. Results of controlled studies evaluating clinical outcomes (continued) 
Author, year 
Study design 

Mean follow-up Outcome 
definition 

RDN Control group n/N (%) in RDN 
group 

n/N (%) in 
control group 

Absolute risk 
difference 

Symplicity, 201063 
RCT 

6 months Hospitalization 
(hospitalization 
because of a 
hypotensive 
episode) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

NR 1 / 35 (2.9) NR 

Symplicity, 201063 
RCT 

6 months Hospitalization 
(hospitalization 
for hypertensive 
event) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

NR 2 / 35 (5.7) NR 

Symplicity, 201063 
RCT 

from 12 to 36 
months 

Hospitalization 
(hospitalization 
due to 
hypertensive 
events) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

5 / 69 (7.2) NR NR 

Symplicity, 201063 
RCT 

between 12 and 
36 months 

Hospitalization 
(hospitalization 
with atrial 
fibrillation) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

2 / 69 (2.9) NR NR 

Symplicity, 201063 
RCT 

between 12 and 
36 months 

Mortality (Not 
specified) 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to RDN 
after 6 months 

3 / 69 (4.3) NR NR 

MI = myocardial infarction; n = sample size; N = total population; NR = not reported; RCT = randomized controlled trial; RDN = renal denervation; ST = segment
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Table 6. Results of controlled studies evaluating adverse events 
Author, year 
Study design 

Mean follow-up Outcome 
definition 

RDN Control group n/N (%) in RDN 
group 

n/N (%) in 
control group 

Absolute risk 
difference 

Azizi, 20151 
RCT 

6 months hypertension crisis Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

3 / 46 (6.5) 3 / 53 (5.7) 0.8 (-8.7 to 10.3) 

Azizi, 20151 
RCT 

6 months syncope Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

0 / 46 (0) 1 / 53 (1.9) -1.9 (-5.6 to 1.8) 

Azizi, 20151 
RCT 

6 months lumbar pain Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

2 / 46 (4.3) 0 / 53 (0) 4.3 (-1.6 to 10.2) 

Azizi, 20151 
RCT 

6 months hypokalemia Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 46 (2.2) 0 / 53 (0) 2.2 (-2 to 6.4) 

Azizi, 20151 
RCT 

6 months hyperkalemia Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 46 (2.2) 0 / 53 (0) 2.2 (-2 to 6.4) 

Azizi, 20151 
RCT 

6 months pancreatitis Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 46 (2.2) 0 / 53 (0) 2.2 (-2 to 6.4) 

Azizi, 20151 
RCT 

6 months groin hematoma Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 46 (2.2) 0 / 53 (0) 2.2 (-2 to 6.4) 

Bhatt, 20142 
RCT 

6 months new-onset end-
stage renal 
disease 

Medtronic 
Simplicity 

Sham procedure 0 / 352 (0) 0 / 171 (0) 0 (0 to 0) 

Bhatt, 20142 
RCT 

6 months increase in serum 
creatinine >50% 
from baseline 

Medtronic 
Simplicity 

Sham procedure 5 / 352 (1.4) 1 / 171 (0.6) 0.8 (-0.9 to 2.5) 

Bhatt, 20142 
RCT 

6 months embolic event 
resulting in end-
organ damage 

Medtronic 
Simplicity 

Sham procedure 1 / 352 (0.3) 0 / 171 (0) 0.3 (-0.3 to 0.9) 

Bhatt, 20142 
RCT 

6 months renal-artery 
intervention 

Medtronic 
Simplicity 

Sham procedure 0 / 352 (0) 0 / 171 (0) 0 (0 to 0) 

Bhatt, 20142 
RCT 

6 months vascular 
complication 
requiring treatment 

Medtronic 
Simplicity 

Sham procedure 1 / 352 (0.3) 0 / 171 (0) 0.3 (-0.3 to 0.9) 

Bhatt, 20142 
RCT 

6 months hypertensive crisis 
or emergency 

Medtronic 
Simplicity 

Sham procedure 9 / 352 (2.6) 9 / 171 (5.3) -2.7 (-6.4 to 1) 

Bhatt, 20142 
RCT 

6 months new renal-artery 
stenosis of >70% 

Medtronic 
Simplicity 

Sham procedure 1 / 332 (0.3) 0 / 165 (0) 0.3 (-0.3 to 0.9) 

  

E-46 
 



Table 6. Results of controlled studies evaluating adverse events (continued) 
Author, year 
Study design 

Mean follow-up Outcome 
definition 

RDN Control group n/N (%) in RDN 
group 

n/N (%) in 
control group 

Absolute risk 
difference 

Bhatt, 20142 
RCT 

12 months new-onset end-
stage renal 
disease 

Medtronic 
Simplicity 

Sham procedure 1 / 355 (0.3) 0 / 70 (0) 0.3 (-0.3 to 0.9) 

Bhatt, 20142 
RCT 

12 months significant embolic 
event resulting in 
end-organ damage 

Medtronic 
Simplicity 

Sham procedure 1 / 355 (0.3) 0 / 69 (0) 0.3 (-0.3 to 0.9) 

Bhatt, 20142 
RCT 

12 months vascular 
complication 

Medtronic 
Simplicity 

Sham procedure 1 / 355 (0.3) 0 / 69 (0) 0.3 (-0.3 to 0.9) 

Bhatt, 20142 
RCT 

12 months renal artery re-
intervention 

Medtronic 
Simplicity 

Sham procedure 2 / 355 (0.6) 0 / 69 (0) 0.6 (-0.2 to 1.4) 

Bhatt, 20142 
RCT 

12 months hypertensive 
crisis/emergency 

Medtronic 
Simplicity 

Sham procedure 17 / 355 (4.8) 4 / 69 (5.5) -0.7 (-6.5 to 5.1) 

Bhatt, 20142 
RCT 

12 months new renal artery 
stenosis > 70% 

Medtronic 
Simplicity 

Sham procedure NR 0 / 69 (0) NR 

Fadl Elmula, 
201417 
RCT 

6 months mild-to-moderate 
hematomas at the 
femoral access site 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

4 / 9 (44.4) NR NR 

Fadl Elmula, 
201417 
RCT 

6 months bradycardia Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 9 (11.1) NR NR 

Fadl Elmula, 
201417 
RCT 

6 months symptomatic 
hypotension 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 9 (11.1) 4 / 10 (40) -28.9 (-65.5 to 
7.7) 

Fadl Elmula, 
201417 
RCT 

6 months sexual dysfunction Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 2 / 10 (20) NR 

Fadl Elmula, 
201417 
RCT 

6 months detectable change 
in renal function 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

0 / 9 (0) 0 / 10 (0) 0 (0 to 0) 

Kario, 201524 
RCT 

6 months major adverse 
event 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

0 / 22 (0) 0 / 19 (0) 0 (0 to 0) 

Kario, 201524 
RCT 

6 months 50% increase in 
serum creatinine 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 22 (4.5) 0 / 19 (0) 4.5 (-4.2 to 13.2) 

Pokushalov, 
201247 
RCT 

1 yr procedure-related 
complications 

Unspecified pulmonary vein 
isolation 

0 / 13 (0) 0 / 14 (0) 0 (0 to 0) 
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Table 6. Results of controlled studies evaluating adverse events (continued) 
Author, year 
Study design 

Mean follow-up Outcome 
definition 

RDN Control group n/N (%) in RDN 
group 

n/N (%) in 
control group 

Absolute risk 
difference 

Pokushalov, 
201247 
RCT 

6 months renal artery 
stenosis 

Unspecified pulmonary vein 
isolation 

0 / 13 (0) 0 / 14 (0) 0 (0 to 0) 

Rosa, 201554 
RCT 

6 months unstable angina Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 1 / 54 (1.9) NR 

Rosa, 201554 
RCT 

6 months spasms after 
application of 
radiofrequency 
energy 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

4 / 52 (8) NR NR 

Rosa, 201554 
RCT 

6 months dissection of renal 
artery 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (2) NR NR 

Rosa, 201554 
RCT 

6 months Post-punctual 
pseudo aneurysm 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (2) NR NR 

Rosa, 201554 
RCT 

6 months arterio-venous 
fistula 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (2) NR NR 

Rosa, 201554 
RCT 

6 months laryngospasm after 
analgosedation 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (2) NR NR 

Rosa, 201554 
RCT 

6 months asymptomatic 
bradycardia after 
procedure 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

2 / 52 (4) NR NR 

Rosa, 201554 
RCT 

6 months phlebitis 
associated with 
peripheral line 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (2) NR NR 

Rosa, 201554 
RCT 

6 months hyperkalemia Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 6 / 54 (11) NR 

Rosa, 201554 
RCT 

6 months worsening of renal 
function 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 1 / 54 (2) NR 

Rosa, 201554 
RCT 

6 months antiandrogen effect 
of spironolactone 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 7 / 54 (13) NR 

  

E-48 
 



Table 6. Results of controlled studies evaluating adverse events (continued) 
Author, year 
Study design 

Mean follow-up Outcome 
definition 

RDN Control group n/N (%) in RDN 
group 

n/N (%) in 
control group 

Absolute risk 
difference 

Rosa, 201554 
RCT 

6 months refusal to continue 
treatment with 
spironolactone 
because of 
symptomatic blood 
pressure reduction 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 5 / 54 (9) NR 

Rosa, 201554 
RCT 

6 months refusal to start 
spironolactone 
treatment 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 2 / 54 (4) NR 

Rosa, 201554 
RCT 

12 months Refusal to start 
spironolactone 
treatment 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 2 / 52 (4) NR 

Rosa, 201554 
RCT 

12 months Refusal to continue 
treatment with 
spironolactone 
because of 
symptomatic blood 
pressure reduction 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 5 / 54 (10) NR 

Rosa, 201554 
RCT 

12 months Antiandrogen 
effect of 
spironolactone 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 7 / 54 (14) NR 

Rosa, 201554 
RCT 

12 months Worsening of renal 
function 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 1 / 54 (2) NR 

Rosa, 201554 
RCT 

12 months Hyperkalemia Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 6 / 54 (12) NR 

Rosa, 201554 
RCT 

12 months Phlebitis 
associated with 
peripheral line 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (2) NR NR 

Rosa, 201554 
RCT 

12 months Asymptomatic 
bradycardia after 
procedure 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

2 / 52 (4) NR NR 

Rosa, 201554 
RCT 

12 months Laryngospasm Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (2) NR NR 

Rosa, 201554 
RCT 

12 months Arterio-venous 
fistula 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (2) NR NR 
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Table 6. Results of controlled studies evaluating adverse events (continued) 
Author, year 
Study design 

Mean follow-up Outcome 
definition 

RDN Control group n/N (%) in RDN 
group 

n/N (%) in 
control group 

Absolute risk 
difference 

Rosa, 201554 
RCT 

12 months Postpunctual 
pseudoaneurysm 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

2 / 52 (4) NR NR 

Rosa, 201554 
RCT 

12 months Dissection of renal 
artery 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

1 / 52 (2) NR NR 

Rosa, 201554 
RCT 

12 months Spasms after 
application of 
radiofrequency 
energy 

Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

4 / 52 (8) NR NR 

Rosa, 201554 
RCT 

12 months Unstable agina Medtronic 
Simplicity 

Continuation of 
anti-hypertensive 
drugs 

NR 1 / 54 (1.9) NR 

Schneider, 201558 
RCT 

6 months Pseudo aneurysm 
at the femoral 
vascular access 
site 

Medtronic Flex Continuation of 
anti-hypertensive 
drugs 

2 / 9 (22.2) NR NR 

Symplicity, 201063 
RCT 

6 months serious 
complications 
related to device or 
procedure 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

0 / 52 (0) NR NR 

Symplicity, 201063 
RCT 

6 months femoral artery 
pseudo aneurysm 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

1 / 52 (1.9) NR NR 

Symplicity, 201063 
RCT 

6 months post-procedural 
drop in blood 
pressure resulting 
in a reduction in 
antihypertensive 
drugs 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

1 / 52 (1.9) NR NR 

Symplicity, 201063 
RCT 

6 months urinary tract 
infection 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

1 / 52 (1.9) NR NR 
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Table 6. Results of controlled studies evaluating adverse events (continued) 
Author, year 
Study design 

Mean follow-up Outcome 
definition 

RDN Control group n/N (%) in RDN 
group 

n/N (%) in 
control group 

Absolute risk 
difference 

Symplicity, 201063 
RCT 

6 months extended hospital 
admission for 
assessment of 
paraesthesias 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

1 / 52 (1.9) NR NR 

Symplicity, 201063 
RCT 

6 months back pain Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

1 / 52 (1.9) NR NR 

Symplicity, 201063 
RCT 

6 months bradycardia Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

7 / 52 (13) NR NR 

Symplicity, 201063 
RCT 

6 months progression of 
atherosclerotic 
lesion 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

1 / 43 (2.3) NR NR 

Symplicity, 201063 
RCT 

6 months renal artery 
dissection 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

NR 1 / 35 (2.9) NR 

Symplicity, 201063 
RCT 

between 12 and 
36 months 

acute renal failure Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

1 / 69 (1.4) NR NR 

Symplicity, 201063 
RCT 

between 12 and 
36 months 

acute renal failure Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

1 / 69 (1.4) NR NR 

Symplicity, 201063 
RCT 

between 12 and 
36 months 

renal vascular 
events 

Medtronic 
Simplicity 

unspecified, but 
allowed to 
crossover to 
RDN after 6 
months 

0 / 69 (0) NR NR 

n = sample size; N = total population; NR = not reported; RCT = randomized controlled trial; RDN = renal denervation 
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Table 7. Results of non-controlled studies evaluating blood pressure outcomes 
Author, year Outcome Participants, n Mean follow-up Change from baseline 
Bohm, 20153 Office systolic blood pressure 998 6 months -11.6 
Bohm, 20153 Office systolic blood pressure 740 1 year -13 
Bohm, 20153 Overall ambulatory systolic 

blood pressure 
998 6 months -6.6 

Bohm, 20153 Overall ambulatory systolic 
blood pressure 

390 1 year -8.3 

Bohm, 20153 Change in meds 998 6 months -0.1 
Burchell, 20164 Office systolic blood pressure 29 6 months -13 
Burchell, 20164 Office systolic blood pressure 21 1 year -22.4 
Burchell, 20164 Overall ambulatory systolic 

blood pressure 
13 6 months -12 

Burchell, 20164 Daytime ambulatory systolic 
blood pressure 

13 6 months -14 

Burchell, 20164 Nighttime ambulatory systolic 
blood pressure 

12 6 months -9 

de Sousa Almeida, 20165 Office systolic blood pressure 31 1 year -27 
de Sousa Almeida, 20165 Overall ambulatory systolic 

blood pressure 
31 1 year -18 

de Sousa Almeida, 20165 Change in meds 31 1 year -0.8 
Dorr, 20137 Office systolic blood pressure 62 3 months -26 
Dorr, 20137 Office systolic blood pressure 47 3 years -23.4 
Dorr, 20158 Office systolic blood pressure 150 6 months -23 
Dorr, 20158 Overall ambulatory systolic 

blood pressure 
150 6 months -9.5 

Dorr, 20159 Office systolic blood pressure 100 6 months -24.3 
Dorr, 20159 Overall ambulatory systolic 

blood pressure 
100 6 months -11.4 

Dorr, 201510 Office systolic blood pressure 60 6 months -26.4 
Dorr, 201510 Overall ambulatory systolic 

blood pressure 
60 6 months -14.1 

Dorr, 20137 Change in meds 62 3 years -1.3 
Eikelis, 201511 Office systolic blood pressure 69 6 months -14.8 
Eikelis, 201511 Office systolic blood pressure 69 1 year -21.3 
Ewen, 201412 Office systolic blood pressure 45 6 months -26 
Ewen, 201412 Office systolic blood pressure 10 6 months -2 
Ewen, 201513 Office systolic blood pressure 100 6 months -15 
Ewen, 201513 Overall ambulatory systolic 

blood pressure 
84 6 months -8 

Ewen, 201513 Change in meds 100 6 months -0.2 
Ewen, 201514 Office systolic blood pressure 63 6 months -27 
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Table 7. Results of non-controlled studies evaluating blood pressure outcomes (continued) 
Author, year Outcome Participants, n Mean follow-up Change from baseline 
Ewen, 201514 Office systolic blood pressure 63 12 months -30 
Ewen, 201514 Office systolic blood pressure 63 12 months -17 
Ewen, 201514 Office systolic blood pressure 63 6 months -18 
Ewen, 201514 Overall ambulatory systolic 

blood pressure 
63 6 months -8 

Ewen, 201514 Overall ambulatory systolic 
blood pressure 

63 NR 7 

Ewen, 201514 Overall ambulatory systolic 
blood pressure 

63 NR -13 

Ewen, 201514 Overall ambulatory systolic 
blood pressure 

63 NR -15 

Ewen, 201514 Change in meds 63 6 months -0.1 
Ewen, 201514 Change in meds 63 6 months -0.1 
Ewen, 201514 Change in meds 63 12 months -0.1 
Ewen, 201514 Change in meds 63 12 months 0 
Ewen, 201515 Office systolic blood pressure 30 6 months -19 
Ewen, 201515 Overall ambulatory systolic 

blood pressure 
30 6 months -10 

Ewen, 201516 Overall ambulatory systolic 
blood pressure 

84 6 months -19 

Ewen, 201516 Daytime ambulatory systolic 
blood pressure 

84 6 months -15 

Ewen, 201516 Nighttime ambulatory systolic 
blood pressure 

84 6 months -11 

Hameed, 201518 Office systolic blood pressure 34 6 months -15.1 
Hameed, 201518 Daytime ambulatory systolic 

blood pressure 
34 6 months -5.4 

Hameed, 201518 Night ambulatory systolic 
blood pressure 

34 6 months -1.7 

Hamza, 201419 Office systolic blood pressure 55 6 months -24 
Hamza, 201419 Change in meds 55 6 months -0.28 
Hering, 201520 Office systolic blood pressure 65 6 months -12 
Hering, 201520 Office systolic blood pressure 16 6 months -2 
Hering, 201520 Office systolic blood pressure 10 6 months -19 
Hering, 201520 Overall ambulatory systolic 

blood pressure 
65 6 months -6 

Hering, 201520 Overall ambulatory systolic 
blood pressure 

16 6 months -4 

Hering, 201520 Overall ambulatory systolic 
blood pressure 

10 6 months -11 

  

E-53 
 



Table 7. Results of non-controlled studies evaluating blood pressure outcomes (continued) 
Author, year Outcome Participants, n Mean follow-up Change from baseline 
Hering, 201520 Daytime ambulatory systolic 

blood pressure 
65 6 months -7 

Hering, 201520 Daytime ambulatory systolic 
blood pressure 

16 6 months -5 

Hering, 201520 Daytime ambulatory systolic 
blood pressure 

10 6 months -10 

Hering, 201520 Night ambulatory systolic 
blood pressure 

65 6 months -5 

Hering, 201520 Night ambulatory systolic 
blood pressure 

16 6 months -3 

Hering, 201520 Night ambulatory systolic 
blood pressure 

10 6 months -14 

Honarvar, 201321 Office systolic blood pressure 30 6 months -14.4 
Honarvar, 201321 Overall ambulatory systolic 

blood pressure 
23 6 months -17.3 

Id, 201522 Office systolic blood pressure 101 6 months -14.7 
Id, 201522 Overall ambulatory systolic 

blood pressure 
71 6 months -6.8 

Id, 201522 Change in meds 101 6 months 0.1 
Kaiser, 201423 Office systolic blood pressure 53 6 months -46 
Kaiser, 201423 Office systolic blood pressure 16 6 months -33 
Kaiser, 201423 Office systolic blood pressure 24 6 months -1 
Kaiser, 201423 Overall ambulatory systolic 

blood pressure 
15 6 months -20 

Kaiser, 201423 Overall ambulatory systolic 
blood pressure 

14 6 months -12 

Kaiser, 201423 Overall ambulatory systolic 
blood pressure 

9 6 months 20 

Kim, 201525 Office systolic blood pressure 93 12 months -27.2 
Kim, 201525 Office systolic blood pressure 93 6 months -19.4 
Kim, 201525 Office systolic blood pressure 169 12 months -20.1 
Kim, 201525 Office systolic blood pressure 169 6 months -20.9 
Kim, 201525 Change in meds 93 6 months -0.1 
Kim, 201525 Change in meds 93 12 months -0.1 
Kim, 201525 Change in meds 163 6 months 0 
Kim, 201525 Change in meds 169 12 months 0 
Kiuchi, 201426 Office systolic blood pressure 27 6 months -52.6 
Kiuchi, 201426 Office systolic blood pressure 22 12 months -58.2 
Kiuchi, 201527 Office systolic blood pressure 30 6 months -53 
Kiuchi, 201527 Office systolic blood pressure 30 12 months -54 
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Table 7. Results of non-controlled studies evaluating blood pressure outcomes (continued) 
Author, year Outcome Participants, n Mean follow-up Change from baseline 
Kiuchi, 201528 Office systolic blood pressure 27 24 months -54 
Kiuchi, 201528 Office systolic blood pressure 27 6 months -48 
Kiuchi, 201528 Office systolic blood pressure 30 1 year -53 
Kiuchi, 201528 Overall ambulatory systolic 

blood pressure 
27 24 months -20 

Kiuchi, 201528 Overall ambulatory systolic 
blood pressure 

30 6 months -18 

Kiuchi, 201528 Overall ambulatory systolic 
blood pressure 

30 1 year -19 

Kiuchi, 201528 Change in meds 27 24 months -1.4 
Krum, 201429 Office systolic blood pressure 144 6 months -22 
Krum, 201429 Office systolic blood pressure 132 12 months -26.5 
Krum, 201429 Office systolic blood pressure 88 36 months -32 
Krum, 201429 Change in meds 150 6 months 0.1 
Krum, 201429 Change in meds 150 36  months 0.2 
Kyvelou, 201330 Office systolic blood pressure 24 6 months -6 
Kyvelou, 201330 Overall ambulatory systolic 

blood pressure 
24 6 months -4 

Kyvelou, 201330 Change in meds 24 6 months NR 
Lambert, 201231 Office systolic blood pressure 62 3 NR 
Lambert, 201231 Office systolic blood pressure 63 3 NR 
Lambert, 201231 Office systolic blood pressure 68 3 NR 
Lambert, 201432 Office systolic blood pressure 81 6 -8.4 
Lambert, 201432 Overall ambulatory systolic 

blood pressure 
81 6 -4.4 

Lambert, 201432 Daytime ambulatory systolic 
blood pressure 

81 6 -4.9 

Lambert, 201432 Night ambulatory systolic 
blood pressure 

81 6 -5.2 

Lambert, 201533 Office systolic blood pressure 76 6 -15 
Lambert, 201533 Overall ambulatory systolic 

blood pressure 
76 6 months -5 

Lambert, 201534 Office systolic blood pressure 32 24 months -1.3 
Lambert, 201534 Overall ambulatory systolic 

blood pressure 
32 24 months -5.8 

Lambert, 201534 Daytime ambulatory systolic 
blood pressure 

32 24 months -7 

Lambert, 201534 Night ambulatory systolic 
blood pressure 

32 24 months -1.8 

Lambert, 201535 Office systolic blood pressure 97 NR NR 
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Table 7. Results of non-controlled studies evaluating blood pressure outcomes (continued) 
Author, year Outcome Participants, n Mean follow-up Change from baseline 
Lambert, 201535 Daytime ambulatory systolic 

blood pressure 
86 NR NR 

Lambert, 201535 Night ambulatory systolic 
blood pressure 

86 NR NR 

Lambert, 201536 Overall ambulatory systolic 
blood pressure 

106 6 -5.3 

Lenski, 201337 Office systolic blood pressure 119 6 -20 
Lenski, 201338 Office systolic blood pressure 36 3 -17 
Lenski, 201338 Overall ambulatory systolic 

blood pressure 
36 3 -11 

Lobo, 201539 Office systolic blood pressure 64 12 months -17.2 
Lobo, 201539 Office systolic blood pressure 103 6 months -18.2 
Lobo, 201539 Daytime ambulatory systolic 

blood pressure 
64 12 months -7.6 

Lobo, 201539 Daytime ambulatory systolic 
blood pressure 

103 6 months -7.9 

Ott, 201340 Office systolic blood pressure 54 6 -13 
Ott, 201340 Overall ambulatory systolic 

blood pressure 
54 6 -14 

Ott, 201340 Daytime ambulatory systolic 
blood pressure 

54 6 -14 

Ott, 201340 Night ambulatory systolic 
blood pressure 

54 6 -13 

Ott, 201441 Office systolic blood pressure 59 6 -18 
Ott, 201441 Overall ambulatory systolic 

blood pressure 
59 6 -11 

Ott, 201542 Office systolic blood pressure 33 6 -23 
Ott, 201542 Office systolic blood pressure 30 6 -12 
Ott, 201542 Overall ambulatory systolic 

blood pressure 
33 6 -11 

Ott, 201542 Overall ambulatory systolic 
blood pressure 

33 6 -3 

Ott, 201543 Office systolic blood pressure 27 NR -20 
Ott, 201543 Overall ambulatory systolic 

blood pressure 
27 NR -8 

Ott, 201544 Office systolic blood pressure 51 NR -19 
Ott, 201544 Overall ambulatory systolic 

blood pressure 
51 NR -12 

Papademetriou, 201445 Office systolic blood pressure 45 NR -27 
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Table 7. Results of non-controlled studies evaluating blood pressure outcomes (continued) 
Author, year Outcome Participants, n Mean follow-up Change from baseline 
Papademetriou, 201445 Overall ambulatory systolic 

blood pressure 
35 NR -7 

Persu, 201446 Office systolic blood pressure 21 6 -52 
Persu, 201446 Office systolic blood pressure 22 6 12 
Persu, 201446 Overall ambulatory systolic 

blood pressure 
21 6 -31 

Persu, 201446 Overall ambulatory systolic 
blood pressure 

22 6 14 

Poss, 201448 Office systolic blood pressure 85 6 -34.2 
Poss, 201448 Office systolic blood pressure 16 6 1.9 
Poss, 201549 Office systolic blood pressure 137 6 -18 
Poss, 201549 Change in meds 137 6 0 
Prochnau, 201250 Overall ambulatory systolic 

blood pressure 
30 6 weeks -15 

Prochnau, 201351 Overall ambulatory systolic 
blood pressure 

43 6 -17 

Ripp, 201552 Office systolic blood pressure 60 6 months -26.94 
Rohla, 201653 Overall ambulatory systolic 

blood pressure 
103 6 months -3.7 

Rohla, 201653 Overall ambulatory systolic 
blood pressure 

79 1 year -8 

Rohla, 201653 Change in meds 103 1 year 0 
Schmid, 201356 Office systolic blood pressure 32 6 months -18 
Schmid, 201356 Office systolic blood pressure 21 6 months -17 
Schmid, 201557 Office systolic blood pressure 43 NR -15 
Schmid, 201557 Overall ambulatory systolic 

blood pressure 
38 NR -9 

Schwerg, 201459 Overall ambulatory systolic 
blood pressure 

40 6 -7 

Sharp, 201560 Office systolic blood pressure 246 10 months -22 
Sharp, 201560 Daytime ambulatory systolic 

blood pressure 
246 10 months NR 

Sharp, 201560 Night ambulatory systolic 
blood pressure 

246 10 months NR 

Sharp, 201661 Office systolic blood pressure 253 11 months -22 
Sharp, 201661 Daytime ambulatory systolic 

blood pressure 
177 8.5 months -12 
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Table 7. Results of non-controlled studies evaluating blood pressure outcomes (continued) 
Author, year Outcome Participants, n Mean follow-up Change from baseline 
Sharp, 201661 Nighttime ambulatory systolic 

blood pressure 
186 8.5 months -9 

Sievert, 201562 Office systolic blood pressure 146 6 -24.7 
Sievert, 201562 Overall ambulatory systolic 

blood pressure 
103 6 -6 

Symplicity, 201164 Office systolic blood pressure 153 24 months -32 
Symplicity, 201164 Change in meds 153 24 months -0.1 
Tiroch, 201565 Office systolic blood pressure 40 6 months -13 
Tiroch, 201565 Overall ambulatory systolic 

blood pressure 
37 6 months -6 

Tiroch, 201565 Change in meds 46 6 months -0.1 
Tsioufis, 201566 Overall ambulatory systolic 

blood pressure 
31 6 -10.2 

Tsioufis, 201566 Overall ambulatory systolic 
blood pressure 

12 6 -0.6 

Tsioufis, 201566 Daytime ambulatory systolic 
blood pressure 

31 6 -9.9 

Tsioufis, 201566 Daytime ambulatory systolic 
blood pressure 

12 6 0.7 

Tsioufis, 201566 Night ambulatory systolic 
blood pressure 

31 6 -10.5 

Tsioufis, 201566 Night ambulatory systolic 
blood pressure 

12 6 -2.2 

Tsioufis, 201567 Office systolic blood pressure 44 24 months -29 
Tsioufis, 201567 Overall ambulatory systolic 

blood pressure 
44 24 months -13 

Tsioufis, 201567 Change in meds 46 24 months 0.1 
Tsioufis, 201568 Office systolic blood pressure 18 6 -42 
Tsioufis, 201568 Office systolic blood pressure 10 6 0 
Tsioufis, 201568 Overall ambulatory systolic 

blood pressure 
18 6 -20 

Tsioufis, 201568 Overall ambulatory systolic 
blood pressure 

10 6 0 

Tsioufis, 201569 Office systolic blood pressure 46 24 month -29 
Tsioufis, 201569 Overall ambulatory systolic 

blood pressure 
46 24 months -13 

van Brussel, 201570 Office systolic blood pressure 21 6 weeks -14.1 
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Table 7. Results of non-controlled studies evaluating blood pressure outcomes (continued) 
Author, year Outcome Participants, n Mean follow-up Change from baseline 
van Brussel, 201570 Overall ambulatory systolic 

blood pressure 
21 6 weeks -5 

Verheye, 201571 Office systolic blood pressure 41 NR -8 
Verheye, 201571 Overall ambulatory systolic 

blood pressure 
41 NR -9.1 

Verheye, 201571 Daytime ambulatory systolic 
blood pressure 

41 NR -9.5 

Verheye, 201571 Night ambulatory systolic 
blood pressure 

41 NR -7.1 

Verloop, 201472 Office systolic blood pressure 83 6 7 
Verloop, 201472 Office systolic blood pressure 43 6 9 
Verloop, 201472 Daytime ambulatory systolic 

blood pressure 
83 6 2 

Verloop, 201472 Daytime ambulatory systolic 
blood pressure 

43 6 5 

Verloop, 201573 Office systolic blood pressure 29 NR -7 
Verloop, 201573 Overall ambulatory systolic 

blood pressure 
29 NR -6 

Verloop, 201573 Change in meds 29  0.1 
Verloop, 201574 Overall ambulatory systolic 

blood pressure 
54 NR -7 

Verloop, 201574 Change in meds 54  -1 
Vink, 201475 Office systolic blood pressure 67 6 -30 
Vink, 201475 Daytime ambulatory systolic 

blood pressure 
67 6 NR 

Vink, 201475 Change in meds 67 6 -1 
Vink, 201576 Overall ambulatory systolic 

blood pressure 
46 NR -9 

Vink, 201576 Daytime ambulatory systolic 
blood pressure 

46 NR -10 

Vink, 201576 Change in meds 46  -0.7 
Vogel, 201477 Office systolic blood pressure 24 NR -26 
Volz, 201478 Overall ambulatory systolic 

blood pressure 
11 6 -5 

Volz, 201478 Daytime ambulatory systolic 
blood pressure 

22 6 -9 

Volz, 201478 Daytime ambulatory systolic 
blood pressure 

22 NR -6 
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Table 7. Results of non-controlled studies evaluating blood pressure outcomes (continued) 
Author, year Outcome Participants, n Mean follow-up Change from baseline 
Volz, 201478 Daytime ambulatory systolic 

blood pressure 
22 6 0 

Volz, 201478 Night ambulatory systolic 
blood pressure 

22 NR 0 

Whitbourn, 201579 Office systolic blood pressure 50 NR -19.2 
Whitbourn, 201579 Overall ambulatory systolic 

blood pressure 
41 NR -7.6 

Whitbourn, 201579 Change in meds 50 NR 0 
Worthley, 201380 Office systolic blood pressure 46 6 -26 
Worthley, 201380 Overall ambulatory systolic 

blood pressure 
46 6 -10 

Worthley, 201581 Office systolic blood pressure 46 6 -26 
Zhang, 201482 Office systolic blood pressure 39 NR -27.3 
Zhang, 201482 Office systolic blood pressure 38 NR -5.3 
Zuern, 201383 Office systolic blood pressure 50 6 -8 
Zuern, 201383 Office systolic blood pressure 50 6 -23 
Zuern, 201383 Change in meds 50 6 -0.1 
n = sample size; NR = not reported 
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Table 8. Results of non-controlled studies evaluating clinical outcomes 
Author, year 
Study design 

Mean follow-up Outcome definition n/N (%) in RDN group 

Bohm, 20153 6 months Cardiovascular mortality 0 / 997 (0) 
Bohm, 20153 1 year Cardiovascular mortality 7 / 1000 (0.7) 
Bohm, 20153 6 months Hospitalization 4 / 997 (0.4) 
Bohm, 20153 6 months Hospitalization 6 / 997 (0.6) 
Bohm, 20153 6 months Hospitalization 5 / 997 (0.5) 
Bohm, 20153 6 months Mortality 0 / 997 (0) 
Bohm, 20153 6 months Stroke 7 / 997 (0.7) 
Bohm, 20153 6 months Myocardial infarction 7 / 997 (0.7) 
Kim, 201525 12 months Hospitalization 2 / 91 (2.2) 
Kim, 201525 12 months Hospitalization 1 / 91 (1.1) 
Kim, 201525 12 months Hospitalization 1 / 165 (0.6) 
Kim, 201525 12 months Hospitalization 2 / 165 (1.1) 
Kim, 201525 12 months Mortality 0 / 91 (0) 
Kim, 201525 12 months Mortality 0 / 165 (0) 
Kim, 201525 12 months Stroke 2 / 91 (2.2) 
Kim, 201525 12 months Stroke 1 / 165 (0.6) 
Kim, 201525 12 months Myocardial infarction 0 / 91 (0) 
Kim, 201525 12 months Myocardial infarction 1 / 165 (0.6) 
Krum, 201429 36 months Cardiovascular mortality 3 / 153 (2) 
Krum, 201429 36 months Hospitalization 3 / 153 (2) 
Krum, 201429 36 months Hospitalization 13 / 153 (8.5) 
Krum, 201429 36 months Mortality 3 / 153 (2) 
Symplicity, 201164 24 months Mortality 2 / 153 (1.3) 
Whitbourn, 201579 NR Hospitalization 0 / 49 (0) 
Whitbourn, 201579 NR Hospitalization 0 / 49 (0) 
Whitbourn, 201579 NR Mortality 0 / 49 (0) 
Whitbourn, 201579 NR Stroke 0 / 49 (0) 
Whitbourn, 201579 NR Myocardial infarction 1 / 49 (2) 
n = sample size; N = total population; NR = not reported; RDN = renal denervaton
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Table 9. Results of non-controlled studies evaluating adverse events 
Author, year 
Study design 

Mean follow-up Outcome definition n/N (%) in RDN group 

Bohm, 20153 6 months new renal artery stenosis >70% 1 / 997 (0.1) 
Bohm, 20153 6 months renal artery re-intervention 2 / 997 (0.2) 
Bohm, 20153 1 year renal artery stenosis >70% 2 / 1000 (0.2) 
Bohm, 20153 6 months new-onset end-stage renal disease 2 / 997 (0.2) 
Bohm, 20153 6 months serum creatinine elevation >50% 3 / 997 (0.3) 
Bohm, 20153 1 year new-onset end-stage renal disease 3 / 1000 (0.3) 
Bohm, 20153 6 months vascular complication 3 / 997 (0.4) 
de Sousa Almeida, 20165 1 year mild hematoma 1 / 31 (3.2) 
de Sousa Almeida, 20165 1 year Femoral pseudoaneurysm 1 / 31 (3.2) 
Dorr, 20159 6 months procedural complications 0 / 100 (0) 
Ewen, 201513 6 months renal artery stenosis 0 / 100 (0) 
Ewen, 201513 6 months serious adverse events (undefined) 0 / 100 (0) 
Ewen, 201514 6 months hemodynamically significant renal 

artery stenosis 
0 / 126 (0) 

Ewen, 201514 12 months hemodynamically significant renal 
artery stenosis 

0 / 126 (0) 

Ewen, 201514 6 months syncope 1 / 126 (0.8) 
Hameed, 201518 6 months hematoma at the femoral artery 

puncture site 
1 / 34 (2.9) 

Hameed, 201518 6 months Pseudo aneurysm of the femoral 
artery 

0 / 34 (0) 

Hameed, 201518 6 months abdominal pain 2 / 34 (5.9) 
Hameed, 201518 6 months persistent nausea and vomiting 1 / 34 (2.9) 
Hamza, 201419 6 months Peri-procedural (access site) 

complications and/or complications 
0 / 55 (0) 

Hamza, 201419 6 months Procedure-related endovascular 
complications at final angiography 

0 / 55 (0) 

Hering, 201520 6 months intra- or peri-procedural complications 0 / 65 (0) 
Hering, 201520 6 months intra- or peri-procedural complications 0 / 16 (0) 
Hering, 201520 6 months intra- or peri-procedural complications 0 / 10 (0) 
Honarvar, 201321 6 months renal artery irregularities 4 / 30 (13.3) 
Honarvar, 201321 6 months vascular damage on angiography 0 / 30 (0) 
Honarvar, 201321 6 months per-procedural complications 0 / 30 (0) 
Id, 201522 6 months serious adverse events related to the 

device or procedure 
0 / 101 (0) 

Id, 201522 6 months coronary intervention 2 / 101 (2.6) 
Kaiser, 201423 6 months renal artery stenosis 0 / 93 (0) 
Kaiser, 201423 6 months kidney infarct 1 / 93 (1.1) 
Kim, 201525 12 months serum creatinine elevation > 50% 0 / 91 (0) 
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Table 9. Results of non-controlled studies evaluating adverse events (continued) 
Author, year 
Study design 

Mean follow-up Outcome definition n/N (%) in RDN group 

Kim, 201525 12 months renal failure 1 / 91 (1.1) 
Kim, 201525 12 months procedure-related vascular 

complications 
0 / 93 (0) 

Kim, 201525 12 months vascular complications 0 / 91 (0) 
Kim, 201525 12 months serum creatinine elevation > 50% 0 / 165 (0) 
Kim, 201525 12 months renal failure 0 / 165 (0) 
Kim, 201525 12 months procedure-related vascular 

complications 
0 / 169 (0) 

Kim, 201525 12 months vascular complications 2 / 165 (1.1) 
Kiuchi, 201527 12 months bruising or aneurismal formation 0 / 30 (0) 
Kiuchi, 201527 6 months complication or change in blood flow 

in the renal arteries as detected by 
doppler ultrasound 

0 / 30 (0) 

Kiuchi, 201528 24 months bleeding at the puncture site 1 / 30 (3.3) 
Kiuchi, 201528 6 months stenosis 0 / 30 (0) 
Krum, 201429 36 months renal-artery dissection 1 / 153 (0.7) 
Krum, 201429 36 months renal-artery stenosis 4 / 153 (2.6) 
Krum, 201429 36 months acute renal failure 1 / 153 (0.7) 
Krum, 201429 36 months access-related complications in the 

groin 
3 / 153 (2) 

Krum, 201429 36 months Bradycardia associated with ablation 
procedure 

8 / 153 (5.2) 

Krum, 201429 36 months orthostatic hypotension 0 / 153 (0) 
Kyvelou, 201330 6 months major complications during or after the 

procedure 
0 / 31 (0) 

Papademetriou, 201445 
12 months renal artery dissections, perforations, 

or occlusions 
0 / 46 (0) 

Papademetriou, 201445 12 months worsening renal artery stenosis 2 / 46 (4.3) 
Papademetriou, 201445 12 months access site complications 0 / 46 (0) 
Papademetriou, 201445 12 months hypotension 1 / 46 (2.2) 

Papademetriou, 201445 
12 months hypertensive renal disease 

progression 
1 / 46 (2.2) 

Scheurig-Muenkler, 201355 Peri-procedural Renal artery spasm 1 / 53 (1.9) 

Scheurig-Muenkler, 201355 
periprocedural imminent respiratory and 

cardiocirculatory depression 
1 / 53 (1.9) 
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Table 9. Results of non-controlled studies evaluating adverse events (continued) 
Author, year 
Study design 

Mean follow-up Outcome definition n/N (%) in RDN group 

Schwerg, 201459 6 months Renal Artery Stenosis NR 

Symplicity, 201164 
24 months Pseudo aneurysm/hematoma in the 

femoral access site 
3 / 153 (2) 

Symplicity, 201164 
24 months renal artery dissection on placement 

of the treatment catheter 
1 / 153 (0.7) 

Symplicity, 201164 
24 months preexisting renal artery stenosis in the 

proximal portion of the renal artery 
1 / 153 (0.7) 

Tsioufis, 201567 24 months renal artery stenosis 2 / 46 (4.3) 
Tsioufis, 201567 24 months hypertension renal disease 

progression 
1 / 46 (2.2) 

Tsioufis, 201567 24 months hypotension 1 / 46 (2.2) 
Verheye, 201571 NR renal artery injury (renal artery 

stenosis) 
1 / 41 (2.4) 

Verheye, 201571 NR flank pain 1 / 41 (2.4) 
Verheye, 201571 NR cardiac complication 

(bradyarrhythmia) 
1 / 41 (2.4) 

Whitbourn, 201579 
NR renal artery re-intervention due to 

perforation or dissection 
0 / 49 (0) 

Worthley, 201380 6 hematoma 8 / 46 (17.4) 
Worthley, 201380 6 progression of pre-existing real artery 

stenosis 
1 / 46 (2.2) 

Worthley, 201380 6 hypertensive renal disease 
progression 

1 / 46 (2.2) 

Worthley, 201380 6 hypertensive renal disease 
progression (non-serious) 

1 / 46 (2.2) 

Worthley, 201380 6 hypotension 1 / 46 (2.2) 
Worthley, 201380 6 vasopasm 7 / 46 (15.2) 
Worthley, 201380 6 hypotension (non-serious) 3 / 46 (6.5) 
Worthley, 201380 6 bradycardia 2 / 46 (4.3) 
n = sample size; N = total population; NR = not reported; RDN = renal denervation
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Table 10. Study quality of randomized controlled trials evaluating renal denervation devices 
Author, year Sequence 

generation 
Allocation 
concealment 

Incomplete 
outcome data 

Selective 
outcome 
reporting 

Other sources 
of bias 

Azizi, 20151 Yes Yes Yes Yes No 

Bhatt, 20142 Unclear Unclear Yes Yes Yes 

Desch, 20156 Yes Yes Unclear Yes Yes 

Fadl Elmula, 
201417 

Yes Yes Unclear No Yes 

Kario, 201524 Unclear Unclear Yes Yes Yes 

Pokushalov, 
201247 

Unclear Yes Yes Yes Yes 

Rosa, 201554 Unclear Unclear Unclear Yes Yes 

Schneider, 
201558 

Yes Yes Unclear Yes No 

Symplicity, 
201063 

Unclear Yes No No Yes 
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