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Abstract

Objectives: The current analysis utilized core laboratory angiographic data from a

prospective, single-arm, open-label, multi-center feasibility study to ascertain

whether the location of alcohol infusion within main renal arteries during renal dener-

vation (RDN) had an impact on the BP-lowering effect at 6 months.

Background: The influence of the location of alcohol infusion during RDN, within the

main renal artery (proximal, middle, or distal), on the magnitude of the blood pressure

(BP) lowering is unstudied.

Methods: The Peregrine Catheter was used to perform alcohol-mediated RDN with

an infusion of 0.6 mL of alcohol per artery as the neurolytic agent in 90 main arteries

and four accessory arteries of 45 patients with hypertension.

Abbreviations: ABP, Ambulatory blood pressure; BP, Blood pressure; CTA, Computed tomography angiography; HTN, Hypertension; LS, Least squares; MRA, Magnetic resonance angiography;

RDN, Renal denervation; RF, Radiofrequency; SEM, Standard error of the mean.
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Results: No relationship between the site of alcohol infusion and change from base-

line in both office systolic and 24-hour systolic ambulatory BP (ABP) at 6 months was

observed. When analyzed at the artery level, the least squares (LS) mean changes

± SEM from baseline to 6 months post-procedure in 24-hour systolic ABP when ana-

lyzed by renal arterial location were �11.9 ± 2.4 mmHg (distal), �10 ± 1.6 mmHg

(middle), and �10.6 ± 1.3 mmHg (proximal) (all p < 0.0001 for change from baseline

within groups). The results were similar for office systolic BP. There was no differ-

ence between treated locations (proximal is reference).

Conclusion: In this post-hoc analysis, the location of alcohol infusion within the main

renal artery using the Peregrine system, with alcohol as the neurolytic agent for

chemical RDN, did not affect the magnitude of BP changes at 6 months.

K E YWORD S

angiography, hypertension, renal artery

1 | INTRODUCTION

Catheter-based renal denervation (RDN) has been studied using radio-

frequency (RF),1 ultrasound ablation,2 and perivascular alcohol injec-

tion (chemical denervation),3 respectively. Anatomical studies of

kidney sympathetic nerve innervation have shown that the nerve fiber

localization vary along the length of the renal artery with nerves

located closer to the intimal surface distally, and with a deeper more

distant distribution of nerves proximally.4–7 This has posed challenges

for RDN utilizing RF, as RF ablation has a usual penetration depth of

approximately 4–7 mm from the electrode contact on the intimal sur-

face of the renal artery, suggesting that a relevant portion or number

of the nerve fibers in the proximal and middle renal artery may be mis-

sed.8–11 As a result, recent RF RDN techniques have focused on distal

renal artery and branch treatment, which reduces variability and

improves response rates.10–12

Chemical RDN uses alcohol to target the renal nerves located in

the adventitial space and results in a circumferential ablation, with

approximately 8–10 mm depth with a single infusion.13,14 Based upon

pre-clinical data, we hypothesized that the features of chemical-RDN

would be adequate to perform sufficient ablation to result in blood

pressure (BP) lowering, even when the treatment was performed in

the more proximal locations of the main renal artery, independent of

the site ablation infusion location (proximal, middle, or distal).13 The

current analysis utilized core laboratory angiographic data from the

prospective, single-arm, open-label, multi-center feasibility study3 to

ascertain whether the location of alcohol infusion had an impact on

the BP-lowering effect at 6 months.

2 | METHODS

Data were analyzed from the previously published, prospective, single

arm, open label, multicenter trial (N = 45) intended to collect early

feasibility, safety, and efficacy data of the Peregrine Catheter

(Ablative Solutions, Inc., San Jose, CA), to perform alcohol-mediated

(bilateral) RDN with an infusion of 0.6 mL of alcohol/artery.3 Written

informed consent was obtained from patients before any study-

related procedures were conducted.

2.1 | Procedure

Renal duplex ultrasound was performed in all patients at baseline and

at 6-months post-procedure to evaluate renal vascular safety by

looking for potential flow-limiting stenosis (core laboratory: VasCore,

MA). Imaging by magnetic resonance angiography (MRA) or computed

tomography angiography (CTA) was performed for baseline assess-

ment of existing anatomical abnormalities of the renal arteries. Images

were assessed by an independent core laboratory (Cardiovascular

Core Analysis Laboratory, Stanford University, Stanford, CA).

The RDN procedure was performed without administration of

general anesthesia, and with minimal conscious sedation using a seven

French guiding catheter introduced to both renal arteries via the fem-

oral artery using fluoroscopic guidance. Interventionalists were gener-

ally advised to perform the ablation in the middle segment of the main

renal artery. The neurolytic agent (0.6 mL of undiluted alcohol) was

infused over 1–2 min through the infusion lumen of the catheter to

enhance the uniform diffusion of the alcohol. After treatment of the

first renal artery, the device was removed, inspected for patency and

flushed with heparinized saline. The contralateral renal artery was

then engaged, and the same procedure was performed.

2.2 | Anatomical parameters

Renal artery anatomical parameters were assessed from the baseline

CTA/MRA and from the procedural fluoroscopic angiogram, which

included renal artery length, mean distance from ostium to infusion

site, mean diameter at the infusion site, and diameter stenosis.
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2.3 | Statistical methods

The 6-month office systolic BP and 24-hour ambulatory systolic blood

pressure (ABP) change (vs. baseline) were analyzed in relation to the

location of alcohol infusion, evaluated by the core lab data (the core

lab was blinded to the BP results). Segments of the renal arteries in

terms of distance from the ostium to the bifurcation (assessed during

the angiographic procedure) were designated as proximal (first third

of the distance), middle (second third of the distance), and distal (final

third of the distance). Categorization of proximal, middle, and distal

segments of main renal artery were then scored on a per patient level

as follows:

• �1: if all arteries (including accessory arteries) were treated

proximally

• �0.5: if at least one was proximal and the remaining were middle

or proximal

• 0: if all were middle or one was distal and one was proximal

• 0.5: if at least one was distal and the remaining were middle or

distal

• 1: if all arteries were treated distally

To avoid bias, these definitions and the scoring system for infusion

location were defined prior to data analysis. The location was used

to evaluate the relationship of infusion location with reductions in

office systolic BP (responders with BP change ≥ 10 mmHg) and 24-

hour mean systolic ABP (responders with BP change ≥ 5 mmHg) at

6 months. Linear regression of change in systolic BP (office and 24-

hour ABP), versus average distance from ostium to site of alcohol

infusion, versus the percentage of renal artery length calculated as

distance from ostium to treatment site/distance from ostium to

bifurcation, and versus location score were conducted. At the

patient level, continuous variables are presented as means and stan-

dard deviation (SD), while categorical variables are presented as fre-

quency and percentages. Plots of continuous variables were

reviewed and did not appear to deviate substantially from normality.

As the location of infusion was measured for each artery, and arter-

ies are nested or clustered within each subject, artery-level analyses

were also conducted using the generalized estimating equations

(GEE) approach to the linear regressions where each artery was

included as its own observation and the correlation of arteries within

subject were accounted for via compound symmetry. In this model, a

score or an average distance was not created as location (proximal/

mid/distal) and distance were analyzed per artery. From the GEE

model, the least squares (LS) means and standard error of the means

(SEM) were provided. Missing data were excluded from the analysis.

Patients with one or more missing parameters were included for

those parameters that were measured. For patient averaged dis-

tances and location, if data were missing for one artery, the

remaining artery was used as the “averaged” data. P-values are pres-

ented as descriptive in nature. A p-value < 0.05 was considered sig-

nificant without adjustment for multiplicity. Analyses were

conducted in SAS Version 9.4.

3 | RESULTS

Baseline and demographic characteristics of subjects who participated

in this study and procedural parameters have been described in detail

previously.3

A total of 90 main renal arteries and four accessory arteries in 45

subjects were treated (5 [6%] proximally, 54 [62%] in the middle loca-

tion, and 28 [32%] distally; location data were missing for seven renal

arteries (Table 1).

As reported previously3 the mean 24-hour ABP reduction at

6 months post-procedure versus baseline was �11 mmHg [95% CI:

�15,-7] for systolic and � 7 mmHg [�9, �4] for diastolic (p < 0.001

for both). Office systolic BP was reduced by �18/10 mmHg

[�25,�12/�13,�6] at 6 months.

For all renal arteries, the subject-averaged mean (SD) renal artery

length was 33.9 (9.6) mm, the mean distance from the ostium to the

infusion site was 20.2 (6.6) mm, the mean (SD) infusion location as a

percentage of renal artery length (distance from ostium to infusion

site/renal artery length) was 59.6 (12.4)%, the mean (SD) renal artery

diameter was 5.3 (0.8) mm, and the mean (SD) location of infusion

score was 0.3 (0.4) (Supplementary Table 1). The most proximal infu-

sion location was 5 mm distal to the renal artery ostium, and the most

distal infusion 1 mm away from the branching of the distal portion of

the main renal artery. Representative angiographic images of the Per-

egrine catheter deployed in proximal, middle, and distal segments of

the renal artery are presented in Figure 1. Procedural fluoroscopic

renal vasculature parameters were similar between ABP and office BP

responders. The subject-averaged mean (SD) renal artery length for

ABP non-responders and responders, respectively was 38.9 (9.8) mm

and 32.5 (8.7) mm, the mean distance from the ostium to the infusion

site was 22.4 (6.2) mm and 19.6 (6.8) mm, the mean (SD) infusion

location as a percentage of renal artery length was 59.0 (11.3)% and

59.1 (12.8)%, the mean (SD) renal artery diameter was 5.1 (0.8) mm

and 5.4 (0.8), and the mean (SD) location of infusion score was 0.3

(0.3) and 0.3 (0.5) (Supplementary Table 1). The results were similar

when considering office BP responders (Supplementary Table 2).

At 6-months of follow-up, 44 and 43 subjects had valid office,

and ABPM data available, respectively. There was no relationship

between average distance from the ostium to the site of alcohol infu-

sion and the change from baseline in both office systolic and 24-hour

systolic ABP at 6-months. This was also the case for the relationship

between the BP change from baseline (office and 24-hour ABP) at

6 months and distance measured as the percentage of renal artery

length (Supplementary Figure 1). In addition, there was no relationship

between the change from baseline in both office systolic and 24-hour

systolic ABP at 6 months when the treatment location score of the

alcohol infusion was examined (Figure 2).

The least squares (LS) mean changes ± SEM from baseline to

6 months post-procedure in office systolic BP when analyzed by dis-

crete renal arterial location were �22.2 ± 4.7 mmHg (distal, n = 27,

p = 0.82 vs. proximal), �16.4 ± 2.3 mmHg (middle, n = 53, p = 0.20

vs. proximal), and �23.7 ± 5.5 mmHg (proximal, n = 5, Table 2). The

LS mean changes ± SEM for 24-hour systolic ABPM were �11.9
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TABLE 1 Summary of procedural fluoroscopic angiogram (Core Lab)

Total mean ± SD
(N) or %(n/N)

Averaged

mean ± SD
(N) or %(n/N)

Left renal artery

mean ± SD
(N) or %(n/N)

Right renal artery

mean ± SD
(N) or %(n/N)

Treated 94 45 45 (Main)/2 (Accessory) 45 (Main)/2 (Accessory)

All renal arteries

Renal artery lengtha 34.1 ± 12.6 (89) 33.9 ± 9.6 (45)

Distance from ostium to infusion site 20.3 ± 8.3 (89) 20.2 ± 6.6 (45)

Diameter at infusion site 5.2 ± 1.0 (90) 5.3 ± 0.8 (45)

Infusion location as percentage of renal

artery length (ostium to infusion/RA

length)

60.1 ± 15.8 (87) 60.1 ± 12.3 (45)

Location of infusion scoreb 0.3 ± 0.6 (87) 0.3 ± 0.4 (45)

Location of infusionc

Proximal 5.7% (5/87) 2.3% (1/43) / 100% (1/1) 2.3% (1/41) / 50% (1/2)

Middle 62.1% (54/87) 67.4% (29/43) / 0% (0/1) 61.0% (25/41) / 0% (0/2)

Distal 32.2% (28/87) 30.2% (13/43) / 0% (0/1) 34.1% (14/41) / 50% (1/2)

Main renal arteries

Renal artery lengtha 33.3 ± 11.9 (86) 33.4 ± 9.5 (45) 30.8 ± 10.6 (44) 35.9 ± 12.7 (42)

Distance from ostium to infusion site 20.2 ± 8.3 (86) 20.2 ± 6.5 (45) 18.3 ± 7.3 (44) 22.2 ± 9.0 (42)

Diameter at Infusion Site 5.3 ± 0.9 (87) 5.3 ± 0.8 (45) 5.4 ± 0.8 (44) 5.2 ± 1.0 (43)

Accessory renal arteries

Mean renal artery lengtha 56.2 ± 12.0 (3) 56.2 ± 12.0 (3) 50.74 ± .(1) 59.0 ± 15.6 (2)

Mean distance from ostium to infusion

site

22.6 ± 9.2 (3) 22.6 ± 9.2 (3) 15.74 ± .(1) 26.0 ± 9.9 (2)

Mean diameter at infusion site 3.7 ± 0.5 (3) 3.7 ± 0.5 (3) 3.14 ± .(1) 4.0 ± 0.0 (2)

Renal artery diameterd

Proximal minimum 5.8 ± 1.1 (44) 5.5 ± 1.2 (44)

Proximal maximum 6.1 ± 1.1 (44) 6.0 ± 1.1 (44)

Middle minimum 5.4 ± 0.9 (43) 5.2 ± 0.9 (44)

Middle maximum 5.8 ± 1.0 (43) 5.5 ± 1.0 (44)

Distal minimum 5.4 ± 1.1 (42) 5.1 ± 0.8 (44)

Distal maximum 5.7 ± 1.1 (42) 5.5 ± 1.0 (44)

Abbreviations: N, number of subjects with sub-group of responders/non-responders; n, number of patients within each infusion site category; RA, renal

artery; SD, standard deviation.
aMeasured as distance from ostium to bifurcation.
bInfusion Score ranges from �1 (all arteries treated proximally) to +1 (all arteries treated distally).
cSegment of main renal artery (distance from ostium to bifurcation); distal: first third, middle: sending third, and proximal: final third.
dParameters measured during the screening CTA/MRA.

F IGURE 1 The Peregrine Catheter inserted and needles deployed at proximal, middle, and distal segments of the renal artery. Needle
deployment in the proximal (panel A), middle (panel B), and distal (panel C) segments of the renal artery
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± 2.4 mmHg (distal, n = 26, p = 0.40 vs. proximal), �10 ± 1.6 mmHg

(middle, n = 51, p = 0.77 vs. proximal), and � 10.6 ± 1.3 mmHg (prox-

imal, Table 2). The diameter of the renal artery at the alcohol infusion

site was similar among office BP and ABP non-responders and

responders.

The analyses of the baseline and procedural predictors versus

office BP and ABP response at the subject level revealed that only

type II diabetes mellitus and baseline 24-hour systolic ABP were pre-

dictors of office systolic BP response (type II diabetes mellitus: odds

ratio [OR] (95% confidence interval [CI]) 0.25 (0.07 to 0.95);

p = 0.041; baseline 24-hour systolic ABP 0.95 (0.903–0.996);

p = 0.035) (Supplementary Table 2). Only baseline body mass index

(BMI) was a predictor of 24-hour systolic ABP change (OR 0.88

[0.77–1.0]; p = 0.047). Also, the presence of an untreated accessory

artery was not a predictor of either office or 24-hour systolic ABP

(n = 7; OR [95% CI]) 3.64 [0.39–34.21], p = 0.26; 2.2 [0.23–21.11];

p = 0.49) (Supplementary Table 1). There was no evidence of a differ-

ence by site conducting the procedure.

F IGURE 2 Linear regression of change in BP (as a continuous variable) versus location score (patient averaged). Main renal artery location of
infusion score �1: if both arteries were treated proximally; �0.5: if one was proximal and one was middle; 0: if both were middle or one was
distal and one was proximal; 0.5: if one was distal and one was middle; 1: if both arteries were treated distally

TABLE 2 Generalized estimating approach to the analysis of blood pressure (office and 24-hour ambulatory) versus renal artery location of
renal denervation

Change in office systolic blood pressure (mmHg)
from baseline to 6-monthsa

Change in 24-hour systolic ambulatory blood
pressure from baseline to 6-months (mmHg)

Locationb Least squares mean Standard error pc pd Least squares mean Standard error pc pd

Distal �22.2 4.7 <0.0001 0.82 �11.9 2.4 <0.0001 0.4

Middle �16.4 2.3 <0.0001 0.20 �10.2 1.6 <0.0001 0.77

Proximal �23.7 5.5 <0.0001 - �10.6 1.3 <0.0001 -

Note: Each main artery is treated separately and the correlation of arteries within a subject is properly accounted for.
a.Post-procedure.
b.Segment of main renal artery (distance from ostium to bifurcation); distal: first third, middle: second third, and proximal: final third.
c.i-value for testing of the hypothesis that the change from baseline to 6-months within each location is different from zero.
d.i-value for testing the difference in the change from baseline between locations (distal vs. proximal and middle vs. proximal, proximal is reference).
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4 | DISCUSSION

A number of technologies, including RF, ultrasound, and chemical

ablation, are under investigation for RDN in patients with uncon-

trolled hypertension. All of these approaches have device-specific fea-

tures that relate to the distribution of target nerve ablation. In this

study, we found that the BP-lowering effects of alcohol-mediated

RDN using the Peregrine catheter for drug delivery, appears to be

independent of the location of ablation in the renal artery (proximal,

middle, and distal) unlike RF RDN.

A recent study comparing RF RDN restricted to the main renal

artery with versus treatment applied to the distal branches, beyond

the main bifurcation, demonstrated a statistically significant greater

decrease in 24-hour mean systolic ABP in the “distal” therapy group

compared with main renal artery treatment (�22.6 ± 20.0 vs. �9

± 18.7 mmHg, p < 0.05).15 Histological analysis of ablated nerves in a

porcine model demonstrated that a single electrode RF ablation

affects approximately 25% of the circumference of the artery. Fur-

thermore, histomorphometry and computational modeling illustrated

that RF treatments directed at large accompanying veins resulted in

incomplete ablation and suboptimal efficacy. Accounting for measured

nerve distribution patterns and the annular geometry of the artery,

revealed that total ablation area and circumferential coverage were

the prime determinants of renal denervation efficacy, with increased

efficacy at smaller diameters.16 Therefore, it has been suggested that

ablation would be required in four quadrants of the renal artery in

order to provide complete, circumferential nerve ablation.17 With RF

RDN, however, nerves in the proximal and even middle portions of

the main renal artery are less amenable to ablation due to the limited

penetration depth. Preclinical data indicate that the distribution of

injury, rather than ‘depth’, is important for successful RDN, since it is

highly dependent upon the microanatomy with heat sinks and

tanks.11,18 This is supported by clinical evidence suggesting that RDN

performed in the main renal artery only is associated with limited BP

reductions when compared with main and branch treatment.5

These findings are further supported by evidence from the

RADIOSOUND-HTN study, a 3-arm, single-blind trial conducted in

120 patients with resistant hypertension who were randomized to

either (1) RF RDN of the main renal arteries, (2) RF RDN of the main

renal arteries, side branches, and accessories, or (3) endovascular

ultrasound–based RDN of the main renal artery. Results of the pri-

mary endpoint analysis (change in daytime systolic ABP at 3 months

post-treatment) demonstrated that ultrasound-based RDN, which has

presumably greater depth of ablation than RF, was found to be supe-

rior to RF ablation of the main renal arteries only, whereas a combined

approach of RF ablation of the main arteries, accessories, and side

branches was not.19

RDN using alcohol as the neurolytic agent facilitates a deep and

circumferential nerve ablation of the main renal artery.13,14 The cur-

rent study suggests that alcohol-mediated RDN results in clinically

meaningful decreases in office systolic BP and 24-hour systolic ABP

irrespective of the treatment location (proximal/middle/distal). Simi-

larly, the responder and non-responder rate, using either office

systolic BP or 24-hour systolic ABP, was not influenced by the infu-

sion location. In this post-hoc analysis, few baseline characteristics

were found to predict BP response, i.e. absence of type II diabetes

mellitus and higher baseline 24-hour systolic ABP were associated

with subsequent reductions in office systolic BP and lower baseline

BMI was associated with 24-hour systolic ABP reductions. The pres-

ence of a small and untreated accessory artery was not predictive for

future BP change.

4.1 | Limitations

The present analysis was post-hoc in nature and the study was not

initially designed or powered to assess the impact of treatment loca-

tion on outcomes. The predictors of response analyses were not

adjusted for multiplicity and the corresponding p-values for baseline

parameters that were predictors of BP response were close to the

error probability of 5%. The current study was open label in design

and was conducted in a small number of patients, so data should be

interpreted with caution and regarded as hypothesis-generating.

5 | CONCLUSION

The relative location of alcohol infusion within the main renal artery

using the Peregrine system for chemical RDN, did not affect the mag-

nitude of BP lowering at 6 months. Further study will be required

from the larger, randomized, sham-controlled clinical trials to validate

the concept that the location of ablation has no impact on BP lower-

ing when using chemical denervation.

ACKNOWLEDGMENTS

We wish to thank the following for assistance with the conduct of the

trial: Ms Monika Jochymczyk, Ms Susanne Jung, Ms Cornelia Fritz, Mr

Martin Domhardt, Ms Anne Bouvier, Ms Sabine de Bruijn, Ms Domi-

nique Huyberechts, Ms Valérie Rosseels, Ms Christina Koch, Ms.

Renate Lies, Ms Ulrike Heinritz, the staff of ERT Inc., WebPax Inc.,

SYNLAB Analytics & Services Germany GmbH, Dr Kozo Okada, Ms

Brooke Hollak, Ms Kristen K. Bogart, Dr Yasuhiro Honda, Dr Dominik

Fleischmann, Dr Michael Jaff, Dr Ido Weinberg, Ms Claudia Hayward-

Costa, Mr Michael Hugh-Bloch, Ms Bettina Würmann-Busch, Ms And-

rea Ungefehr, Ms Pavlova Nalley, and Mrs Nicole Haratani. In addi-

tion, the authors wish to acknowledge Dr Debbie Brix Reynolds for

assistance with manuscript preparation and Justin A. Klein, CMI for

medical illustrations.

Open access funding enabled and organized by Projekt DEAL.

CONFLICT OF INTERESTS

FM is supported by Deutsche Gesellschaft für Kardiologie (DGK), and

Deutsche Forschungsgemeinschaft (SFB TRR219) and has received

scientific support and speaker honoraria from Bayer, Boehringer

Ingelheim, Medtronic and ReCor Medical. MB is supported by the

Deutsche Forschungsgemeinschaft (TTR 219) and reports personal

MAHFOUD ET AL. E837



fees from Amgen, Astra Zeneca, Bayer, Boehringer Ingelheim, Cytoki-

netics, Servier, Medtronic, Vifor, Novartis and Abbott. AP has received

honoraria for consultancy, grant support and travel grants from Abla-

tive Solutions, Recor Medical and Medtronic. LL has nothing to

declare.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID

Felix Mahfoud https://orcid.org/0000-0002-4425-549X

Lucas Lauder https://orcid.org/0000-0003-1434-9556

REFERENCES

1. Böhm M, Kario K, Kandzari DE, et al. Efficacy of catheter-based renal

denervation in the absence of antihypertensive medications (SPYRAL

HTN-OFF MED pivotal): a multicentre, randomised, sham-controlled

trial. Lancet. 2020;395(10234):1444-1451.

2. Azizi M, Schmieder RE, Mahfoud F, et al. Endovascular ultrasound

renal denervation to treat hypertension (RADIANCE-HTN SOLO): a

multicentre, international, single-blind, randomised, sham-controlled

trial. Lancet. 2018;391(10137):2335-2345.

3. Mahfoud F, Renkin J, Sievert H, et al. Alcohol-mediated renal dener-

vation using the Peregrine system infusion catheter for treatment of

hypertension. J Am Coll Cardiol Intv. 2020;13(4):471-484.

4. Sakakura K, Ladich E, Cheng Q, et al. Anatomic assessment of sympa-

thetic peri-arterial renal nerves in man. J Am Coll Cardiol. 2014;64(7):

635-643. https://doi.org/10.1016/j.jacc.2014.03.059

5. Tzafriri AR, Mahfoud F, Keating JH, et al. Innervation patterns may

limit response to endovascular renal denervation. J Am Coll Cardiol.

2014;64(11):1079-1087.

6. Mahfoud F, Bhatt DL. Catheter-based renal denervation: the black box

procedure. Vol. 6. JACC: Cardiovascular Intervent. 2013;10:1092-1094.

7. García-Touchard A, Maranillo E, Mompeo B, Sañudo JR. Microdissec-

tion of the human renal nervous system: implications for performing

renal denervation procedures. Hypertension. 2020;76(4):1240-1246.

8. Mahfoud F, Lüscher TF. Renal denervation: symply trapped by com-

plexity? Eur Heart J. 2015;36:199-202.

9. Vink EE, Goldschmeding R, Vink A, Weggemans C, Bleijs RLAW,

Blankestijn PJ. Limited destruction of renal nerves after catheter-

based renal denervation: results of a human case study. Nephrol Dia-

lys Transplant. 2014;29(8):1608-1610.

10. Henegar JR, Zhang Y, Hata C, Narciso I, Hall ME, Hall JE. Catheter-

based radiofrequency renal denervation: location effects on renal

norepinephrine. Am J Hypertens. 2015;28(7):909-914.

11. Mahfoud F, Tunev S, Ewen S, et al. Impact of lesion placement on

efficacy and safety of catheter-based radiofrequency renal denerva-

tion. J Am Coll Cardiol 2015;66(16):1766–75.
12. Kandzari DE, Kario K, Mahfoud F, et al. The SPYRAL HTN global clini-

cal trial program: rationale and design for studies of renal denervation

in the absence (SPYRAL HTN OFF-MED) and presence (SPYRAL HTN

ON-MED) of antihypertensive medications. Am Heart J. 2016;171(1):

82-91.

13. Bertog S, Fischell TA, Vega F, et al. Randomised, blinded and con-

trolled comparative study of chemical and radiofrequency-based renal

denervation in a porcine model. EuroIntervention. 2017;12(15):e1898-

e1906.

14. Fischell TA, Vega F, Raju N, et al. Ethanol-mediated perivascular renal

sympathetic denervation: preclinical validation of safety and efficacy

in a porcine model. EuroIntervention. 2013;9(1):140-147.

15. Pekarskiy SE, Baev AE, Mordovin VF, et al. Denervation of the distal

renal arterial branches vs. conventional main renal artery treatment: a

randomized controlled trial for treatment of resistant hypertension.

J Hypertens. 2017;35(2):369-375.

16. Tzafriri AR, Mahfoud F, Keating JH, et al. Procedural and anatomical

determinants of multielectrode renal denervation efficacy: insights

from preclinical models. Hypertension. 2019;74(3):546-554.

17. Rippy MK, Zarins D, Barman NC, Wu A, Duncan KL, Zarins CK. Cath-

eter-based renal sympathetic denervation: chronic preclinical evi-

dence for renal artery safety. Clin Res Cardiol. 2011;100(12):1095-

1101.

18. Tzafriri AR, Keating JH, Markham PM, et al. Arterial microanatomy

determines the success of energy-based renal denervation in control-

ling hypertension. Sci Transl med. 2015;29:7(285).

19. Fengler K, Rommel KP, Blazek S, et al. A three-arm randomized trial

of different renal denervation devices and techniques in patients with

resistant hypertension (RADIOSOUND-HTN). Circulation. 2019;139

(5):590-600.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Mahfoud F, Bertog S, Lauder L,

Böhm M, Schmid A, Wojakowski W, et al. Blood pressure

lowering with alcohol-mediated renal denervation using the

Peregrine infusion Catheter is independent of injection site

location. Catheter Cardiovasc Interv. 2021;98:E832–8.

https://doi.org/10.1002/ccd.29936

E838 MAHFOUD ET AL.

https://orcid.org/0000-0002-4425-549X
https://orcid.org/0000-0002-4425-549X
https://orcid.org/0000-0003-1434-9556
https://orcid.org/0000-0003-1434-9556
https://doi.org/10.1016/j.jacc.2014.03.059
https://doi.org/10.1002/ccd.29936

	Blood pressure lowering with alcohol-mediated renal denervation using the Peregrine infusion Catheter is independent of inj...
	1  INTRODUCTION
	2  METHODS
	2.1  Procedure
	2.2  Anatomical parameters
	2.3  Statistical methods

	3  RESULTS
	4  DISCUSSION
	4.1  Limitations

	5  CONCLUSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTERESTS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


