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Abstract
The purpose of this study was to evaluate the impact of prebifurcation renal denervation in a swine model and assess
its safety through optical coherence tomography (OCT). Prebifurcation renal denervation with a multi-electrode catheter
was performed in one renal artery of 12 healthy pigs, with the contralateral artery and kidney being used as controls.
Angiograms and OCT pullbacks were obtained peri-procedurally and 1 month post procedure. Renal tissue catecholamines
were quantified, and the arterial wall and peri-adventitial tissue were analyzed histologically. Intraluminal changes
(endothelial swelling, spasm, and thrombus formation) were observed acutely by OCT in most of the treated arteries
and were no longer visible at follow-up. Histology revealed a statistically significant accumulation of collagen (fibrosis)
and a near absence of tyrosine hydroxylase labeling in the denervated artery, suggesting a clear reduction in
nervous terminals. Renal tissue catecholamine levels were similar between both sides, probably due to the low number
of ablation points and the renorenal reflex. The present study demonstrates that renal denervation is associated with acute
intimal disruptions, areas of fibrosis, and a reduction in nervous terminals. The lack of difference in renal tissue
catecholamine levels is indicative of the need to perform the highest and safest number of ablation points in both renal
arteries. These findings are important because they demonstrate the histological consequences of radiofrequency energy
application and its medium-term safety.

Introduction

Sympathetic nervous system hyperactivation is associated
with several pathological conditions, such as arterial
hypertension [1]. Radiofrequency (RF) catheter-based renal
denervation (RDN) has emerged as a minimally invasive
percutaneous procedure, designed to potentially disrupt
the sympathetic fibers of the renal vasculature and
hence decrease the sympathetic drive. Several proof-of-
concept randomized controlled trials have been conducted
in resistant hypertensive patients [2–5], but the results
have been inconsistent. Disbelief in the true efficacy of
this technique has arisen, especially after the disclosure
of the HTN-3 trial [6]. So far, the outcomes of RDN
have been unpredictable, and several hypotheses, such as
the Hawthorne effect, operator inexperience, an inability
to achieve circumferential energy delivery, location inade-
quacy, and catheter design, have been extensively discussed
as reasons for response variability [7]. Early investigations
revealed that sympathetic fibers are mainly located in the
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adventitia of renal vessels with larger bundles in the
proximal segment, compared to the thinner fibers found
distally [8, 9]. However, more recent research on renal
nerve distribution showed that even though sympathetic
nerve fibers are concentrated in the proximal and middle
arterial segments, the distance from the lumen is sig-
nificantly higher than that of distal fibers, which are fewer
but probably more vulnerable to RF injury [10]. Safety
is a major concern after RDN, and the occurrence of
renal stenosis has been described in a few patients. How-
ever, the actual incidence in the medium term and long
term is not known. Currently, there is insufficient data
regarding the correlation between prebifurcation RF-
induced vessel injury, assessed by intra-arterial imaging,
and the levels of fibrosis, density of nervous terminals,
and effects on renal tissue catecholamine levels in the
medium term.

The main purposes of this study are: (1) to evaluate
the effect of RF energy application (using a multi-
electrode RDN catheter) on the proximal/middle segment
of the renal artery (prebifurcation) of a swine model,
through histological analysis of the arterial wall and peri-
adventitial tissue and to compare the levels of fibrosis
with the untreated contralateral side (control) and (2) to
assess the disruption of the arterial wall acutely (pre-
and post procedure) and at 1 month of follow-up
with intrarenal optical coherence tomography (OCT).
A secondary endpoint is the assessment of renal tissue
epinephrine (Ep) and norepinephrine (NE) levels in
both sides.

Methods

Study design and animal procedures

All animal procedures were performed in the Veterinary
Medical School of the Lisbon University, Portugal and were
approved by the Ethical and Animal Welfare Commission
(CEBEA) of the institution and by the Portuguese National
Authority for Animal Health (DGAV).

This study was executed in two phases (Fig. 1).
Phase 1: RF energy was delivered to one renal artery of

twelve domestic swine (nine males Duroc X and three
females F1 Large White X Landrace, 31 ± 1.2 kg) using
the contralateral artery as the histological control and
the contralateral kidney as the Ep/NE control. The animals
were fasted 12 h prior to the procedure. Two certified
veterinarians were present in every procedure and were
responsible for the administration of anesthetic drugs,
which included 2 mg/kg of azaperone, 0.04 mg/kg of atro-
pine, and 0.2 mL/kg of ketamine, via an intramuscular
route. In the catheterization laboratory, venous access was
obtained from the marginal ear vein, followed by the
administration of 6 mg/kg of 5% sodium thiopental with
subsequent orotracheal intubation and mechanical ventila-
tion. Anesthetic maintenance was obtained through the
administration of volatile 2% isoflurane in a continuous
oxygen flow. A 0.9% saline infusion was kept flowing
until the end of the procedure, and a thermal blanket was
used for temperature control. Anticoagulation with heparin
was used to achieve an activation clotting time > 250 s.

Fig. 1 Study design chart. Ep epinephrine, NE norepinephrine, OCT optical coherence tomography
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An 8-F sheath was placed in the right femoral artery,
and selective catheterization of the renal arteries was per-
formed under fluoroscopic guidance. A basal angiogram
was obtained with prior administration of 0.5–1 mg iso-
sorbide dinitrate to determine suitability of the artery.
Suitable arteries were required to be ≥4 mm in diameter
and ≥20 mm in length. OCT was performed pre- and post
RDN. The multi-electrode catheter was placed prior to
the bifurcation, and 6–8 ablation points were delivered.
A final angiogram was obtained, and a percutaneous closure
device was used in the femoral puncture for rapid hemos-
tasis. Continuous hemodynamic monitoring was maintained
during the procedure. Rimadyl ® was used in the following
3 days for analgesia. Acetylsalicylic acid (100 mg) and
antibiotics were administered empirically in the following
7 days. No complications or adverse effects were observed
in the animals in either of the two study phases.

Phase 2: Medium-term efficacy and safety were assessed
by renal angiography and OCT evaluation 1 month after
RDN. Subsequently, the animals were euthanized according
to the standard protocols, with intravenous sodium thio-
pental. Both kidneys, including the renal vasculature with
peri-adventitial tissue, and abdominal aorta were harvested
for histological purposes. The samples were embedded
in optimal cutting temperature (Sakura® Finetek Inc,
Torrance, CA, USA) compound and transported frozen in
dry ice. The animals underwent a brief necropsy to exclude
any pathological conditions (none found).

Technique description

Renal denervation system

The EnligHTNTM Multi-Electrode RDN system (St. Jude
Medical, MN, USA) was used in this study. The ablation
catheter consists of an expandable basket with four
electrodes, providing a 60-s ablation time per electrode,
set with the purpose of obtaining a circumferential ablation
pattern. The system allows the independent selection of
electrodes. It is compatible with an 8-F sheath and is
powered by the EnligHTN TM generator. Final OCT eva-
luation and a renal angiogram were obtained.

Optical coherence tomography

OCT was performed pre- and post RDN and at 1-month
follow-up, using the non-occlusive acquisition technique, to
access the presence of intraluminal disruptions such as
spasm, thrombus, or dissection. Images were acquired using
the IlumienTM OptisTM System and the DragonflyTM Ima-
ging Catheter (St. Jude, MN, USA). The catheter was
advanced over a standard 0.014ʹʹ guidewire, positioned
distally to the major bifurcation, and pulled back

automatically with simultaneous manual injection of a non-
ionic contrast medium. OCT analysis was done by two
independent and experienced analysts. Minimum, mean and
maximum vessel areas and diameters were calculated
through the analysis of cross-sectional images frame by
frame, using the main bifurcation as the distal reference
point. Lumen volume was calculated based on the minimum
lumen area.

Histological analysis

The samples were removed from the dry ice, sectioned at
5 µm, and stored at −80 °C. Three artery regions, pre-
bifurcation, were evaluated and compared with the con-
tralateral side (proximal, medium, and distal). Fibrosis area
was assessed in frozen sections with Masson’s trichrome
staining, according to the instructions of the Trichrome Stain
kit (Abcam, Cambridge, MA, USA). Briefly, frozen slides
were fixed with Bouin’s solution. After incubation in Wei-
gert’s iron hematoxylin solution, the slides were stained with
Biebrich Scarlet-Acid Fuchsin and Aniline Blue and dehy-
drated in ethanol and xylene. Extensive washes were done
between each staining. The collagen fibers were stained
blue, the nuclei were stained black and blue, and the cyto-
plasm was stained red. Artery sections were immunostained
as follows: frozen sections were fixed with 4% paraf-
ormaldehyde, washed with phosphate-buffered saline, per-
meabilized with 0.2% (vol/vol) Triton X-100, and incubated
in 2.5% bovine serum albumin to block unspecific staining.
For TH immunodetection, sections were incubated with
primary antibody (ab137869, Abcam, Cambridge, MA,
USA) overnight at 4 °C. Thereafter, the samples were
incubated with the secondary antibody for an additional hour
at room temperature. Nuclei were stained with 4′,6-diami-
dino-2-phenylindole (DAPI). The specimens were mounted
with MOWIOL 4–88 Reagent (Calbiochem®). Fluorescence
microscopy images were collected using a Zeiss Axio
HXP IRE 2 microscope (Carl Zeiss AG, Jena, Germany).

Norepinephrine and epinephrine quantification in the renal
cortex and medulla

NE and Ep were quantified in the renal cortex and medulla
by an experienced researcher who was blinded to the treated
artery. From each kidney, 100 mg of renal cortex and
medulla were collected, distributed in Eppendorf tubesTM,
sonicated in ice-cold 0.2M perchloric acid and centrifuged.
Supernatants were filtered using 0.2 µm Nylon microfilters
(Costar® Spin-X® Centrifuge Tube Filter) and stored at
−80 °C until further analyses. The pellet was resuspended
in 1M NaOH and stored at −80 °C for total protein quan-
tification by the bicinchoninic acid protein assay (Thermo
Fisher Scientific, MA, USA). A reversed-phase high-
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performance liquid chromatography method using isocratic
elution and electrochemical detection was applied to
quantify kidney NE and Ep levels, as described previously
[11–13]. NE was quantified by an analytical cell (model
5011, ESA Analytical, Dorton Aylesbury, Buckingham-
shire, UK) set at a potential of 0.25 V and attached to a
Coulochem-II electrochemical detector. Ep was quantified
by a glassy carbon electrode vs. Ag/AgCl reference elec-
trode set at a potential of 0.75 V and attached to an
amperometric electrochemical detector. A flow rate of 0.5
mL/min and a sensitivity of 100 nA were used to detect
renal cortical and medulla NE (coulometric detector). A
flow rate of 0.3 mL/min and a sensitivity of 0.5 nA were
used to detect renal cortical and medulla Ep (amperometric
detector). Catecholamine concentration in each sample was
determined by comparison with peak areas of standards and
is expressed in nanograms per milligram of protein.

Statistical analysis

This study was planned to evaluate independent cases, with
one control per case, with a previously determined sample
size. The statistical tests used in the different sets of data
were Student’s t-test and the non-parametric Friedman test.
All reported p values < 0.05 were considered statistically
significant. Analyses were performed using SPSS statistics
version 22 (IBM SPSS Statistics, IBM Corporation,
Armonk, NY, USA) and GraphPad Prism version 5
(GraphPad Software, Inc.).

Results

All animals survived the procedure and were in good health
after 1 month. A weight change from a baseline of 31 ± 1.2
to 43.8 ± 4.5 kg at follow-up was documented. No vascular

complications on the renal angiogram or at the femoral level
were observed. RDN was performed in 12 renal arteries
(six in the left and six in the right); a total of 6–8 ablations
were delivered to each artery (mean 6.3 ± 0.8).

OCT analysis

A total of 36 pullbacks were evaluated by two independent
operators. All peri-procedural pullbacks had excellent
quality, with good lumen and vessel layer visualization. At
follow-up, 75% of the pullbacks had excellent quality, but
25% (three animals) were not analyzed due to the greater
artery dimensions, which prevented full lumen/artery
visualization. The lumen area, diameter and volume quan-
tification are displayed in Table 1. Statistically significant
differences were found between the minimum area, dia-
meter, and volume in the three timings, mainly due to dif-
ferences between post-procedural and follow-up values,
probably indicating a higher degree of spasm at sites where
the vessel is narrower. A normal and physiological vessel
growth and healing after 1 month was observed. Post-
procedurally, angiographically clear vessel notches were
distinguished and correlated with the sites where RF energy
was delivered. In OCT cross-sections, endothelial edema
and vessel spasm were present in 100% of the arteries,
without associated flow compromise. Intraluminal thrombus
formation was present in 11 of the 12 treated arteries. One
minor dissection was visualized (2 frames). At 1-month
follow-up, all arteries appeared to be completely healed, as
none of the previously described lesions or renal artery
stenosis was present (Figs. 2 and 3).

Histological analysis

The presence of neuronal enervation was assessed by TH
immunostaining in three zones of the renal artery, according

Table 1 Optical coherence
tomography assessment at three
different timings

Before RDN Immediately after RDN Follow-up (1 month) p value

Lumen area (mm2)

Minimum 9.4 ± 4.4 6.3 ± 3.3 12.3 ± 3.7 0.003

Mean 12.5 ± 2.6 9.2 ± 3.2 13.5 ± 4.9 0.097

Maximum 14.7 ± 2.5 12.7 ± 3.6 17.7 ± 3.9 0.097

Lumen diameter

Minimum 3.3 ± 0.98 2.7 ± 0.79 3.9 ± 0.62 0.003

Mean 3.9 ± 0.45 3.2 ± 0.68 4.3 ± 0.5 0.062

Maximum 4.3 ± 0.37 3.99 ± 0.59 4.7 ± 0.5 0.097

Lumen volume (mm3) 136 ± 58 123.4 ± 75.1 204.6 ± 83.1 0.032

Statistically significant differences were found between the minimum area, diameter, and volume in the three
timings, mainly due to differences between post-procedural and follow-up values, probably indicating a higher
degree of spasm at sites where the vessel is narrower, and a normal and physiological vessel growth and healing
after 1 month was observed. Values are presented as mean ± SD. Bold are values with statistical significance

RDN renal denervation
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to the distance from the bifurcation and the RF delivery.
The images clearly showed that TH immunostaining in
denervated arteries was significantly lower than in the non-
denervated controls, in all three zones analyzed, suggesting
a near absence of nerve terminals in the treated artery. The
presence of fibrosis was evaluated using Masson's trichrome
staining (in which blue color stains for collagen and red
stains for muscle fibers). The images show that in dener-
vated arteries, more collagen was embedded in the media,
suggesting an increase in fibrosis (with the red layer (media)
becoming less red and more blue). Collagen accumulation
was quantified and revealed a statistically significant
increase in collagen in the treated artery vs the control
(Figs. 4–6).

Norepinephrine and epinephrine assessment

NE and Ep levels in the renal cortex and medulla were
similar when comparing the treated side to the contralateral
untreated control. Overall, NE was significantly higher in

the medulla than in the renal cortex, while Ep was similar in
both regions (Fig. 7).

Discussion

Our study demonstrated several main findings: (1) RDN
performed in the proximal/medial segment of the
renal artery (prebifurcation), with a multi-electrode
device, causes acute vessel wall changes, revealed by
OCT, such as intimal disruption (edema/spasm) and
intraluminal thrombus formation. (2) RDN appears to
be safe in the medium term. At the 1-month follow-up,
OCT revealed a completely healed vessel and the
absence of ‘‘de novo’’ stenosis. The only dissection
detected was no longer visible at this point in time.
(3) The histological analysis revealed nearly absent TH
immunostaining and a statistically significant increase
in the amount of collagen fibers in the denervated artery,
compatible with a decrease in nerve terminals and an

Fig. 2 Optical coherence tomography assessment. Bif bifurcation, T thrombus, yellow arrow spasm and endothelial edema. Please refer HTML
version for color figure
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increase in fibrosis, compared to the control, suggesting
an efficacious delivery of the RF energy to the vessel
wall. No differences were found in the NE or Ep
renal tissue levels between the treated and contralateral
kidney.

The recent HTN-3 trial [6, 7] raised several questions
regarding the efficacy of RDN in the proximal main renal artery
but is virtually the only negative trial among numerous rando-
mized trials. Several aspects of the procedure and the Hawthorne
effect are thought to have contributed to the unexpected results
[14], and research is currently focusing on updating the present
knowledge to achieve experimental and subsequent clinical
success. Recent Ambulatory blood pressure monitoring (ABPM)
data from the Simplicity Spyral Global registry are very
encouraging (presented at EuroPCR 2016) and suggest distal
(targeting the branches) RDN may be effective. Augmented
sympathetic activity can also exert deleterious effects on the
heart and the potential benefits of RDN in this setting are pro-
mising. Watanabe et al. [15] showed that, in hypertensive rats,
RDN suppressed the development of left ventricular hypertrophy

and was protective against renal damage, resulting in prolonged
survival.

Renal anatomy and the sympathetic nerve distribution in
the proximity of the renal vasculature was the pathophysiolo-
gical basis for the development of RDN. Particularly important
was the distance of the renal nerves to the vessel lumen
and how they were distributed around the artery. Atherton
et al. [9] demonstrated that there were fewer but larger
nervous bundles in the proximal segment, which were dis-
tributed throughout the artery and became progressively
smaller but more numerous in the distal segments. Therefore,
it has been hypothesized that if the ablation points are closer
to the ostium and directed to the superior side of the artery,
the effectiveness of RDN is increased [16]. These recommen-
dations were difficult to implement with the first-generation
single-electrode devices, as this region is associated with
higher catheter instability, which makes contact with the
arterial wall difficult to achieve. However, more recent
findings and an improved understanding of the renal anatomy
refined the original technique. Roy et al. [17] examined three
sections of post-mortem human renal arteries and found
that although 77% and 22.5% of the nerves are located
between 0.5–2.5mm and 2.5–5mm from the intimal layer,
respectively, variations do occur, and in larger arteries with
thicker parenchyma, the nerves are concentrated even further
away from the lumen. Additionally, as nerve bundles have a
three-dimensional distribution along the vessel, the authors
suggest that a circumferential denervation pattern is preferential
to an interrupted one in order to produce tissue damage beyond
2.5mm. Sakakura et al. [10] showed that >75% of sympathetic
nerves are located within 4.28mm from the lumen and less
frequently in a dorsal location compared to the ventral, superior
and inferior regions. Furthermore, the authors found that even
though there are fewer nerves in the distal segments compared
to the proximal and middle segments, they are closer to the
lumen. They proposed a diagram that reflects the circumfer-
ential peri-arterial nerve location. In pigs, Mahfoud et al. [18]
demonstrated that delivering RF to the branches resulted in
greater NE reductions than treating the main renal artery alone;
the later significantly reduced NE concentrations, but without a
clear dose response to the increasing number of RF lesions.
The greatest decline in NE concentrations and reduction of
axon density observed in this analysis was obtained from a
combined treatment of the main artery and branches, an
approach currently being investigated by two major clinical
trials [19, 20]. The 3-month results of the proof-of-concept,
sham-controlled randomized trial SPYRAL HTN-OFF MED
were recently published [21] and revealed a significant
decrease in office and 24-h blood pressure in the RDN group
compared to the sham control, suggesting RDN is effective in
the treatment of hypertension.

NE, a neurotransmitter of the sympathetic nervous system,
has been used in several human (NE spillover) and

Fig. 3 Several degrees of vasoconstriction (spasm) and endothelial
edema as assessed by optical coherence tomography. Left column:
prerenal denervation (RDN); right column: immediately after RDN.
RDN renal denervation
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experimental (renal tissue quantification) studies to evaluate the
efficacy and magnitude of RDN. Henegar et al. [22] evaluated
whether RDN performed in different segments of the renal
artery in pigs led to variable NE renal tissue concentrations and
concluded that RDN performed in the branches, closer to the
kidney, produced the greatest NE reductions. However, this
study did not evaluate procedural safety.

RDN appears to be safe, although concerns regarding
the rare occurrence of renal stenosis during follow-up
have been raised by a few published case reports [23, 24].
In the last 15 years, OCT has become an important tech-
nology in the evaluation of coronary artery structure,

by overcoming the limited spatial resolution and drawbacks
of Intravascular ultrasound (IVUS). Not only is it utilized
in the assessment of coronary vulnerable plaques, lumen
geometry, and to guide coronary intervention, but it can also
evaluate intraluminal repercussions of RDN, particularly the
presence of spasm, intimal injury, or thrombus formation.
The evaluation of human renal arteries with OCT is clearly
more challenging; due to vessel size, a complete removal of
blood cells is difficult to achieve, and proper visualization
of layers is limited by an insufficient depth penetration.
Nevertheless, a few small observational studies have dis-
closed some data concerning this subject. Templin et al.

Fig. 4 Tyrosine hydroxylase immunostaining (THI) in three zones of
the renal artery (a–f: control; g–l: denervated artery. THI is clearly
lower in denervated areas than the control, translating a reduction in
nervous terminals. Masson’s trichrome staining is shown in the right
columns (a–c: control; d–f: denervated artery). Blue stain is collagen,

whereas red stain is muscle fibers. In denervated areas, the amount of
collagen embedded in the media is higher, translating into an increase
in fibrosis (the red layer (media) becomes less red and more blue).
Please refer HTML version for color figure

Fig. 5 Tyrosine hydroxylase
immunostaining showing a
statistically significant
difference between the
denervated artery (near absence
of nervous terminals) vs the
control. **p < 0.01
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[25] performed RDN with two different denervation sys-
tems (Symplicity® and EnligHTNTM) in 16 patients, with
OCT evaluation pre- and post procedure; spasm and edema
occurred with both devices, although the greatest amount of
thrombus formation occurred with the EnligHTNTM and one
dissection with the Symplicity®.

In this study, we used a multi-electrode device to
achieve a more circumferential ablation pattern. Pre-
clinical anatomical studies performed in pigs [26], whose

anatomical similarities with the human cardiovascular
system have proven to be useful for the development of
several techniques, revealed a much higher concentration
of nervous bundles in the proximal arterial segments,
and predominantly in the right side. Several studies have
concentrated on determining the exact position of peri-
arterial nerves, on identifying the ones involved in the
pathophysiology of resistant HT and on determining the
depth range of ablation devices. Vink et al. [27] evaluated

Fig. 6 Collagen accumulation as
assessed by Masson’s trichrome
staining in the renal arteries
1 month after renal denervation
was performed. There was a
statistically significant increase
in collagen levels in the
denervated arteries compared
to control. *p < 0.05

Fig. 7 Data are mean ± SEM
of norepinephrine (NE) and
epinephrine (Ep) levels (ng/mg
protein). **p < 0.01,
***p < 0.001 (medulla vs.
cortical region, using an
unpaired Student’s t-test). CTR
control side, TRT treated side
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histopathologically a human patient and determined the
RF damage did not penetrate deeper than 2 mm. Therefore,
an incomplete denervation potentially leads to a lack
of renal tissue catecholamine reduction. Our study demon-
strated similar NE and Ep concentrations between both
sides, which we hypothesize was due to the following
explanations: (1) there was not enough contact with
the arterial wall, and RF energy was not delivered
properly. Evidence against this is that the OCT analysis
showed a clear edematous swelling in this segment, with
a reduction in the area and diameter acutely (spasm) and
thrombus formation evident in most of the cases. Addi-
tionally, the histological analysis revealed a significant
increase in collagen concentration in the denervated sec-
tions, a finding consistent with the intra-arterial imaging.
(2) The RF energy was adequately delivered (TH immu-
nostaining showed a near absence of nervous terminals in
the denervated side), but the distance from the larger nerves
to the arterial lumen was higher than previously described.
(3) The number of ablations (mean 6.3 per artery) was not
enough and was therefore unable to achieve a circumfer-
ential pattern in the artery, leading to incomplete denerva-
tion. In SPYRAL HTN-OFF MED, a mean of 43.8 ablations
were performed. (4) Afferent sensory nerve fibers commu-
nicate with the contralateral kidney to maintain diuresis and
natriuresis despite unilateral disturbances (renorenal reflex)
[28]. Since RF energy was only delivered to one renal artery,
after 1 month of follow-up, adaptive mechanisms could have
brought NE and Ep levels back to normal, which validates
the need to denervate both sides systematically. (5) A
combination of the described mechanisms is probably the
most likely explanation.

Implications of the current evidence in daily practice

RDN with a multi-electrode device leads to fibrosis and
reduced nerve terminals and appears to have a favorable
medium-term safety profile.

The authors hypothesize, according to the current study
and the available evidence, that a higher number of abla-
tions, with a more even and circumferential distribution
throughout the artery, should be performed to achieve a
favorable hemodynamic outcome.

These results provide imaging and histopathological
evidence of the effect of unilateral RDN, in a small group of
subjects, with the previously described method.

Limitations

Several limitations are present in this study. First, this was
an observational study in which RDN was performed in a
small number of animals. The distance between nerve

fascicles to the arterial lumen was not evaluated. NE spil-
lover was not assessed but could have been useful to
compliment renal tissue measurements. Regarding safety,
even though microthrombi were present peri-procedurally
in most of the cases, the impact of this finding on renal
function is unknown, as it was not assessed. Our study was
performed in healthy, normotensive pigs, and hence, clin-
ical outcomes were not analyzed.

Conclusions

Our study shows that RDN, when performed in the prox-
imal/medial segment of the renal artery (prebifurcation) of a
swine model, is associated with clear intraluminal disrup-
tions, as assessed with optical coherence tomography,
which are not present 1 month after the procedure. A sta-
tistically significant reduction in nervous terminals and an
increase in areas of fibrosis were demonstrated by histolo-
gical analysis, suggesting an efficacious application of the
radiofrequency energy. No differences in NE or Ep renal
tissue levels were found, probably due to an insufficient
number of ablations and to the study design (unilateral
treatment). Current research is very promising and suggests
that a circumferential ablation pattern in both the main renal
artery and the branches may yield more advantageous
clinical/hemodynamic consequences.
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