669-769:6-E€ 10 UONU3AIBIUIOINT

ETTVII6ArI3/ vy 0T 10d

CLINICAL RESEARCH

Percutaneous sympathectomy of the renal arteries: the
OneShot™ Renal Denervation System is not associated with
significant vessel wall injury

Eugenio Stabile'*, MD, PhD, FESC; Vittorio Ambrosini’, MD; Roberta Squarcia®, PhD; Luigi Salemme?, MD;
Grigore Popusoi?, MD; Giovanni Esposito!', MD; Bruno Trimarco', MD; Paolo Rubino? MD

1. Division of Cardiology, Department of Advanced Biomedical Sciences, “Federico Il University, Naples, Italy; 2. Invasive
Cardiology Laboratories, Cardiology Division, Clinica Montevergine, Mercogliano; Italy, 3. Terumo Italia srl, Rome, Italy

This paper also includes accompanying supplementary data published at the following website: www.eurointervention.org

KEYWORDS

® percutaneous
sympathectomy

e resistant
hypertension

e vessel injury

Abstract

Aims: Renal artery denervation (RADN) is an emerging technique for the treatment of resistant hypertension
(RH). However, the use of the available systems has been associated with vascular injury, resulting in vasos-
pasm and vessel wall thrombosis. The OneShot™ System (Covidien, San Jose, CA, USA) is an irrigated
radiofrequency balloon designed to reduce vessel heating and injury during RADN.

Methods and results: The aim of the present study was to evaluate the target vessel morphological features
before and after renal ablation using the OneShot™ RADN system. In this prospective observational study,
12 renal arteries of patients underwent RADN using the OneShot™ RADN System. Pre-procedural and post-
procedural optical coherence tomography (OCT) pullbacks were performed and evaluated. No evidence for
vasospasm, oedema or intraluminal thrombus formation was detected. Limited arterial dissections, after
RADN, occurred in three renal arteries and did not require additional treatments. A sustained reduction of
office blood pressure levels was observed over six months of follow-up in all the patients.

Conclusions: This study demonstrates that, in a small patient population, RADN using the OneShot™ Renal
Denervation System is not associated with arterial spasm or thrombus formation on the vessel wall.
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Introduction

Percutaneous sympathectomy of the renal arteries, or renal artery
denervation (RADN)), is an emerging technique for the treatment of
resistant hypertension'.

The mid-term and long-term results, in terms of office blood
pressure reduction, support the diffusion of this procedure in clini-
cal practice. Registry data and small randomised trials have shown
that RADN effectively lowers blood pressure in patients with treat-
ment-resistant hypertension?>.

It has recently been reported that the use of two commercially
available catheter-based RADN systems is associated with a sig-
nificant local and diffuse vasospasm, as well as tissue damage
resulting in vessel wall thrombosis*. This vessel wall damage is
probably caused by tissue heating resulting from radiofrequency
(RF) energy delivery and could be responsible for atherosclerosis
progression in the long term?.

The OneShot™ Renal Denervation System (Covidien, San Jose,
CA, USA) is an irrigated radiofrequency balloon designed to
deliver energy to achieve denervation of the renal arteries without
heating the inner part of the vessel wall, thus preventing tissue
damage’.

Therefore, the aim of the present study was to evaluate the mor-
phological features before and after renal ablation using the
OneShot™ Renal Denervation System.

Methods

PATIENT POPULATION

This was a prospective observational study conducted at the Clinica
Montevergine, Mercogliano, Italy. Individuals were eligible for the
study if they were >18 years old and had a primary and idiopathic
cause of resistant arterial hypertension, defined as failure to achieve
goal blood pressure (BP) (>140/90 mmHg for the overall population,
and >130/80 mmHg for those with diabetes mellitus or chronic kidney
disease) when a patient adheres to maximum tolerated doses of three
antihypertensive drugs including a diuretic®’. Patients were excluded
from the study if the glomerular filtration rate was less than 45 mL/

min or if the minimum renal artery diameter was less than 4 mm?.

ADJUNCTIVE MEDICATION

All patients were on daily aspirin 100 mg or received 500 mg aspi-
rin intravenously before starting the RNA procedure. No patient
was on dual antiplatelet therapy at the time of the procedure. For
anticoagulation, 70-100 IU/kg of heparin was administered before
wiring the first target renal artery, with the intention of achieving an
ACT of >250 seconds. Additional heparin was administered at
operator discretion according to ACT values.

CATHETER-BASED RENAL DENERVATION PROCEDURE

All procedures were performed percutaneously, with the patient
under slight sedation, and using the OneShot™ Renal Denervation
System (Covidien)’. The major components of the OneShot™ sys-
tem are the irrigated RF balloon catheter and a radiofrequency gen-
erator (RFG) with an integrated pump.

Percutaneous sympathectomy and arterial injury

The RF balloon catheter was placed in the distal lumen of the
main renal artery over a conventional 0.014” interventional guide-
wire through a guide catheter (7 to 8 Fr).

A monopolar silver electrode is mounted on the non-compliant
balloon in a helical configuration ensuring delivery of RF energy in
a spiral pattern without the need to manipulate the catheter.

Radiopaque markers identify the balloon ends for positioning
under fluoroscopy. Balloon catheters are available in 5, 6 and 7 mm
balloon diameter sizes, providing the ability to treat vessels from
4 mm to 7 mm in diameter with a 20 mm landing zone. The balloon
is inflated to nominal size at 1 atm with normal saline delivered by
the pump integrated into the RFG. The inflated balloon stabilises
electrode contact with the renal arterial wall. During ablation, saline
seeps from irrigation holes, which are present along the electrode,
and cools the treated part of the arterial wall. A single, two-minute,
25W RF ablation was delivered to each artery.

OPTICAL COHERENCE TOMOGRAPHY (OCT)

All patients underwent OCT utilising the OFDI Intravascular
Imaging System (Terumo Inc., Tokyo, Japan)® before and after
renal denervation. Optical coherence tomography images were per-
formed by using a non-occlusive acquisition technique and a sin-
gle-mode optical fibre catheter (Fastview™ OFDI imaging catheter;
Terumo Inc., Tokyo, Japan).

In total, 12 renal arteries were evaluated. In each renal artery, two
pullbacks were routinely obtained pre-RNA and post-RNA. The
OCT catheter was advanced over a conventional 0.014” angioplasty
guidewire using a monorail lumen at the tip. Renal arteries were
flushed of blood with Visipaque™ 320 (GE Healthcare Inc.,
Princeton, NJ, USA) at a flow rate of 8.0 mL/s. The acquisition
sequence speed was 20 mm/s. Forty-eight pullbacks were per-
formed before and after RADN. Only good to excellent quality
pullbacks were included in the final analysis. Pullbacks with poor-
to-moderate quality (vessel wall visible in less than 180 degrees;
n=6) were excluded from the analysis. Optical coherence tomogra-
phy pullbacks were analysed, using proprietary software, by two
independent investigators blinded to the clinical and procedural
characteristics of the patients. All pre- and post-procedural pull-
backs were evaluated for local acute morphological vascular

changes.

DEFINITIONS

Oedema was defined as any significant endothelial-intimal notch
detected on the luminal wall surface.

Vasospasm was defined by immediate loss of lumen area or lumen
diameter in any part of the renal artery.

Vessel dissection was defined as endothelial-intimal tear, a tear
causing blood to flow between the layers. The severity of the dis-
section at angiography was scored on the basis of the National
Heart, Lung, and Blood Institute (NHLBI) classification’. The
severity of the dissection at OCT angiography was scored on the
basis of the Consensus Standards for Acquisition, Measurement,
and Reporting of Intravascular Optical Coherence Tomography
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Studies from the International Working Group for Intravascular
Optical Coherence Tomography Standardization and Validation'.
Intraluminal thrombus was defined as a protruding mass attached to
the luminal surface with a diameter of 0.5 mm in at least three con-

secutive cross-sections.

POST-PROCEDURAL PATIENT MANAGEMENT

Femoral sheaths were removed when ACT was <150 seconds. Access

site haemostasis was achieved by manual compression in all patients.
A complete blood count, renal function assessment and fluid bal-

ance was obtained prior to hospital discharge.

FOLLOW-UP

All patients received a follow-up visit at one and six months.
Clinical examination assessed overall general conditions, signs and
symptoms, medication, hospitalisations or any type of complication
occurring post procedure.

STATISTICAL ANALYSIS

Baseline characteristics were summarised using frequency tables
with count and proportion for each category, or mean and standard
deviation (SD) as appropriate. We then performed paired t-tests for
the pre- and post-comparisons for continuous variables. SPSS soft-
ware (Chicago, IL, USA; Version 20.0) was used for all statistical
analysis. A two-tailed p-value of 0.05 was considered as statisti-
cally significant.

Results

BASELINE CHARACTERISTICS

Five patients were enrolled, two males and three females. The aver-
age age was 66.5+8.6 years. All patients had drug-resistant hyper-
tension. Of the total number of patients included in the study, 80%
had dyslipidaemia, 80% diabetes mellitus, 20% were current smok-
ers at the time of inclusion, and 60% had known coronary artery
disease or a stroke. Blood pressure at enrolment was PAS:
170+£8.9 mmHg, PAD 87+4.5 mmHg, with a heart rate of 67+6 bpm.
The average number of antihypertensive drugs was 4.2+0.4.

PROCEDURAL DATA

The median procedure time (from arterial access to final angio-
gram) was 78+8.3 minutes. In one patient, two accessory renal
arteries were present and a denervation procedure was performed in
each of them. As expected, denervation was accompanied by dif-
fuse visceral non-radiating abdominal pain, which was managed by
intravenous narcotic and sedative drugs. The pain did not persist
after the radiofrequency energy application. The treatment was
completed in all patients.

ANGIOGRAPHIC AND OPTICAL COHERENCE TOMOGRAPHY
EVALUATION

In total, 12 renal arteries were evaluated. Renal angiographic studies
did not identify any focal renal artery irregularities immediately after
radiofrequency energy delivery. In each artery two automatic OCT

pullbacks were obtained before and after RADN. Cross-sections with
excellent quality were drawn to calculate lumen diameters.

We observed vasospasm in only one renal artery (8.3%) after
RADN. Vessel spasm was defined as a significant reduction of the
mean renal artery diameter (20%) after the procedure. Overall,
mean renal artery diameter before and after the procedure was
5.3940.45 vs. 5.65+£0.62 mm (p=ns).

The OCT cross-sections did not show prominent vessel notches
at the segments of the vessel where radiofrequency-derived energy
had been delivered. In one case, intraluminal thrombus formation
was detected (Table 1). Arterial dissections/disruptions after RADN
occurred in three renal arteries (Table 1). Only one of these was
evident at angiography and was class A, not requiring any addi-
tional treatment (Figure 1).

Three dissections were identified by OCT. In one case, which was
also evident at angiography, the dissection extended through the EEM
(adventitial) for a length of 7.9 mm and maximum circumferential
extent of 24° (Figure 1). This dissection occurred at the proximal end
of the balloon. No dissections occurred at the distal end of the balloon.
In a second case, the dissection (length 13.8 mm, maximum circumfer-
ential extent 41°) was limited to the atheroma, did not extend to the
media and was not evident at angiography (Moving images 1 and 2).
In the third case, the dissection was limited to the intima (length
3.6 mm, maximum circumferential extent 8°), occurred at the site of
a small atheroma and was not evident at angiography.

In one case, balloon inflation caused a slight modification of
arterial plaque without causing endothelial-intimal tear (Figure 2).

PATIENT FOLLOW-UP

We assessed office-based blood pressure reduction at one, three,
and six months. Significant reduction in both systolic and diastolic
blood pressure was seen one month after the procedure and per-
sisted through subsequent assessments up to six months. At all time
points after the procedure, both systolic and diastolic blood pres-
sures were lower than baseline blood pressure. Mean reductions in
office blood pressure were —24/7 mmHg, —25/7 and —36/—17 mmHg
at one and six months, respectively (p<0.05). At baseline, patients

Table 1. OCT findings before and after renal artery denervation
(RADN).

OCT findings | Before RADN | After RADN

Number of arteries with at least 11 10
one analysable pullback

Analysable frames per pullback 125460 139448
(mean=SD)

Thrombus, pullbacks n (%) 0 1(10)
Thrombus, in total 0 1
Thrombus, per RA (mean+SD) 0 0.1+£0.32
Dissections, pullbacks n (%) 0 3(33)
Dissections, in total 0 g
Dissections, per RA (mean+SD) 0 0.3+0.48
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Figure 1. Bype A renal artery dissection after RADN. A) Angiographic picture representing right renal artery before RADN; B) angiographic
picture representing right renal artery during RADN when the balloon is dilated and occludes thevessel; C) angiographic picture (higher
magnification) showing the presence of a type A dissection at the proximal part of the renal artery (arrow); D) OCT picture demonstrating the
presence of limited arterial dissection not obstructing the lumen (arrow).

Figure 2. Atherosclerotic plaque modification after RADN. A) Top: angiographic picture representing right renal artery before RNA, bottom. OCT
picture representing right renal artery before RADN, a small atherosclerotic plaque is evident (arrow). B) Top: angiographic picture representing
right renal artery after RADN, and when the balloon is dilated and occludes the vessel (top right); bottom. OCT picture representing right renal
artery before RADN, the atherosclerotic plaque is still present but flattened (arrow), no endothelial-media tears are evident.
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were taking an average of 4.22+0.4 medications, which did not
change significantly during follow-up. All patients were followed
in the office and no hospitalisations occurred.

Discussion

This study suggests that the use of the OneShot™ Renal Denervation
System is able to reduce blood pressure levels over a mid-term fol-
low-up in a small patient population and is associated with a limited
amount of vessel wall injury.

Renal artery OCT is feasible in most patients before and after
RADN and is useful to depict acute vascular injury after the proce-
dure. OCT after RADN allows a better understanding of the local
vascular injury induced by different ablation systems.

Indeed, a recent report suggests that two of the commercially
available RADN systems are associated with a significant local and
diffuse vasospasm*.

In particular, OCT image reconstruction documented a circum-
scribed vascular spasm leading to a “string-of-pearls™ feature, with
a significant reduction in the mean renal artery diameter after RADN
as well. Renal vasospasm can also result from catheter manipulation
by the operator; however, the “string-of-pearls” pattern (encountered
along the entire length of the treated renal artery) strongly suggests
that such a generalised vasospasm of treated renal arteries most likely
results from the mechanical stress induced by the ablation catheter tip
or basket, respectively, and/or the applied radiofrequency energy
itself rather than from catheter manipulation.

This “string-of-pearls” pattern was not detected in our study, and
this is possibly related to the fact that the OneShot™ energy deliv-
ery balloon only inflates at 1 atm, thus providing a gentle apposi-
tion of the electrode to the vessel wall.

The use of other systems for RADN has also recently been associ-
ated with a significant amount of local tissue damage not apparent
with angiography, i.e., oedema formation and thrombus generation at
the sites of vessel ablation. This is probably related to the endothelial
injury determined by the direct application of RF energy to the vessel
wall and the consequent tissue heating. The OneShot™ system has
the peculiarity that, during ablation, saline seeps from irrigation holes
which are present along the electrode. Saline irrigation of the vessel
wall is designed to mitigate damage to non-target arterial tissue.

The findings of our study suggest that the use of irrigation is effi-
cient in reducing the incidence of thrombus formation at the vessel
wall. In addition, local notches, which are signs of vessel wall
oedema, were not detected.

We did observe three dissections after RADN. None of these was
flow-limiting and no additional interventions were required. At this
moment, we cannot tell if the dissections were induced by the bal-
loon inflation or were related to vessel manipulation by the guiding
catheter. It must be emphasised that an operator should be very
careful in selecting the right balloon diameter and should be very
gentle in handling the required guiding catheters (7 to 8 Fr).

At the time of writing this paper, we do not know if the absence
of arterial injury associated with the use of the OneShot™ System

will determine a better clinical outcome of the treated patients.

Larger studies with short and long-term follow-up by OCT are now
necessary to confirm the available data and to identify the pitfalls
and advantages of each RADN dedicated system.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. Schmieder RE, Redon J, Grassi G, Kjeldsen SE, Mancia G,
Narkiewicz K, Parati G, Ruilope L, van de Borne P, Tsioufis C.
ESH position paper: renal denervation - an interventional therapy
of resistant hypertension. J Hypertens. 2012;30:837-84.

2. Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski J,
Bartus K, Kapelak B, Walton A, Sievert H, Thambar S, AbrahamWT,
Esler M. Catheter-based renal sympathetic denervation for resistant
hypertension: a multicentre safety and proof-of-principle cohort
study. Lancet. 2009;373:1275-81.

3. Esler MD, Krum H, Sobotka PA, Schlaich MP, Schmieder RE,
Bohm M. Renal sympathetic denervation in patients with treat-
ment-resistant hypertension (The Symplicity HTN-2 Trial): a ran-
domised controlled trial. Lancet. 2010;376:1903-9.

4. Templin C, Jaguszewski M, Ghadri JR, Sudano I, GaehwilerR,
Hellermann JP, Schoenenberger-Berzins R, Landmesser U, Erne P,
Noll G, Liischer TF. Vascular lesions induced by renal nerve abla-
tion as assessed by optical coherence tomography: pre- and post-
procedural comparison with the Simplicity catheter system and the
EnligHTN™ multi-electrode renal denervation catheter. Eur
Heart J. 2013;34:2141-8.

5. Kaltenbach B, Id D, Franke JC, Sievert H, Hennersdorf M,
Maier J, Bertog SC. Renal artery stenosis after renal sympathetic
denervation. J Am Coll Cardiol. 2012;60:2694-5.

6. Ormiston JA, Watson T, van Pelt N, Stewart R, Stewart JT,
White JM, Doughty RN, Stewart F, Macdonald R, Webster MW.
Renal denervation for resistant hypertension using an irrigated radio-
frequency balloon: 12-month results from the Renal Hypertension
Ablation System (RHAS) trial. Eurolntervention. 2013;9:70-4.

7. Chobanian AV, Bakris GL, Black HR, Cushman WC,
Green LA, 1zzo JL Jr, Jones DW, Materson BJ, Oparil S, Wright JT
Jr, Roccella EJ; Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. National Heart,
Lung, and Blood Institute; National High Blood Pressure Education
Program Coordinating Committee. Seventh report of the Joint
National Committee on prevention, detection, evaluation, and treat-
ment of high blood pressure. Hypertension. 2003;42:1206-52.

8. Templin C, Meyer M, Muller MF, Djonov V, Hlushchuk R,
Dimova I, Flueckiger S, Kronen P, Sidler M, Klein K, Nicholls F,
Ghadri JR, Weber K, Paunovic D, Corti R, Hoerstrup SP, Luscher TF,
Landmesser U. Coronary optical frequency domain imaging
(OFDI) for in vivo evaluation of stent healing: comparison with
light and electron microscopy. Eur Heart J. 2010;31:1792-801.

9. Dorros G, Cowley MJ, Simpson J, Bentivoglio LG, Block PC,
Bourassa M, Detre K, Gosselin AJ, Griintzig AR, Kelsey SF,
Kent KM, Mock MB, Mullin SM, Myler RK, Passamani ER,



Stertzer SH, Williams DO. Percutaneous transluminal coronary
angioplasty: report of complications from the National Heart, Lung
and Blood Institute PTCA Registry. Circulation. 1983;4:723-30.
10. Tearney GJ, Regar E, Akasaka T, Adriaenssens T, Barlis P,
Bezerra HG, Bouma B, Bruining N, Cho JM, Chowdhary S,
Costa MA, de Silva R, Dijkstra J, Di Mario C, Dudek D, Falk E,
Feldman MD, Fitzgerald P, Garcia-Garcia HM, Gonzalo N,
Granada JF, Guagliumi G, Holm NR, Honda Y, Ikeno F, Kawasaki M,
Kochman J, Koltowski L, Kubo T, Kume T, Kyono H, Lam CC,
Lamouche G, Lee DP, Leon MB, Maehara A, Manfrini O, Mintz GS,
Mizuno K, Morel MA, Nadkarni S, Okura H, Otake H, Pietrasik A,
Prati F, Rdber L, Radu MD, Rieber J, Riga M, Rollins A, Rosenberg M,
Sirbu V, Serruys PW, Shimada K, Shinke T, Shite J, Siegel E,
Sonoda S, Suter M, Takarada S, Tanaka A, Terashima M, Thim T,
Uemura S, Ughi GJ, van Beusekom HM, van der Steen AF, van
Es GA, van Soest G, Virmani R, Waxman S, Weissman NJ, Weisz G;

Percutaneous sympathectomy and arterial injury

International Working Group for Intravascular Optical Coherence
Tomography (IWG-IVOCT). Consensus standards for acquisition,
measurement, and reporting of intravascular optical coherence
tomography studies: a report from the International Working Group
for Intravascular Optical Coherence Tomography Standardization
and Validation. J Am Coll Cardiol. 2012;59:1058-72.

Online data supplement

Moving image 1. Representative movie showing the OCT-based
intravascular assessment of a renal artery before undergoing renal
artery denervation. A non-critical atherosclerotic plaque is evident.
Moving image 2. Representative movie showing the OCT-based
intravascular assessment of a renal artery after renal artery denerva-
tion using the OneShot™ System. A linear dissection of the athero-
sclerotic plaque is evident. The dissection is limited at the plaque
and does not extend to the media.
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