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Abstract
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For renal sympathetic laser denervation (RSLD) we have tested endoluminal, segmental, laser catheter radiation of renal arteries by 
using continuous wave 1064nm Nd:YAG laser light. A total of 74 laser impacts at 15 to 20W/15-80 s (4.5 to 30 J/mm²) were applied 
in the left (n=34) and the right (n=40) renal artery in 6 anesthetized healthy pigs by using the open irrigated laser catheter RytmoLas® 
(CE 0481), introduced via the femoral artery and manipulated under X-ray control towards the renal arteries by means of a steerable 
AGILIS sheath. The laser beam illuminated homogenously an arterial segment at a length of up 6.0 mm. Level of energy applied was 
adapted to endovascular surfaces measured and calculated after renal angiography. After a 3-4 hours observation time in 4 pigs, and 
after 28 days, and 31 days of follow-up in two pigs, control angiograms were performed and renal arteries were removed, examined 
gross pathologically, histopathologically, and electron microscopically. Thermal damages were conspicuous in all of the nerves in 
the irradiated vessel segments regardless of the level of energy applied and of their distances from the endoluminal artery surface. 
However, also mild thermal damages of the vessel wall were conspicuous acutely in some of the arteries. After long-term follow-up 
permanent RSLD was conspicuous histopathologically and electron microscopically whereas arterial damages were found normal or 
being in a final healing process. For evaluation of this healing process a longer follow-up is needed. RSLD can achieve selective and 
permanent renal denervation without long-term collateral damages. Provided these results can be confirmed by clinical trials RSLD 
may become an intriguing alternative for renal denervation in patients with resistant hypertension. 

Introduction
Hypertension (HT) is an epidemic affecting 1.39 billion people. It is the commonest risk factor for premature death and disability 
worldwide [1]. HT is also an important health challenge because of its prevalence and resulting cardiovascular and chronic 
kidney diseases [2,3]. Since 2000 HT is increasing in low and middle-income countries, but it is steady or decreasing in high 
income countries [4-7]. However, up to one-in-five treated patients are deemed to be treatment resistant on at least three different 
antihypertensive medication classes, including diuretics, or have serious side effects, or refuse drug treatment [8-12]. Renal 
sympathetic nerve hyperactivity is a key to pathogenesis of essential HT. Activation of the sympathetic nervous system (SNS) 
is recognized to occur in all stages of HT and correlates to its severity [13,14]. Renal denervation (RD), a minimally invasive 
catheter based procedure, has been suggested as an effective, evidence-based approach for controlling resistant HT [15]. Catheter 
ablation of renal nerves has shown efficacy in reducing blood pressure without procedural mortality [16,17]. In a review, current 
technologies of RD were described, including Radiofrequency current, Ultrasound, Cryoballoon, and Ionizing Radiation neural 
ablation [18], periarterial ethanol injection [19], and, by using Laser light as well [20]. In our study we have investigated a novel 
catheter based Renal Sympathetic Laser Denervation technique (RSLD) in a pig model.
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Methods

Animal preparation

For transcatheter intraluminal segmental renal artery laser radiation a continuous wave 1064 nm mediLas fibertom 4060 N laser Dornier 
MedTech, Wessling, Germany was used. Laser light was applied via an 8F open-irrigated Laser catheter RytmoLas® LasCor GmbH 
Taufkirchen, Germany (CE 0481), described in detail elsewhere [21]. The laser catheter was manipulated by means of a steerable AGILIS™ 
NxT Small, 16.8 mm, 40cm sheath, St. Jude Medical, USA. Experiments were performed in the Center for Preclinical Research (ZPF) of the 
Technical University of Munich; Director Prof. Dr. Christine Baumgartner.

Six healthy pigs, 3 female and 3 male, weighing 30 to 56 kg (average 39 kg) were including in the study. The investigations comply 
with the principles outlined in the Declaration of Helsinki. Animal experimental studies were conforming to the Directive 
86/609/EEC on the protection of animals used for experimental and other scientific purposes, adopted in 1986 by the European 
Commission; and were approved by the Ethics committee of the TUM University of Munich. One day bevor the experiment 
each of the animals received 250 mg Aspirin orally. Prior to the experiment 10-15 mg/kg Ketamin + 2 mg/kg Azaperon + 1 mg 
Atropin i.m. injection was done in the transport box. Under sedation the animals were fixed in supine position on the operating 
table and after venous access through a small ear vein anesthesia was started with i.v. Propofol 1%, 1.5mg/kg, and, in addition, 
i.v. Metamizol 40 mg/kg for analgesia. After intubation the animals were ventilated with a mixture of room-air and oxygen and 
anesthesia was maintained by Propofol 2%. Respiratory and circulatory parameters were continuously monitored including gas-
check with end-respiratory CO2 control, Pulseoximetry, Kapnometry, rectal temperature, electrocardiograms and invasive blood 
pressure monitoring. Fluid restitution by infusion with electrolyte 10 ml/kg/h and intraoperatively for anticoagulation i.v. Heparin 
150 IU/kg and Aspirin 250 mg were given. Analgesia during the procedure was maintained with Fentanyl 0.015mg/kg and after the 
anesthesia with Buprenorphin 0.2mg/kg. Shortly after recovery from the anesthesia the animals received also i.v. Carprofen 4mg/
kg. All the animals were normotensive and in normal sinus rhythm prior to the experiments. 

The skin in the left or right groin was incised; the femoral artery exposed and supported in a sling. The artery was incised and a guidewire 
was inserted and advanced under X-ray control up to the abdominal aorta. The steerable AGILIS sheath was flushed with saline and was 
introduced with dilator over the guide wire into the femoral artery and was advanced under X-ray control into the abdominal aorta. Guide 
wire and dilator were removed and after abdominal angiography a renal artery was catheterized under X-ray guidance so that the tip of the 
sheath was positioned in the root of the renal artery. Selective renal artery angiogram was performed and diameter and length of the main 
renal artery were measured on the screen (Figure 1). Measurements were used for calculation of endovascular surfaces and for calculation 
of the energy density adapted to the endoluminal surface (Figure 2). Power levels at 15 and 20 Watts were applied. In order to achieve the 
same energy density with the same power, radiation times in larger arteries were longer. A table with energy densities calculated for various 
arterial diameters prior to the study allowed for a quick decision on adequate radiation times during the experiments. For evaluation of the 
laser effects on nerves and on the vessel wall incremental energy densities from 4.5 J/mm² up to 30 J/mm² were applied. 

Materials and Methods

Figure 1: Left renal angiogram of a pig showing artery measurements: length = 18.2mm, 
diameter = 4.2 mm, used for calculation of energy density (see Figure 2)
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Figure 2: Example for the calculation of energy density (A) The 8F catheter RytmoLas® fed into a plastic tube is emanating a 
HeNe pilot beam illuminating the inner lumen of the tube at a length of 5-6mm = 78-95mm2. Radiation at 15W = 0.20-0.16 
W/mm2 with a radiation time of 50s will achieve approximately 8-10 J/mm2; (B) Frontal view of the pilot beam showing a 
“Donut” –like circular spot illuminating a tube segment upto 6mm; (C) The genuine 1064nm Nd:YAG laser beam 

Table 1: A total of 74 continuous wave Nd:YAG 1064nm endoluminal laser applications were 
aimed at the renal arteries of 6 pigs, left = 35, right = 39, with increasing levels of energy 
densities from 4.5 J to 30 J/mm² by using the open-irrigated ELMA laser catheter RytmoLas®

No. sex Left renal artery Right renal artery

Postoperative observation time 3-4 hours

1 f 4.5 J/mm² 10 x 15 W/Seconds 6.0 J/mm² 8 x 20 W/Seconds

56 kg

2 x 25 1 x 17

2 x 30 2 x 25

1 x 15 2 x 30

3 x 20 3 x 40

2 x 40

2 f 10 J/mm² 4 x 20 W/Seconds 20 J/mm² 8 x 20 W/Seconds

43 kg

2 x 24 2 x 40

1 x 27 3 x 48

1 x 28 1 x 55

2 x 80

3 f 10 J/mm² 7 x 15 W/Seconds 10 J/mm² 7 x 20 W/Seconds

40 kg
4 x 25 6 x 30

3 x 15 1 x 44

4 m 10 J/mm² 4 x 15 W/Seconds 15 J/mm² 6 x 15 W/Seconds

35 kg 4 x 50 6 x 75

Postoperative follow-up 28 (No 5) and 31 days

5 f 30 J/mm² 5 x 15 W/Seconds 15 J/mm² 6 x 15 W/Seconds

31 kg 5 x 80 pause 5-10 s 80 6 x 80

6 m 30 J/mm² 4 x 15 W/Seconds 15 J/mm² 4 x 15 W/Seconds

30 kg 4 x 72 pause 5-10 s 72 4 x 72

The Laser catheter was connected to the rolling pump of the laser and was flushed continuously with saline 15 ml/min. Then, it was inserted 
through the hemostatic valve of the AGILIS sheath and advanced under X-ray control with its tip 2.0 to 3.0 mm beyond the endhole of the 
sheath. Kept in stable position within the sheath, sheath and catheter were advanced into the lumen of the main renal artery up to its main 
ramification. With the start of laser application catheter irrigation was automatically increased via the laser foot switch from 15 ml to 35 
ml/min and returned to the continuous flow of 15 ml/min automatically with the release of the foot switch; the stop of the laser radiation. 



 
Volume 9 | Issue 1

Journal of Veterinary Science & Animal Husbandry
 

4

Annex Publishers | www.annexpublishers.com                    

ECG-monitoring showed normal tracings throughout the experiments except a few monomorphic ventricular extrasys-toles and 
couplets in 4 pigs. During the procedures increased heart rate of mean 114 ± 19 decreased to 86 ± 17 bpm after 50-60 minutes (p = 
0.52), except in two animals: in one heart rate increased with 32% and degenerated in a tach-yarrhythmia that was successfully ended 
with 50 mg i.v. Amiodaron, and in a second animal that developed Hyperther-mia with a body temperature up to 42 oC and heart 
rate increased with 46%. The pigs were normotensive prior to the experiments. During the experiments systolic and diastolic blood 
pressure was 156 (±16) / 100 (±14) and decreased to 116 (±6.6) / 70 (±19) mmHg after the 3-4 hours observation time. 

Angiographically Except in one pig with aberrant left artery renal arteries was normal. Diameters of irradiated renal artery segments ranged 
from 4.2 to 5.5 mm (4.9 ± 0.34) before laser application and were unchanged thereafter. There was no evidence of spasm, narrowing of 
the lumen or aneurysm formation following laser application including the angiograms of the pigs after the 4 weeks follow-up (Figure 3).

ECG-monitoring

Angiographically

Results

Laser applications were repeated at intervals of 5-10 seconds during a 4 to 5 mm stepwise withdrawal of the sheath and catheter from 
the ramification towards the artery root. The laser catheter was always kept in stable position inside the sheath. However, the laser 
catheter itself was pushed beyond the endhole of the sheath from the main ramification and was advanced into a major branch of the 
renal artery. Here laser applications were started with the catheter tip in wedge position close to the kidney hilum and consecutive 
laser impacts were applied by withdrawing the catheter into the sheath maintained in its position at the level of the artery ramification. 
Depending on the length of the main renal artery 4 to 10 overlapping laser impacts with various energy densities were applied (Table 1). 

Subsequently, the laser catheter was removed and the procedure was repeated on the contralateral side. Eventually, the laser catheter 
was removed from the sheath, inspected for possible damages and checked for its function. The sheath was withdrawn in the aorta 
and after 4-5 hours, while still under anesthesia, a second selective renal artery angiogram was performed.

Subsequently, four animals received i.v. 0.1 ml/kg Pentobarbital and 40 ml KCl, the abdomen was opened, the kidneys with artery 
and the abdominal aortic segment were exposed and photo documented in situ. Kidneys and renal arteries with the adjacent 
connective and fatty tissue and the aortic segment were removed and were prepared for gross pathological and histopathological 
examination. The specimen were fixed in 10% neutral buffered formalin to be examined after hematoxylin and eosin (HE)-staining. 
For histopathological and electron microscopically examination a total of 104 arterial cross sections were performed at distances of 0.5 
mm from each other in the irradiated vessel segments. Specimens were also prepared for scanning electron microscopy by a primary 
fixation with aldehydes before further processing with osmium tetroxide fixation, followed by dehydration with ethanol and drying. 

Two of the six animals were prepared for a 4 weeks follow-up by antibiotic prophylactic medication with subcutaneous injection of 
10mg/kg Enrofloxacin prior to be allowed to recover from the anesthesia. Venous lines were removed and the vessels ligated. During 
the 4 weeks follow-up period the two animals received antiplatelet medication 250mg/day Aspirin. After the follow-up period the 
animals were again anesthetized for hemodynamic, electrocardiographic, for laboratory check-up, and for renal angiograms, followed 
by Euthanasia and by harvesting of specimens as described above. For statistics mean and standard deviation were calculated.

Figure 3: Renal artery angiograms prior to (A,C,E,G) and 4 weeks after (B,D,F,H) laser applications, once at 15 J/mm² 
(B 6X15W/80S, F 4X15W/72s), twice 2 X 30 J/mm² (D 5X15W/80s, H 4X15W/72S, at intervals of 5 seconds), showing: 
unchanged normal aerial lumens after, as compared to those prior to laser applications (black vertical arrows). Aberrant left 
renal artery branch (thick white arrow in G, H), and dye reflux into the aorta (thin white vertical arrows)
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Histopathology and Electron microscopy regardless of the level of energy density applied; in all of the nerves located around 
the irradiated vessel segments laser induced thermal damages such as edema, vacuolation, coagulation and total destruction/
coagulation of nerves were conspicuous. Most severe damages were produced in nerves located 3-5 mm from the inner lumen of 
the irradiated vessel. After 4 weeks of follow-up histopathology demonstrated irreversibility of the laser induced lesions (Figure 
5); findings that were confirmed electron-microscopically in the acute (Figure 6) and in the chronic specimen as well (Figure 7). 

In general desquamations of the vessel intima was present. In addition, in three histological sections rupture of intima and media 
and slight intramural bleeding was conspicuous. The renal artery in some instances disclosed cracks of the intima and media, and, 
in three instances also intramural bleeding. All the above mentioned most probably caused by catheter manipulation. However, 
also slight to moderate laser induced thermal damages of the vessel wall were seen, especially when energy settings with powers 
at 20W were used. Importantly, healing process of traumatic and thermal vessel injuries is almost completed after 4 weeks of 
follow-up (Figure 8); anatomic integrity of the renal artery always was preserved including specimens radiated with highest energy 
densities (Figure 9). 

Gross pathology of the exposed specimen showed normal anatomy of the renal arteries from their aortic root up to the renal 
hilum. However, after laser applications with the catheter tip in wedge position in a renal artery branch renal lesions of coagulation 
necrosis were conspicuous whereas the vessel itself was undamaged (Figure 4).

Gross pathology

Histopathology and Electron microscopy

Figure 4: (A) Angiogram of the inferior branch of the right renal artery after 4 laser applications at 10 J/
mm² each; (B) the opened artery after laser application showing a normal vessel wall. Positions of the 
catheter endhole during laser applications are marked by ovals. A dark spot of renal coagulation produced 
through the arterial wall is conspicuous (oval); (C) Hispathology of the clear cut acute laser lesion induced
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Figure 6: (A) Electron microscopically normal appearance of Remak cells (RC) and unmyelinated axons 
(arrow) around a nonradiated renal artery; (B) in contrast, after laser granular disintegration of unmyelinated 
axon containing electron denseinclusions (asterix); (C) Granular disintegration of otherwise regular 
unmyelinated axon (asterix); (D) Early, and (E) Advanced remak cell denervation with vacuolation (multiple 
arrows), and remake cell hyperplesia (right horizontal arrow) and individual Macrophages (Mo), and, 
endothelial hypertrophy in a small epineural artery (E). (F) Axonal degeneration with digestion chambers

Figure 5: 4 hours old laser lesions of renal sympathetic nerves (A) Nerve with severe thermal alteration, vacuolation and hyperemia. Mild to moderate 
thermal damages of perirenal connective tissue, minimal bleeding into the fatty tissue, but normal layers of the renal arterial wall itself; (B) Longitude 
section through a nerve with severe edema, schistasis and disintegration of nerve fibres; (C) Completely thermally destroyed nerve; (D) Severe thermal 
alteration, edema and pyknotic nuclei; (E) Severe thermally damaged nerve, normal layers of renal artery wall; (F) Nerve with thermally induced 
schistasis, vacuolation, and pyknotic nuclei; (G) With an increasing distance from the arterial wall nerves show an increasing severity of thermal 
damages; (H) Nerves with thermally induced schistasis and edema; (I) Thermally injured nerves with schistasis at various distances from a normal 
renal artery; (J) Group of severely injured sympathetic nerves without coats, surrounded by proliferation of fiber generating cells 
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Figure 7: Sympathetic nerves examined electron microscopically showing: (A) and (B) Normal 
appearance of non-irradiated renal arteries, remak cluster with preserved physiological fibre 
density, with normal axoplasmatic organelles, cytoskeletal structure and Remak cells, as 
compared to: (C) and (D) 4 weeks after laser radiation showing: Remak cluster with anisometry 
of axons, axon segments with granular disintegration, and, (E) Severe distinctive axonal 
anisometry with various densities of the axonal cytoskeleton, and granular disintegration 
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Figure 8: Acute laser induced lesions of renal arteries; Histopathology of the wall of renal arteries after intraluminal laser 
radiation showing: (A) Moderate thermal damages of the vessel media; (B) Mild focal thermal alteration of the intima and the 
upper layer of the media; (C) Minimal focal thermal alteration; (D) Focally reduced muscle fibres and collagen deposit in the 
vessel media; (E) Focal inflammatory infiltration and necrosis around denaturated tissue suggesting severely altered, coagulated 
sympathetic nerves; (F) Slight subendothelial vacuolization; (G) Arterial wall with altered fibre orientation in the superficial 
layers of the vessel media; (H) Scars of the fissured media (ovals) suggesting a healing process after mechanical injury by catheter 
manipulation; and (I) Focal eccentric hyperplasia of the intima and media, and small fibrotic scar in the media

Figure 9: Cross section of the main left artery 31 days after catheter directed intraluminal laser 
radiation showing: (A) Preserved anatomical structure of the artery, without signs of fibrosis 
or narrowing of the lumen, without wall weakening with aneurysm formation; (B) Without 
thermal damage of the vessel layers; (C) Permanent thermal alteration of perirenal sympathetic 
nerves located at distances >4 mm from the inner lumen of the vessel 
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As shown in this study, RSLD can achieve permanent renal sympathetic denervation selectively but only slight to moderate and 
reversible thermal damages to the renal artery and associated perivascular tissues. The 1064nm laser light has a low absorption in 
water so that the photons are intensely scattered, penetrating deep into perivascular tissue and inducing heat in tissue components 
selectively absorbing photons, whereas the catheter itself is not heated up. In contrast, transparent or translucent tissue such as 
the arterial wall is not or is only minimally absorbing photons and it is therefore less heated up, almost completely spared from 
thermally induced laser injuries. In addition, continuous catheter irrigation with saline at room temperature of 18 oC is washing 
around and cooling the inner lumen of the artery. 

Catheter irrigation is a prerequisite when using laser light in the cardiovascular system. It is needed for washing away the blood 
from the catheter endhole and creating a clear pathway for the laser beam aimed at the inner surface of the artery, and, to avoid 
blood penetration into the catheter endhole that may burn the fibre and destroy the catheter. Saline irrigation flow may explain the 
higher thermal effect in deeper tissue layers where cooling effect of intra-arterial saline flow is gradually reduced with the distance 
from the vessel wall [22-24]. Thus, preheated by previous laser impacts in the deeper tissue higher temperatures are achieved by 
additive heating effects of repeated laser applications. 

The scattering dominant light propagation uses a probability distribution of the likelihood of the end-point of a photon after multiple 
scattering events, each changing the photon direction, ultimately terminated by photon absorption and eventually heat induction 
in the deeper layers of tissue [25,26]. The 1064nm Nd:YAG laser light is absorbed selectively by sensitive tissue components such 
as myoglobin, hemoglobin, as well as in cellular components such as ribosomes and organelles of the cells (nucleus, mitochondria, 
endoplasmatic reticulum, Golgi apparatus) thereby generating heat. Laser damages selectively nerves but may also cause selectively 
apoptosis in the nerves [27]. All these may explain the selective laser effects on the renal sympathetic nerves when using 1064 
nm Nd:YAG laser light and when applying energy settings as described. These effects cannot be achieved by using other laser 
wavelength with a higher absorption coefficient in water [20], or by using other energy sources which in addition may cause severe 
adverse effects on tissue local to the side of treatment, on the artery as well as on soft tissue at distance [28-30].

In function of radiation times with the increase of tissue temperature incrementally thermal effects will occur, starting with 
reversible effects such as a slight edema and minimal tissue enzyme activation up to irreversible acute coagulation necrosis of 
tissues sensible for the 1064nm Nd:YAG laser light. As shown in this study, for a safe RSLD procedure the power should be limited 
to 15W and application times adapted to the irradiated surface of the artery inner lumen. In order to achieve deep thermal laser 
effects the choice of appropriate energy settings is crucial for the safety of RSLD procedure. By doing so, consecutive laser impacts 
at time intervals of 5-10s could increase depth of laser effects, causing permanent denervation, saving the artery from permanent 
damages. In addition also further increase of thermal effect is achieved by heat conduction. 

We have not assessed indicators of renal sympathetic function e.g. blood pressure, tyrosine hydroxylase expression, norepinephrine 
concentration [30]. We have assessed the effects of RSLD on perirenal nerves, the arterial wall and the periarterial tissues 
when applying various energy settings anatomically, histopathologically and electron-microscopically. We have focused on the 
determination of the depth of penetration of treatment related injury (necrosis) of nerves and of location, distance, and severity of 
periarterial tissue. To avoid the risk of bleeding during the 4 weeks of follow-up arterial lines for blood pressure measurement were 
not applied in then two animals scheduled for a 4 weeks follow-up, even during the acute experiment. In addition, hyperthermia 
and arrhythmia invalidated blood pressure measurements in other two pigs. 

In healthy pigs nerves ≥50 µm in size aggregate within 2 mm from the distal artery lumen, while the largest nerves ≥500 µm are 
only seen in the proximal, but are located >4.5 mm from the lumen [31]. An anatomic study in human tissues showed that a 
substantial proportion of the sympathetic nerve fibres were located deeper in the peri-arterial soft tissue than in the lesion depth 
created by the conventional catheter-based renal sympathetic denervation systems [32]. Anatomical assessment of sympathetic 
periarterial renal nerves in man showed that the mean distance from artery lumen to nerve location is least in the distal segments 
but there were fewer nerves surrounding the distal segments compared with the proximal density of periarterial renal sympathetic 
nerve fibers. There is a clear predominance of efferent nerve fibers, with decreasing prevalence of afferent nerves from proximal to 
distal periarterial renal parenchyma [33]. 

Discussion

Catheter irrigation

The scattering dominant light propagation

In function of radiation times

We have not assessed



 
Volume 9 | Issue 1

     Journal of Veterinary Science & Animal Husbandry
 
11                                                

Annex Publishers | www.annexpublishers.com                    

Based on the deeper penetration of the 1064nm Nd:YAG laser induced heat RSLD can be performed successfully by limiting laser 
applications to the main renal artery from its ramification down to its root without including its ramifications in the ablation 
procedure, in the same time avoiding transvascular laser damages to the kidney. Importantly, laser applications with the catheter 
in intimate contact with the ramifications of the renal artery the divergent and deeply penetrating laser beam will hit the perirenal 
nerves of the smaller renal arteries emerging from the ramification at a distance of several millimeters; thereby including their 
perirenal nerves in the denervation process. 

RSLD affects both afferents and efferent sympathetic nerves decreasing renal noradrenaline release and in sympathetic nerve 
activity of the central nervous system and thereby to various organs including the cardiovascular system, diabetes, the kidneys, 
and pulmonary hypertension [36-39]. Recently, it has been reported that renal denervation added to catheter ablation in patients 
with paroxysmal atrial fibrillation and hypertension, compared with catheter ablation alone, significantly increased the likelihood 
of freedom from atrial fibrillation at 12 months [40]. This would open an intriguing new option for these patients because the 
RytmoLas® is designed and certified for intracardiac laser application and has already been successfully used for long-lasting 
atrial fibrillation ablation [41]. It would allow atrial fibrillation ablation and RSLD in one session by using the same catheter 
system, saving costs, procedural times, and interventional burden to the patient. In addition, besides the treatment of resistant 
hypertension and atrial fibrillation RSLD could emerge also as an effective therapy for other clinical conditions associated with 
chronically elevated sympathetic activity. In fact, a recent clinical study demonstrated that RD reduced monocyte activation, 
monocyte platelet aggregation, and circulating levels of several inflammatory cytokines and chemokines in hypertensive patients 
suggesting a direct connection between sympathetic activity and low-grade inflammation [42]. Currently, RSD is investigated in 

As compared to other methods, for RSLD catheterization and denervation of each ramification branch of the renal artery for 
effective lesion placement is not needed [34]. This may save time and reduce risks and patients’ burden. By using the catheter 
RytmoLas® one laser impact adapted to the vessel lumen can denervate the entire circumference of the renal artery at a length of 5 to 
6 mm (Figure 10). Laser lesions are homogenous, smoothly contiguous, slightly overlapping. Thus, successful RSLD of an arterial 
segment up to 4 cm in length can be achieved with 5 to 6 laser applications at 15W/30-60s. A longer denervated vessel segment 
may also hinder reinervation as reported after other RSD methods [35].

Location of radiation

Areas of investigation

Figure 10: Scheme showing: (A) The method of renal denervation by using a spiral radiofrequency 
catheter. The hori-zontal grey arrows denote periarterial heat conduction from the point of 
radiofrequency current application; and (B) Segmental laser catheter radiation aimed at the inner lumen 
of the renal artery. Horizontal arrows show the heat generated by photon absorption and distribution 
into the periarterial tissue; (C) Locations of overlapping Laser impacts aimed at the inner lumen of renal 
arteries as applied in this study; (D) Renal artery and circumferential peri-arterial renal nerve location
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diseases associated with increased sympathetic nerve activity, such as chronic kidney disease, heart failure with reduced ejection 
fraction, and arrhythmias, in particular in atrial fibrillation in combination with pulmonary vein isolation [43].

This represents yet another important area of investigation on the clinical benefits of RSLD. Provided clinical study trials can 
confirm these results RSLD may become an intriguing alternative for renal denervation by meeting best all of the requirements for 
catheter based renal denervation as outlined recently in the Proceedings from the 3rd European clinical consensus conference for 
clinical trials in device-based hypertensions therapies [44]. 
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