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Abstract
!

Objective and Methods: Renal denervation is
a minimally invasive, catheter-based option
for the treatment of refractory hypertension.
Indications and contraindications for renal
denervation have been defined in an interdis-
ciplinary manner. The efficacy and safety of
the procedure were evaluated.
Results: Currently, indication for renal dener-
vation is limited to patients with primary hy-
pertension and a systolic blood pressure of
≥160mm Hg (or ≥150mm Hg in diabetes
type 2) despite optimal medical therapy with
≥3 different antihypertensive drugs. In this
specific patient population, an average blood
pressure reduction of 32/14mmHg was ob-
served in non-randomized/-controlled trials
after renal denervation. These results were
not confirmed in the first randomized con-
trolled trial with a non-significantly superior
blood pressure reduction of 14.1 ±23.9mm
Hg compared to controls (−11.74 ±25.94mm
Hg, difference −2.39mm Hg p=0.26 for super-
iority with a margin of 5mm Hg) who under-
went a sham procedure.
Conclusion: The efficacy and long-term ef-
fects of renal denervation need to be re-eval-
uated in light of the HTN3 study results. To
date, renal denervation should not be per-
formed outside of clinical trials. Future trials
should also assess if renal denervation can be
performed with sufficient safety and efficacy
in patients with hypertension-associated dis-
eases. The use of renal denervation as an al-
ternative therapy (e. g. in patients with drug
intolerance) can currently not be advocated.
Key points:

▶ The indication for renal denervation should
be assessed in an interdisciplinary fashion
and according to current guidelines with a

special focus on ruling out secondary causes
for arterial hypertension.

▶ 5–10% of patients with hypertension suf-
fer from refractory hypertension, but only
about 1% of patients meet the criteria for a
renal denervation.

▶ Renal denervation leads to a significant de-
crease in office blood pressure; however,
the impact on 24-hour blood pressure
measurements remains unclear.

▶ In the first randomized controlled trial on
renal denervation with a control group un-
dergoing a sham procedure, blood pressure
reduction failed to reach the anticipated
level of superiority over best medical treat-
ment.

▶ Periprocedural complications are rare, but
long-term safety can currently not be ap-
praised due to the limited data available.

Citation Format:

▶ Naehle CP, Düsing R, Schild H. Renale Denerva-
tion: Unde venis et quo vadis?. Fortschr Rönt-
genstr 2015; 187: 237–247

Zusammenfassung
!

Zielsetzung und Methode: Die renale Denerva-
tion ist eine minimal-invasive, katheterbasierte
Behandlungsoption zur Behandlung der therapie-
refraktären Hypertonie. Die Indikationen und
Kontraindikationen wurden interdisziplinär erar-
beitet und festgestellt. Effektivität und Sicherheit
wurden evaluiert.
Ergebnisse: Derzeit ist die Indikation limitiert
auf Patienten mit primärer Hypertonie, die trotz
einer optimalen medikamentösen Therapie mit
≥3 unterschiedlichen Antihypertensiva einen
systolischen Blutdruck von ≥160mmHg (bzw.
≥150mmHg bei Diabetes Typ 2) aufweisen.
Nach renaler Denervation nahm in nicht kon-
trollierten Studien unter Berücksichtigung die-
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Background
!

Epidemiology
With approximately 30 million people affected in Germany,
arterial hypertension is the most common disease of the
cardiovascular system. At the same time, hypertension is
the most common cause of fatal cardiovascular events,
such as stroke, cardiac insufficiency, or heart attack [1].
This high rate of complications of hypertension requires
early diagnosis and treatment to improve the prognosis of
these patients. A major challenge here is that hypertension
does not have typical symptoms but rather symptoms that
are non-specific and slowly progress over time, such as
headache in the morning, fatigue and reduced physical en-
durance. Therefore, the disease is often diagnosed late.
According to the current guidelines, arterial hypertension is
present when blood pressure values exceed 140/90mmHg
at rest [2]. The large majority of patients can be well con-
trolled with antihypertensive monotherapy or with a com-
bination of two or three antihypertensive substances [3].
According to current guidelines, “resistant” or “therapy-re-
sistant” hypertension is present when blood pressure can-
not be normalized (<140/90mmHg) despite administration
of 3 or more blood pressure-lowering medications (includ-
ing a diuretic) [2]. These patients are particularly at risk for
the above mentioned complications since the risk of a fatal
cardiovascular disease doubles in adults between 40 and 70
years old when the systolic blood pressure increases by
20mmHg or the diastolic blood pressure increases by
10mmHg [4].
Based on these blood pressure limits, 5–10% of hyperten-
sive patients in Germany are resistant to treatment [5]. In a
large study with over 60,000 patients of whom 12.2% suf-
fered from treatment-resistant hypertension according to
these criteria, the percentage reduced to 7.6 % after an am-
bulatory blood pressure measurement [6]. In addition to
this “office hypertension”, inconsistent intake of medica-
tion is a further cause of treatment resistance. In a current
publication, there was medication non-compliance in ap-
proximately one-fourth of patients scheduled to undergo
renal denervation [7]. In a retrospective analysis, the per-
centage of hypertensive patients suitable for renal denerva-
tion under the HTN-3 inclusion criteria (see below) was
only 0.8 % [8]. However, it must be taken into consideration
here that the defined limits for treatment resistance (> 140/

90mmHg) differ from the lower blood pressure limits for
renal denervation (>160mmHg).

Clinical practice
With respect to underlying etiology, primary types of hy-
pertension are differentiated from secondary types. While
the underlying causes of primary hypertension are largely
unclear, diseases of the kidneys, vascular changes (aortic
coarctation), sleep disturbances, or changes in hormone
metabolism are causes for secondary types of hypertension.
A secondary form of hypertension is often present in treat-
ment-resistant hypertension. Therefore, in the case of in-
sufficient response to treatment with medication, office or
white coat hypertension (pseudoresistance) [8, 9], unreli-
able intake of medication [10, 11], suboptimal or false med-
ication combination, and secondary types of hypertension
must be ruled out as the cause of “treatment-resistant” hy-
pertension.
The indication for renal denervation should be determined
in an interdisciplinary manner and with participation of a
Hypertension Excellence Center (ESH) or a hypertension
specialist certified by the German Hypertension Society
[12, 13]. The diagnostic algorithm for determining diagnosis
and thus indication is based on the recommendations of the
American Heart Association for the diagnosis, evaluation,
and treatment of treatment-resistant hypertension [5]
shown as a flowchart in●" Fig. 1.

Primary, treatment-resistant hypertension –
pathophysiology of renal denervation
!

The theoretical, pathophysiological considerations on
which the principle of renal denervation is based have al-
ready been described in detail elsewhere [14–19] and are
only briefly summarized here. The efferent sympathetic
nerve fibers arise from the sympathetic ganglion of the
sympathetic trunk in the thoracolumbar transition region
(Th10-L1) and then run in the adventitia of the renal arter-
ies in a reticulatedmanner into the kidneys (●" Fig. 2, 3) [20,
21]. The efferent sympathetic fibers activate the renin-an-
giotensin-aldosterone system that can contribute to in-
creased tubular resorption of sodium with consecutive
volume retention via release of renin in the juxtaglomeru-
lar apparatus and to hypertension via renal and systemic
vasoconstriction (with reduction of renal blood flow)
[22–24]. The afferent sensory fibers influence (activated
e. g. by increased concentrations of adenosine and nitric
oxide or renal ischemia) the central sympathetic nervous
system activity in the hypothalmus (●" Fig. 2) [16, 18, 25].
In animal experiments it could be demonstrated that in-
creased activity of these afferent fibers results in an in-
crease in blood pressure [17, 26]. This relationship as
shown in animal experiments serves as an explanation for
the reduced sympathetic muscle nerve activity after ex-
plantation of the diseased kidneys in patients having un-
dergone kidney transplantation [19]. It was therefore post-
ulated that the interaction between the kidneys and
sympathetic nervous system (activity) plays an important
role in the development and persistence of arterial hyper-
tension also in patients without detectable renal disease
[18, 22, 27, 28]. Additional negative effects of increased ac-

ser Kriterien der Blutdruck um durchschnittlich 32/14mmHg
ab. Diese Ergebnisse konnten in der ersten randomisierten kon-
trollierten Studie mit einer im Vergleich zur verblindeten Kon-
trollgruppe nicht signifikanten Reduktion des systolischen Blut-
drucks von 14,1mmHg nicht bestätigt werden.
Schlussfolgerung: Die Effektivität der renalen Denervation, aber
auch die Langzeitsicherheit, müssen unter besonderer Berück-
sichtigung der HTN-3-Daten neu evaluiert werden. Aktuell sollte
die renale Denervation außerhalb klinischer Studien nicht durch-
geführt werden. Weitere Studien müssen klären, ob die renale
Denervation bei hypertonieassoziierten Erkrankungen mit aus-
reichender Wirksamkeit und sicher durchgeführt werden kann.
Die Anwendung als Alternative zur medikamentösen Therapie
z.B. bei Medikamentenunverträglichkeit kann derzeit nicht be-
fürwortet werden.
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tivity of the sympathetic nerve system and renin-angio-
tensin-aldosterone system include increased gluconeo-
genesis in the liver, the development of left ventricular
hypertension, cardiac ischemia and arrhythmia, and vaso-
constriction and enhancement of arteriosclerotic proces-
ses in the blood vessels (●" Fig. 4) thus promoting the
occurrence of hypertensive organ damage and comorbid-
ities [29].
The above-described regulatory circuit is the point of action
in renal denervationwhich modulates (reduces) the sympa-
thetic activity or its transmission by thermal damage to the
sympathetic nerve fibers [30].

Renal denervation – planning and implementation of
the intervention
!

Performing preinterventional computed tomography can
be helpful for planning the intervention [31] and for ruling
out renovascular hypertension [32]. Digital subtraction an-
giography (DSA) of the aorta is first performed intraproce-
durally for orientation purposes to visualize the anatomical
relationships [33]. Four catheter systems (Medtronic Ar-
dian, St. Jude Medical EnligHTN, Vessix Vascular V2, Recor
Paradise) are currently available in Europe for renal dener-
vation. Covidien stopped distributing the OneShot system
at the beginning of 2014 [34]. The anatomical requirements
of the different ablation systems and the differences in the
structure and application of the ablation catheters are

renal arteries

Aorta

Adventitia

efferent sympathetic 
nerve fibers

afferent sympathetic 
nerve fibers

Ganglion spinale

Ganglion mesentericum 
inferius

Ganglion mesentericum 
superius

Ganglion mesentericum 
coeliacum

Columna intermediolateralis

central chemoreceptor
periperhal baroreceptor
arterial baroreceptor

Nucleus paraventricularis

rostale ventrale Medulla

Nucleus tractus solitarii

Amygdala
Pons

Cortex

Fig. 2 Physiologic feedback control system of the sympathetic system
with focus on renal sympatheticinnervation (adopted from [21]).

Fig. 3 Schematic representation of renal denervation procedure. Guiding
catheter (dark blue) in the right renal artery ostium. Ablation catheter
(light gray) with contact to the arterial wall (proximal to first bifurcation)
dissipating radiofrequency-induced heating (light blue semicircles). Renal
sympathetic nerves (dark gray) located within the renal artery adventitia.
Yellow-orange ovals: projected helical path of ablation.

Fig. 1 Algorithm for diagnosis and evaluation of resistant hypertension
(adopted from [5]).
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shown in●" Table 1. To be able to ablate a sufficient portion
of the sympathetic nerve fibers, a minimum length of the
renal artery of approx. 20mm to the first bifurcation is
needed. First study results indicate that renal denervation
with ablation of the dominant renal artery is possible in
the case of aberrant or accessory renal arteries [35]. How-
ever, there may be less of a blood pressure reduction in
these patients [36].
Ablation is performed sequentially on both sides under re-
petitive DSA control using a high-frequency alternating cur-
rent that is applied via electrodes at the catheter tip. As a re-
sult, there is local heating of the vascular wall to 45–70 °C
of causing thermal damage to the sympathetic nerve fibers
in the vessel adventitia. The geometric arrangement of the
ablation sites (●" Fig. 1) depends on the system used. De-

pending on the system being used, there is no cooling, in-
traluminal cooling by blood flow, and/or by additional rin-
sing with heparinized salt solution via the guiding sheath.
The ablation duration and the maximum energy output
also differ depending on the system (●" Table 1).
Immediately after ablation, intramural edema can occur
at the ablation sites (●" Fig. 5). However, this is not flow-
limiting and often can no longer be detected on final angio-
graphy.
During the intervention, systemic anticoagulation (activat-
ed clotting time (ACT) between 200–250 s) is necessary in
addition to the above-mentioned rinsing of the catheter
system. In total, the intervention takes approx. 30–45
minutes depending on the system. Since the C-fibers (con-
ducting pain) run together with the sympathetic nerve fi-

smooth vascular muscle cells
– migration 
– vasokonstriction
– atherosclerosis

renin release
– RAAS
– Systemic sympathetic nervous 
   system activation
sodium retention 
– hypervolemia
educed renal blood flow
proteinuria
BNP resistance

renal ischemia 
– stroke volume
–  adenosine

– hypertrophy
– arrhythmia
– ischemia
– cardiac insufficiency

af
fe

re
nt

re
na

l n
er

ve
s

ef
fe

re
nt

Fig. 4 Physiologic feedback control system of the
sympathetic system with focus on the renalsympa-
thetic innervation (adopted from [75]).

Table 1 Comparative overview
of CE-marked systems for renal
denervation, OTW = over-the-
wire.

manufacturer/

system

type of system required

introducer size

ablation characteristics

Boston Scienti-
fic Vessix V2

– balloon-based OTW system
– balloon size must be selected/

measured (4, 5, 6 and 7mm
diameter)

8F – bipolar
– 4 – 8 separate ablation sites

depending on the balloon
diameter

– short ablation time
(30 – 60 s per side)

– 1 watt

Covidien One
Shot

– balloon-based OTW system
– balloon size must be selected/

measured (5, 6 and 7mm)

at least 7F introdu-
cer (8F for 7mm
balloon diameter)

– unipolar, cooled
– average ablation duration

(2min. per side)
– 25W

Medtronic
Symplicity

– first catheter generation: Individ-
ual electrode catheter (Symplicity
Flex), not OTW

– current generation: Multi-elec-
trode catheter (Symplicity Spyral),
OTW system

– “one size fits all”

6F – unipolar
– ablation duration

(1min. per side)
– 6 – 8 watts

St. Jude Medi-
cal EnligHTN

– basket serves as electrode carrier
(not OTW)

– 2 different sizes (6 and 8mm)

8F – unipolar
– ablation duration

(2min. per side)

ReCor Medical
Paradise

– self-centering balloon-catheter
with central ultrasound probe

7F – ultrasound-based ablation
– ablation duration

(2min. per side)
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bers, the ablation procedure is painful and deep analgesia
is typically required. The pain ceases immediately after ab-
lation. Analgesia should be performed according to the rel-
evant guidelines [37]. Following renal denervation, throm-
bocyte aggregation inhibition (typically with ASS 100mg/
d for 4 weeks) is recommended.

Study results
!

Blood pressure reduction
The non-randomized cohort study Symplicity Hypertension
(HTN)-1 was intended to prove the effectiveness and safety
of renal denervation as a proof-of-concept study [30]. In
this first study, renal denervation was performed in 45 pa-
tients with treatment-resistant hypertension. Despite treat-
ment with an average of 4.7 antihypertensive medications,
the average blood pressure prior to renal denervation was
177/101mmHg. In the follow-up period of 12 months, there
was a significant reduction of mean office blood pressure of
14/10mmHg (after 1 month), 21/10mmHg (after 3 months),
22/11mmHg (after 6 months), 24/11mmHg (after 9
months), and 27/17mmHg (after 12 months, p =0.026). To
determine the renal sympathetic nervous system activity in
10 patients, the renal noradrenaline spillover rate was addi-
tionally determined. Continuous infusion with adrenaline
marked with radioactive tritium is performed and the ex-
traction rate is calculated from the difference between the
renoarterial and renovenous concentration [14, 38]. The nor-
adrenaline spillover rate decreased after renal denervation
on average by 47% and correlatedwith the blood pressure re-
duction of 22/10mmHg after 6 months. However, the initial
hypothesis that renal denervation generally results in sys-
temic lowering of the sympathetic nervous system activity
could not be confirmed in another study [39].
106 patients with treatment-resistant hypertension were
included in the randomized Symplicity HTN-2 study be-
tween June 2009 and January 2010 [33]. Systolic blood
pressure values of ≥160mmHg or ≥150mmHg had to be
regularly present in patients with type 2 diabetes. At the
start of the study, the average blood pressure values were
178/96mmHg prior to randomization despite the intake of
an average of 5.2 antihypertensive medications. 1:1 rando-
mization into a treatment group (intervention) and a con-

trol group (continuation of treatment with medication)
was then performed. Six months after renal denervation,
the blood pressure in the control group was unchanged but
had decreased in the patient group having undergone renal
denervation by an average of 32/12mmHg (p<0.0001).
However, only a lower blood pressure reduction of 11/
7mmHg compared to the control group was seen in the 20
patients of the HTN-2 study in whom an ambulatory blood
pressure measurement was performed. 46 patients with
treatment-resistant hypertension were treated in the pro-
spective uncontrolled EnligHTN I study [40]. After 6 months
a reduction of the systolic blood pressure of more than
10mmHg (average 26mmHg) and of the diastolic blood
pressure of an average of 10mmHg was seen in 76% of the
patients. 33% of the patients reached the target blood pres-
sure range of < 140mmHg [40]. After renal denervation
with the Paradise system (ReCor Medical) in which dener-
vation is performed via ultrasound ablation instead of
radiofrequency ablation, lowering of the office blood pres-
sure by 36/17mmHg or 22/12mmHg in the ambulatory
blood pressure measurement was observed after 3 months
[41].
In addition to these industry-initiated studies, data from
smaller studies that were able to confirm the above results
only partially or not at all have since been presented. In the
above-mentioned study by Brinkmann et al., neither blood
pressure lowering nor a change in the sympathetic nervous
system activity could be documented [39]. In a second
study, the influence on the 24-hour blood pressure profile
was significantly lower than the effect of the office blood
pressure values [42]. Furthermore, renal denervation
seemed to have a smaller effect on the prognostically im-
portant ambulatory blood pressure measurements [43]
than on the office blood pressure measurements [42–44].
For example, the office blood pressure values decreased on
average by ≈ 30/15mmHg while the ambulatory blood
pressure values only decreased by 23/10mmHg [42]. In an-
other smaller study including 11 patients, only the office
blood pressure decreased (189 ±23/92 ±15 vs. 158 ±24/88
±17mmHg, p >0.05), while the blood pressure of the 24-
hour measurement did not change (149 ±19/82 ±17 vs.
142 ±18/79 ±15mmHg, p >0.05) [45].
This difference in blood pressure reduction between office
measurements and ambulatory blood pressure measure-

Fig. 5 a Digital subtraction angiography (DSA) of
the right renal artery prior to renal denervation. Ar-
row: 5F-Cobra-II catheter used for intubation of the
renal artery ostium. b Follow-up DSA after renal
denervation. Open arrows: Intramural edema due
to thermal damage caused by renal denervation.
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ments is already known from pharmacological studies. A
current meta-analysis was able to show that the office
blood pressure was significantly lower (by 5.6mmHg) than
ambulatory blood pressure measurements in unblinded/
non-randomized pharmacological studies. This difference
can no longer be detected after blinding and randomization
[46]. The authors therefore predict that the blood pressure
reduction due to renal denervation could be in the order of
magnitude of 10–15mmHg [46]. In a first analysis of the
scarce data, no statistically significant difference regarding
the frequency of cardiovascular events could be shown be-
tween patients treated by renal denervation and the control
group treated with medication [33].
As a result of the recently published data of the HTN-3
study [47], which was the first controlled and randomized
study with a blinded control group, a new evaluation of re-
nal denervation as a treatment option needs to be per-
formed. In this study a total of 535 patients were random-
ized in a ratio of 2:1 into a denervation group and a control
group [47–49]. The patients in the control group under-
went a sham intervention under deep sedation so that
these data allow the evaluation of effectiveness and risk-
benefit ratio in particular in comparison to optimum treat-
ment with medication and under minimization of metho-
dological and statistical error sources [49]. The primary
end point was the change in the office blood pressure after
6 months and the secondary end points were changes in the
24-hour blood pressure measurement and the safety of re-
nal denervation [49].
However, the primary and secondary effectiveness end
points (●" Fig. 6) were not reached [47]. The systolic office
blood pressure decreased by 14.1 ±23.9mmHg in the dener-
vation group and by 11.7 ±25.9mmHg in the control group
(p <0.001) with the group difference being 2.4mmHg (95%
confidence interval -6.9mmHg – 2.1mmHg, p =0.26 for a su-
periority with amargin of 5mmHg). The 24-hour blood pres-
sure decreased by 6.8 ±15.1mmHg in the denervation group
and by 4.8 ±17.2mmHg in the control group with the group
difference being 1.96mmHg (95% confidence interval
-5.0mmHg – 1.1mmHg, p =0.98 for a superiority with amar-
gin of 2 mmHg)). The current data of the worldwide Sympli-

city Register with a reduction in the office blood pressure of
11.9mmHg and the 24-hour blood pressure of 7.9mmHg are
also significantly below the previously published results
[50].
There are multiple possible explanations for the discrepan-
cy in the blood pressure reduction between the HTN-3
study and the register data on the one hand and earlier
studies that used the Symplicity catheter system on the
other hand: 1. Lack of a control group: In the earlier, non-
randomized studies [40, 51], the treatment results were
compared to the initial, baseline blood pressure values of
the same patient and not to a control group resulting in a
false evaluation of the effectiveness of the treatment. 2. Re-
gression to mean effect: Higher blood pressure values on
the day of study inclusion that facilitate or allow study in-
clusion are compared to "true" lower control values during
follow-up [52]. This can also lead to an incorrectly good
evaluation of treatment effectiveness. 3. Better medication
compliance: Without a control group, the observed blood
pressure reduction can be partially attributed to better in-
take of medication as a result, for example, of regular study
follow-up (Hawthorne effect) [53]. 4. Detection bias and
placebo effect: In the case of a lack of blinding, a therapeutic
effect, i. e., blood pressure lowering, is expected. A possible
placebo effect is then incorrectly attributed to the treat-
ment [54].
The 3-year follow-up data of the HTN-1 study population
that suggest that the achieved blood pressure reduction
seems to be lasting must be reevaluated in the light of the
HTN-3 study results [55]. The average systolic/diastolic
blood pressure reduction was 26.5 ±21.5/13.5 ±14.1mmHg
(n=123 patients) after 12 months, 28.9 ±23.5/14.0
±15.2mmHg (n=105 patients) after 24 months, and 32.0
±17.6/14.4 ±11.8mmHg (n=88 patients) after 36 months
(●" Fig. 7), so that a long-lasting effect or even irreversibility
of the thermal nerve fiber damage is assumed [56]. In addi-
tion to the fundamental concerns regarding the effective-
ness of the treatment method, it is of note that in contrast
to the data from an earlier publication [33] the number of
antihypertensive medications could not be reduced (5.0
±1.7 vs. 5.2 ± 1.7) [55].

Fig. 6 HTN-3 trial results. Blood pressure at base-
line and after 6 months for patients who underwent
renal denervation and for the control group (sham
intervention only) (adopted from [46]).
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The previously reported response rate (treatment respon-
se = lowering of the systolic blood pressure in the office
measurement of > 10mmHg) of 84–92% in the Symplicity
HTN-1 and Symplicity HTN-2 study [30, 33] must also be re-
evaluated in light of the HTN-3 study. Using surgical sympa-
thectomy a significant blood pressure reduction could only
be achieved in ≈ 66% of patients [15]. However, a systolic
blood pressure reduction of 20mmHg had to be achieved
for treatment response. Using surgical sympathectomy the
blood pressure reduction lasted for the entire follow-up
period that was up to 13 years [15]. The results of other
non-industry-initiated studies also show lower response
rates of e. g. 25.6 % in 39 patients [57]. The first long-term
follow-ups indicated that the percentage of non-responders
decreases with increasing time since denervation [55]. For
instance, the percentage of non-responders among the
HTN-1 participants was 31% after 1 month and 7% after 36
months. Finally, the pathophysiological causes of a lack of
response or a quick or delayed response in these studies re-
main unclear, so that additional studies, e. g. follow-up
studies with determination of the noradrenaline spillover
rate.
The results of the HTN-3 study also raise questions as to
which parameters are predictive for treatment response
and may allow better patient selection. Smaller studies to
date have shown that a high systolic blood pressure at the
time of intervention (p <0.001), the intake of centrally act-
ing sympatholytic agents (p =0.018), and a low heart rate
(p <0.004) could be independent predictors for treatment
response [30, 33]. Ablation characteristics such as the num-
ber of ablation points and the average ablation temperature
also seem to affect treatment response [57]. For example,
the blood pressure decreased by an average of 31.7/
11.2mmHg in patients in whom an average of 15.5 ±2.9 ab-
lation sites were applied while this value was only 15.4/
3.4mmHg in the case of 10.3 ±1.3 ablation sites (p <0.01).
A similar trend was seen for the average ablation tempera-

ture (temperature – blood pressure lowering: 61.4 ±2.2 °C –

43/20.4mmHg vs. 56.4 ±1.5 °C- 28.5/7.4mmHg, p <0.01).
However, due to the overall low non-responder rate in stud-
ies to date, predictors for a lack of treatment response could
not yet be determined. In a recently published subgroup a-
nalysis, a trend in favor of the effectiveness of renal dener-
vation in Caucasians in contrast to African Americans was
seen even if statistical significance was not reached [58].
Since the percentage of African American patients was low-
er in earlier studies, this changed composition of the study
population may have partially contributed to the negative
outcome of the HTN-3 study. The extent to which these
and other subgroup analyses of the HTN-3 data allow addi-
tional conclusionsmust be awaited.

Additional effects of renal denervation.
In addition to the blood pressure-lowering effect, focus is
increasingly being placed on changes of other sympatheti-
cally innervated organs or organ functions. In addition to
the blood pressure reduction, an improvement of the hy-
perinsulinism and insulin resistance present in metabolic
syndrome seems to occur: 3 months after renal denervation
the fasting glucose level (118 ±3.4 vs. 108 ±3.8mg/dL), the
insulin level (20.8 ±3.0 vs. 9.3 ± 2.5 μIU/mL) and the (calcu-
lated HOMA) insulin resistance decreased significantly [59].
However, these study populations were relatively small col-
lective and not fully randomized [59, 60]. Also a decrease of
left ventricular hypertrophy (decrease in left ventricular
mass index 6.3 ±2.2 to 9.6 ±1.9 g/m2.7) and an improvement
in the left ventricular diastolic function were described [61]
even though this study also has methodological weaknesses
(including a lack of data regarding changes in antihyperten-
sive medication in the follow-up period, echocardiography
instead of the gold standard of cardiac MRI for determining
the left ventricular mass) [62].

Fig. 7 Long-term course of blood pressure reduc-
tion after renal denervation. For 88 patients, the
follow-up duration was 34 months (figure adopted
from [54]).

Nähle CP et al. Renal Denervation: Unde… Fortschr Röntgenstr 2015; 187: 237–247

Review 243

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



In a quality of life analysis, 75% of patients indicated feeling
"much better" and 21% felt "better". 4 % indicated no change
in quality of life [63].
Studies to date have excluded patients with chronic renal
diseases (GRF <45ml/min/1.73m2) even though renal de-
nervation seems theoretically/physiologically benefitial in
these patients since limited renal function can be associated
with sustained sympathetic nervous system activation [19].
This hypothesis was tested in 15 patients with chronic renal
insufficiency 3°-4° (mean estimated glomerular filtration
rate (eGFR) 31ml/min/1.73m²) with CO2 angiography
being performed in 6 patients [64]. In addition to a reduc-
tion of the systolic and diastolic blood pressure (mean
reduction of office blood pressure of 34/14mmHg after 1
month, of 25/11mmHg after 3 months, of 32/15mmHg
after 6 months and of 33/19mmHg after 12 months), the
physiological circadian rhythm with nightly blood pressure
reduction was additionally restored. Renal function and re-
tention parameters (eGFR, cystatin C, urea) as well as the re-
nal plasma flow did not show any significant changes [64].
However, there are currently no clinical studies with larger
numbers of patients proving this influence on the circa-
dian blood pressure regulation in patients with renal insu-
fficiency. Since there is a risk of further worsening of renal
function in these patients as a result of contrast-induced
nephropathy or acute renal failure due to intervention-
associated cholesterol embolism [65, 66], patients with
chronic renal diseases and a GFR <45ml/min/1,73m2

should currently not be treated with renal denervation out-
side of controlled studies.

Side effects, complications
The authors of previous studies consider the safety of renal
denervation proven regardless of the catheter system used.
However, direct periprocedural complications and a possi-
ble worsening of renal function should be reviewed sep-
arately.
In the three largest studies published before the HTN-3
study, a total of 305 patients were treated and followed-up
[33, 40, 55]. New or progressive renal artery stenosis oc-
curred in 6/305 (2.0 %) patients, renal artery dissection oc-
curred in 1/305 (0.3%) patients, complications in the region
of the access path such as hematomas or aneurysms occurr-
ed in 12/305 (3.9%) patients, and intraprocedural bradycar-
dia occurred in 17/305 (5.6%) patients [30, 33, 56]. This
seems to be an acute effect of ablation since the blood pres-
sure regulation and the chronotropic competence are re-
tained after renal denervation [67]. Outside of these studies,
de-novo renal artery stenosis developed in one patient [68],
and preexisting renal artery stenosis progressed in another
patient during the follow-up period [68]. However, it must
be critically noted here that the limited follow-up interval
and particularly the follow-up methodology are not suita-
ble to detect slowly progressing changes in vascular wall
morphology. Although imaging was performed in the
HTN-2 study after 6 months in 43 (87%) patients, CT or
MRI was performed in only 10 (23%) patients while the re-
maining patients underwent merely an ultrasound exami-
nation [33]. In the long-term follow-up of all patients treat-
ed in the HTN-1 and HTN-2 studies, imaging follow-up (CT,
MRI, or ultrasound) was only available in 53% of the pa-
tients. In a porcine animal model, no inflammation was

found at the ablation sites after 6 months, but instead in-
creased fibrosis of the middle coat of the vessel [70] that
does not contain any sympathetic nerve fibers and thus is
not the primary target region of ablation.
The safety of renal denervation was also evaluated in the
HTN-3 study. There were 5 (1.4 %) major complications in
the denervation group vs. 1 (0.6%) complication in the con-
trol group (p=0.67). Major complications were a combined
end point of death for any reason, renal failure IV°, embolic
end organ damage, vascular complication, hypertensive cri-
sis < 30 days after denervation and de-novo renal artery ste-
nosis > 70% within 6 months after denervation. The authors
conclude that renal denervation is a safe treatment pro-
cedure.
This conclusion may seem correct but a “fair” comparison is
needed here. If the typical denervation-associated compli-
cations (newly occurring renal insufficiency, increase in se-
rum creatinine >50%, embolic end organ damage, vascular
complication requiring treatment, de-novo renal artery
stenosis > 70% – that are representative for the safety of
the intervention – are taken into consideration, there
were 8 (2.2%) complications in the denervation group and
1 (0.6 %) complication in the control group. Even if no statis-
tical significance is achieved here due to the low number of
events in both groups, the relative complication risk is 3.85
to the disadvantage of renal denervation. The access path
complication rate of 0.3 % specified by the authors is very
low and may be able to be attributed to the special care
used for study patients. For use in the clinical routine it
must be assumed that the average complication rate will
correspond with the typical average complication rate of
1.3 % [71].
As in the HNT-1 and HTN-2 trial, the follow-up methodolo-
gy for detecting renal artery stenoses again is problematic
since only Doppler ultrasound was performed to detect re-
nal artery stenoses [50]. Doppler ultrasound has a signifi-
cantly lower sensitivity and specificity compared to CT and
MR angiography [72, 73]. The extent to which this result
would change in the case of corresponding follow-up via
MR or CT angiography is currently speculative.
To date, there has not been significant or clinically relevant
worsening of renal function within a year of renal denerva-
tion that was to be attributed to renal denervation [33].
Minimal worsening of the GFR (from 87±19ml/min/
1.73m2 to 82±20ml/min/1.73m2) occurred in only one
study [41]. Significant worsening was not seen in the dener-
vation group or in the control group even in the HTN-3
study in which the renal function was determined by the
serum creatinine, cystatin C and estimated GFR. This is no-
table since on average twice the contrast agent volume was
used in the denervation group compared to the control
group (177.0 ±76.6ml vs. 78.6 ±51.9ml) [47] .

Patient selection
Only patients whose systolic blood pressure values were
regularly over 160mmHg despite of receiving 3 or more an-
tihypertensive medications were included in the Symplicity
HTN-1, Symplicity-HTN-2 and EnligHTN studies. However,
the average blood pressure in the Symplicity HTN-2 study
was 180/100mmHg under treatment with an average of
5.2 antihypertensive medications. These limits differ from
the current definition of treatment-resistant hypertension
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(> 140mmHg under ≥3 antihypertensive medications) [2,
73]. In a first study including 54 patients with moderate hy-
pertension (≥140/90mmHg and <160/100mmHg under
treatment with an average of 5.1 ±1.4 antihypertensive
medications), the blood pressure decreased by an average
of 13/7mmHg following renal denervation [75]. The blood
pressure reduction was thus significantly less than in the
originally defined patient population of the HTN-1 and
HTN-2 studies. This coincides with pharmacological studies
in which the extent of the blood pressure reduction corre-
lates with the preinterventional blood pressure level [33].

Outlook
!

Although the principle treatment approach of renal dener-
vation is plausible on the basis of historic data, results from
animal experiments [17, 26] and human studies [15, 19],
the HTN-3 study as the first controlled, randomized, and
blinded study after the initial positive study results [33, 40,
51] provided sobering information with respect to blood
pressure reduction by renal denervation being superior to
optimal treatment with medication [47]. If this is the end
of renal denervation for treatment-resistant hypertension
currently cannot be predicted. In addition to effectiveness,
the safety of the method plays an important role in the fu-
ture of renal denervation. Relevant complications seem to
be rare althoughweaknesses in the follow-upmust be taken
into consideration [47].
With regard to the blood pressure reduction and response
rate to be achieved – particularly also in light of the discre-
pancy between the results of the HTN-3 study and previous
studies with the above-mentioned flaws in study design,
more realistic expectations seem appropriate. The Symplici-
ty catheter system used in the HTN-3 study requiresmanual
placement of the ablation sites in a helical configuration
with a deviation from the ideal geometry possibly affecting
the percentage of ablated nerves and thus affecting the
treatment effect. In this regard systems with a predefined
geometry of ablation sites may possibly be “more robust”
with respect to blood pressure lowering. However, it is as-
tonishing that a manufacturer of such a system announced
its withdrawal from this market without giving a reason
[34]. The influence of ablation geometry, i. e. position and
density of ablation sites, should be examined in future stud-
ies.
Regarding the clinical use of renal denervation, strict com-
pliance with the interdisciplinary guidelines must be en-
sured. Currently, renal denervation should only be used in
controlled studies and Clinical routine use cannot be re-
commended on the basis of the available data. In the future,
studies with hard morbidity and mortality end points are
required in addition to studies re-examining the effective-
ness of renal denervation.

Summary
!

Renal denervation is a novel, minimally invasive, catheter-
based treatment option that could be of clinical use for a
series of indications. The best examined indication to date
for this novel method is treatment-resistant hypertension.

Previously available data showed extraordinary effective-
ness for this indication with respect to blood pressure low-
ering and other parameters. However, the current results of
the first controlled randomized and blinded study could not
show sufficient superiority of renal denervation plus opti-
mum treatment with medication compared to optimum
treatment with medication alone [47]. Since the indications
and contraindications for renal denervation were devel-
oped in an interdisciplinary manner based on initial study
results [12], an update of the guidelines and a reevaluation
of the method under consideration of the HTN-3 data are
required. Until that time, the more or less routine clinical
use of renal artery denervation as used in treatment-resis-
tant hypertension in Germany should be suspended. At this
time is cannot be ruled out that “treatment-resistant hyper-
tension” will represent only a limited indication or no indi-
cation at all for this interventional procedure in the future.
The analysis of the HTN-3 study data may help to identify
subgroups of treatment-resistant patients for whom renal
denervation can be useful in the future – in clinical studie-
sand possibly with other ablation systems. Other indica-
tions such as sleep apnea syndrome and insulin resistance
should remain the object of clinical research.
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