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Abstract

In patients with end-stage renal disease (ESRD) undergoing haemodialysis, hypertension is of common detection and fre-
quently inadequately controlled. Multiple pathophysiological mechanisms are involved in the development and progression
of the ESRD-related high blood pressure state, which has been implicated in the increased cardiovascular risk reported in this
hypertensive clinical phenotype. Renal sympathetic efferent and afferent nerves play a relevant role in the development and
progression of elevated blood pressure values in patients with ESRD, often leading to resistant hypertension. Catheter-based
bilateral renal nerves ablation has been shown to exert blood pressure lowering effects in resistant hypertensive patients with
normal kidney function. Promising data on the procedure in ESRD patients with resistant hypertension have been reported
in small scale pilot studies. Denervation of the native non-functioning kidney’s neural excitatory influences on central sym-
pathetic drive could reduce the elevated cardiovascular morbidity and mortality seen in ESRD patients. The present review
article will focus on the promising results obtained with renal denervation in patients with ESRD, its mechanisms of action
and future perspectives in these high risk patients.
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1 Introduction

High blood pressure is one of the leading risk factors
responsible for the increased incidence of end-stage renal
disease (ESRD), contributing to the high rates of cardio-
vascular complications in chronic haemodialysis patients
[1-3]. Hypertension is detected in approximately 80-85%
of patients with chronic kidney disease (CKD) and in the
majority of the ESRD patients [4]. For any given cause of
CKD including hypertension itself, the elevation in blood
pressure values amplifies the degree at which glomerular fil-
tration rate worsens, making the high blood pressure state an
independent risk factor for ESRD [4-6]. Hypertension also
almost 50-60% of haemodialysis patients and its prevalence
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varies widely among studies according to its detection before
or after dialysis and to the methodologies employed to meas-
ure blood pressure (office or ambulatory monitoring) [2, 3].

CKD and hypertension are reciprocally connected. In a
vicious feedback loop, the presence of hypertension drives
CKD severity: uncontrolled resistant hypertension is associ-
ated with a marked increase in the risk of developing ESRD
over a 5-year period [7]. Multiple crosstalk processes are
involved in sustaining the unavoidable high blood pressure
state in CKD, and these play an important role in the patho-
genesis of the increased cardiovascular risk associated with
CKD [2, 3, 8]. One of the main causes of hypertension in
haemodialysis patients is represented by the sodium reten-
tion and volume expansion [9]. In presence of a volume
overload, blood pressure values increase due to an increase
in cardiac output and a parallel elevation in systemic vas-
cular resistance [2, 3]. Moreover, previous data indicates
that the correction of volume overload by removing excess
sodium and reducing target dry weight can improve blood
pressure profile in approximately 60% of HD patients [2, 3].
Other factors, such as endothelial dysfunction, activation of
the renin-angiotensin-aldosterone axis and overactivity of
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the sympathetic nervous system represent additional pro-
hypertensive pathogenetic mechanisms [9]. The role of sym-
pathetic neural factors is strengthened by recent new data
which have also provided new insights on the mechanisms
throughout which neuroadrenergic activation may develop
[10]. This is the case of the native kidneys, which can send
afferent nerve impulses to the central nervous system, lead-
ing to the sympathetic overdrive [11]. Furthermore, sym-
pathetic activity increases with CKD progression [12] and
afferent renal nerves, in response to intra-renal injury, may
play an excitatory influence on central sympathetic neural
outflow [13]. Finally, renal sympathetic efferent and afferent
nerves play a relevant influence in the development, main-
tenance and progression of elevated BP values commonly
detected in patients with ESRD, often leading to resistant
hypertension [10, 14].

Catheter-based renal denervation has been shown to exert
some blood pressure lowering effects in resistant hyper-
tensive patients with normal kidney function (see below).
Promising data on the procedure have emerged from pilot
studies characterized by small sample size, within study
populations with ESRD and resistant hypertension. Dener-
vation of the native non-functioning kidney’s neural contri-
bution to central sympathetic drive could reduce the elevated
cardiovascular morbidity and mortality reported in ESRD
patients. In this review, we will discuss the potential favora-
ble effects of renal nerves ablation in patients with ESRD,
mechanisms of action and clinical implications.

2 Resistant Hypertension in End-Stage
Renal Disease

In the most recent European Society of Hypertension guide-
lines on high blood pressure, a hypertensive state is defined
as resistant to treatment when appropriate lifestyle meas-
ures and pharmacological interventions with optimal or best

Fig.1 Muscle sympathetic
nerve traffic (MSNA) expressed 100 -
as bursts incidence over time

MSNA

tolerated doses of three or more drugs fail to achieve office
blood pressure below 140/90 mmHg [15]. The inadequate
blood pressure control should be confirmed by out-of-office
measurement demonstrating uncontrolled 24-h blood pres-
sure values. Evidence of full adherence to therapy and exclu-
sion of secondary causes of hypertension are required to
define true resistant hypertension, otherwise this condition is
only apparent and termed as “pseudoresistant” hypertension
[15]. As mentioned in the previous section, in CKD patients
hypertension development and maintenance depend on sev-
eral factors, whose therapeutical correction not necessarily
leads to a blood pressure reduction.

Observational studies report an extremely variable preva-
lence of resistant hypertension, ranging between 2 and 30%,
depending partly on how this clinical hypertensive pheno-
type is defined [15]. It should be mentioned that for a proper
diagnosis careful anamnestic data collection and evaluation
of ambulatory blood pressure, in order to avoid the so-called
office blood pressure related “alarm reaction”, are manda-
tory [15]. Not infrequently presumed resistant hypertensive
states, once properly evaluated, appear to be pseudo-resistant
hypertension. Direct assessment of sympathetic nerve traffic
via the microneurographic technique allowed to demonstrate
that true resistant hypertension is characterized by a much
consistent sympathetic overdrive as compared to the pseudo-
resistant hypertensive state (Fig. 1) [16]. Resistant hyperten-
sion is significantly more common in patients with CKD and
in patients with cardiovascular disease [17, 18] and it is also
associated with an increased risk of cardiovascular events,
compared with patients with treated hypertension [15]. A
subanalysis of the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT) has
shown that progression to ESRD is almost 2-fold higher in
patients with resistant hypertension as compared with nor-
motensive patients [19]. Although fluid overload is a central
feature of resistant hypertension in haemodialysis patients
[20], it explains only 1/3 of the hypertensive states.
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3 Sympathetic Activation in Chronic Kidney
Disease

There is overwhelming evidence that CKD is frequently
characterized by the presence of sympathetic hyperactiv-
ity. Importantly, data are accumulating that this neurogenic
alteration may affect cardiovascular and renal prognosis
[10, 21]. Sympathetic overactivity exerts pro-hypertensive
effects by increasing cardiac output and total peripheral
resistance. This may result from direct actions on car-
diac and vascular receptors, or by the renin-angiotensin
system’s influence on the release of renin and sodium
retention by the kidney [21]. Using the above mentioned
microneurographic technique, Converse first documented
evidence of sympathetic hyperactivity in haemodialysis
patients [11]. Subsequent studies have shown a progres-
sive increase in sympathetic activity during the various
stages of chronic renal failure, providing in addition evi-
dence that adrenergic activation in patients with HD is
greater for magnitude than that characterizing uncompli-
cated essential hypertension [12]. Some indirect evidence
demonstrated that the sympathetic overactivity in patients
with ESRD is caused by neurogenic signals originating in
the damaged kidneys [22]. In patients with ESRD on hae-
modialysis, there is a more pronounced increase in nerve
endings in the internal area of the adventitia compared
with patients with a less severe degree of CKD or a normal
renal function. The pathological activation of the sympa-
thetic nervous system is associated with a higher incidence
of sudden cardiac death in CKD and ESRD [23, 24].

4 Blood Pressure and Sympathetic Lowering
Effects of Renal Denervation

Since the publication of the results of the first non ran-
domized, proof-of-concept study (Simplicity HTNI) a
number of clinical trials based on different catheter-based
methodologies to achieve renal nerves ablation have
been performed. Documents issued by different scien-
tific national and international societies have highlighted
the main features of the procedure. In particular in the
document issued by the Italian Society of Hypertension
(SITA) a particular focus has been made on a crucial point,
namely the criteria to be followed for the patients selection
to the procedure [25].

Five sham-controlled randomized trials showed safety
and efficacy of second generation radiofrequency or ultra-
sound systems in patients with or without concomitant
medical therapy [26—-30]. The reduction in office systolic
blood pressure ranged from — 9.0 to — 10.8 mmHg and in

the diastolic blood pressure from — 5.0 to — 5.5 mmHg,
the corresponding ambulatory blood pressure decreases
ranged from — 4.7 to — 9.0 mmHg and — 3.7 to
— 6.0 mmHg, respectively [31]. Recently, the final analy-
sis of the Symplicity HTN-3 trial showed that patients in
the renal denervation group had significantly larger reduc-
tions from baseline to 36-month follow-up in both office
and 24-h ambulatory systolic blood pressure compared
with the sham control group [32]. Taken together all these
positive results represent the background for the favorable
evaluation of the renal denervation procedure in the recent
European Society of Hypertension guidelines [15].

Along with the blood pressure reduction, bilateral renal
nerves ablation has been shown to decrease sympathetic
nerve traffic with a considerable reduction in systemic and in
renal norepinephrine spillover [33-35]. A recent meta-anal-
ysis of available studies, although showing significant blood
pressure reduction following the procedure (Fig. 2), reported
a limited relationship between the renal denervation-depend-
ent reduction in sympathetic nerve traffic as measured by
microneurography and the blood pressure reduction [36]. It
is thus possible that mechanisms beside the neuroadrenergic
inhibition may be involved in determining the blood pressure
lowering effects of the procedure.

5 Renal Denervation in End-Stage Renal
Disease

Pioneering studies performed more than 70 years ago
reported optimistic effects on hypertension control after
extensive surgical sympathectomy. Despite improved mor-
tality rates in these patients, the procedures were associated
with significant comorbidity and adverse events. Nephrec-
tomy of native kidney in patients undergoing haemodialysis
has been reported to reduce blood pressure and sympathetic
nerve traffic [37]. Spinal rhizotomy of rats with hypertension
following partial nephrectomy has been shown to simultane-
ously reduce blood pressure and hypothalamic norepineph-
rine content, confirming that the kidneys are neurologically
active and contribute to the neurogenic hypertension [38].
Thus, blocking overactivity of the renal sympathetic nerve in
CKD may be a rationale treatment option for lowering blood
pressure and delaying the decline of kidney function. Severe
resistant hypertension detected in patients undergoing hae-
modialysis has been an indication for bilateral nephrectomy.
However, it is infrequently carried out since the clinical ben-
efits in improving blood pressure values usually do not bal-
ance the high peri-operative morbidity risk. Nonetheless,
bilateral nephrectomy may be considered in rare cases of
non-compliant patients with life-threatening hypertension
that cannot be controlled by any other intervention [39]. In
recent years, observations on bilateral native nephrectomy
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RDN Control

Study or Subgroup  Mean SD Total Mean

SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

4.3.1 baseline
Grassi 2015a

SBP

1741 13.9427 15 1359 55426

Grassi 2015h 171 10 14 170 10
Hering 2013 170 19 40 17 14
Seravalle 2017 175 14 29 172 10
Tsioufis 2017 165 18 13 187 30
Subtotal (95% CI) 111

Heterogeneity: Tau®= 352.66; Chi*= 68.56, df=4 (P < 0.00001); = 94%

Test for overall effect: Z= 0.68 (P = 0.50)

4.3.2 3-6 months

Hering 2013 154 25 40 169 "
Seravalle 2017 156 16 29 167 7
Tsioufis 2017 149 18 13 155 20
Subtotal (95% CI) 82

Heterogeneity: Tau®= 0.00; Chi*= 0.69, df=2 (P=0.71); F= 0%

Test for averall effect: Z= 4.25 (P < 0.0001)

5.3.1 baseline

DBP

Grassi 2015a 953 123935 15 831 45033
Grassi 2015h 95 m 14 95 5
Hering 2013 92 15 40 93 8
Seravalle 2017 96 " 29 98 6
Tsioufis 2017 95 13 13 96 18

Subtotal (95% CI) 111

Heterogeneity: Tau®= 25.34, Chi*= 12.37, df= 4 (P = 0.01), F= 68%

Testfor overall effect: Z= 0.65 (P = 0.51)

5.3.2 3-6 months

Hering 2013 84 16 40 92 1"
Seravalle 2017 87 6 29 94 4
Tsioufis 2017 85 13 13 88 13
Subtotal (95% Cl) 82

Heterogeneity: Tau®=0.00; Chi*=0.34, df=2 (P=0.84), F=0%

Test for overall effect: Z= 5.07 (P < 0.00001)

Fig.2 Blood pressure changes induced by renal denervation in the
meta-analysis assessing the effects of the procedure on sympathetic
nerve traffic in resistant or uncontrolled hypertension. Data (3 or

as antihypertensive treatment have provided the rationale for
catheter-based renal denervation in CKD patients with true
resistant hypertension. Surgical ablation ameliorates sympa-
thetic overactivity and prevents both hypertension and the
progression of renal disease in experimental models.

Renal nerves ablation is of special interest to nephrolo-
gists as it may provide additional benefits to hypertensive
patients with CKD, growing body of clinical evidence
supporting the safety and efficacy of the procedure in this
high risk population. In addition, preclinical and clinical
research investigations indicate potential nephroprotective
effects in CKD patients. The potential safety and efficacy
of therapeutic denervation of native non-functioning kidney
in patients with ESRD are however limited. Over the past
decade, encouraging data on renal denervation have emerged
from pilot studies characterized by the small sample size,
within study populations with ESRD and resistant hyperten-
sion. Five case studies have reported the procedure as feasi-
ble and effective in ESRD, despite the presence of smaller
renal artery luminal diameter and atrophic kidneys [40—44].
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6 months post-renal denervation) are shown in systolic blood pressure
(SBP, upper panel) and diastolic blood pressure (DBP, lower panel).
From data of Ref. [36]

Schlaich and colleagues described the largest cohort of nine
successful denervations in ESRD. Post renal denervation
office systolic blood pressure and sympathetic nerve traf-
fic were reduced, but ambulatory blood pressure values
remained unaffected [44]. Beyond the impact on blood pres-
sure, reductions in left ventricular mass index were high-
lighted. Impressively, these effects became evident as early
as 3 months following the procedure and persisted for up to
12 months.

The effect of renal denervation was evaluated by our
group in a small non-randomized study on haemodialysis
patients who showed resistant hypertension despite maximal
medical therapy with confirmed adherence [45]. As illus-
trated in Fig. 3, a reduction in ambulatory systolic blood
pressure was observed early in the course of the follow-up
post procedure, remaining evident during the 12 months
observation after the procedure. In the sham-treated group
no blood pressure change was observed. The blood pres-
sure lowering effects were statistically significant during
both the daytime and the nighttime periods, suggesting the
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Fig. 3 Effects of renal denerva-
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beneficial role of renal denervation also in haemodialysis
patients [44]. Collectively, to date, a unique meta-analysis
has been conducted, focusing on impact of renal denervation
in 238 resistant hypertensive patients with CKD/ESRD. This
analysis encompassed not only patients undergoing haemo-
dialysis but also those with CKD stages 1-5, drawing data
from 11 single-center studies, non-randomized, uncontrolled
[46]. The results revealed that RDN exhibited effectiveness
in reducing both office and 24-h ambulatory blood pressure
over a time span of at least 24 months [46].

Special attention in these patients should be devoted to
the patients follow-up, which, according to recent indica-
tions [15, 25, 31], should include during the first year fol-
lowing the procedure periodic assessment of renal function
(every month), monthly check of clinic blood pressure and
performance of ambulatory blood pressure monitoring every
6 months.

6 Conclusions

Data discussed in the present paper suggest that in patients
with ESRD under long-term haemodialysis and with a
marked blood pressure elevation despite multiple drug treat-
ment renal nerves ablation may exert blood pressure and
sympathetic lowering effects.

The blood pressure reduction occurs early after the den-
ervation procedure, is maintained over a long follow-up and
includes both office and ambulatory daytime and nighttime
values. This scores in favour of the adoption of this proce-
dure in these patients to improve the chance of achieving
blood pressure control in the frequent cases of unrespon-
siveness to drug treatment. Although renal denervation has
been evaluated in selected patients with ESRD, multicenter
trials on the effects of this interventional treatment in large
cohorts of patients with ESRD have not yet been performed.
It is predictable that the preliminary experiences available

6 months
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140 4

120 A

*
= —**7 7
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mmHg
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12 months Baseline 1 month 6 months 12 months

. Renal denervation D Control

will promote the design of large scale clinical studies in a
near future.
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