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Abstract

Sympathetic activation contributes to the progression of hypertension and chronic kid-
ney disease (CKD). Ablation of renal sympathetic nerves lowers blood pressure (BP)
and preserves renal function in patients with CKD and uncontrolled hypertension by
reducing sympathetic nerve activity. But whether this approach is safe and effective in
Chinese patients with CKD is unknown. We performed an observational study of eight
patients with CKD stages from 1 to 5, office BP >150/90 mmHg, while on at least three
antihypertensive drug classes including a diuretic, and diagnosis confirmed by 24 h
ambulatory systolic BP measurement >135 mmHg. All patients underwent catheter-
based renal denervation (RDN) using a newly designed RDN System (Golden Leaf
Medtech, Shanghai, China). For up to 6 months after RDN, BP was monitored and renal
function was assessed. Mean baseline office BP was 165.0 + 13.9/97.8 + 5.5 mmHg,
despite treatment with three antihypertensive drugs. Six months after RDN, office BP
was reduced by 22.1 + 12.0 (P =.002)/11.0 + 8.8 mmHg (P = .012) and average 24 h
ambulatory BP by 18 + 13.7 (P = .01)/9.3 + 7.7 mmHg (P = .016). After RDN, heart
rate and estimated glomerular filtration rate (GFR) had no significant change compared
with before RDN. In Chinese patients with CKD, our observational pilot study found
that treating hypertension with RDN lowers BP while not affecting renal function.
Brief Abstract: We performed RDN in eight Chinese patients with hypertension
and CKD. The results showed that RDN lowered blood pressure of these patients

significantly and eGFR was stable. No obvious adverse event was observed.
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1 | INTRODUCTION

Arterial hypertension is common in patients with chronic kidney dis-
ease (CKD), which has a bidirectional relationship with CKD and
significant contributor to CKD progression.! Regardless of the cause
of renal disease, increased systemic blood pressure (BP) in the setting
of impaired autoregulation of glomerular pressure, leads to intra-
glomerular hypertension, glomerulosclerosis, and progressive decline
of the glomerular filtration rate (GFR), perpetuating thus a vicious cir-
cle. Uncontrolled hypertension is also associated with an increased risk
of major cardiovascular events. For most patients with CKD, the risk
of death from cardiovascular disease outweighs the risk of progression
to end-stage renal disease, and thus cardiovascular disease is respon-
sible for much of the premature mortality in this patient group.? As a
result, nephrologists caring for hypertensive patients with CKD must
be well-versed in therapeutic options.

Plenty of experimental data have demonstrated the role of renal
sympathetic overactivity in the pathogenesis of arterial hypertension
and related disease states, including CKD.3* Sympathetic renal den-
ervation (RDN) is a minimally invasive, percutaneous procedure that
involves the ablation of renal afferent and efferent nerves using a
radiofrequency catheter. The thermal increase generated by the appli-
cation of low-dose radiofrequency energy is effective in disrupting
large portions of nervous fibers located within the adventitia of the
renal artery. Recent sham-controlled, randomized studies have shown
BP reduction in less severe hypertension similar to what one would
expect with a single antihypertensive agent.>~8

In China, the number of patients with CKD has increased in the
past few decades. A large proportion of hypertensive patients with
CKD, despite conscientious clinical management, still fail to achieve
their recommended BP treatment targets.” Whether RDN is safe and
effective in Chinese patients with CKD is unknown. We, therefore, ini-
tiated this study to assess the short-term safety and efficacy of RDN in
patients with uncontrolled hypertension and CKD.

2 | MATERIAL AND METHODS

2.1 | Trial design and patients

From May 2018 to December 2019, patients with CKD and uncon-
trolled hypertension were enrolled in this single-center pilot trial at
our hospital. In brief, eligible patients (aged 18-65 years) had an office
systolic BP of 150 mmHg or higher, an office diastolic BP of 90 mmHg
or higher, and a mean 24 h ambulatory systolic BP of 135 mmHg or
higher. Exclusion criteria of this study were pregnancy, vascular heart
disease with significant hemodynamic consequences, stenotic vascu-
lar heart disease, in which a drop in BP could be dangerous, acute
myocardial infarction, unstable angina, stroke, or transitory ischemic
attack within the previous 6 months; renovascular anomalies (including
renal artery stenosis, angioplasty with or without stenting, or dou-
ble or multiple main arteries in the same kidney); Type 1 diabetes, or
other secondary causes of hypertension (adrenal diseases, sleep apnea

syndrome, severe obesity, high salt diet, and so on). This study was
approved by the Ethic Committee of Changzheng Hospital (2017-02-
01), and all patients gave written informed consent to participate in
the study. The trial was designed in accordance with the Declaration
of Helsinki.

2.2 | Screening

Following patient enrolment, an initial screening visit was done to ver-
ify initial eligibility criteria and to initiate medication washout. Patients
were transferred to a treatment scheme of three standard antihyper-
tensive drugs. Medications were required to be prescribed at 50%
or more of the maximum manufacturer’'s recommended dosage of
a thiazide-type diuretic, a dihydropyridine calcium channel blocker,
or an angiotensin receptor blocker. After 4-week of standardized
medication, the second screening visit confirmed the patient’s BP.
Patients underwent 24 h ambulatory BP monitoring (Mobil-O-Graph,
IEM GmbH, Stolberg, Germany) if their office BP remained within the
required range (systolic BP >150 mmHg and diastolic BP >90 mmHg),
as measured by an automatic BP monitor (Omron, Shanghai, China).
Every 30 min, ambulatory BP was measured. A minimum of 21 daytime
(7:00 to 21:59) and 12 night-time (22:00 to 6:59) measurements were
required for inclusion in the analysis. If the required number of read-
ings were not obtained or if the average 24 h systolic BP was between
130 and 135 mmHg, the ambulatory BP monitoring could be repeated
once. Patients who met all inclusion and exclusion criteria at the second
screening visit were scheduled for a renal angiogram and then moved
onto the next step if anatomical suitability was confirmed. Finally, eight
patients with CKD stage 1-5 entered RDN procedure, none of them
received dialysis.

2.3 | Procedures

In brief, a newly designed RDN catheter and radiofrequency gener-
ator (Golden Leaf Medtech, Shanghai, China) were used to perform
circumferential radiofrequency ablation treatments in renal artery and
branch vessels with diameters ranging from 4 to 8 mm. The treatment
catheters were introduced into each renal artery via femoral access.
We applied discrete radiofrequency ablations of 7 Watts or less lasting
up to 2 min each. We performed 12 ablations separated both longitudi-
nally and rotationally within each renal artery system. During ablation,
the catheter system monitored tip temperature and impedance, alter-
ing radiofrequency energy delivery. All cases were performed by the
same experienced proceduralist.

Patients returned for office follow-up visits at 1, 2, 3, and 6 months
post-procedure. Unless the escape criteria were met, no antihyper-
tensive drug changes were permitted for the next six months (office
systolic BP >180 mmHg or <115 mmHg with symptoms of hypoten-
sion). Blood chemistries, including sodium, potassium, glucose, and
serum creatinine, were obtained at each follow-up visit. The esti-

mated GFR was calculated using the CKD-EPI formula. Renal artery
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imaging using duplex ultrasound was performed during the 6-month
office visit. If the duplex ultrasound was deemed non-diagnostic, a mag-
netic resonance angiography, computed tomography, or angiogram was
recommended.

24 | Outcomes

The key efficacy endpoint was the BP change from baseline (measured
at screening visit two) assessed at 6-month. This endpoint was based
on the prespecified requirement for patients to be maintained on the
same specified antihypertensive medication regimen through 6-month
of follow-up. Between the two time points, the change in the office
and 24 h BP measurements were compared. At 3- and 6-month, the
office and 24 h heart rate change from baseline were assessed. Safety
endpoints included all-cause mortality, end stage renal disease requir-
ing dialysis, new renal artery stenosis larger than 70% (assessed at
6-month), any significant embolic event resulting in end-organ damage,
admittance to hospital for hypertensive crises not related to medica-
tion nonadherence, new myocardial infarction, new stroke, renal artery
re-intervention, major bleeding, major vascular complications, dissec-
tions, perforations, and increase in serum creatinine higher than 50%
from screening assessment. End-stage renal disease was defined as two
or more estimated GFR measurements lower than 15 ml/min/1.73 m?2

at least 21 days apart.

2.5 | Statistical methods

Continuous variables are presented as mean and standard deviation.
Categorical data are reported as numbers and percentages. The paired
sample t-test was used to make comparisons between continuous
variables. A probability value of P <.05 was considered statistically sig-
nificant. All statistical analyses were performed using SPSS 26.0 (SPSS
Inc., Chicago, lllinois, USA).

3 | RESULTS

3.1 | Baseline characteristics of patients
Of the 26 initials patients, ten patients were excluded because of the
small-sized renal artery (at least one renal artery diameter <4 mm) that
contraindicated RDN, five patients retracted informed consent, and
two patients were excluded because of hyperkalemia, one patient was
excluded for low BP. Finally, eight patients finished RDN treatment and
6-month follow-up. Interestingly, there was a significant difference in
eGFR between patients with or without renal artery stenosis (5.9 + 3.3
vs.46.5 + 33.0,P=.014).

At baseline, average office systolic BP while seated was
165.0 + 13.9 mmHg and diastolic BP was 97.8 + 5.6 mmHg, with
an office heart rate of 80 + 5 beats/min. Baseline corresponding

24 h ambulatory BP monitoring showed an average systolic BP of

eGFR (CKD-EPI)
3

Pre-RDN 1 mo 3 mo 6 mo
Time

FIGURE 1 Individual changesin creatinine-based estimated GFR
before RDN (pre-RDN); at 1-, 3-, and 6-month follow-up. GFR,
glomerular filtration rate; RDN, renal denervation

162.0 + 21.4 mmHg and diastolic BP of 91.6 + 9.3 mmHg. At baseline,
the mean creatinine-based eGFR was 46.5 + 33.0 ml/min/1.73 m2, and
the mean plasma creatinine level was 298.8 + 241.4 umol/L.

3.2 | Effects of RDN on biochemical measures

No statistically significant differences in postprocedural serum bio-
chemistry were observed (P > .05). There were no significant alter-
ations in kidney function, as assessed by estimation of GFR according
to serum creatinine levels. No disturbances in serum electrolytes
were observed. Figure 1 depicts changes in creatinine-based eGFR in

individual patients after the procedure at 1, 3, and 6-month.

3.3 | Effects of RDN on BP and heart rate

The mean decrease in seated office BP was 21.6/9.1, 21.8/12.5, and
22.1/11.0 mmHg for systolic BP and diastolic BP at 1, 3, and 6-month
after the procedure, respectively. Mean 24 h ambulatory BP was sig-
nificantly reduced at 3 and 6-month after RDN. Average 24 h BP had a
decline of 14.1/7.1 mmHg at 3-month follow-up and 18.0/9.3 mmHg at
6-month follow-up (Figure 2). Similarly, both day-time and night-time
BP were significantly lower at 3 and 6-month (Table 1). No marked
post-procedure changes in night-to-day BP ratios were observed
(Table 1). Compared with baseline, heart rate tended to be lower at
6-month after RDN (Table 1). But there was no significant difference.

3.4 | Safety

Of the eight patients who underwent RDN, no patient had bleeding
at the puncture site of the femoral artery immediately after the pro-
cedure. Real-time renal artery imaging was used to assess internal
structural changes caused by the procedure. There were no focal irreg-

ularities of the renal arteries observed postoperatively. At months 1
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FIGURE 2 Mean 24 h ambulatory BP (ABP) values at follow-up.
Changes in average ABP (A) and mean decrease in ABP (B) at
follow-up. Error bars represent SDs. *P < .05 versus baseline
(pre-RDN). ABP, ambulatory blood pressure; pre-RDN, pre-renal
denervation; SD, standard deviation

and 6 after ablation, all patients underwent a Doppler scan of the renal
arteries, which showed no evidence of stenosis or flow limitation.

4 | DISCUSSION

To our knowledge, our study is the first clinical experience with
catheter-based renal nerve ablation in high-risk patients with CKD
in China. Despite the relatively small number of patients (n = 8),
We report on the safety and efficacy of radiofrequency-based RDN
treatment applied in Chinese patients with CKD and uncontrolled
hypertension. Bilateral RDN was associated with a significant and sus-
tained decrease in BP measurements in our study, which was similar to
other studies in hypertensive patients with normal or impaired renal
function.>~%10.11 Our data confirmed and extended these findings by
demonstrating significant BP reductions in a population with an eGFR
below 45 ml/min/1.73 m2, which was previously excluded from some
clinical trials.

Regardless of 24 h BP, nocturnal BP, and the night-to-day BP ratio
have been found to predict all-cause mortality and cardiovascular
events in hypertension.'213 High night-time and early morning BP lev-
els have been associated with a higher risk of cardiovascular events.
Wang et al. reported that nocturnal systolic hypertension was associ-
ated with higher risks for adverse outcomes in patients with CKD.1*
Several trials indicated that RDN treatment had a considerable effect
on nocturnal and morning BP control.1>1¢ Unfortunately, there was
no significant change in the night-to-day BP ratio in our study. Future
research should investigate the clinical significance of these findings.

TABLE 1 Office and ambulatory BP and heart rate before and after RDN

Baseline 3-month
Measurement (n=8) (n=8)
SBP (mmHg)
Office 165.0 + 13.9 143.3 + 17.2
ABPM mean 1620 + 214 147.9 + 15.6
ABPM daytime 1624 + 204 148.4 + 14.6
ABPM night-time 159.1 + 26.6 143.6 + 22.3
Night-to-day ratio .98 + .08 .96 + .07
DBP (mmHg)
Office 978 + 5.5 853 + 5.5
ABPM mean 91.6 + 9.3 845+ 70
ABPM daytime 921 + 80 850+ 7.2
ABPM night-time 900 + 15.4 80.0 + 9.8
Night-to-day ratio .97 + .09 94 + .07
Heart rate (beats/min)
Office 80 +5 78 + 10
ABPM mean 80 + 8 76 +7

Values are expressed as mean + SD. Data are shown as a one-way repeated-measures ANOVA between treatments. ABPM, ambulatory blood pressure
monitoring; BP, blood pressure; DBP, diastolic blood pressure; RDN, renal denervation; SBP, systolic blood pressure; SD, standard deviation.

Pvalues
6-month (baseline vs. P values (3-
(n=28) 6-month) vs. 6-month)
142.9 + 13.9 .002 .95
144.0 + 12.8 .01 48
1444 + 12.9 .02 51
143.1 + 16.6 .02 .93
.99 + .09 .50 44
86.8 + 8.6 .01 71
825 + 6.3 .02 .53
83.0 + 6.7 .03 56
81.1 + 8.7 .04 .75
.98 + .10 .70 .34
76 + 9 .09 .50
75+ 9 .07 41
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Some studies indicated that bilateral sympathetic RDN decreased
BP and slowed or even halted the decline of renal function.1%1” Her-
ing reported that RDN can slow further deterioration of renal function
in CKD regardless of BP-lowering effects, which may be due to changes
inintrarenal and glomerular hemodynamics caused by RDN’s inhibition
of sympathetic outflow.'° In the SYMPLICITY Global Registry, 3 years
after RDN, renal function declined by 7.1 ml/min/1.73 m2 in patients
without CKD (eGFR > 60 ml/min/1.73 m2) and by 3.7 ml/min/1.73 m2
in patients with CKD (eGFR < 60 ml/min/1.73 m2).1® However, the
observed eGFR decrease over 3 years was within the bounds of the
expected decline in patients with severe hypertension. Additionally,
one meta-analysis showed that renal function does not significantly
change up to at least 9-month after RDN.2? In our study, neither
improvement nor further deterioration of renal function was observed,
which was in line with most similar studies. It is worth noting that
antihypertensive medication was not changed after RDN until after
a 6-month follow-up. Therefore, our results further supported the
hypothesis that RDN was safe and effective in high-risk patients with
advanced CKD and persistent hypertension. Prospective trials in the
population of patients with severe CKD and longer follow-up times are
needed.

It was worthwhile to note the high prevalence of renal vascular
abnormality in patients with advanced CKD. In our cohort, 77% of
patients (10/13) with severe CKD (eGFR < 15 ml/min/1.73 m2) were
excluded because of the thin renal artery. The difference in eGFR
between patients with and without thin renal arteries was significant
(5.9 + 3.3vs.46.5 + 33.0 ml/min/1.73 m2). In another study, end-stage
renal disease patients with a mean diameter of the right renal artery
were 3.7 mm (range 2.5-5.0 mm) and of the left renal artery was 3.6 mm
(range 3.0-5.0 mm) received RDN successfully.2® Two clinical studies
confirmed that the BP-lowering efficacy of ablation was increased by
ablation in the renal artery branches.?22 |n this study, we established
strict exclusive criteria for renal artery diameter while keeping safety
in mind. In the future, we should explore smaller-sized arteries.

There were several different radiofrequency ablation systems.
The first-generation radiofrequency ablation system (Symplicity Flex;
Medtronic) utilizes a single unipolar electrode on a flexible (4F)
catheter to perform RDN.23 A newly developed second-generation
radiofrequency ablation system (Symplicity Spyral, Medtronic) that
uses a flexible 4-electrode array mounted on a 4F catheter to create
four simultaneous lesions in a helical pattern was widely used.?* In
this study, we used a newly designed ablation system from a Chinese
company, which had a unique expandable reticular electrode construc-
tion (Figure 3). This ablation system imitated a balloon, which could
pass through small vessels in their original shape and fit vascular walls
tightly after dilatation. RDN could be performed in six loci simultane-
ously using a system with six electrodes in different quadrants. Blood
flow was not blocked all along, which took away heat generated by
ablation. So, this system had some advantages compared with other
systems.

We acknowledge several limitations of our study. This study was
a single-center analysis, with a relatively small number of patients,

and there was no control group. We have only a six-month follow-up.

FIGURE 3 Anew designed ablation system with unique
expandable reticular electrode construction (Golden Leaf Medtech,
Shanghai, China)

Renal nerve reinnervation, both functional and anatomical, has been
observed in rats and sheep following RDN.2>2¢ There is no evidence
of similar reinnervation in patients who have undergone catheter-
based RDN. However, in several clinical studies, the BP-lowering effect
of RDN was sustained for up to 3 years.'®27-27 Further studies are
needed to resolve the issue of reinnervation in patients who received
RDN. Furthermore, no simple physiological or biochemical markers
can be used to determine the severity of RDN at the time of the
procedure. As a result, we do not know if the procedure was suc-
cessful in real-time. Furthermore, we lack an appropriate method for
assessing RDN’s effectiveness. Several immediate markers have been
proposed, including renal blood flow parameters, blood levels of brain-
derived neurotrophic factors, and the BP response to catheter-based
renal nerve stimulation.3°-32 However, the sensibility and reliability
of these markers need further study. It is of interest to note that the
prospective, randomized, sham-controlled clinical trial examining the
effect of RDN in CKD stage 3 (RDN-CKD study; NCT04264403) is cur-
rently ongoing. The Paradise Renal Denervation System will be used in
this trial, which is a catheter-based device designed to use ultrasound
energy to thermally ablate the nerves surrounding the renal artery.
This randomized controlled trial will provide important information
about the usefulness of RDN in CKD.

In conclusion, our observational pilot study in hypertensive patients
with CKD in China found that RDN reduced office and 24 h ambula-
tory BP but had no effect on renal function. RDN is a safe and feasible
strategy in advanced CKD patients with resistant hypertension. Fur-
ther studies and clinical trials are needed to determine the long-term
safety and efficacy of RDN in a larger CKD population.
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