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Abstract
The aim of this study was to explore the long- term clinical results of Renal denervation 
(RDN) from the adventitia of the renal artery plus unilateral laparoscopic adrenalec-
tomy to treat patients with resistant hypertension caused by unilateral aldosterone- 
producing adenoma (APA). Sixty patients with resistant hypertension caused by APA 
who were treated at Henan Provincial People's Hospital from December 2016 to 
March 2018 were selected and randomly assigned to undergo RDN from the adven-
titia of the renal artery plus adrenalectomy (RDN group, n = 30) or adrenalectomy 
alone (control group, n = 30). Office blood pressure (BP), antihypertensive medication 
usage and other laboratory characteristics were followed every 6 months through 
36 months. Follow- up data were available at 36 months for 23 of 30 subjects in the 
RDN group and for 21 of 30 subjects who were in the control group. At 36 months 
postprocedure, the reduction in the RDN group was 42.2 ± 21.6 mmHg and that in 
the control group was 29.8 ± 13.5 mmHg (p = .029 between the groups). During the 
follow- up to 36 months postprocedure, no patients in either the RDN group or the 
control group died due to surgical complications, and the RDN group had no proce-
dural complications, including renal artery dissection, perforation, and renal artery 
stenosis. There was no change in the mean eGFR of the two groups, and no serious 
adverse events were reported. In conclusion, RDN from the adventitia of the renal 
artery plus unilateral laparoscopic adrenalectomy resulted in sustained lowering of BP 
at 3 years in a selected population of subjects with resistant hypertension caused by 
unilateral APA without serious safety concerns.
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1  |  INTRODUC TION

In 2008, the American Heart Association (AHA) defined resistant 
hypertension as BP that does not remain within the normal range 
despite the administration of three antihypertensive medications at 
maximally tolerated doses, including a diuretic, or BP that can be 
effectively controlled by taking 4 or more antihypertensive drugs.1 
According to reports, resistant hypertension accounts for approx-
imately 15%- 18% of patients with hypertension.1 Primary aldo-
steronism (PA) is the excessive secretion of aldosterone from the 
adrenal cortex, resulting in increased sodium retention, potassium 
excretion, blood volume, and inhibition of the activity of the renin- 
angiotensin- aldosterone system (RAAS). The main clinical manifes-
tations of PA are mainly hypertension and hypokalemia, accounting 
for approximately 17 ~ 23% of patients with resistant hypertension.2 
Aldosterone- producing adenoma (APA) is the most common type of 
PA and is treated by surgery and medication therapy. Laparoscopic 
adrenalectomy is currently recommended as the standard treatment 
for APA. However, it has been reported that the control rate of BP 
in patients with APA is only 33%- 85%3 by resecting the affected ad-
renal gland alone, which indicates that most patients still have poor 
long- term blood pressure control.

Renal denervation (RDN) refers to the purpose of lowering BP 
by blocking the activity of renal sympathetic nerves and inhibiting 
the activity of RAAS. Previous methods of performing RDN through 
the intima of the renal artery may damage the structure, increasing 
the risk of renal atherosclerosis.4- 6 Therefore, our team tried to im-
plement RDN from the adventitia of the renal artery with the help of 
current mature laparoscopic technology. On the premise that RDN 
is safe and effective after several animal experiments,7 we carried 
out a clinical trial of adventitia- RDN in the treatment of resistant 
hypertension. Our clinical study selected 60 patients with resistant 
hypertension caused by unilateral APA who were randomly divided 
into two groups to undergo RDN from the adventitia of the renal 
artery plus adrenalectomy (RDN group, n = 30) or adrenalectomy 
alone (control group, n = 30). At the 1- year postoperative follow- up, 
the decreases in the 24- hour average BP and office BP in the RDN 
group were more significant than those in the control group, and 
they were equally safe8. After that, we conducted a 3- year long- 
term follow- up, and the relevant follow- up results are reported as 
follows.

2  |  METHODS

2.1  |  Study population and protocol

Sixty patients with resistant hypertension caused by APA who 
were treated at Henan Provincial People's Hospital from December 
2016 to March 2018 were selected and randomly assigned to un-
dergo RDN from the adventitia of the renal artery plus adrenalec-
tomy (RDN group, n = 30) or adrenalectomy alone (control group, 
n = 30). The office BP, antihypertensive medication usage, and other 

laboratory characteristics were followed every 6 months through 
3 years. This study was approved by the Ethics Committee of Henan 
Provincial People's Hospital (Zhengzhou, China), and all selected pa-
tients were willing and able to comply with the protocol and pro-
vided written informed consent.

Inclusion criteria were as follows: (a) renal artery diameter 
≥4 mm and length ≥20 mm; (b) 18 years ≤age ≤70 years; (c) PA was 
diagnosed before enrollment, and APA was diagnosed clearly; (d) pa-
tients had a clear diagnosis of hypertension; (e) estimated glomerular 
filtration rate (eGFR) ≥45 ml/min/1.73 m2; and (f) patients were will-
ing and able to comply with the protocol, provided written informed 
consent and were willing to proceed with later follow- up. The ex-
clusion criteria were as follows: (a) renal artery abnormalities: he-
modynamic or anatomical stenosis of either side of the renal artery 
(≥50%); renal artery balloon angioplasty or stent placement; multiple 
renal arteries in the side kidney and a main renal artery supplying 
less than 75% of the kidney; and obvious abnormalities in renal ar-
tery anatomy, making catheter insertion difficult; (b) cardiovascular 
instability, including myocardial infarction within 6 months, unstable 
angina or cerebrovascular disease events; extensive atherosclerosis 
with intravascular thrombosis or unstable plaque; and heart valve 
disease with markedly altered hemodynamics; (c) other serious or-
ganic diseases; and (d) participation in other clinical research.

2.2  |  Surgical procedures and criteria

The specific surgical procedures and related diagnostic criteria and 
definitions have been reported in the previous literature.8

2.3  |  Follow- up

The follow- up time was from the day of discharge to the last follow-
 up day. All patients were followed up every 6 months. The follow- up 
period was from postoperative to 3 years postprocedure. The com-
mon content included in each follow- up was demographic charac-
teristics, disease characteristics, office BP, heart rate, and laboratory 
characteristics (kidney function, electrolytes). After each follow- up, 
according to the patient's BP level, an experienced hypertension 
physician adjusted the patient's antihypertensive medication.

2.4  |  Statistical analysis

To evaluate differences in clinical success, patient demographic and 
clinical characteristics are reported. All data processing was per-
formed using SPSS 22.0 software for statistical analysis. Continuous 
data are described as the means and standard deviations or medians 
and interquartile ranges, and categorical data are reported as counts 
and percentages. For continuous variables, the distributions of clini-
cal success were compared using analysis of variance. For categori-
cal data, differences in percentages across subgroups were assessed 
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using Pearson's chi- square test or Fisher's exact probability test as 
appropriate.

3  |  RESULTS

3.1  |  Population characteristics

A total of 43 subjects underwent the 3- year follow- up. A total of 23 
of 30 subjects were followed up for 3 years in the RDN group, and 
21 of 30 subjects were followed up for 3 years in the control group 
(Figure 1). The baseline characteristics of the patients are shown in 
Table 1.

3.2  |  Changes in BP

At 36 months postprocedure, the reduction level of SBP was strati-
fied and divided into 6 levels of 0- 9, 10- 19, 20- 29, 30- 39, 40- 49, and 
≥50 mmHg. The response rates were similar in both the RDN and 
control subjects: 95.7% of RDN subjects and 95.2% of control sub-
jects had a ≥10 mmHg reduction in SBP. There was no significant 

difference between the two groups in the proportion of each degree 
of patients (p > .05, Table 2).

Through 36 months postprocedure, the average office SBP 
change trends of the two groups of subjects are shown in Figure 2. 
Both the SBP and DBP of the two groups of subjects showed overall 
downward trends during the period. The average reductions in SBP 
and DBP are shown in Figure 3A,B. SBP and DBP measurements 
were significantly lower than the pre- procedure measurements 
at all time points (6, 12, 24, 30, and 36 months, Figure 3A,B). The 
SBP reductions at 36 months in the RDN and control groups were 
42.2 ± 21.6 and 29.8 ± 13.5 mmHg, respectively (p = .029). The RDN 
and control group subjects also had significant reductions in DBP at 
36 months (−18.1 ± 11.8 vs −11.5 ± 6.5 mmHg, p = .032).

3.3  |  Changes in antihypertensive medications

Changes in medication class and/or prescribed dose were permitted 
beyond 12 months (Table 3). Comparison of the mean numbers of anti-
hypertensive medications at the 3- year follow- up of the RDN and con-
trol groups showed a significant reduction (0.52 ± 0.51 vs 0.76 ± 0.83, 
p = .250) vs the baseline (3.57 ± 0.69 vs 3.39 ± 0.50, p = .272).

F I G U R E  1  Study flowchart [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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3.4  |  Clinical results

The curative effect of hypertension in the two groups of subjectives 
3 years after the operation is shown in Table 4. There were no sig-
nificant differences between the two groups of subjectives in the 
cure, improvement, and failure rates of postoperative BP (p > .05).

3.5  |  Safety

At 3 years postprocedure, the two groups of patients underwent CT 
or magnetic resonance imaging (MRI) examinations of the adrenal 
glands, ultrasound examinations of the kidneys and renal arteries, 
and biochemical examinations of renal function and electrolytes. 
During the follow- up to 3 years postprocedure, there were no deaths 
related to surgery or complications in the adventitia- RDN group or 
the control group. During and after the procedure, there were no 
complications related to the procedure, such as renal artery dissec-
tion, perforation, and renal artery stenosis. There was no change in 

the mean eGFR of the two groups, and no serious adverse events 
were reported (Table 1).

4  |  DISCUSSION

Studies have shown that the average BP of patients with PA is 
184/112 ± 28/16 mmHg8; for the same degree of hypertension, the 
damage to target organs caused by PA is much greater than that 
of primary hypertension. The excessive activation of adrenal cor-
tex hormone receptors caused by excessive aldosterone greatly in-
creases the risk of cardiovascular disease, kidney disease, metabolic 
syndrome, diabetes, and death. For patients with APA, the purpose 
of laparoscopic adrenalectomy is to reduce the excessive secre-
tion of aldosterone, thereby correcting hypokalemia and improving 
hypertension. However, for the surgical treatment of APA, many 
clinical studies have confirmed that almost all patients can achieve 
biochemical success after surgery, and the BP levels of most patients 
can also be improved to varying degrees. Approximately 40%- 60% 
of patients do not need to take antihypertensive medications after 
surgery, which shows that there are still some patients with persis-
tent hypertension after surgery.9

In this clinical study, 47.8% and 42.9% of the patients in the RDN 
and control groups, respectively, did not need to take any antihyper-
tensive medications after 3 years, and their BP could be controlled 
within the normal range. These ratios were both higher than those 
of the two groups at 1 year postprocedure and higher than the 40% 
in the meta- analysis but lower than the 50% and 52% cure rates.10- 12 
Since the definition of cure and remission in our study is different 
from that in the PASO study, it cannot be further compared with 
the cure rate in the PASO study.13 According to previous reports, 
first- degree relatives suffer from hypertension, preoperative hy-
pokalemia, and the course of preoperative hypertension, which are 
all factors influencing persistent postoperative hypertension.14 The 
different factors of postoperative biochemical and hypertension 

TA B L E  1  Basic characteristics of the two groups before and after 3 years postprocedure

Characteristics

All treated subjects pre- procedure All treated subjects at 3 years

RDN group
n = 30

Control group
n = 30 p- Value

RDN group
n = 23

Control group
n = 21 p- Value

SBP, mmHg 170.0 ± 25.4 168.0 ± 13.0 .717 127.1 ± 7.9 137.1 ± 9.7 .001

DBP, mmHg 99.6 ± 14.2 98.4 ± 5.7 .676 79.6 ± 6.1 86.2 ± 7.5 .002

Age, years 50.0 ± 10.9 50.3 ± 9.7 .928 50.6 ± 9.1 51.3 ± 7.7 .778

Men, n (%) 11 (36.7) 13 (43.3) .792 11 (47.8) 9 (42.9) .741

eGFR, ml/min/1.73 m2 88.2 ± 11.4 84.3 ± 14.9 .939 86.5 ± 7.9 85.8 ± 10.5 .647

Heart rate, b.p.m. 74.2 ± 11.0 78.0 ± 12.6 .235 68.8 ± 5.5 71.0 ± 7.2 .268

BMI, kg/m2 26.0 ± 3.3 26.3 ± 3.3 .710 25.4 ± 2.7 25.9 ± 2.6 .548

Note: Data are expressed as N (%) or mean ± SD. Statistically significant differences between the RDN and control group are defined as those with 
p- value < .05.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate, calculated using the Cockcroft- Gault 
formula; SBP, systolic blood pressure.

TA B L E  2  Reduction degree of SBP at 36 months postprocedure

Variable

No. (%)

RDN group
n = 23

Control group
n = 21

p- 
Value

Decrease in SBP, mmHg

0- 9 1 (4.3) 1 (4.8) >.99

10- 19 2 (8.7) 5 (23.8) .23

20- 29 5 (21.7) 6 (28.6) .73

30- 39 4 (17.4) 2 (9.5) .67

40- 49 6 (26.1) 6 (28.6) >.99

≥50 5 (21.7) 1 (4.8) .19

Note: Data are expressed as N (%).
Abbreviations: SBP, systolic blood pressure.
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prognosis may be the duration of preoperative hypertension and its 
influence on heart and kidney function.15

This clinical trial is the first clinical trial in the world to implement 
RDN through the adventitia of the renal artery for the treatment 
of resistant hypertension. From the results of previous studies, the 
ambulatory BP and office BP of the RDN group decreased more 
significantly than those of the control group, and combined laparo-
scopic adrenalectomy with adventitia- RDN was equally safe at one 
year postprocedure.16 This report also carried out a 3- year long- term 
follow- up of the clinical study. From the results of our study, it can 
be seen that both laparoscopic adrenalectomy on the affected side 
alone and laparoscopic adrenalectomy combined with adventitia- 
RDN can safely and effectively reduce BP in patients with resistant 
hypertension caused by APA. Moreover, compared with the control 
group, the RDN group had more significant decreases in office SBP 
and DBP and used fewer antihypertensive medications at 3 years 
postprocedure.

Aldosterone can cause BP to rise in the following ways: first, 
excessive aldosterone causes water and sodium retention, which is 
directly related to the development of hypertension; second, aldo-
sterone can cause endothelial dysfunction, tissue inflammation and 
increased sympathetic nerve excitability, which can further increase 
BP.17 Laparoscopic adrenalectomy removes the tumor and reduces 
the excessive secretion of aldosterone, thereby improving hyperten-
sion. At the same time, RDN from the adventitia of the renal artery 
can reduce sympathetic nerve excitability, which can reduce the BP 
of these patients to a certain extent. Our clinical trial results show 
that in the RDN group, RDN from the adventitia of the renal artery 
has a certain effect on lowering BP. For patients who are completely 
cured, RDN from the adventitia of the renal artery is not obvious 
in reducing BP, but for patients whose BP improves postprocedure, 
RDN from the adventitia of the renal artery may show a certain 

BP- lowering effect mainly by reducing sympathetic nerve excitabil-
ity, which can reduce the BP of these patients to a certain extent.

There have been a few studies on RDN treatment of hyperten-
sion, but the current long- term follow- up studies on RDN treat-
ment of hypertension are still limited. The SYMPLICITY HTN- Japan 
study by Kazuomi Kario et al18 conducted a follow- up of up to 
36 months after RDN treatment. In the RDN group, the office SBP 
decreased by 32.8 ± 20.1 mmHg, and the office DBP decreased by 
−15.8 ± 12.6 mmHg at 36 months postoperatively (both p < .001). 
These results are similar to the decreases in SBP and DBP at 3 years 
after RDN of SYMPLICITY HTN- 1 (−32 mmHg and −14 mmHg)19 
and HTN- 2 (−33 mmHg and −14 mmHg).20 Another clinical study21 
conducted a 7- year follow- up for the treatment of resistant hyper-
tension with RDN and found that there were no abnormal renal 
function or renal artery complications related to the operation, 
which suggests that RDN is safe and reliable for the treatment of 
hypertension. At present, the mechanism by which RDN continues 
to lower BP is unclear, but it may be related to vascular remodeling 
or changes in RAAS system activity.18,22

The innovation of this clinical trial lies in the application of the 
new technology of laparoscopic- based RDN from the adventitia of 
the renal artery to the clinic for the first time. Previous studies have 
proposed a technical model23 for performing RDN from the adven-
titia of the renal artery with the help of laparoscopy, but this model 
has not been applied in clinical trials. The technical model is a circular 
electrosurgical instrument that can wrap the renal artery in a circular 
shape from the adventitia of the renal artery and release energy, 
thereby achieving the effect of ablating the renal nerve. The the-
oretical basis is that the team found that approximately 31% of the 
renal sympathetic nerves are located more than 2 mm from the ar-
terial lumen. Compared with ablation catheters used in conventional 
RDN from the intima of the renal artery, this surgical instrument 

F I G U R E  2  Changes in SBP within 
36 months after surgery. SBP, systolic 
blood pressure
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model can place the electrode directly on the adventitia of the renal 
artery, which can damage more renal nerves. Moreover, in the pro-
cess of releasing energy from surgical instruments, the blood in the 
lumen of the renal artery can play a cooling role, which can reduce 
the harmful damage of heat to the renal artery. This technical con-
cept is similar to our research, but in our current research, we used 
the same ablation catheter as the intima- RDN. This is also where 
our research is insufficient; however, this innovative idea will open 
up a new path for follow- up research on RDN treatment of resistant 
hypertension. Moreover, the surgical instrument designed by our 
team to perform RDN through the adventitia of the renal artery has 
been designed and is currently being tested and improved in animal 
experiments.

The results of our trial also have certain limitations. First, our 
patient enrollment and data collection were from a single center, 
which may cause certain biases to the research results. Second, 

the number of subjects enrolled was relatively small, and during 
the 3- year follow- up process, some data are still missing, which 
may have a certain impact on the postoperative results. Third, al-
though our team has conducted research on RDN technology from 
the adventitia of the renal artery for several years, the research 
data on this technology are still relatively scarce, both at home and 
abroad, and this dataset is too small to compare with other stud-
ies. Finally, our innovative technology requires the use of current 
mature laparoscopic technology, and we chose a group of patients 
with APA who required laparoscopy for adrenalectomy. Although 
the patients' symptoms satisfied the categorization of resistant 
hypertension, it is difficult to rule out whether the cause of the 
resistant hypertension is from tumors that continue to secrete 
aldosterone or whether the condition is combined with essential 
hypertension on this basis. Our follow- up research will consider 
these questions.

F I G U R E  3  (A) Postprocedure change 
in office SBP; (B) Postprocedure change in 
office DBP. DBP, diastolic blood pressure; 
SBP, systolic blood pressure. p < .01 at 
all time periods for BP difference from 
baseline

(A)

(B)
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5  |  CONCLUSION

In conclusion, RDN from the adventitia of the renal artery plus uni-
lateral laparoscopic adrenalectomy resulted in sustained lowering of 
blood pressure (BP) at 3 years in a selected population of subjects 
with resistant hypertension caused by unilateral APA without seri-
ous safety concerns.
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