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Abstract
Background Renal Denervation (RDN) is a novel non-pharmacological technique to treat hypertension. This 
technique lowers blood pressure by blocking the sympathetic nerve fibers around the renal artery, then causing a 
decrease in system sympathetic nerve excitability. This study aimed to visualize and analyze research hotspots and 
development trends in the field of RDN for hypertension through bibliometric analysis.

Methods In total, 1479 studies were retrieved on the Web of Science Core Collection (WoSCC) database from 2004 
to 2023. Using CiteSpace (6.2.R4) and VOSviewer (1.6.18), visualization maps were generated by relevant literature in 
the field of RDN for hypertension to demonstrate the research status and frontiers.

Results The number of publications was found to be generally increasing. Europe and the United States were the 
first countries to carry out research on different techniques and related RDN clinical trials. The efficacy and safety of 
RDN have been repeatedly verified and gained increasing attention. The study involves multiple disciplines, including 
the cardiovascular system, peripheral vascular disease, and physiological pathology, among others. Research 
hotspots focus on elucidating the mechanism of RDN in the treatment of hypertension and the advantages of RDN 
in appliance therapy. Additionally, the research frontiers include improvement of RDN instruments and techniques, as 
well as exploration of the therapeutic effects of RDN in diseases with increased sympathetic nerve activity.

Conclusion The research hotspots and frontiers reflect the status and development trend of RDN in hypertension. 
In the future, it is necessary to strengthen international collaboration and cooperation, conduct long-term clinical 
studies with a large sample size, and continuously improve RDN technology and devices. These measures will provide 
new options for more patients with hypertension, thereby improving their quality of life.
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Introduction
Hypertension is an extremely common chronic condition 
and public health event, affecting roughly 25% of the pop-
ulation [1].Poor blood pressure control may occur due 
to irregular adherence to pharmacological treatments 
and the subsequent lifestyle modifications required. This 
leads to increased risk for adverse cardiovascular events, 
longer hospital stays, and increased cost of treatment [2, 
3].The development of catheter-based renal denervation 
(RDN) is expected to address this limitation [4, 5].

A strong correlation between blood pressure levels and 
the excessive activity of the sympathetic nervous system 
has been observed [6, 7]. Activation of efferent renal sym-
pathetic nerves results in renal arteriolar vasoconstric-
tion, reducing renal blood flow and the release of renin 
[8]. Additionally, this process results in water-sodium 
retention due to activation of the renin-angiotensin-
aldosterone system (RAAS), thereby increasing plasma 
volume and blood pressure [9]. RDN employs various 
techniques, including the use of radiofrequency energy, 
freezing energy, chemical denervation, or ultrasound-
guided approaches. This technique aims to disrupt and 
interrupt the activity of the renal sympathetic nervous 
system and ultimately inhibit the sympathetic system 
throughout the body, leading to a reduction in arterial 
blood pressure [10]. According to the European Society 
of Hypertension (ESH) guidelines [11], RDN is a class II 
(level of evidence B) recommendation, and has become 
a therapeutic option for patients with uncontrolled or 
resistant hypertension.

The bibliometric analysis first emerged in the early 
20th century and has become widely used as an analytical 
technique [12, 13]. This method can evaluate the produc-
tivity of countries, institutions, and authors to track the 
development trends and hotspots in a specific research 
field [14]. The visualization software CiteSpace (6.2.R4) 
and VOSviewer (1.6.18) are widely used in the field of 
bibliometrics. In this paper, CiteSpace was mainly used 
to create visual graphs of literature keywords, and VOS-
viewer was used to visually analyze basic information 
such as countries, authors, etc. Hence, this study aimed 
to conduct a comprehensive summary and analysis of the 
field of treatment of hypertension in RDN.

Materials and methods
Data retrieval and collection
Research data were obtained from the Web of Sci-
ence Core Collection (WoSCC) database, which covers 
comprehensive research fields [15]. The retrieval strat-
egy was (TS = (Hypertension OR “high blood pressure” 
OR hypertonic OR HPN OR HBP OR hyperpiesis OR 
hyperpiesia) AND TS= (“Renal Denervation”)) AND 
LA=(English). The retrieval time was set from January 
1, 2004, to August 1, 2023, and 2288 works of literature 

were initially retrieved. Of these, 383 meeting abstracts, 
244 editorial materials, 128 letters, 19 proceeding papers, 
11 corrections, 10 early accesses, 9 book chapters, and 5 
news items were excluded. Thus, a total of 1479 papers 
(433 review papers and 1046 research papers) were 
exported in the form of plain text files and saved in 
“download_***.txt” format within 1 day (August 9, 2023).

Data analysis
We conducted a visualization analysis of countries, 
authors, institutions, and journals through the VOS-
viewer software. A lower distance between the nodes in 
the visualization map corresponded to a closer similar-
ity between the two themes [16]. In addition, to observe 
cooperation between countries more clearly, coun-
try co-occurrence maps formed by VOSviewer were 
first exported in GML format. Following this, Scimago 
Graphica software was used for the subsequent opera-
tions, resulting in the generation of a geographical distri-
bution map of country cooperation.

CiteSpace software performs visualization analysis 
of keywords, to demonstrate the development process 
and trends in the research field. In the maps, the size of 
the node is related to the frequency of the keyword, the 
purple and the red rings in the outer area of the node 
represent the centrality and burstiness of the keyword, 
respectively [17]. The centrality of the keyword reflects 
the important role of keywords in this field, while its 
burstiness indicates the research hotspots.

Results
The 1479 research papers used in this study were pub-
lished across 351 journals in the period between 2004 
and 2023, written by 5359 authors from 1890 organiza-
tions in 69 countries, and cited by 29,398 literature docu-
ments across 3721 journals.

Temporal distribution map of publications
Figure  1 shows the three phases in the development of 
this research field. The first phase, from 2004 to 2012, 
was characterized by an annual output of no more than 
100 articles; this indicates that the field of treatment of 
hypertension in RDN was in its infancy and did not 
receive high attention. The number of papers being pub-
lished increased from 2012 onwards and reached a peak 
in 2016; this reflected that RDN entered a rapid develop-
ment stage between 2012 and 2017.

This was found to be related to the neutral results of 
the SYMPLICITY-3 HTN trial in 2014 on one hand, and 
the increased number of patients with hypertension on 
the other [18]. Meanwhile, research on hypertension in 
RDN reached the maturation stage in 2017. According 
to a citation analysis of 1479 articles, 29,398 citations 
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were involved between 2004 and 2023, with an average of 
29.55 citations per paper (h-index = 92).

Distribution of co-authorship-countries/regions, 
institutions, and scholar authors
Two countries (USA and Germany) published more than 
half of all literature, demonstrating that the study of RDN 
was investigated more thoroughly in these countries 
(Table  1; Fig.  2A and C). Figure  2B shows the locations 
and collaboration of each country in this field have been 
shown in Fig. 2B. America ranked first in total citations 
and h index, with 559 and 75 respectively. Figure  2D 
indicates that the USA and Germany were early starters 
in the research of this field; although research in Asian 
countries began relatively later, they have made impor-
tant contributions to the research field. In 2020, the Asia 
Renal Denervation Consortium fully affirmed the role of 
RDN and actively promoted this treatment as the initial 
choice for hypertension [19].

As shown in Table 2, five top scholar authors and insti-
tutions with the largest number of published research 
papers were listed. Figure  3A describes the follow-up 

survey of patients with or without complications after 
RDN surgery conducted by Monash University, confirm-
ing the safety and efficacy of RDN in clinical applications 
[20]. In addition, this university has been involved in 
many experimental studies on RDN [21]. Figure 3B shows 
inter-agency partnership, with the size of the nodes rep-
resenting the number of posts and the lines represent-
ing the linkages, by dividing the 25 institutions that met 
the threshold into 2 clusters. As the most representa-
tive author, Mahfoud F was involved in the SYMPLIC-
ITY HTN-2 randomized clinical trial, and worked on the 
study of RDN for other cardiovascular diseases [22, 23].

Distribution of disciplines and journals
Figure 4A shows the top 15 subject categories in the field 
of RDN for hypertension. As shown in Table 3; Fig. 4B, 
the journal with the largest number of publications was 
Hypertension (105 papers), which publishes research 
on the regulation, clinical treatment, and prevention of 
hypertension. Hypertension also had the largest num-
ber of citations (5936 papers), followed by the European 
Heart Journal (2606 papers) and Journal of the American 

Table 1 Top 10 contributing countries/regions in the field of RDN for hypertension
Rank Country/Regions Articles H-index Citations Average per item
1 USA 559 75 12,730 22.77
2 Germany 329 60 7310 22.22
3 Australia 185 49 8122 43.90
4 China 166 21 1100 6.63
5 England 138 43 2399 17.38
6 Netherland 125 35 1244 9.95
7 Italy 117 33 2086 17.83
8 Japan 96 28 1376 14.33
9 Poland 93 30 602 6.47
10 Greece 72 23 342 4.75

Fig. 1 The trend of publications from 2004 to 2023
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College of Cardiology (2498 papers). As the journal with 
the maximum number of publications and citations, 
Hypertension is authoritative and scientific in the field of 
treatment of hypertension in RDN.

Distribution of highly cited literature and co-cited 
reference
The analysis of highly cited literature
A greater number of citations was understood to indicate 
greater academic value of the paper. As of August 2023, 
24 highly cited studies were finally retrieved, with a total 
of 7625 citations. Table  4 listed the top 10 most highly 
cited studies. The most cited study is “A Controlled Trial 
of Renal Denervation for Resistant Hypertension” pub-
lished in the New England Journal of Medicine in 2014, 

conducted by Bakris et al. This study was a prospective, 
randomized, single-blind, randomized, sham-operated, 
controlled trial (SYMPLICITY HTN-3 clinical trial), 
conducted to show that RDN surgery for the treatment 
of resistant hypertension failed to achieve the expected 
results. This publication caused a great deal of contro-
versy at the time, but also spurred the development of 
more randomized controlled trials [18].

Only one review, titled “The Autonomic Nervous Sys-
tem and Hypertension”, describes in detail the effect of 
the mechanism of adrenergic and vagal abnormalities 
on the characteristic structure of hypertension, leading 
to essential hypertension and organic damage [24]. In 
this study, Mancia and Grassi noted that the activation 
of adrenergic nerves is an unstable process, and can be 

Table 2 Top 5 contributing authors and institutions in the field of RDN for hypertension
Rank Authors Institutions

Name Documents H-index Description Documents Citations
1 Mahfoud F 155 50 Monash Univ 73 6786
2 Bohm M 126 45 Univ Western Australia 59 1237
3 Schmieder RE 93 33 Baker heart and diabetes ins 58 6826
4 Schlaich MP 73 36 Saarland Univ 57 4629
5 Ewen S 53 24 Jichi med Univ 55 2655

Fig. 2 Distribution map of countries/regions. A Density visualization of countries. B Collaboration of all countries by Scimago. C Occurrence of contribut-
ing countries. D Time overlay of main countries

 



Page 5 of 14Li et al. Journal of Health, Population and Nutrition          (2024) 43:142 

overdriven by the progression of hypertension [25, 26]. 
Moreover, previous studies have confirmed that in the 
adrenergic system, sympathetic nervous system hyperac-
tivity may be the determinant of blood pressure variabil-
ity [27, 28], This is generally considered an independent 
risk factor for cardiovascular diseases such as heart fail-
ure and severe arrhythmias. In addition to traditional 
medical therapy, invasive approaches, such as continuous 
carotid baroreceptor stimulation and renal denervation, 
have been proven to effectively reduce blood pressure 
levels in patients with resistant hypertension [29, 30], 
supplementing the mechanism of RDN for hypertension.

The analysis of co-cited references
According to the citation analysis of the publica-
tions listed in Fig. 5A, the top three co-cited references 
revealed the effectiveness and safety of RDN for treating 
resistant hypertension through randomized controlled 
trials. After 6 months of assessing the patient’s blood 
pressure levels, the efficacy of RDN in the treatment 
of resistant hypertension was confirmed [31, 32]. This 
study can provide an important clinical rationale for this 
research field. Using VOSviewer software to visualize 
and analyze the co-cited references, 25 references reach-
ing the threshold were finally included and co-citation 
mapping was generated. Figure 5B shows the division of 
the 25 kinds of literature into two clusters based on the 

Fig. 4 Distribution map of subject categories and journals. A Top 15 subject categories in the field of RDN for hypertension. B Occurrence of contributing 
journals

 

Fig. 3 Distribution map of institutions and scholar authors. A The occurrence of contributing institutions. B The occurrence of contributing scholar 
authors
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intensity of collaboration. Most of these were clinical 
research studies in the field of cardiovascular systems, 
with a few in the field of physiology.

Distribution of keywords
Analysis of keyword co-occurrence
Keywords represent the core of the article, and their 
visual analysis plays an important role in exploring the 
frontiers and the development directions of this field. 
Figur6A shows the formation of eight clusters by running 
with a k-means clustering algorithm. Figure 6B shows the 
co-occurrence map of 150 keywords with times of occur-
rence greater than 15, created using VOSviewer software. 
Additionally, the top 20 keywords in terms of number of 
occurrences were also listed in Table 5. Apart from renal 
denervation and hypertension, keywords with high fre-
quency included resistant hypertension, blood pressure, 
sympathetic nervous system, and trial, which are terms 
frequently used in the cardiovascular field (Fig.  6C and 
D).

According to Fig.  6B, keywords were mainly concen-
trated in the fields of cardiovascular system and physi-
ology, and three clusters were formed. The red cluster 

consisted of 64 nodes, including hypertension, renin-
angiotensin system, oxidative stress, resistant hyper-
tension, and nervous system, and was focused on the 
mechanism of hypertension. For example, development 
of neurogenic hypertension is closely related to elevated 
angiotensin-II, inflammation, and vascular dysfunction 
[33].

The green cluster mainly consisted of renal dener-
vation, controlled trial, prevalence, management, and 
blood-pressure reduction, and concentrates on the 

Table 3 Top 5 contributing journals in the field of RDN for 
hypertension
Rank Jour-

nal 
title

Quantity Citations Average Citation/
Publication

IF2023

1 Hy-
per-
ten-
sion

105 5936 56.53 9.897

2 Jour-
nal of 
Hy-
per-
ten-
sion

71 2234 31.46 4.9

3 Cur-
rent 
Hy-
per-
ten-
sion 
Re-
ports

61 933 15.30 4.592

4 Euro-
inter-
ven-
tion

46 973 21.15 6.2

5 Clini-
cal 
Re-
search 
in 
Cardi-
ology

38 1138 29.95 6.138

Table 4 Top 10 highly cited literatures in the field of RDN for 
hypertension
Rank Literature title Citations Journal Year
1 A Controlled Trial of Renal 

Denervation for Resistant 
Hypertension

1511 New 
England 
Journal of 
Medicine

2014

2 Catheter-based renal 
denervation in patients with 
uncontrolled hypertension 
in the absence of antihyper-
tensive medications (SPYRAL 
HTN-OFF MED): a randomised, 
sham-controlled, proof-of-
concept trial

479 Lancet 2017

3 Effect of renal denervation 
on blood pressure in the 
presence of antihypertensive 
drugs: 6-month efficacy and 
safety results from the SPYRAL 
HTN-ON MED proof-of-con-
cept randomised trial

475 Lancet 2018

4 Hypertension 466 Lancet 2015
5 Percutaneous renal de-

nervation in patients with 
treatment-resistant hyperten-
sion: final 3-year report of the 
Symplicity HTN-1 study

447 Lancet 2014

6 Predictors of blood pressure 
response in the SYMPLICITY 
HTN-3 trial

403 Euro-
pean Heart 
Journal

2019

7 Endovascular ultrasound renal 
denervation to treat hyperten-
sion (RADIANCE-HTN SOLO): 
a multicentre, international, 
single-blind, randomised, 
sham-controlled trial

378 Lancet 2018

8 The Sympathetic Nervous 
System Alterations in Human 
Hypertension

362 Circulation 
Research

2015

9 Optimum and stepped care 
standardised antihypertensive 
treatment with or without 
renal denervation for resistant 
hypertension (DENERHTN): 
a multicentre, open-label, 
randomised controlled trial

360 Lancet 2015

10 The Autonomic Nervous 
System and Hypertension

345 Circulation 
Research

2015
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analysis of clinical trials of hypertension and the thera-
peutic effects of RDN on hypertension. An animal study 
illustrated the therapeutic effect of RDN by reducing 
factors associated with hypertension, such as ang-II or 
actin-binding protein [34].

The blue cluster consisting of atrial fibrillation and pul-
monary vein isolation, reflected that RDN can treat other 
diseases as well as hypertension [35]. A meta-analysis 

conducted by Ukena indicated the effectiveness of RDN 
as an adjunctive treatment for patients with atrial fibril-
lation [36].

Analysis of keywords timeline map
The timeline of keyword analysis explored the devel-
opment and evolution of this research field. The time 
slice was set to 3 years, the g-index was set to 5, and the 

Fig. 6 Visualization of keywords. A Cluster map of keywords. B Occurrence map of keywords. C Word cloud map of the top 50 keywords. D Density 
visualization of keywords

 

Fig. 5 Distribution map of co-cited reference. A Top 10 local cited references in the field of RDN for hypertension. B Visualization of co-cited references
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threshold of occurrences of the keyword was set to 14; 
this formed the timeline map of keywords in this research 
field by using CiteSpace software (Fig. 7A). The size of the 
node represented the frequency of keyword occurrence, 
with the position related to the year. The purple and red 
of the outer ring of the node indicated the centrality and 
the strength of the keyword respectively, and the con-
necting line displayed a close association with the co-
occurrence relationship between keywords.

Figure 7A displays that research themes in the field of 
RDN for hypertension can be divided into 3 phases from 
2004 to 2023. Firstly, from 2004 to 2010, research themes 
mainly involved theoretical exploration of RDN and 
research on the pathogenesis of hypertension [37], and 
included stimulation [38, 39], fetal origins [40] and recep-
tors [41].

From 2010 to 2016, keywords were heavily concen-
trated. During this period, the range of research was 
further expanded, and the number of themes increased 
rapidly. Therefore, it can be concluded that this phase 
focused on clinical trial research on RDN for hyperten-
sion. High-frequency keywords reflecting this stage 
included controlled trial [42–44], double-blind [45, 46], 
meta-analyze [47], and simplicity htn 3 [48].

After 2016, the development of RDN has entered a 
phase of relative maturity, with further evidence of its 
effectiveness in treating hypertension. Therefore, this 
stage mainly involves exploring the extensive applica-
tion of RDN in the cardiovascular field, while continuing 
to improve treatments for hypertension. This phase was 

analyzed around pulmonary vein isolation [36], baro-
reflex activation therapy [33], and rostral ventrolateral 
medulla [49]. Research around these themes is predicted 
to continue in the near future.

Analysis of keywords with high citation bursts
Figure  7B represents commencement and termination 
times as well as the intensity of keyword bursts, where the 
blue color denotes temporal placement of the retrieved 
keywords, and the red line signifies peak intensity of key-
word bursts. The examination of keyword mutations aids 
in investigating the frontiers of the research field.

In Fig.  7B, uncontrolled hypertension had the highest 
burst intensity of 22.3, lasting from 2019 to the present. 
The subsequent keywords are neural control and the 
United States, respectively, which have already passed 
the period of highest outburst intensity. Early appearance 
of the sympathetic nervous system and arterial pressure 
confirmed that the mechanism of hypertension was a 
research hotspot in the early days of this phase. In addi-
tion to uncontrolled hypertension, keywords currently in 
the burst period include safety, hypertension, and cardio-
vascular disease, which represent the current frontiers in 
this field of research.

Discussion
General information
In this study, bibliometric methods were applied to 
examine the development and application of RDN in 
hypertension. Since the initial application of this tech-
nique in 2009 [50], RDN has undergone numerous clini-
cal trials and has been validated as an effective modality 
to treat hypertension, in addition to pharmacologic ther-
apy and lifestyle interventions. The technique encom-
passes three primary categories: radiofrequency ablation, 
ultrasound ablation, and chemical ablation. Meanwhile, 
radiofrequency ablation, ultrasound ablation. Meanwhile, 
radiofrequency ablation and ultrasound ablation were 
approved for hypertension treatment by the U.S. Food 
and Drug Administration (FDA) in November 2023. This 
represents a significant development in the field. Based 
on the bibliometric analysis, the following representative 
clinical studies are as follows:

Currently, radiofrequency ablation is the most 
advanced technique used in RDN. Large-scale prospec-
tive studies and clinical trials of radiofrequency based 
RDN (rRDN) have been conducted in the United States, 
Europe, and Asia; among these, the most prominent are 
the SYMPLICITY trials. Initial clinical studies provided 
evidence in support of the efficacy of rRDN in lower-
ing blood pressure. However, the SYMPLICITY HTN-3 
clinical trial did not confirm the efficacy of this technique 
in the treatment of resistant hypertension, as investi-
gated by a 6-month follow-up of 535 patients from the 

Table 5 Top 20 keywords in the field of RDN for hypertension
Rank Keyword Occurrences Total link 

strength
1 renal denervation 1192 6941
2 hypertension 633 3889
3 resistant hypertension 627 3897
4 blood-pressure 609 3928
5 sympathetic nervous system 283 1932
6 trial 239 1539
7 treatment-resistant 

hypertension
178 1275

8 ablation 163 1150
9 catheter 148 1088
10 heart-failure 135 891
11 prevalence 115 785
12 sympathetic-nerve activity 114 773
13 controlled-trial 112 774
14 kidney 107 702
15 cardiovascular-disease 106 746
16 system 101 710
17 activation 99 684
18 uncontrolled hypertension 99 711
19 disease 95 632
20 ambulatory blood pressure 92 636
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United States [18]. However, a 3-year follow-up revealed 
a 24-hour ambulatory systolic blood pressure (SBP) 
change of − 15.6 mmHg in the rRDN group, which is a 
significantly superior level of blood pressure compared 
to the sham control group (–0.3 mmHg) [51]. This trial 
corroborates the long-term efficacy of rRDN in patients 
with resistant hypertension, supported by the supple-
mentary evidence provided for SYMPLICITY HTN-3. 
A total of 1,742 patients with uncontrolled hypertension 
were enrolled in the Global SYMPLICITY Registry at 196 
active centers in 45 countries following the rRDN proce-
dure [52]. The data from the three-year follow-up period 

indicated sustained the reductions in office blood pres-
sure (–16.5 mmHg) and 24-hour ambulatory SBP (–8.0 
mmHg) were sustained. Furthermore, the occurrence 
of cardiovascular mortality and major adverse events 
associated with rRDN was markedly reduced at the 
three-year follow-up. This study has demonstrated the 
durability and safety of this procedure.

The sham-controlled RADIANCE-HTN trials, con-
ducted to investigate the efficacy of endovascular ultra-
sound RDN (uRDN) in lowering blood pressure, included 
two cohorts: the SOLO cohort [53] and the TRIO cohort 
[54]. In the RADIANCE-HTN SOLO study, 146 patients 

Fig. 7 A Timeline map of keywords from 2004 to 2023. B Top 15 keywords with the strongest citation bursts
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with mild hypertension who had discontinued their anti-
hypertensive medications were randomly assigned to 
the uRDN group and the sham-controlled group. In the 
RADIANCE-HTN TRIO trial, 136 patients with severe 
resistant hypertension resistant to three antihyperten-
sive agents were randomized into groups. The results of 
the two-month follow-up indicated that the uRDN group 
had more pronounced reductions in 24-hour ambula-
tory SBP (SOLO cohort: − 8.5 mmHg, TRIO cohort: − 8.0 
mmHg) compared to the sham procedure groups (SOLO 
cohort: − 2.2 mmHg, TRIO cohort: − 3.0 mmHg). These 
findings substantiated the efficacy and safety of uRDN in 
the treatment of hypertension.

Previous clinical studies [55] have demonstrated the 
feasibility of alcohol mediated RDN. However, these 
studies were limited by a small sample size and a lack of 
sufficient clinical evidence. In the TARGET-BP off-MED 
study [56], 106 patients with uncontrolled hypertension 
were recruited. No significant difference was observed in 
24-hour ambulatory SBP reductions (–1.5 mmHg versus 
− 4.6 mmHg). This trial confirmed the safety of alcohol 
mediated RDN; however, its efficacy has yet to be dem-
onstrated. More recently, the TARGET BP I Randomized 
Clinical Trial was recently conducted [57], enrolling 301 
patients with uncontrolled hypertension. These patients 
were prescribed 2–5 antihypertensive drugs, randomly 
assigned to RDN or sham control. The results of the trial 
demonstrated that after a three-month follow-up dura-
tion, a statistically significant difference in mean 24-hour 
ambulatory SBP between the RDN group and the sham-
controlled group was observed (–10 ± 14.2 mmHg versus 
− 6.8 ± 12.1 mmHg, P = 0.0487). Additionally, the occur-
rence of adverse events during the six-month follow-up 
period was minimal; this substantiates the intermediate-
term safety and efficacy of the alcohol-mediated RDN in 
patients with uncontrolled hypertension.

Hotspots and frontiers
Hotspots
The analysis of the co-citation relationship between the 
literature and cited reference can assist in the devel-
opment of a knowledge framework and identification 
of research hotspots. Keywords, which represent the 
essence of an article, can be used to ascertain the hotspot 
direction of a research field. In conclusion, research 
hotspots identified through analysis of co-citation rela-
tionships and clustering and timeline analysis of key-
words can be summarized as follows: mechanism of RDN 
for the treatment of hypertension and advantages of RDN 
in appliance therapy.

Mechanism of RDN for hypertension
Research on the mechanism of hypertension is mostly 
concentrated in the over-activation of the RAAS system, 

sympathetic dysfunction, and release of inflammatory 
factors [58–60]. As a pivotal organ and nervous system 
for regulating blood pressure, enhanced renal efferent 
sympathetic nerve activity promotes activation of beta1-
adrenergic receptors of glomerular parietal cells. This 
influences turn on renin secretion, glomerular filtration 
rate, and renal tubular sodium reabsorption [61].The 
renal afferent nerve provides continuous feedback to the 
central autonomic nuclei and regulates the central sym-
pathetic nervous system [62]. Therefore, the interaction 
between renal efferent and afferent sympathetic nerves 
constitutes renal sympathetic nerve activity (RSNA), 
which plays a pivotal role in the physiopathology of 
hypertension [63].

Distribution of renal efferent nerve fibers is particu-
larly dense in the vicinity of renal arteries and veins, and 
some branches of these blood vessels are distributed 
around the arterial vascular segments outside the renal 
cortex and medulla [62]. The RDN technique reduces 
blood pressure by removing efferent and afferent fibers 
from the renal sympathetic nervous system, increasing 
water and sodium excretion, and decreasing the RSNA 
system and systemic sympathetic nervous system activ-
ity. In other words, the antihypertensive mechanism of 
RDN is equivalent to the combinations of antihyperten-
sive agents, including beta-blockers, calcium channel 
blockers (CCBs), angiotensin receptor blockers (ARBs), 
angiotensin converting enzyme inhibitors (ACEI), and 
thiazide-like diuretics. Hence, RDN is a more suitable 
treatment option for patients with resistant hypertension.

Advantages of RDN in appliance therapy
At present, in addition to the RDN technology, several 
devices have been proposed to treat resistant hyperten-
sion. These include a central iliac arteriovenous coupler, 
electrical baroreflex activation therapy, and others.

The prompt decline in blood pressure following treat-
ment of the anastomosis may be attributed to the for-
mation of a low-resistance, high-compliance venous 
segment into the central arterial tree [7, 64, 65]. In a 
randomized controlled trial (the ROX CONTROL HTN 
study) [66], 44 patients were randomly assigned to the 
arteriovenous coupler group and 39 to the medical ther-
apy group. The six-month postoperative follow-up indi-
cated that levels of blood pressure in the anastomosis 
group (office blood pressure: − 23.2 mmHg systolic and 
− 17.7 mmHg diastolic, 24-hour ambulatory blood pres-
sure: − 13.0 mmHg systolic and − 13.0 mmHg diastolic) 
exhibited a notable decrease when compared with the 
control group (–1.5[16.7] mmHg systolic and − 1.1[10.5] 
mmHg diastolic). While this study demonstrates the effi-
cacy of the central iliac arteriovenous coupler for treat-
ing resistant hypertension, it is important to note that 
there 25 adverse events occurred among the patients 



Page 11 of 14Li et al. Journal of Health, Population and Nutrition          (2024) 43:142 

who underwent this surgical procedure; these included 
urinary retention, transient pain, anemia, and others. 
Twelve patients developed significant unilateral lower 
extremity edema and were subsequently diagnosed with 
iliac vein stenosis proximal to the anastomosis. To date, 
no reports or clinical trials have been published regard-
ing the long-term safety of central iliac arteriovenous 
coupler treatment; hence, this needs to be investigated in 
the future.

Electrical baroreflex activation therapy (BAT) stimu-
lates the baroreceptors in the carotid sinus, inhibiting 
the activity of sympathetic nerves and ultimately reduc-
ing blood pressure [67]. In a randomized, double-blind, 
placebo-controlled study [68], 256 patients with resis-
tant hypertension were randomly assigned to one of two 
groups. Group A was administered immediate BAT, while 
Group B underwent BAT deferred for six months. While 
the second-generation BAT technique is a significant 
advance over existing approaches, further randomized 
treatment trials must be conducted to prove the durabil-
ity and safety of this technique for patients with resistant 
hypertension. Other technologies are not yet sufficiently 
mature for widespread adoption, and further studies 
and clinical trials are needed to improve their theranos-
tic applications. In contrast, RDN has been verified and 
analyzed in numerous randomized clinical trials; hence, 
it offers a more objective theoretical basis, and plays an 
invaluable role in the treatment of resistant hypertension.

Frontiers
By analyzing the keywords with high citation bursts in 
this paper, we can summarize the research frontiers of 
RDN can be summarized as follows:

Improvement of RDN instruments and techniques
Although the RDN technique has become relatively 
established and confirmed by multiple studies, some 
uncertainty about this surgery persists. A study con-
ducted by De Jong et al. [69] showed that 30% of patients 
did not respond when undergoing the RDN procedure 
with the monopoly ablation catheter, this may be due to 
the different proportions of sympathetic and parasym-
pathetic tissue around the renal arteries [70]. Therefore, 
improvements to RDN instrumentation and techniques 
remain an important direction for research.

Taking rRDN as an example, in the SPYRAL HTN-
OFF MED trial [48], the Symplicity Spyral multielectrode 
ablation catheter and the Symplicity G3 ablation radio-
frequency generator were applied to patients with uncon-
trolled hypertension. The Symplicity Spyral catheter can 
ablate renal arteries with vessel diameters ranging from 3 
to 8 mm. The catheter is equipped with four helical elec-
trodes, enabling ablation of four quadrants of the renal 
artery trunk and at least two quadrants of the renal artery 

branches. The results of this trial demonstrated a sig-
nificant benefit of RDN in terms of 24-hour ambulatory 
blood pressure reduction in the absence of antihyperten-
sive agents, with stable levels of blood pressure through-
out the day and no adverse events during the six-month 
follow-up period. However, this catheter has certain limi-
tations. These include the following: the relatively fixed 
spiral structure of the catheter makes conformation to 
the morphology of the blood vessels challenging; the con-
tinuity of the ablation energy field is less effective, result-
ing in a longer ablation time.

A recent Netrod-HTN clinical study conducted in 
China investigated the efficacy and safety of the Netrod 
Six-Electrode rRDN for the treatment of uncon-
trolled hypertension. The Netrod Six-Electrode cath-
eter increased the diameter of the renal artery vessels 
to 2–12  mm and adapted intelligently to morphological 
changes in the blood vessels, ensuring continuity of the 
ablation energy field. The procedure time was shortened, 
and the surgical efficiency increased significantly. Further 
prospective studies are required to verify long-term effi-
cacy and safety.

At present, the RDN technique still presents some lim-
its such as vascular endothelial damage, severe pain, etc. 
Further improvement of the RDN instrument and con-
duction of more research studies with multi-center, large 
sample size, real world studies represent potential future 
research directions.

Exploration of the therapeutic effects of RDN in diseases 
with increased sympathetic nerve activity
The increased sympathetic nerve activity is closely linked 
to cardiovascular diseases and metabolic abnormalities. 
Christian Ukena et al. [36] randomized patients with 
hypertension combined with atrial fibrillation(AF) into 
the RDN combined pulmonary vein isolation(PVI) group 
as well as the PVI alone group, and after 12 months, the 
odds ratio for AF recurrence was 0.43 for the combined 
surgery group versus the PVI alone group, suggesting 
that RDN can significantly reduce the recurrence of AF.

The subcohort of the SYMPLICITY HTN-2 clini-
cal trial showed reduced blood pressure in RDN treat-
ment with a concomitant reduction in fasting glucose 
(from 118 ± 3.4 to 108 ± 3.8  mg/dL), insulin levels (from 
20.8 ± 3.0 to 9.3 ± 2.5 µIU/mL), and C-peptide levels (from 
5.3 ± 0.6 to 3.0 ± 0.9 ng/mL) at 3-month follow-ups [71]. 
As an important regulator of insulin resistance, excita-
tion of the sympathetic nervous system is associated 
with increased risks of central obesity and diabetes. RDN 
can improve glucose metabolism and insulin sensitivity, 
which can be explained by reduction of noradrenaline 
and inhibition of renal sympathetic activity.

Furthermore, some pathophysiology studies and clini-
cal trials have demonstrated the treatment efficacy of 
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RDN on chronic heart failure, left ventricular hypertro-
phy, and autonomic nerve dysfunction [61–63]. Thus, 
future research should explore the potential therapeutic 
effects of RDN in diseases with increased sympathetic 
nerve activity.

Limitations
Research data were obtained from the WoSCC. Only 433 
review papers and 1,046 research papers were included in 
the analysis, as other types of literature and non-English 
sources were excluded; hence, there was a certain degree 
of source bias.

Conclusions
As the first bibliometric study of RDN for hypertension, 
this paper provided a comprehensive and objective sum-
mary of the status and clinical trials of the RDN tech-
nique, manifesting the efficacy, durability, and safety. 
The improvement of RDN ablation catheters and explo-
ration of the therapeutic effects of RDN in diseases with 
increased sympathetic nerve activity will be the priority 
of future research. This will confirm the importance of 
RDN technology hypertension therapy and provide more 
treatment options to patients with hypertension or other 
diseases. Our study provides references and implica-
tions for future research into RDN for the treatment of 
hypertension.

Abbreviations
AF  Atrial fibrillation
ACEI  Angiotensin converting enzyme inhibitors
ARBs  Angiotensin receptor blockers
BAT  Baroreflex activation therapy
ESH  European Society of Hypertension
CCBs  Calcium channel blockers
FDA  Food and Drug Administration
RAAS  Renin-angiotensin-aldosterone system
RDN  Renal Denervation
rRDN  Radiofrequency-based Renal Denervation
RSNA  Renal sympathetic nerve activity
SBP  Systolic blood pressure
PVI  Pulmonary vein isolation
uRDN  Ultrasound Renal Denervation
WoSCC  Web of Science Core Collection

Acknowledgements
We would like to thank the kind support of Guang’anmen Hospital, China 
Academy of Chinese Medical Sciences.

Author contributions
JR and XH analyzed the data and prepared the first draft of the manuscript. 
YC and H collected and collated data. XY helped in visualization. B and YH 
conceptualized designed the study and involved in manuscript reviewed. All 
authors contributed substantively to the manuscript.

Funding
This work was supported by the special project for scientific research 
and construction of the national Chinese medicine clinical research base, 
funded by the State Administration of Traditional Chinese Medicine, China 
(JDZX2015142).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 24 June 2024 / Accepted: 16 August 2024

References
1. Muntner P, Hardy ST, Fine LJ, Jaeger BC, Wozniak G, Levitan EB, et al. Trends in 

blood pressure control among US adults with hypertension, 1999–2000 to 
2017–2018. JAMA. 2020;324:1190.

2. Azadi NA. The effect of education based on health belief model on promot-
ing preventive behaviors of hypertensive disease in staff of the. Iran Univer-
sity of Medical Sciences; 2021.

3. Majd Z, Mohan A, Johnson ML, Essien EJ, Barner JC, Serna O, et al. Patient-
reported barriers to adherence among ACEI/ARB users from a motiva-
tional interviewing telephonic intervention. Patient Prefer Adherence. 
2022;16:2739–48.

4. Lederman D, Zheng B, Wang X, Sumkin JH, Gur D. A GMM-based breast 
cancer risk stratification using a resonance-frequency electrical impedance 
spectroscopy: a breast cancer risk stratification using an REIS. Med Phys. 
2011;38:1649–59.

5. Kandzari DE, Mirror. Mirror on the Wall. JACC: Cardiovasc Interventions. 
2021;14:2625–8.

6. DiBona GF. Sympathetic nervous system and hypertension. Hypertension. 
2013;61:556–60.

7. Lauder L, Azizi M, Kirtane AJ, Böhm M, Mahfoud F. Device-based therapies for 
arterial hypertension. Nat Rev Cardiol. 2020;17:614–28.

8. Zheng H, Liu X, Katsurada K, Patel KP. Renal denervation improves sodium 
excretion in rats with chronic heart failure: effects on expression of renal 
ENaC and AQP2. Am J Physiol Heart Circ Physiol. 2019;317:H958–68.

9. Kawasaki T, Oyoshi T, Hirata N. Anesthesia Management of a Liver Transplant 
Recipient with Remimazolam. Tulgar S, editor. Case Reports in Anesthesiol-
ogy. 2023;2023:1–4.

10. Kandzari DE, Townsend RR, Bakris G, Basile J, Bloch MJ, Cohen DL et al. Renal 
denervation in hypertension patients: Proceedings from an expert con-
sensus roundtable cosponsored by SCAI and NKF. Cathet Cardio Intervent. 
2021;98:416–26.

11. Mancia G, Kreutz R, Brunström M, Burnier M, Grassi G, Januszewicz A et al. 
2023 ESH guidelines for the management of arterial hypertension the Task 
Force for the management of arterial hypertension of the European Society 
of Hypertension Endorsed by the International Society of Hypertension (ISH) 
and the European Renal Association (ERA). J Hypertens. 2023.

12. Xie Y, Shi K, Yuan Y, Gu M, Zhang S, Wang K, et al. Bibliometric analysis reveals 
the progress of PM2.5 in Health Research, especially in Cancer Research. Int J 
Environ Res Public Health. 2023;20:1271.

13. Gao Y, Wang F, Song Y, Liu H. The status of and trends in the pharmacology of 
berberine: a bibliometric review [1985–2018]. Chin Med. 2020;15:7.

14. Shi J, Shi S, Yuan G, Jia Q, Shi S, Zhu X, et al. Bibliometric analysis of chloride 
channel research (2004–2019). Channels. 2020;14:393–402.

15. Merigó JM, Yang J-B. A bibliometric analysis of operations research and 
management science. Omega. 2017;73:37–48.

16. van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program for 
bibliometric mapping. Scientometrics. 2010;84:523–38.

17. Chen C, Hu Z, Liu S, Tseng H. Emerging trends in regenerative medicine: a 
scientometric analysis in CiteSpace. Expert Opin Biol Ther. 2012;12:593–608.

18. Bhatt DL, Kandzari DE, O’Neill WW, D’Agostino R, Flack JM, Katzen BT, et al. A 
controlled trial of renal denervation for resistant hypertension. N Engl J Med. 
2014;370:1393–401.

19. Kario K, Kim B-K, Aoki J, Wong AY-T, Lee Y-H, Wongpraparut N, et al. Renal 
denervation in Asia Consensus Statement of the Asia Renal Denervation Con-
sortium. Hypertension. 2020;75:590–602.



Page 13 of 14Li et al. Journal of Health, Population and Nutrition          (2024) 43:142 

20. Lambert GW, Hering D, Esler MD, Marusic P, Lambert EA, Tanamas SK, et 
al. Health-Related Quality of Life after renal denervation in patients with 
treatment-resistant hypertension. Hypertension. 2012;60:1479–84.

21. Esler MD, Boehm M, Sievert H, Rump CL, Schmieder RE, Krum H, et al. 
Catheter-based renal denervation for treatment of patients with treatment-
resistant hypertension: 36 month results from the SYMPLICITY HTN-2 
randomized clinical trial. Eur Heart J. 2014;35:1752–9.

22. Boehm M, Ewen S, Kindermann I, Linz D, Ukena C, Mahfoud F. Renal denerva-
tion and heart failure. Eur J Heart Fail. 2014;16:608–13.

23. Goetzinger F, Kunz M, Lauder L, Boehm M, Mahfoud F. Arterial Hypertension-
clinical trials update 2023. Hypertens Res [Internet]. 2023 [cited 2023 Sep 23]; 
https://www.nature.com/articles/s41440-023-01359-y

24. Mancia G, Grassi G. The autonomic nervous system and hypertension. Circ 
Res. 2014;114:1804–14.

25. Smith P. Relationship between central sympathetic activity and stages of 
human hypertension. Am J Hypertens. 2004;17:217–22.

26. Grassi G, Cattaneo BM, Seravalle G, Lanfranchi A, Mancia G. Baroreflex control 
of sympathetic nerve activity in essential and secondary hypertension. 
Hypertension. 1998;31:68–72.

27. Grassi G. Assessment of Sympathetic Cardiovascular Drive in Human Hyper-
tension: achievements and perspectives. Hypertension. 2009;54:690–7.

28. Mancia G, Grassi G, Giannattasio C, Seravalle G. Sympathetic activation in the 
pathogenesis of hypertension and progression of Organ damage. Hyperten-
sion. 1999;34:724–8.

29. Xu J, Hering D, Sata Y, Walton A, Krum H, Esler MA, et al. Renal denervation: 
current implications and future perspectives. Clin Sci. 2014;126:41–53.

30. Menne J, Jordan J, Linnenweber-Held S, Haller H. Resistant hypertension: 
baroreflex stimulation as a new tool. Nephrol Dial Transpl. 2013;28:288–95.

31. Renal sympathetic denervation. In patients with treatment-resistant hyper-
tension (the Symplicity HTN-2 trial): a randomised controlled trial. Lancet. 
2010;376:1903–9.

32. Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski J, Bartus K, et al. 
Catheter-based renal sympathetic denervation for resistant hyperten-
sion: a multicentre safety and proof-of-principle cohort study. Lancet. 
2009;373:1275–81.

33. Fisher JP, Paton JFR. The sympathetic nervous system and blood pressure in 
humans: implications for hypertension. J Hum Hypertens. 2012;26:463–75.

34. Ong J, Kinsman BJ, Sved AF, Rush BM, Tan RJ, Carattino MD, et al. Renal 
sensory nerves increase sympathetic nerve activity and blood pressure in 
2-kidney 1-clip hypertensive mice. J Neurophysiol. 2019;122:358–67.

35. Berukstis A, Navickas R, Neverauskaite-Piliponiene G, Ryliskyte L, Misiura J, 
Vajauskas D, et al. Arterial destiffening starts early after renal artery denerva-
tion. Int J Hypertens. 2019;2019:3845690.

36. Ukena C, Becker N, Pavlicek V, Millenaar D, Ewen S, Linz D, et al. Catheter-
based renal denervation as adjunct to pulmonary vein isolation for treatment 
of atrial fibrillation: a systematic review and meta-analysis. J Hypertens. 
2020;38:783–90.

37. Jacob F, Clark LA, Guzman PA, Osborn JW. Role of renal nerves in develop-
ment of hypertension in DOCA-salt model in rats: a telemetric approach. Am 
J Physiol-Heart Circul Physiol. 2005;289:H1519–29.

38. Girchev RA, Baecker A, Markova PP, Kramer HJ. Interaction of endothelin with 
renal nerves modulates kidney function in spontaneously hypertensive rats. 
Kidney Blood Press Res. 2006;29:126–34.

39. Hamza SM, Kaufman S. Splenorenal reflex modulates renal blood flow in the 
rat. J Physiol-London. 2004;558:277–82.

40. Alexander BT, Hendon AE, Ferril G, Dwyer TM. Renal denervation abolishes 
hypertension in low-birth-weight offspring from pregnant rats with reduced 
uterine perfusion. Hypertension. 2005;45:754–8.

41. Hendel MD, Collister JP. Renal denervation attenuates long-term hyper-
tensive effects of angiotensin II in the rat. Clin Exp Pharmacol Physiol. 
2006;33:1225–30.

42. Mahfoud F, Tunev S, Ewen S, Cremers B, Ruwart J, Schulz-Jander D, et al. 
Impact of Lesion Placement on Efficacy and Safety of Catheter-based Radio-
frequency Renal Denervation. J Am Coll Cardiol. 2015;66:1766–75.

43. Schirmer SH, Sayed MMYA, Reil J-C, Ukena C, Linz D, Kindermann M, et al. 
Improvements in left ventricular hypertrophy and diastolic function following 
renal denervation effects beyond blood pressure and heart rate reduction. J 
Am Coll Cardiol. 2014;63:1916–23.

44. Rosa J, Widimsky P, Waldauf P, Lambert L, Zelinka T, Taborsky M, et al. Role 
of adding spironolactone and renal denervation in true resistant hyperten-
sion one-year outcomes of Randomized PRAGUE-15 study. Hypertension. 
2016;67:397–403.

45. Persu A, Renkin J, Thijs L, Staessen JA. Renal denervation Ultima ratio or 
standard in treatment-resistant hypertension. Hypertension. 2012;60:596–.

46. Oliveras A, Armario P, Clara A, Sans-Atxer L, Vazquez S, Pascual J, et al. 
Spironolactone versus sympathetic renal denervation to treat true resistant 
hypertension: results from the DENERVHTA study a randomized controlled 
trial. J Hypertens. 2016;34:1863–71.

47. Ewen S, Ukena C, Linz D, Kindermann I, Cremers B, Laufs U, et al. Reduced 
effect of percutaneous renal denervation on blood pressure in patients with 
isolated systolic hypertension. Hypertension. 2015;65:193–9.

48. Townsend RR, Mahfoud F, Kandzari DE, Kario K, Pocock S, Weber MA, et al. 
Catheter-based renal denervation in patients with uncontrolled hyperten-
sion in the absence of antihypertensive medications (SPYRAL HTN-OFF 
MED): a randomised, sham-controlled, proof-of-concept trial. Lancet. 
2017;390:2160–70.

49. DeLalio LJ, Sved AF, Stocker SD. Sympathetic nervous system contribu-
tions to hypertension: updates and therapeutic relevance. Can J Cardiol. 
2020;36:712–20.

50. Schlaich MP, Sobotka PA, Krum H, Lambert E, Esler MD. Renal sympathetic-
nerve ablation for uncontrolled hypertension. N Engl J Med. 2009;361:932–4.

51. Bhatt DL, Vaduganathan M, Kandzari DE, Leon MB, Rocha-Singh K, Townsend 
RR, et al. Long-term outcomes after catheter-based renal artery denervation 
for resistant hypertension: final follow-up of the randomised SYMPLICITY 
HTN-3 trial. Lancet. 2022;400:1405–16.

52. Mahfoud F, Böhm M, Schmieder R, Narkiewicz K, Ewen S, Ruilope L, et al. 
Effects of renal denervation on kidney function and long-term out-
comes: 3-year follow-up from the Global SYMPLICITY Registry. Eur Heart J. 
2019;40:3474–82.

53. Azizi M, Schmieder RE, Mahfoud F, Weber MA, Daemen J, Davies J, et al. 
Endovascular ultrasound renal denervation to treat hypertension (RADIANCE-
HTN SOLO): a multicentre, international, single-blind, randomised, sham-
controlled trial. Lancet. 2018;391:2335–45.

54. Azizi M, Sanghvi K, Saxena M, Gosse P, Reilly JP, Levy T, et al. Ultrasound renal 
denervation for hypertension resistant to a triple medication pill (RADIANCE-
HTN TRIO): a randomised, multicentre, single-blind, sham-controlled trial. 
Lancet. 2021;397:2476–86.

55. Mahfoud F, Renkin J, Sievert H, Bertog S, Ewen S, Böhm M, et al. Alcohol-
mediated renal denervation using the Peregrine System Infusion Catheter for 
Treatment of Hypertension. JACC Cardiovasc Interv. 2020;13:471–84.

56. Pathak A, Rudolph UM, Saxena M, Zeller T, Müller-Ehmsen J, Lipsic E, et al. 
Alcohol-mediated renal denervation in patients with hypertension in the 
absence of antihypertensive medications. EuroIntervention. 2023;19:602–11.

57. Kandzari DE, Weber MA, Pathak A, Zidar JP, Saxena M, David SW, et al. Effect 
of alcohol-mediated renal denervation on blood pressure in the Presence of 
Antihypertensive medications: primary results from the TARGET BP I random-
ized clinical trial. Circulation. 2024;149:1875–84.

58. Czesnikiewicz-Guzik M, Osmenda G, Siedlinski M, Nosalski R, Pelka P, Nowa-
kowski D, et al. Causal association between periodontitis and hypertension: 
evidence from mendelian randomization and a randomized controlled trial 
of non-surgical periodontal therapy. Eur Heart J. 2019;40:3459–70.

59. Zhuo Z, Lin H, Liang J, Ma P, Li J, Huang L, et al. Mitophagy-related gene 
signature for Prediction Prognosis, Immune Scenery, Mutation, and Chemo-
therapy Response in Pancreatic Cancer. Front Cell Dev Biol. 2021;9:802528.

60. Dzau VJ, Balatbat CA. Future of hypertension. Hypertension. 2019;74:450–7.
61. Parati G, Esler M. The human sympathetic nervous system: its relevance in 

hypertension and heart failure. Eur Heart J. 2012;33:1058–66.
62. Sata Y, Head GA, Denton K, May CN, Schlaich MP. Role of the sympathetic ner-

vous system and its modulation in renal hypertension. Front Med. 2018;5:82.
63. Ram CVS. Status of renal denervation therapy for hypertension. Circulation. 

2019;139:601–3.
64. Kapil V, Sobotka PA, Lobo MD, Schmieder RE. Central arteriovenous anasto-

mosis to treat resistant hypertension: current opinion in Nephrology and 
Hypertension. 2018;27:8–15.

65. Kunz M, Lauder L, Ewen S, Boehm M, Mahfoud F. The current status of devices 
for the treatment of resistant hypertension. Am J Hypertens. 2020;33:10–8.

66. Lobo MD, Sobotka PA, Stanton A, Cockcroft JR, Sulke N, Dolan E, et al. Central 
arteriovenous anastomosis for the treatment of patients with uncontrolled 
hypertension (the ROX CONTROL HTN study): a randomised controlled trial. 
Lancet. 2015;385:1634–41.

67. van Kleef MEAM, Bates MC, Spiering W. Endovascular Baroreflex amplification 
for resistant hypertension. Curr Hypertens Rep. 2018;20:46.

68. Bisognano JD, Bakris G, Nadim MK, Sanchez L, Kroon AA, Schafer J, et al. 
Baroreflex Activation Therapy lowers blood pressure in patients with resistant 

https://www.nature.com/articles/s41440-023-01359-y


Page 14 of 14Li et al. Journal of Health, Population and Nutrition          (2024) 43:142 

hypertension results from the Double-Blind, randomized, placebo-controlled 
Rheos Pivotal Trial. J Am Coll Cardiol. 2011;58:765–73.

69. de Jong MR, Hoogerwaard AF, Adiyaman A, Smit JJJ, Heeg J-E, van Hasselt 
BAAM, et al. Renal nerve stimulation identifies aorticorenal innervation and 
prevents inadvertent ablation of vagal nerves during renal denervation. 
Blood Press. 2018;27:271–9.

70. Huang H-C, Cheng H, Chia Y-C, Li Y, Van Minh H, Siddique S, et al. The role of 
renal nerve stimulation in percutaneous renal denervation for hypertension: 
a mini-review. J Clin Hypertens. 2022;24:1187–93.

71. Mahfoud F, Schlaich M, Kindermann I, Ukena C, Cremers B, Brandt MC, et al. 
Effect of renal sympathetic denervation on glucose metabolism in patients 
with resistant hypertension a pilot study. Circulation. 2011;123:1940–6.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Research status and frontiers of renal denervation for hypertension: a bibliometric analysis from 2004 to 2023
	Abstract
	Introduction
	Materials and methods
	Data retrieval and collection
	Data analysis

	Results
	Temporal distribution map of publications
	Distribution of co-authorship-countries/regions, institutions, and scholar authors
	Distribution of disciplines and journals
	Distribution of highly cited literature and co-cited reference
	The analysis of highly cited literature


	The analysis of co-cited references
	Distribution of keywords
	Analysis of keyword co-occurrence

	Analysis of keywords timeline map
	Analysis of keywords with high citation bursts
	Discussion
	General information
	Hotspots and frontiers
	Hotspots


	Mechanism of RDN for hypertension
	Advantages of RDN in appliance therapy
	Frontiers
	Improvement of RDN instruments and techniques

	Exploration of the therapeutic effects of RDN in diseases with increased sympathetic nerve activity
	Limitations

	Conclusions
	References


