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The study aims to compare clinical outcomes following renal denervation (RDN) in hypertensive patients with atrial fibrillation (AF).
Three online databases were searched (MEDLINE, EMBASE and PubMed) for literature related to outcomes of RDN on hypertension
and AF, between January 1, 2010, and June 1, 2021. Where possible, risk ratios (RR) and mean differences (MD) were combined
using a random effects model. Significance was set at p < 0.05. Seven trials were included that assessed the effect of adding RDN to
pulmonary vein isolation (PVI) in patients with hypertension and AF. A total of 711 patients (329 undergoing PVl + RDN and 382
undergoing PVI alone), with an age range of 56 + 6 to 68 + 9 years, were included. Pooled analysis showed a significant lowering of
AF recurrence in the PVI 4+ RDN (31.3%) group compared to the PVI-only (52.9%) group (p < 0.00001). Pooled analysis of patients
with resistant hypertension showed a significant mean reduction of systolic blood pressure (SBP) (—9.42 mm Hg, p = 0.05), but not
diastolic blood pressure (DBP) (—4.11 mm Hg, p = 0.16) in favor of PVI 4+ RDN. Additionally, the pooled analysis showed that PVI +
RDN significantly improved estimated glomerular filtration rate (eGFR) (+10.2 mL/min per 1.73 m?, p <0.001) compared to PVI

alone. RDN procedures in these trials have proven to be both safe and efficacious with an overall complication rate of 6.32%.

Combined PVI and RDN is beneficial for patients with hypertension and AF. Combined therapy showed improvement in SBP and

eGFR, reducing the risk of AF recurrence. RDN may serve as an innovative intervention in the treatment of AF.

Journal of Human Hypertension (2022) 36:887-897; https://doi.org/10.1038/s41371-022-00658-0

INTRODUCTION

Atrial fibrillation (AF) is the most common type of heart arrhythmia
currently affecting 0.51% of the population globally [1]. The
prevalence of AF has increased by 33% over the last 20 years
particularly due to the increase in the ageing population [1, 2]. In
addition to the high prevalence of AF, the spectrum and severity
of the condition varies tremendously. However, a common
underpinning in AF patients is that hypertension (HTN) is
associated with one in five cases of AF [3].

Despite the availability of a variety of pharmacological and
lifestyle interventions, around 50% of patient with HTN remain
resistant to such strategies [4]. This highlights the existence of a
more complex pathophysiological mechanism that defies current
therapeutic regimens [5]. More recently, the development of
endovascular catheters has allowed for easy access to the renal
artery lumen to specifically ablate renal nerves and hence
multiple trials were executed over the last decade to carefully
examine the effect on renal sympathetic outflow and the
downstream effect on blood pressure [6]. The benefits as such
of renal denervation (RDN) were further reiterated in multiple
trials and a recent network meta-analysis of 20 trials (n =2152)
showed that RDN of main renal artery branches in addition to
antihypertensive therapy is most effective in reducing office
blood pressure and that RDN using this approach was superior in
reducing ambulatory blood pressure compared to sham or
antihypertensive therapy alone [6].

Catheter ablation through pulmonary vein isolation (PVI) in
patients who fail to demonstrate a reduction in AF recurrence
following pharmacological agents is currently a highly effective
intervention [7]. Despite PVI being superior to drug therapy, the
intervention shows a failure rate of 20-50%, which warrants
further investigation of alternative strategies for treating AF [8, 9].
The pathophysiological association between an elevated sympa-
thetic tone, AF and HTN, in addition to the significant failure rate
of PVI, prompted the investigation of the effect of RDN on AF and
hence, a pilot trial was executed [10]. The trial demonstrated the
superiority of combining RDN and PVI and their additive effect in
reducing both blood pressure and AF recurrence [10]. Subse-
quently, multiple clinical trials investigated the efficacy of RDN in
addition to PVI to lower AF recurrence. To this end, this analysis
aimed to analyse the published literature to compare the effect of
RDN and PVI on AF recurrence, blood pressure and estimated
glomerular filtration rate (eGFR) in hypertensive patients. Secon-
darily, the study aimed to examine the overall safety of the
combined techniques.

MATERIALS AND METHODS

This study utilised the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and Revised
Assessment of Multiple Systematic Reviews guidelines to perform
and design the review [11, 12]. This included using an a priori
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Fig. 1
screening stage.

study design; exhaustive literature search; duplication of study
screening, selection and data extraction; scientific quality and bias
assessment of included studies; reporting of study characteristics
and utilising appropriate statistical methods for assessment of
study findings [11, 12].

Literature search and inclusion criteria

Two authors searched three online databases (MEDLINE, PubMed,
and Embase) for papers published from January 1, 2009, to June 1,
2021, using the following combination of keywords: RDN, renal
sympathetic denervation, catheter-based RDN, kidney denervation,
renal artery denervation. Studies that were retrieved from the
initial database search were published in English and from human
trials. Additionally, any missed studies were included into screen-
ing following a full reference screen of relevant studies. The
inclusion criteria were as follows: (1) Original research articles, (2)
published after January 1, 2009, in English language, (3) Level | or
Level Il prospective comparative studies that (4) assessed the effect
of RDN on AF in patients with essential HTN that are undergoing
PVI. The exclusion criteria were as follows: (1) Studies that assessed
patients with secondary HTN, (2) type | diabetes mellitus, (3) late-
stage kidney disease/failure (mean eGFR <45 mL/min per 1.73 m?),
(4) congestive heart failure, (5) left-ventricular ejection fraction
(LVEF) < 35% (6) studies published in non-English language.

Literature screening

The studies were screened during the three stages (title, abstract
and full-text screen) independently and in duplicates by two
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authors (KN and AM). Disagreements were internally discussed
before moving to the subsequent stage of screening. A PRISMA
flow chart of the literature screening is shown in Fig. 1 [12].

Quality assessment of included studies

The Cochrane risk of bias (ROB) tool was used to assess quality and
publication bias of the individual studies that were randomized
(The Cochrane Collaboration, Copenhagen, Denmark) (Supple-
mentary Fig. 1). Studies that were non-randomized but prospec-
tive were assessed for quality and publication bias using The
Methodological Index for Non-Randomized Studies (MINORS) [13]
(Supplementary Table 1).

Interviewer agreement

The Kappa (k) scores were used at each stage of the screening
process in order to determine inter-rater reliability as well as
agreement [14]. The k scores were all above the 0.6 threshold
which indicates strong inter-rater reliability [14].

Data extraction

Two authors (KN and AM) independently collected and extracted
data into a standardized form, in Excel 2019 (Microsoft, Redmond,
WA, USA). The following information, if available, was extracted
from the studies: primary author and year, study design and
purpose, sample size, age and gender information, country of
study, follow-up time frame, baseline study sample characteristics
(number of HTN medications, eGFR, presence of type Il diabetes,
coronary artery disease (CAD), LVEF, and left-atrial diameter (LAD),
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AF type, and systolic and diastolic blood pressure), follow-up data
on AF recurrence and blood pressure, and safety complications.

Data analysis

This analysis primarily aimed to compare the effects of RDN on AF
recurrence in hypertensive patients that were undergoing PVI for
treatment of AF. The main outcomes were AF recurrence, the
blood pressure lowering effect of RDN as well as the effect of RDN
of eGFR. AF recurrence was defined as episodes of atrial
tachyarrhythmias lasting >30s during the follow-up period.
Secondarily, the analysis aimed to assess the safety, efficacy, and
sustainability of RDN.

The pooled analysis of quantitative results was synthesized
using RevMan 5.3 (The Cochrane Collaboration, Copenhagen,
Denmark). Pooling of data was conducted using a random effects
model and study weighing was based on inverse variance. A
minimum of three studies was required for outcome pooling. To
assess for heterogeneity due to differences in study methods and
populations, the /? values were used [15]. Moreover, a sensitivity
analysis was performed in analyses showing a high heterogeneity
of > 65% by removing each study separately and examining the
effect on the /* value [16].

Treatment effects for dichotomous variables were compared
using risk ratios (RR) and 95% confidence intervals (Cl), and those
for continuous variables were compared using mean difference
(MD) and 95% Cl. For studies that did not report standard
deviations (SD), the values were estimated according to the
guidelines outlined in the Cochrane Handbook for Systematic
Reviews [16].

RESULTS
Literature screen and baseline study characteristics
Figure 1 is a PRISMA chart demonstrating the results of the
literature search. Table 1 outlines the characteristics of the six
included studies [17-22]. Table 2 summarizes the inclusion criteria,
as well as the procedural methods employed by the studies.
The seven trials included a total of 711 patients, with 329
patients in the PVI + RDN group and 382 patients in the PVI-only
group (Table 1). The mean age ranged between 56 + 6 and 68 + 9
years and a follow-up time ranging from 12 to 24 months
(Table 1). There was a total of 623 patients with paroxysmal AF
and 88 patients with persistent AF (Table 2).

Effect of RDN on AF recurrence

All the included studies reported the rate of AF recurrence
throughout the follow-up period (Table 3). The rate of AF
recurrence was significantly lower across five trials in the RDN +
PVI group [17-21]. Although the rates of AF recurrence were lower
in the PVI 4+ RDN groups of HFIB-1 and HFIB-2 trials, they failed to
show a significant difference [22]. The overall pooled results of the
recurrence of AF demonstrated a significantly lower rate of AF
recurrence in the PVI 4+ RDN (31.3%) group compared to the PVI-
only (52.9%) group (p < 0.00001) (Fig. 2).

Effects of RDN on blood pressure

All included studies reported follow-up data on blood pressure
following the procedure (Table 3). Two of the studies included
patients with drug-controlled HTN and one reported blood
pressure as ambulatory rather than office and thus were excluded
from the meta-analysis [18-20]. For the pooled analysis, 12-month
follow-up data was used to compare changes in blood pressure.
Two studies reported a significant reduction in both office systolic
blood pressure (SBP) and diastolic blood pressure (DBP) in the PVI
-+ RDN group vs. the PVI alone group [17, 21]. One study reported
a significant reduction in ambulatory SBP in the PVI+ RDN group
vs. the PVI alone group [20]. When pooled, the overall results
showed a significant MD in SBP of —9.42 mm Hg in the PVI 4+ RDN

Journal of Human Hypertension (2022) 36:887 - 897

K. Nawar et al.

group vs. the PVI alone group (p = 0.05) (Fig. 3A). The pooled DBP
analysis failed to show a significant difference between the groups
(p=0.16) (Fig. 3C). The pooled analysis for both SBP and DBP
showed a high heterogeneity of /> value=71% and 76%
respectively.

A sensitivity analysis was conducted by removing each study
consecutively and assessing its effect on the SBP and DBP pooled
analyses (Fig. 3B,D). Following the removal of HFIB-1, the results
indicated a more strongly significant difference of p < 0.00001 for
SBP and a significant difference of p = 0.006 for DBP demonstrat-
ing the superiority of the blood pressure lowering effect of the PVI
+RDN group and the heterogeneity for both SBP and DBP
decreased to > to 0% and 63% respectively (Fig. 3B, D).

Effect of RDN on eGFR

All studies reported eGFR at baseline, however, only four studies
reported eGFR during the follow-up period (Table 4) [17-20]. One
of these studies only reported eGFR changes for the PVI+ RDN
group and was therefore excluded from the meta-analysis [17]. For
the purposes of the pooled analysis, the eGFR was compared at
the 6-month follow-up period (Fig. 4). The pooled analysis showed
a significant MD of +10.22 mL/min/1.73 m? significantly favouring
the PVI 4 RDN group (p = 0.0007) (Fig. 4A). Sensitivity analysis was
conducted due to the high heterogeneity, and the removal of
Kiuchi 2017, led to a decrease in I from 96% to 0 and a stronger
significant increase in eGFR following PVl + RDN compared to PVI
alone (P < 0.00001) (Fig. 4B).

Complications

Five trials reported data on complications following the procedure
and during the follow-up period in both the PVI + RDN group and
the PVI alone groups [17, 20-22], one reported complications only
in the PVl + RDN group [18], and one study failed to specify the
group in which the complications occurred and hence the rate
could not be estimated for the PVl-alone group [19] (Table 5).
HFIB-1 was excluded from the overall rates in both the RDN + PVI
and PVI alone groups due to the early termination of study
recruitment owing to a high rate of post-RDN renal vascular
complications that might be attributed to the use of a non-FDA
approved catheter [22]. The overall complication rate between the
RDN + PVI and PVI alone group was 6.32% (n=316) and 11.8%
(n = 245) respectively.

DISCUSSION

We examined the findings from six studies investigating the use of
RDN in addition to PVI in the treatment of paroxysmal and/or
persistent AF in 711 patients with HTN and AF. The pooled results
from these studies showed the following in favor of the RDN and
PVI treated group in comparison to PVI alone: (1) A significant
reduction in the risk of AF recurrence at follow-up; (2) a significant
reduction in SBP at 12-month follow-up; (3) a significant increase
in eGFR at 6-month follow-up; (4) a low overall rate of
complications in both groups both during the procedures and
during the follow-up period.

Currently, the main treatment for HTN is often a combination
of lifestyle and drug therapy. First-line agents according to the
latest American College of Cardiology and American Heart
Association guidelines include angiotensin-converting enzyme
inhibitors (ACE-I), thiazide diuretics, and calcium channel block-
ers [23]. While various drug combinations, doses, and additional
agents can be used to reach blood pressure targets, HTN
remains the main risk factor for cardiovascular disease including
AF and premature death worldwide [24]. Thus, there is a
complex pathophysiological mechanism underlying chronic
HTN that goes beyond first-line agents addressing the sodium/
volume components of the renin-angiotensin-aldosterone sys-
tem (RAAS).
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RDN method

Symplicity (n = 21)

HTN hypertension, AF atrial fibrillation, SBP systolic blood pressure, DBP diastolic blood pressure, ASBP ambulatory systolic blood pressure, ADBP ambulatory diastolic blood pressure, eGFR estimated glomerular

filtration rate, BP blood pressure, PAF paroxysmal atrial fibrillation, PVI pulmonary vein isolation, RDN renal denervation.

Units for blood pressure and eGFR are in mm Hg and mL/min per 1.73 m? respectively.
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Studies suggest that HTN can also have neurogenic roots as
sympathetic nervous system (SNS) tone is higher in hypertensive
patients as opposed to non-hypertensive patients [25]. Increased
activity, particularly in the efferent renal nerves, leads to increased
stimulation in both renal alpha and beta-adrenoceptors [26].
Stimulation of beta-adrenoreceptors of the juxtaglomerular
apparatus increases renin secretion, which ultimately leads to
increased systemic vascular resistance and thus arterial pressure
[26]. Likewise, increased SNS tone has also been shown to reduce
eGFR through the effects of alpha-adrenoceptors on the afferent
arterioles [26]. Kidney damage such as due to chronic kidney
disease (CKD) or drug-resistant/uncontrolled HTN has been shown
to be a driver of increased SNS tone seen in neurogenic HTN [27].

RDN proposes ablation of the renal efferent and afferent nerves
to interrupt the communication between the kidney and the
autonomic nervous system and thus reduce blood pressure.
SYMPLICITY HTN-3, the first of its kind, was a prospective, blinded,
sham-controlled trial that included 367 patients and aimed to
investigate the effect of RDN on HTN [28]. The trial failed to show
any significant blood pressure lowering effects after ablation of
the renal nerves [28]. However, it was found that there were many
confounders that led to the null effect of SYMPLICITY HTN-3 such
as adherence, antihypertensive medications, improper procedural
methods, and a lack of operator experience [29]. These among
others were addressed in recent trials, leading to significant blood
pressure lowering effects of RDN seen in the SPYRAL HTN-ON/OFF
MED and RADIANCE-HTN SOLO trials [30-32]. These benefits of
RDN were reiterated in a recent meta-analysis of 12 trials (n=
1539) and showed that catheter-based RDN is not only effective in
the reduction of office blood pressure compared to sham or
antihypertensive therapy alone but is also safe for patients [33].
Initially it was thought that RDN would be most efficacious in
patients with drug-resistant HTN, but the lessons learned from
SYMPLICITY HTN-3 and later trials suggested superior responses of
RDN in patient with moderate and neurogenic HTN. Therefore, the
ideal candidate for RDN is yet to be identified.

With recent trials supporting the revival of RDN, further findings
have also emphasised the potential of its therapeutic uses beyond
blood pressure lowering in HTN into AF treatment where HTN is
an established risk factor. One of which is seen in a recent post-
hoc study of 226 patients from SPYRAL HTN-OFF MED where RDN
lowered renin and aldosterone during the follow-up period [34].
For the first time in a human model, the findings of this study
established the interaction between RDN, renal sympathetic tone,
and HTN [34]. Indeed the improved catheter technology as well as
the increase in the sites and frequency of ablation within the renal
vasculature has facilitated the utility of RDN beyond just treating
HTN [29]. The use of RDN to treat AF can be further supported by
various epidemiological studies, one of which (n=1332) sig-
nificantly showed that a reduction in SBP into lower hypertensive
categories reduced the odds of AF recurrence [35]. The present
study demonstrated, through a pooled analysis of literature, that
in hypertensive patients with AF, when treated with either PVI
alone or a combination of PVI and RDN, that the combined
treatment group showed a significant mean reduction of SBP by
9.42mmHg (p=0.05) and a reduction of DBP by 4.11 mm Hg
(p =0.16) at follow-up.

The pathophysiological link between HTN and AF is unclear.
However, a review proposed that the link mainly stems from the
structural changes associated with HTN, such as LV hypertrophy
and LV systolic/diastolic dysfunction which subsequently lead to
an increase in left-atrial pressure and fibrosis [36]. Simultaneously,
the activation of RAAS further exacerbates those structural
modifications and hence leads to electrical remodeling and AF
[36]. This hypothesis was evident in our review, where the ablation
of the renal nerves, and hence the reduction in sympathetic
activation and consequently in RAAS activity, significantly reduced
the recurrence of AF by more than 20% (compared to PVI and
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PVI+RDN PVl alone Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95%Cl Year 1V, Random, 95% CI
Pokushalov (2014) 15 41 23 39 15.3%  0.62[0.36, 1.00] 2014 —
Kluchl (2016} 5 21 18 24  55% 0.32[0.14,0.71] 2016
Kluchl (2017} 15 39 59 96 19.3%  0.63 [0.41,0.96] 2017 ——
Kiuchl (2018} 13 33 23 36 14.7%  0.62[0.38,1.01] 2018 —
Steinberg (2020} 43 154 64 148 35.9%  0.85[0.47,0.88] 2020 -
HFIB~1 (2021} 5 13 9 17  52% 0.73[0.32,1.65] 2021 —T
HFIB~2 (2021} 7 28 6 22 40x 0.92[0.36, 2.34] 2021 —_——
Total {95% CI) 329 382 100.0% 0.62 [0.52, 0.75) ¢
Total events 103 202
Heterogenelty: Tau® = 0.00; Ch = 3.57, df = & (P = 0.73); F = 0X ‘b oL on llb 100?

Test for overall effect: Z = 4.96 (P < 0.00001)

Favours PYI-RDN  Favours PV alone

Fig. 2 Effects of renal denervation on atrial fibrillation. Forest plot of the pooled comparison between PVI + RDN and PVI alone in the rate
of AF recurrence of all included studies. IV inverse variance, df degrees of freedom.

PVI+RDN PVl alone Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI  Year IV, Random, 95% CI
Pokushalov (2014) -21 20 41 -2 22.83 39 27.7% -19.00 (-28.42, -9.58) 2014 —
Steinberg (2020) -16 12.663 154 -3 15.517 148 37.0% -13.00 [(-16.20, -9.80] 2020 -
HFIB-2 (2021) -8.4 25.1 28 -0.6 27.2 22 19.7% -7.80(-22.48, 6.88) 2021 —T
HFIB-1 (2021) 5.3 25.8 13 -8.6 24.1 17 15.7% 13.90 [-4.21, 32.01) 2021 N
Total (95% CI) 236 226 100.0% -9.42[-18.71,-0.13] -
2 _ 2 _ - - 2 _ ' s s y
Heterogeneity: Tau® = 58.09; Chi 10.47,df = 3 (P = 0.01); I 71% Moo ) ) 100
Test for overall effect: Z = 1.99 (P = 0.05) Favours PVI+RDN Favours PVI alone
PVI+RDN PVl alone Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight v, 95% Cl  Year 1V, Rand 95% CI
Pokushalov (2014) =21 20 41 -2 22.83 39 9.9% -19.00 (-28.42, -9.58] 2014
Steinberg (2020) -16 12.663 154 -3 15.517 148 86.0% -13.00(-16.20,-9.80] 2020 .
HFIB-2 (2021) -8.4 25.1 28 -0.6 27.2 22 4.1% -7.80 [-22.48, 6.88] 2021 —_—T
HFIB-1 (2021) 5.3 25.8 13 -8.6 24.1 17 0.0% 13.90 (-4.21, 32.01) 2021
Total (95% CI) 223 209 100.0% -13.38 [-16.35, -10.41] L 2
Heterogeneity: Tau® = 0.00; Chi* = 1.97, df = 2 (P = 0.37); I’ = 0% [ —3 + 4§
Test for overall effect: Z = 8.84 (P < 0.00001) 100 goFavours PVI+RDN Favours PVI alone 50 100

PVI+RDN RDN alone Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl  Year 1V, Random, 95% CI
Pokushalov (2014) -10 116 41 -2 13.7 39 26.5% -8.00(-13.58, -2.42) 2014 —
Steinberg (2020) -11 9.497 154 -2 15.517 148 32.3% -9.00(-11.92, -6.08] 2020 -
HFIB-2 (2021) 1.2 124 28 1.7 11.1 22 24.3% -0.50 [-7.03, 6.03] 2021 —
HFIB-1 (2021) 0.63 14.7 13 -5.5 12.9 17 17.0%  6.13 [-3.94, 16.20] 2021 -T--
Total (95% CI) 236 226 100.0% -4.11 [-9.87, 1.65] -
Heterogeneity: Tau® = 24.51; Chi* = 12.26, df = 3 (P = 0.007); I = 76% k Y + J
Test for overall effect: Z = 1.40 (P = 0.16) -100 -50 Favours PVI+RDN Favours PVI alone 50 100

PVI+RDN RDN alone Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight v, 95% Cl_ Year 3 95% CI
Pokushalov (2014) -10 11.6 41 -2 13.7 39 30.1% -8.00(-13.58, -2.42] 2014 ——
Steinberg (2020) -11 9.497 154 -2 15.517 148 43.9% -9.00(-11.92, -6.08) 2020 -
HFIB-2 (2021) 1.2 124 28 1.7 11.1 22 26.0% -0.50 [-7.03, 6.03] 2021 —
HFIB-1 (2021) 0.63 14.7 13 -55 12.9 17 0.0%  6.13 [-3.94, 16.20] 2021
Total (95% CI) 223 209 100.0% -6.49 [-11.15, -1.83] L 3

2 _ 2 _ - - 2 _ F + + J

Heterogeneity: Tau’ = 10.65; Chi* = 5.45, df = 2 (P = 0.07); I’ = 63% oo ) ) so 100

Test for overall effect: Z = 2.73 (P = 0.006)

Fig. 3

Favours PVI+RDN Favours PVI alone

Effects of renal denervation on blood pressure. Forest plot of pooled comparison of office BP between PVI + RDN and PVI (A) SBP (B)

SBP sensitivity analysis after HFIB-1 removal (C) DBP (D) DBP sensitivity analysis after HFIB-1 removal. IV inverse variance, df degrees of

freedom.

drug therapy alone), which outlines the involvement of RAAS and
HTN in AF development and/or recurrence. Additionally, in one of
the studies included in this review, subgroup-analysis of AF
recurrence in moderate vs severe resistant hypertensive patients
was conducted [17]. Results revealed that in moderate resistant
HTN the average blood pressure reduction was —12.5/7.8 mm Hg
following RDN and that the rate of AF recurrence was not
significantly different between the groups [17]. However, in the
severe resistant HTN group, average blood pressure reduction was
—29.1/12.2 mm Hg and AF recurrence was significantly lower in
the RDN group [17]. In a study by Grassi et al., it was demonstrated
that there was a strong positive correlation between sympathetic

Journal of Human Hypertension (2022) 36:887 - 897

activity and blood pressure [37]. The study revealed that control
subjects had the lowest muscle sympathetic nerve activity
compared to those with severe HTN [37]. This suggests that the
greater reduction in blood pressure shown in the study by
Pokushalov et al. might lead to either a stronger decrease in
sympathetic activity or a decrease in sympathetic vascular tone or
both, which might have therefore led to the superiority of the
decrease in the rate of AF in the severe resistant HTN group [17].

Uncontrolled HTN has been implicated in the development
of kidney disease with an average yearly decrease in eGFR of
0.5-2.7 mL/min/1.73 m? [38-40]. The activation of the SNS and
RAAS have been identified as the main contributors in the
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Table 4. eGFR at baseline, 6-month, and 12-month of included studies.
Study Study group  eGFR baseline eGFR 6-month Mean difference at eGFR 12-month Mean difference at
Author (Year) (mL/min per (mL/min per 6-month (mL/min (mL/min per 1.73  12-month (mL/min
1.73m? 1.73m?) per 1.73 m?) m?) per 1.73 m?)
Turagam-HFIB 2 PVl + RDN >45° NR _ NR _
(2021)° [22] PVI >45° NR _ NR _
P-value NS _ _ _ _
Turagam-HFIB 1 PVI + RDN >45°2 NR . NR o
a
(2021)" [22] PVI >45° NR _ NR _
P-value NS _ _ _ _
Steinberg et al., PVI+ RDN 79.0+11.0 NR _ NR .
(2020) [21] PVI 760+11.0 NR _ NR _
P-value NS _ _ _ _
Kiuchibet al., PVI + RDN 69.2+6.70 76.2+7.20 7.00 £4.96 81.8+6.8 12.6 +4.80
(2018)" [20] PVI 66.7+7.70 66.4 % 8.60 ~0.300 % 5.60 64.8+9.9 ~1.90+6.33
P-value NS _ <0.0001 _ <0.0001
Kiuchibet al., PVI+ RDN 47.9+6.80 59.0+5.00 11.1 £4.52 NR _
(2017)" [19] PVI 50.0 £5.40 460+ 5.00 ~4.00+3.55 NR _
P-value NS _ _ _ _
Kiuchibet al., PVI + RDN 59.3+133 649134 5.60+9.49 65.7+14.0 6.40+9.73
(2016)" [18] PVI 60.5+ 159 58.3+14.0 ~220+103 56.6+14.7 ~3.90+105
P-value NS . NS . <0.05
Pokushalov et al., PVI + RDN 75.5+9.2 80.9+43 5.40+6.63 NR o
(2014} [17] PVI 77.0+8.50 NR _ _ _
P-value NS _ _ _ _
Data are displayed as means and standard deviation (SD).
PVI pulmonary vein isolation, RDN renal denervation, eGFR estimated glomerular filtration rate, NR not reported, NS not significant.
2This study did not report baseline eGFR data but as per the inclusion criteria eGFR of all patients were greater than 45 mL/min per 1.73 m?
A
PVI+RDN PVI alone Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI Year IV, Random, 95% CI
Kiuchi (2016) 5.6 9.49 41 -2.2 103 39 30.4% 7.80 [3.45, 12.15] 2016 ——
Kiuchi (2017) 11.1 4.52 39 -4 3.55 96 35.4% 15.10(13.51, 16.69] 2017 =
Kiuchi (2018) 7 4.96 33 -0.3 5.6 36 34.2% 7.30(4.81,9.79] 2018 -
Total (95% CI) 113 171 100.0% 10.22 [4.29, 16.14] e
H Tau® = 25.11; Chi* = 31.52, df = 2 (P < 0.00001); I = 94% ; t + J
Tee:rf(;?eonvil:::u eaffuec( Z =3.38 (P = 0.0007) ( : -100 -50 Favours PVl alone Favours PVI+RDN 50 100
B
PVI+RDN PVl alone Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, dom, 95% Cl Year v, 95% ClI
Kiuchi (2016) 5.6 9.49 41 -2.2 103 39 24.7% 7.80 [3.45, 12.15] 2016 —
Kiuchi (2017) 11.1 4.52 39 -4 3.55 96 0.0% 15.10 [13.51, 16.69] 2017
Kiuchi (2018) 7 4.96 33 -0.3 5.6 36 75.3% 7.30 [4.81,9.79] 2018 | |
Total (95% CI) 74 75 100.0% 7.42 [5.26, 9.59] ¢
Het ity: Tau® = 0.00; Chi* = 0.04, df = 1 (P = 0.84); I’ = 0% , + + J
Tees?fz?eor:/eerall e‘:fueu Z=6.73 (P < 0.00001) ~100 -50 Favours PVl alone Favours PVI+RDN 30 100
Fig. 4 Effects of renal denervation on eGFR. Forest plot of A pooled comparison of eGFR between PVl + RDN and PVI and B sensitivity

analysis after removal of Kiuchi 2017. IV inverse variance, df degrees of freedom.

development and progression of renal disease [41]. Therefore, it is
clear that AF, HTN and CKD are interlinked and share multiple
underlying pathophysiological processes. Interestingly, in one of
the included studies in this review, it was noted that patients with
CKD had an increased left-atrial volume compared to those
without CKD, which therefore contributes strongly to the
development of AF [19]. Owing to the hyperactivation of renal
sympathetics and RAAS in patients with CKD, the addition of RDN
to PVI yielded a stronger decrease in AF recurrence as well as an
improvement of multiple structural cardiac parameters including
left-atrial volume, LVEF, left-ventricular mass index and left-
ventricular end-diastolic diameter [19].

SPRINGER NATURE

The treatment efforts to dampen RAAS clinically, such as with
pharmacological therapy, have failed to yield significant improve-
ments in eGFR and CKD [41]. The progression demonstrated by
RDN has led to multiple investigations on the topic and a recent
meta-analysis of 11 non-randomized studies was conducted,
looking at the effect of RDN in hypertensive patients with CKD
[42]. The study mainly concluded that RDN was superior in
reducing blood pressure and had no increase in the rate of decline
in renal function in patients with CKD. Drawing upon the
connection between AF, HTN and CKD, three of the included
trials in this review sought to explore the effect of RDN on eGFR
and CKD, in an attempt to elucidate the interplay between the
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1/41

NR

0

27/148

17/154

2/17

6/13

0/22

2/28

Total

Data reported as number of events over sample size.
PVI pulmonary vein isolation, RDN renal denervation, NR not reported.

“This study was terminated early due to a high rate of renovascular complications.

PFour cardiac tamponade events were reported in this study, but it was not clear which PVI group this occurred in.

K. Nawar et al.

outlined mechanisms [18-20]. The pooled analysis showed that
RDN significantly improved eGFR compared to PVI alone (MD =
10.2; p < 0.001). This may be explained in part by the reduction in
sympathetic overdrive following RDN. Kiuchi et al. further noted
that more rigorous methods of assessment of renal function
should be used in future studies to clearly elucidate the effect of
RDN on renal function and CKD [19].

Regarding the safety of RDN, a recent meta-analysis assessing
renal function as a safety parameter included 52 quantitative and
14 qualitative studies and concluded that no adverse effects were
present following treatment with RDN deeming it as a safe
method for use in treatment of HTN [43].

Clinical implications

The present study, in addition to the aforementioned evidence
outlines the critical interplay between HTN, AF and kidney disease,
and given the high rate of AF recurrence following PVI alone, the
development and consideration of incorporating RDN in addition
to current therapeutic strategies to treat both HTN and AF is
clinically justified. The pooled analysis further revealed that the
use of RDN led to a significant increase in eGFR and hence
supported the clinical application of this technology in the context
of kidney disease.

Our study supplemented the extensive body of literature on the
topic that proved that both procedural and follow-up complica-
tions of RDN are low and that the technology has proven to be
safe and efficacious with an overall complication rate of 6.32%.

Limitations

Although multiple reviews have been published on the topic, they
failed to account for patients that were concurrently included in
multiple studies within the analysis, and have therefore duplicated
patients [22, 44-47]. In the 2014 trial by Pokushalov et al., it was
stated that the cohort included the 27 patients from the 2012 trial
(pilot study) [10, 17]. Furthermore, a trial published in 2017 by
Romanov et al. involved the same cohort of patients from the
previous 2014 trial by Pokushalov et al., but isolated patients that
had cardiac monitor implantation [48]. Indeed, all previously
published reviews contain either Pokushalov et al. 2012 and/or
2014 and/or Romanov et al. 2017 and thus incorporate duplicated
patients and run the risk of misrepresentation of the data and lack
robustness in the true assessment of the impact of RDN on AF and
HTN. To this end, this is the first review reporting on the topic with
a total of 711 patients as well as including the most recent data
following the incorporation of the trials by Turagam et al., [22].
Moreover, our review was the first review on the topic to pool and
meta-analyze the effect of RDN on eGFR in patients with HTN
and AF.

This review has common limitations to all reviews/analyses as
well as specific limitations pertaining to the included studies.
Hence, the findings presented are based on the quality of the
included studies. Although all studies were prospective, two of
those were non-randomized [18, 19]. Furthermore, the reliability of
the reported results depends on the consistency in inclusion
criteria and the methods employed by the studies, including
baseline characteristics, underlying comorbidities, definition of
HTN (i.e., HTN cut-off values) and AF, number of antihypertensive
and anti-arrhythmic drugs, catheterization and ablation methods,
differences in follow-up times as well as methods to assess the
outcomes during follow-up; all of which may have varied between
the studies and hence might have affected the reliability and
introduced heterogeneity in our results. The heterogeneity was
combatted by conducting a sensitivity analysis. Finally, it is also
worth noting that one of the included trials (HFIB-1) was
terminated early due to an increase in renovascular complications,
which may be owing to the use of a non-FDA approved catheter
and hence caution should be exercised when assessing pooled
outcomes that included the mentioned study [22].
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CONCLUSION AND FUTURE DIRECTIONS

This review demonstrated that the introduction of RDN to PVI in
hypertensive patients with AF is more efficacious and superior to
using PVI alone in treating AF. RDN + PVI was also shown to
reduce SBP more significantly in patients with resistant HTN as
well improve eGFR outcomes. Moreover, analysis of the safety of
the technique proved it to be safe and hence the introduction of
RDN to PVI should be considered clinically in patients with AF.
Larger and longer-term trials are required to substantiate these
findings including those that utilise sham-controls to improve
robustness of the assessed outcomes. Future trials should also
assess the effect of the autonomic reduction of blood pressure on
AF and hence examine whether the effect of RDN on AF is
dependent solely on autonomic reduction or if there is a
mechanism independent of blood pressure that contributes to
the improvement in AF.

Summary
What is known about topic?

® There is an established interaction between renal denervation,
renal sympathetic tone, and hypertension. The recent
introduction of endovascular catchers to lower moderate/
resistant hypertension has yielded promising results due to its
ability to dampen the renin-angiotensin-aldosterone axis.

® The success rate of pulmonary vein isolation in reducing atrial
fibrillation is limited (20-50%). The significant morbidity
associated with atrial fibrillation and the complex interaction
of atrial fibrillation and hypertension has prompted the
investigation of the additive benefit of renal denervation,
with preliminary results of multiple trials demonstrating the
superiority of such method in improving outcomes compared
to conventional therapy.

What this study adds?

® The pooled analysis demonstrates that combined renal
denervation and pulmonary vein isolation reduces atrial
fibrillation recurrence compared to pulmonary vein isolation
alone. This supports the inclusion of renal denervation in the
management of atrial fibrillation. The overall safety of the
technique has proven it to be safe and efficacious.

® The analysis outlines the critical interplay between atrial
fibrillation, hypertension, and kidney function, and demon-
strates the significant blood pressure lowering effect of renal
denervation.

® Renal denervation was also shown to have a significant effect
on kidney function via an improvement in estimated
glomerular filtration rate, which is hypothesized to be due
to the dampening effects on the renin-angiotensin-
aldosterone axis.
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