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Abstract

At present, there is limited data on the effect of renal sympathectomy combined with
pulmonary vein isolation on hypertensive patients with atrial fibrillation. The purpose
of this study was to explore the efficacy and safety of renal sympathectomy combined
with ablation in the treatment of hypertension with atrial fibrillation. A comprehensive
literature search was conducted on the treatment of hypertension complicated with
atrial fibrillation. Comparing the clinical data of renal sympathetic denervation
(RSDN)+pulmonary vein isolation (PVI) with that of PVI alone, we analyzed recurrence
of postoperative atrial fibrillation (AF) as main outcome. Classification variables were
represented by risk ratio (RR), continuous variables as average difference (MD) and
95% confidence interval (CI). A total of 7 eligible studies were included, including
734 patients (RSDN+PVI group: 340 cases; PVI group: 394 cases). The follow-up
period was one year or more. Compared with the separate PVI (56%), the recurrence
rate of AF in RSDN+PVI group (32%) decreased significantly (RR: 0.60, 95% CI: 0.50,
0.71, p < 0.001). RSDN+PVTI increased the operation time (Weighted Mean Difference
(WMD): 24.92, 95% CI: 20.27, 29.57, p < 0.001), but did not increase the fluoroscopy
time (WMD: 1.58, 95% CI: —7.50, 10.66, p = 0.73). Six months after operation, the
glomerular filtration rate in RSDN+PVI group was significantly higher than that in PVI
group (WMD: 6.17, 95% CI: 3.09, 9.24, p < 0.001). The control of systolic blood
pressure and diastolic blood pressure in RSDN+PVI group was significantly better than
that in PVI group (WMD: —9.55, 95% CI: —16.27, —2.84, p = 0.005; WMD: —6.11, 95%
CI: —10.72, —=1.50, p = 0.009). There was no significant difference in complications
between the two groups (RR: 0.85, 95% CI: 0.32, 2.21, p = 0.73). The heterogeneity
of clinical outcome was very low in atrial fibrillation and complications (12 = 0). PVI
combined with RSDN is a feasible and safe interventional therapy option for patients
with hypertension complicated with atrial fibrillation, which can effectively reduce the
burden of atrial fibrillation and improve the control of blood pressure and prevent further
renal damage.

Keywords
Hypertensive; Atrial fibrillation; Ablation; Renal sympathectomy

1. Introduction

Atrial fibrillation (AF) is the most common arrhythmia in the
world, and its incidence in adult population is about 2-3%. The
risk of atrial fibrillation and thromboembolism increases with
age and hypertension. Moreover, hypertension is also the most
common cardiovascular disease that leads to the development
and recurrence of atrial fibrillation [1]. Current AF treatment
schemes can be divided into drug therapy and/or ablation ther-
apy [2]. Despite the continuous improvement of tools and tech-
niques, many patients still have symptoms, side effects of drug
therapy. Meanwhile, the recurrence rate after catheter ablation
is high, especially for patients with hypertension [3]. Previous
studies have shown that the interaction between hyperactive

sympathetic nervous system and hypertension is known to be
related to the progression of AF [4]. In pathophysiology,
the disorders of sympathetic and vagal nervous system play
an important role in the pathogenesis of hypertension and
atrial fibrillation [5]. Although renal sympathetic denervation
(RSDN) has been studied to control hypertension and improve
atrial fibrillation, its safety and treatment have not been fully
evaluated. The purpose of this study was to evaluate the safety
and efficacy of renal sympathetic denervation (RDN) in the
treatment of hypertension complicated with atrial fibrillation.

2. Materials and methods

This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).
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2.1 Retrieval strategy

We search Public Medicine (PubMed), The Cochrane Library,
Excerpta Medica Database (EMbase), China National
Knowledge Infrastructure (CNKI), Chinese Scientific Journal
Database (VIP) and Wanfang databases by the computer,
and the search time is limited to September 2020. Chinese
key words: hypertension, catheter ablation, atrial fibrillation,
renal nerve block, randomized control; English key words:
Hypertension, catheter ablation, atrial fibrillation, Renal nerve
removal, Radiofrequency catheter ablation (RFCA), AF,
randomized controlled trial. We used the above search words
as subject words or free words, then the logical operators to
formulate the search form, meanwhile, manual retrieval. If
you have any questions, contact the author of the newsletter
[6]. The searching strategy in the PubMed is listed as the
following: (((Hypertension [Title/Abstract])) AND ((catheter
ablation [Title/Abstract] OR RFCA [Title/Abstract]) OR
(atrial fibrillation [Title/Abstract] OR AF [Title/Abstract]) OR
(Renal nerve removal [Title/Abstract]))) AND ((randomized
controlled trial [Title/Abstract] OR RCT [Title/Abstract])).
All the references were managed by Endnote X8.0 (Clarivate
Analytics, Philadelphia, PA, USA).

2.2 Literature inclusion criteria

Patients in the literature had a history of symptomatic parox-
ysmal atrial fibrillation and were scheduled to receive catheter
ablation supported by guidelines and had a significant clinical
history of hypertension. Systolic blood pressure is greater
than or equal to 130 mmHg, diastolic blood pressure is greater
than or equal to 80 mmHg, or both, and taking at least one
antihypertensive drug.

The intervention was to perform pulmonary vein isolation
catheter ablation combined with renal denervation with the
patient’s full informed consent, while the control group was
treated with isolated pulmonary vein catheter ablation alone.
The main outcome is recurrence of atrial fibrillation. The
secondary outcome indicators are operation time, fluoroscopy
time, postoperative blood pressure and complications. We
used the longest follow-up data obtained from individual stud-
ies for analysis.

2.3 Literature exclusion standard

(1) The diagnostic method is not clear; (2) there are other
diseases; (3) the dose and course of treatment of the test
group and the control group are not consistent with the above-
mentioned intervention measures or the description of the
treatment method is unknown; (4) the outcome index cannot be
counted; (5) non-RCT literature and non-clinical trial studies;
(6) literature published repeatedly or with incomplete data; (7)
full-text literature is not available.

2.4 Literature evaluation and data
extraction

Data extraction: two researchers independently retrieve the
literature and extract relevant materials. If there are differences
during the period, they can be resolved through joint discussion
and, if necessary, be assisted by a third researcher. The
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research-related methodology included quality evaluation, use
and utilization.

The “bias risk assessment” tool recommended by Cochrane
Handbook 5.0 (Cochrane Collaboration, Oxford, UK) evalu-
ates the quality of the random allocation method, allocation
concealment, blind method, integrity of result data and selec-
tive reporting bias of the study. For each study, the above six
items were evaluated as yes (low bias), no (highly biased) or
“unclear” (lack of relevant information or uncertainty of bias)

[7]-

2.5 Statistical method

Use the Rev-Man5.2 version (Cochrane Collaboration, Ox-
ford, UK) of the software provided by Cochrane collaboration
network. The odd ratio (OR) was used as the curative effect
analysis statistic, and the weighted average difference (WMD)
was used as the curative effect analysis statistic. Each effect
was expressed by 95% confidence interval (95% CI). x? test
was used to analyze the heterogeneity among the studies.
When there was a high degree of statistical heterogeneity
among the studies (p < 0.1, 1> >50%), the random effect
model was used, otherwise the fixed effect model was used

[8].
3. Result

3.1 Search result

A total of 632 literatures were detected, including repetitive
literatures and reading abstracts and full texts, excluding case
reports, reviews, retrospective studies, non-randomized con-
trolled trials, inconsistent trial bases, efc. and finally included
7 literatures. The retrieval process is shown in Fig. | .
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FIGURE 1. The retrieval process.
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TABLE 1. Characteristics of included studies.

Sample size Mean Age
References Study period Study design RSDN+PVI PVI RSDN+PVI PVI Control measures Follow-up (months)
Pokushalov et al. NR RCT 13 14 57+8 56 9 PVI/RSDN+PVI 12
(9]
Pokushalov et al. NR RCT 41 39 56+6 56 =26 PVI/RSDN+PVI 12
(2]
Romanov et al. 2010-2013 RCT 39 37 56+6 56 +£5 PVI/RSDN+PVI 12
[10]
Kiuchi et al. [11] 2014-2015 RCT 33 36 56.8 +6.5 58.4+ 5.1 PVI/RSDN+PVI 12
Kiuchi et al. [12] 2014-2015 Prospective 21 24  68+9 66 +9 PVI/RSDN+PVI 12
nonrandom-
ized
Kiuchi et al. [13] 2012-2015 Prospective 39 9% 60+14 59415 PVI/RSDN+PVI 224+ 12.1
nonrandom-
ized
Steinberg et al. 2013-2019 RCT 154 148 5948 60 +5 PVI/RSDN+PVI 12

[14]

NR: Not reported; RCT: Randomized controlled trial; RSDN: Renal sympathetic denervation; PVI: Pulmonary vein isolation.

TABLE 2. Quality evaluation.

Study (year) Randomization Double blinding Withdrawals/dropouts  Jadad score
Pokushalov et al. [9] (2012) Appropriate Appropriate Yes 5
Pokushalov et al. [2] (2014) Appropriate Appropriate Yes 5
Romanov et al. [10] (2017) Appropriate Appropriate Yes 5
Kiuchi et al. [11] (2018) Appropriate Appropriate Yes 5
Kiuchi et al. [12] (2016) Inappropriate Appropriate Yes 3
Kiuchi et al. [13] (2017) Inappropriate Appropriate Yes 3
Steinberg et al. [14] (2020) Appropriate Inappropriate Yes 3

3.2 General characteristics and quality
evaluation of the included study

Among the 7 articles included, it was mentioned that the
baseline of the test group was similar to that of the control
group and was comparable (Table |, Ref. [2, 9-14]) and Fig. 2
(Risk of bias summary). Random words were mentioned in all
studies. All the literatures use blind method and distributive
concealment. Selective reporting of the findings and other
sources of bias are unclear (Table 2, Ref. [2, 9—14]).

3.3 Meta-analysis results

3.3.1 Recurrence of atrial fibrillation

The heterogeneity test showed that /2 = 0%, so the fixed effect
model was used. After the combination of all the studies, (RR:
0.60, 95% CI: 0.50, 0.71, p < 0.001), there was a statistically
significant difference between the two groups (Fig. 3). It
was considered that the AF recurrence rate in the RSDN+PVI
group (32%) was significantly lower than that in the PVI group
(56%).

3.3.2 Complications

The heterogeneity test showed that /2 = 0%, so the fixed
effect model was used. After the combination of various
studies, (RR: 0.85, 95% CI: 0.32, 2.21, p = 0.73), there was no
significant difference between the two groups (Fig. 4). Thus
it could not be considered that there was a difference in the
incidence of complications between the RSDN+PVI group and
the PVI group.

3.3.3 Operation time

After the heterogeneity test, the outcome showed that I? =
45%, so the fixed effect model was used. After the combi-
nation of all the studies, (WMD: 24.92, 95% CI: 20.27, 29.57,
p < 0.001), there was significant difference between the two
groups (Fig. 5). It can be considered that the operation time of
the RSDN+PVI group is significantly longer than that of PVI
alone.

3.3.4 Perspective time

After heterogeneity test, I? = 88%, so the random effect model
is adopted. After the combination of various studies, (WMD:
1.58, 95%, CI: =7.50,10.66, p = 0.73), there was no significant
difference between the two groups (Fig. 6). So it cannot be
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Pokushalov et al(2012)

- |Allocation concealment (selection bias)

Pokushalov et al(2014)

Romanov(2017)

Kiuchi et al(2018)

Kiuchi et al(2016)

Kiuchi et al(2017)

Steinberg et al(2020)

‘ ‘ . ‘ . ‘ ‘ Random sequence generation (selection bias)
N)

‘ ‘ ‘ ‘ . . . Selective reporting (reporting bias)

‘ ‘ . . . . . Blinding of outcome assessment (detection bias)
. . . . . . . Incomplete outcome data (attrition bias)
‘ . ‘ ‘ . ' . Other bias

‘ ‘ . . . . . Blinding of participants and personnel (performance bias)

FIGURE 2. Risk of bias summary. The green circle: Low risk of bias; The yellow circle: unclear risk of bias; The red circle:

High risk of bias.
RSDN+PVI PVI Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kiuchi 2016 5 21 18 24 8.7% 0.32[0.14, 0.71]
Pokushalov 2012 4 13 10 14 5.0% 0.43[0.18, 1.04]
Kiuchi 2018 13 33 23 36 11.3% 0.62[0.38, 1.01] ]
Pokushalov 2014 15 41 23 39 12.2% 0.62[0.38, 1.00] -
Kiuchi 2017 15 39 59 96 17.6% 0.63[0.41, 0.96] ]
Steinberg 2020 43 154 64 148 33.7% 0.65[0.47, 0.88] -
Romanov 2017 15 39 22 37 11.6% 0.65[0.40, 1.04] |
Total (95% CI) 340 394 100.0% 0.60 [0.50, 0.71] ¢
Total events 110 219 .

Heterogeneity: Chi? = 3.36, df =6 (P = 0.76); 1> = 0%
Test for overall effect: Z = 5.66 (P < 0.00001)

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

FIGURE 3. Forest map of recurrent atrial fibrillation between the experimental group and the control group.

considered that the implementation of renal sympathectomy
increased the time for patients to receive fluoroscopy.

3.3.5 Glomerular filtration

After the heterogeneity test, /2 = 52%, so the random effect
model was used. After the combination of all the studies,
(WMD: 6.17, 95% CI: 3.09, 9.24, p < 0.001), there was sig-

nificant difference between the two groups (Fig. 7). Therefore,
6 months after operation, the glomerular filtration rate in the
RSDN+PVI group was significantly higher than that in the PVI
group.
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RSDN+PVI PVI Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% Cl Year M-H. Fixed, 95% CI
Pokushalov 2012 0 13 0 14 Not estimable 2012
Pokushalov 2014 0 41 1 39 17.7% 0.32[0.01,7.57] 2014 -
Kiuchi 2016 0 21 0 24 Not estimable 2016
Kiuchi 2017 0 39 0 96 Not estimable 2017
Kiuchi 2018 0 33 0 36 Not estimable 2018
Steinberg 2020 7 154 7 148 82.3% 0.96 [0.35, 2.67] 2020
Total (95% CI) 301 357 100.0% 0.85[0.32, 2.21]
Total events 7 8
o Rz = _ : 2= 00 [ } ! } i
_II-|et(tarfogene|ty|.| C:fl N (;4_30(?;4 |1>(_P0 7(;’.51), 2=0% 0.01 01 1 10 100
est for overall effect: Z = 0.34 (P = 0.73) Favours [experimental] Favours [control]
FIGURE 4. Forest map of complications between the experimental group and the control group.
RSDN+PVI PVI Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed. 95% CI
Pokushalov 2012 192 36 13 154 28 14 3.6% 38.00[13.54, 62.46]
Pokushalov 2014 186 32 41 152 26 39 13.3% 34.00[21.25, 46.75] -
Steinberg 2020 190.2 25 154 167.3 20 148 83.1% 22.90[17.80, 28.00] .
Total (95% CI) 208 201 100.0% 24.92[20.27, 29.57] ‘
Het ity: Chiz = 3.65, df = 2 (P = 0.16); |2 = 459 ‘ ‘ ‘ ‘
Te ?:‘ogenel y|| frI t:Z=10.51 F(‘ <0 000())1 " 100 >0 0 >0 100
est for overall effect: Z = 10.51 (P < 0.00001) Favours [RSDN+PVI] Favours [PVI]
FIGURE 5. Forest map of operation time between experimental group and control group.
RSDN+PVI PVI Mean Difference Mean Difference
r r Mean D Total Mean SD Total Weight V. Random % Cl Year 1V, Random, 95% Cl
Pokushalov 2012 29 14 13 21 16 14 24.9% 8.00 [-3.32, 19.32] 2012 ™
Pokushalov 2014 27 13 41 22 11 39 35.8% 5.00[-0.27, 10.27] 2014 =
Steinberg 2020 256 10 154 312 13 148 39.3% -5.60 [-8.22, -2.98] 2020 u
Total (95% CI) 208 201 100.0% 1.58 [-7.50, 10.66]
TR 2 — . i2 = = - .12 = 889 I t 1 t 1
?etctarfogeneltyl.l T?fu : ;2_.708:3‘(1)h'|: = (1)67.56, df =2 (P =0.0003); I> = 88% 100 50 0 50 100
est for overall effect: Z = 0.34 (P = 0.73) Favours [experimental] Favours [control]
FIGURE 6. The forest map of perspective time between the experimental group and the control group.
Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean SD Total Weight IV, Ran % Cl Year IV, Random, 95% CI
Pokushalov 2012 81 4.6 13 78 6.1 14 26.9% 3.00 [-1.06, 7.06] 2012 il
Pokushalov 2014 809 43 41 755 9.2 39 32.8% 5.40 [2.23, 8.57] 2014 =
Kiuchi 2016 649 13.4 21 583 14 24 11.4% 6.60 [-1.41, 14.61] 2016 ™
Kiuchi 2018 762 7.2 33 664 86 36 28.9% 9.80 [6.07, 13.53] 2018 -
Total (95% CI) 108 113 100.0% 6.17 [3.09, 9.24] ¢
v Tau? = 4.90 Chiz = - - 2= 590 b } } !
Heterogeneity: Tau? = 4.90; Chi? = 6.22, df = 3 (P = 0.10); I> = 52% "o 0 5 A 100

Test for overall effect: Z = 3.93 (P < 0.0001)

Favours [experimental] Favours [control]

FIGURE 7. Glomerular filtration rate forest map of experimental group and control group.

3.3.6 Postoperative blood pressure

After heterogeneity test, I? is 52% and 95% respectively,
so both systolic blood pressure and diastolic blood pressure
use random effect model, and the differences between the
two groups are statistically significant. For the patients in
the RSDN-+PVI group, the control of systolic blood pressure
(WMD: -9.55, 95% CI: —16.27, —2.84, p = 0.005) (Fig. &)
and diastolic blood pressure (WMD: —6.11, 95% CI: —10.72,
—1.50, p < 0.009) (Fig. 9) was significantly better than that of
the PVI group alone.

4. Discussion

Hypertension is a major health problem worldwide and is as-
sociated with increasing risk of adverse cardiovascular events.
On the other hand, atrial fibrillation is the most common
arrhythmia, and its prevalence is expected to surge among the
world’s aging population in the next few years. The two most
common cardiovascular diseases in the world [15], hyperten-
sion and atrial fibrillation have a causal relationship with each
other. Excessive activation of visceral sympathetic nerve is
one of the important factors that trigger the development of
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RSDN+PVI PVI Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% ClI
Pokushalov 2012 156 7 13 178 8 14 22.8% -22.00[-27.66, -16.34] 2012 -
Kiuchi 2016 114 7 21 112 8 24 24.4% 2.00 [-2.38, 6.38] 2016 ™
Kiuchi 2018 123 4 33 130 6 36 26.3% -7.00 [-9.39, -4.61] 2018 =
Steinberg 2020 135 9 154 147 9 148 26.5% -12.00[-14.03,-9.97] 2020 =
Total (95% Cl) 221 222 100.0% -9.55[-16.27, -2.84] <

o Tan? = . Chiz = - |2 = 059, b } : !
Heterogeneity: Tau? = 43.13; Chi? = 55.20, df = 3 (P < 0.00001); I2 = 95% ~100 50 0 50 100

Test for overall effect: Z =2.79 (P = 0.005)

Favours [experimental]

Favours [control]

FIGURE 8. Forest map of postoperative systolic blood pressure between the experimental group and the control group.

RSDN+PVI PVI Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Pokushalov 2012 87 8 13 9% 4 14 21.3% -9.00[-13.83,-4.17] 2012 -
Kiuchi 2016 77 3 21 77 4 24  26.3% 0.00 [-2.05, 2.05] 2016 7
Kiuchi 2018 82 4 33 89 5 36 26.2% -7.00 [-9.13, -4.87] 2018 =
Steinberg 2020 79 9 154 88 9 148 26.3% -9.00[-11.03,-6.97] 2020 =
Total (95% CI) 221 222 100.0% -6.11[-10.72, -1.50] ¢

it 2 = . 2 = = . 12 = QRY k t t {
Heterogeneity: Tau? = 19.97; Chi? = 42.96, df = 3 (P < 0.00001); 1> = 93% 100 50 0 50 100

Test for overall effect: Z = 2.60 (P = 0.009)

Favours [experimental] Favours [control]

FIGURE 9. Forest map of postoperative diastolic blood pressure between the experimental group and the control group.

atrial fibrillation. Therefore, controlling blood pressure in an
appropriate range can reduce the risk of stroke and cerebral
hemorrhage, meanwhile, inhibit the adverse consequences of
atrial fibrillation [16]. Because the development of catheter
therapy technique, RSDN aims to better control blood pressure
and atrial fibrillation by regulating sympathetic nerve activity
[10-26].

The main findings of our study included: (1) compared
with PVI alone, the recurrence rate of atrial fibrillation in
RSDN+PVI group was significantly lower than that in PVI
group; (2) the operation time of RSDN+PVI was significantly
longer and there was no difference in fluoroscopy time; (3)
compared with PVI, RSDN+PVI group, the glomerular fil-
tration rate was significantly higher than that in PVI group;
(4) the postoperative systolic and diastolic blood pressure in
RSDN+PVI group was significantly lower than that in PVI
group. (5) the incidence of complications was low in both
groups, and there was no significant difference between the
two groups.

In our analysis, we found that only 32% of patients who
received RSDN+PVI had recurrence of atrial fibrillation, com-
pared with 56% of patients who received PVI alone. Compared
with the ablation group, simultaneous renal denervation is
more effective in maintaining sinus rhythm (RR: 0.60, 95%
CI: 0.50, 0.71, p < 0.001). It can be considered that com-
pared with PVI alone, RSDN+PVI can reduce the burden of
recurrent atrial fibrillation within 12 months by 40% in patients
with refractory paroxysmal atrial fibrillation with a history of
hypertension. At the same time, RSDN+PVI can reduce the
burden of recurrence of atrial fibrillation within 12 months.
RSDN+PVI can effectively alleviate renal damage caused by
hypertension and improve glomerular filtration rate (95% CI:
3.09,9.24, p < 0.001).

During renal denervation, there is no increased risk of any
complications, including renal or renal artery complications.
Compared with simple catheter ablation, renal denervation

increased the operation time slightly, but did not increase
the fluoroscopy time. At the same time, the increase of re-
nal denervation can also significantly improve blood pressure
control, reduce the need for cardiovascular hospitalization,
and effectively protect kidney function, greatly improving the
quality of life of patients.

Finally, our results highlight the clinical benefits and safety
of RSDN combined with PVI in patients with paroxysmal
atrial fibrillation and hypertension. In this study, 7 clinical
trials featuring 734 patients with AF and hypertension were
included. Statistical analysis showed that the homogeneity
between the studies was very good during the data merging
period. Similarly, the main results were well maintained in
random grouping and sensitivity analysis. Therefore, RSDN
plus PVI treatment can be used as a better solution for patients
with complicated hypertension complicated with atrial fibril-
lation.

5. Conclusion

PVI combined with RSDN may be a feasible and safe inter-
ventional therapy for patients with hypertension complicated
with atrial fibrillation, which can effectively reduce the burden
of atrial fibrillation and reduce blood pressure. Moreover,
the combination treatment can improve the control of blood
pressure and prevent further kidney damage, providing a syn-
ergistic and beneficial effect.
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