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Abstract: Objective: This study aimed to explore the therapeutic effect and prognostic life quality of renal denerva-
tion therapy (RDN) and nifedipine combined with metoprolol tartrate in the treatment of resistant hypertension. 
Methods: 90 cases with resistant hypertension in our hospital were randomly divided into observation group and 
control group with 45 cases in each group. The observation group was treated with RDN and nifedipine combined 
with metoprolol tartrate, while the control group was treated with RDN and nifedipine. The therapeutic effect, the 
systolic and diastolic blood pressure before and after treatment, and the incidence of adverse reactions were ob-
served. The prognostic life quality was evaluated by SF-36. The risk factors of ineffective treatment were analyzed 
by multivariate Logistic regression. Results: SBP and DBP in the two groups after treatment were lower than those 
before treatment (P<0.05). SBP and DBP after treatment, as well as total incidence of adverse reactions in the 
observation group were lower than those in the control group (P<0.05). The total effective rate and scores of eight 
dimensions in the observation group was higher than those in the control group (P<0.05). The univariate analysis 
showed that there were obvious differences in age, course of disease, BMI, diabetes, hyperlipidemia, blood glucose, 
white blood cell count and treatment methods between the two groups (P<0.05). The multivariate Logistic regres-
sion analysis showed that the course of disease, BMI, blood glucose and LDL-C were the risk factors of ineffective 
treatment. Conclusion: RDN and nifedipine combined with metoprolol tartrate have better antihypertensive effect 
and therapeutic effect, lower incidence of adverse reactions, and higher prognostic life quality in the treatment of 
resistant hypertension. The course of disease, BMI, blood glucose and LDL-C are the risk factors of ineffective treat-
ment.
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Introduction

There are about 270 million hypertensive 
patients in China. The prevalence of hyperten-
sion is increasing year by year [1]. In the study 
of Lu et al. [2], the awareness rate, treatment 
rate and control rate of 1.73 million hyperten-
sive patients were 36%, 22.9% and 5.7%. Even 
if three kinds of antihypertensive drugs are 

combined reasonably, it is still difficult to lower 
the blood pressure to a reasonable level [3]. 
Therefore, three kinds of drugs or more are 
used to treat the resistant hypertension gener-
ally [4]. Pimenta et al. [5] found that the risk of 
other cardiac and cerebrovascular diseases in 
the patients with resistant hypertension was 
twice as that in the patients with new-onset 
hypertension. In addition, if blood pressure 
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does not reach a reasonable level for a long 
time, there is a risk of target organ damage [6].

Many studies have shown that the renal dener-
vation therapy (RDN) could effectively lower 
blood pressure in patients with resistant hyper-
tension [7, 8]. Bartuś et al. [9] reported that 
RDN was performed on 32 patients with resis-
tant hypertension and 30% of patients was 
controlled below 140/90 mmHg, and no com-
plications or adverse events were observed 
within 2 years. Nifedipine can effectively dilate 
small arteries by inhibiting calcium ions enter-
ing vascular smooth muscle cells and cardiac 
myocytes, thus rapidly and continuously de- 
creasing systemic blood pressure and increas-
ing myocardial oxygen delivery. Therefore, nife-
dipine showed good therapeutic effect and 
safety [10, 11]. Metoprolol tartrate is a β-re- 
ceptor blocker. Some reports suggested that 
metoprolol tartrate can reduce the incidence 
and mortality of cardiovascular diseases in 
young hypertensive patients, and improve sud-
den cardiac death and myocardial infarction 
[12, 13]. However, the efficacy and prognosis of 
RDN and nifedipine combined with metoprolol 
tartrate in the treatment of resistant hyperten-
sion remain unclear.

Therefore, RDN and nifedipine combined with 
metoprolol tartrate was applied to treat resis-
tant hypertension, and the therapeutic effect 
and prognostic life quality were observed. This 
study aimed to provide the evidence and direc-
tion for clinical practice.

Materials and methods

Clinical data of patients

90 patients with resistant hypertension form 
August 2017 to February 2018 in our hospital 
were collected. 45 patients were treated with 
RDN and nifedipine combined with metoprolol 
tartrate as the observation group. Among them, 
33 were male and 12 were female, with the 
average age of 51.6 ± 9.4 years old. Another 45 
patients were treated with RDN and nifedipine 
as the control group. Among them, 29 were 
male and 16 were female, with the average age 
of 52.4 ± 10.5 years old. This study was 
approved by the Medical Ethics Committee. All 
patients signed the informed consent.

Inclusion and exclusion criteria

Inclusion criteria: all patients were diagnosed 
with resistant hypertension according to pathol-
ogy. The diagnostic criteria were in accordan- 
ce with the Hypertension Guideline developed  
by American Heart Association and American 
College of Cardiology in 2017 [14]. The patients 
with stable physical condition can undergo 
RDN. The clinical data of the patients were 
complete, and they cooperate with the treat-
ment and follow-up. Exclusion criteria: patients 
with severe liver and kidney dysfunction; pa- 
tients with other malignant tumors; patients 
with severe cardiovascular and cerebrovascu-
lar diseases; patients with severe inflamma-
tion; patients receiving previous renal artery 
intervention therapy; patients with renal ath-
erosclerosis; and pregnant or nursing women.

Main drugs

Nifedipine (Shantou Jinshi Pharmaceutical Co., 
Ltd. of Sinopharm Group, Medicine H44021- 
513). Metoprolol Tartrate (Heilongjiang Green 
Pharmaceutical Co., Ltd., Medicine H200662- 
66).

Treatment schedule

The renal angiography was performed on all 
patients. The radiofrequency ablation was per-
formed from catheter to double renal arteries 
within 3-6 weeks for two minutes. The ablation 
was rotational and regressive. After operation, 
the same nursing scheme was adopted in both 
groups: nifedipine was taken orally for 10 mg/
time and 3 times/day. On this basis, the 
patients in the observation group were treat- 
ed with metoprolol tartrate orally with 90 mg/
time/day for 3 months.

Efficacy evaluation [15]

The effective treatment is that the mean sys-
tolic blood pressure was less than 140 mmHg, 
or the difference of systolic blood pressure is 
more than 20 mmHg before and after treat-
ment. Others are the ineffective treatment.

Outcome measures

Main outcome measures: the systolic and dia-
stolic blood pressures before and after treat-
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ment in the two groups, the evaluation of thera-
peutic effect in the two groups, the life quality 
of the patients assessed with the 36-item 
Short-Form Health Survey (SF-36), and the 
scores of various dimensions of SF-36 after 
treatment.

Secondary outcome measures: the adverse 
reactions after treatment in both groups.

Statistical methods

In this study, SPSS20.0 (Chicago SPSS Co., 
Ltd.) medical statistical analysis software was 
utilized to analyze the collected data. Graph- 
Pad Prism 7 (San Diego GraphPad Software 
Co., Ltd.) was utilized to draw pictures for the 
collected data. The enumeration data were ex- 

pressed by X2 using chi-square test. The mea-
surement data were expressed by means ± 
standard deviation (Means ± SD). All measure-
ment data were in accordance with the normal 
distribution. Independent t-test was applied for 
comparison between the two groups. Paired t 
test was used for comparison within the two 
groups. P<0.05 indicates that there was statis-
tically significant difference.

Results

Clinical data

The clinical data of the two groups were  
collected and compared. The results revealed 
that there were no significant differences in 
gender, age, course of disease, BMI, history of 

Table 1. Clinical data of patients
Observation group (n=45) Control group (n=45) t/x2 value P value

Gender 0.829 0.362
    Male 33 (73.33) 29 (64.44)
    Female 12 (26.67) 16 (35.56)
Age (year) 51.6 ± 9.4 53.4 ± 10.1 0.875 0.384
Course of disease (year) 13.2 ± 6.4 14.5 ± 7.8 0.864 0.390
BMI (kg/m2) 23.73 ± 1.82 24.82 ± 1.97 1.226 0.224
Diabetes 0.458 0.499
    Yes 16 (35.56) 13 (28.89)
    No 29 (64.44) 32 (71.11)
Hyperlipemia 0.241 0.624
    Yes 10 (22.22) 12 (26.67)
    No 35 (77.78) 33 (73.33)
History of smoking 0.443 0.506
    Yes 17 (37.78) 14 (31.11)
    No 28 (62.22) 31 (68.89)
History of alcoholism 0.257 0.612
    Yes 9 (20.00) 11 (24.44)
    No 36 (80.00) 34 (75.56)
Residence 1.029 0.311
    City 37 (82.22) 33 (73.33)
    Rural 8 (17.78) 12 (26.67)
SBP (mmHg) 168.87 ± 14.63 172.59 ± 17.25 1.103 0.273
DBP (mmHg) 113.47 ± 12.64 109.83 ± 11.49 1.429 0.156
Uric acid (μmol/L) 252.93 ± 54.41 237.23 ± 46.62 1.470 0.145
Blood glucose (mmol/L) 6.47 ± 2.21 6.22 ± 1.96 0.568 0.572
Urea nitrogen (mmol/L) 5.17 ± 2.62 5.39 ± 2.81 0.384 0.702
Creatinine (μmol/L) 84.86 ± 13.74 89.29 ± 15.31 1.445 0.152
White blood cell count (×109/L) 6.58 ± 1.37 6.75 ± 1.43 0.576 0.566
LDL-C (mg/dl) 137.58 ± 24.37 145.54 ± 27.53 1.452 0.150
Remarks: BMI: Body mass index; SBP: systolic pressure; DBP: diastolic pressure; LDL-C: Low density lipoprotein cholesterol.
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diabetes, hyperlipidemia, smoking and alcohol-
ism, residence, SBP, DBP, uric acid, blood glu-
cose, urea nitrogen, creatinine, white blood  
cell count, and LDL-C between the two groups 
(P>0.05) (Table 1).

Comparison of SBP and DBP levels between 
the two groups after treatment

Comparing the levels of SBP and DBP between 
two groups before and after treatment, it was 
found that after treatment, the levels of SBP 
and DBP in the observation group were 128.76 
± 12.76 mmHg and 84.52 ± 8.24 mmHg, and 
the levels of SBP and DBP in the control group 
were 137.52 ± 15.24 mmHg and 95.79 ± 11.68 
mmHg. The levels of SBP and DBP in the two 
groups after treatment were lower than those 
before treatment (P<0.05). After treatment, the 
levels of SBP and DBP in the observation group 
were lower than those in the control group 
(P<0.05) (Figures 1 and 2).

Adverse reactions of the two groups after 
treatment

Comparing the adverse reactions of the two 
groups after treatment, it was found that the 

total incidence of adverse reactions in the 
observation group was lower than that in the 
control group (P<0.05) (Table 2).

Evaluation of therapeutic effect in the two 
groups after treatment

Comparing the therapeutic effect in the two 
groups after treatment, it was found that the 
total effective rate of the observation group 
was higher than that of the control group 
(P<0.05) (Table 3).

SF-36 scores of the two groups after treatment

According to the SF-36 scores of the two 
groups, the life quality of the patients was eval-
uated. It was found that the scores of eight 
dimensions in the observation group were hi- 
gher than those in the control group (P<0.05) 
(Table 4).

Univariate analysis of therapeutic effect

According to the therapeutic effect of patients, 
the patients were divided into effective group 
(n=63) and ineffective group (n=27). The clini-
cal data of the two groups were collected for 
univariate analysis. It was found that there 

Figure 1. Changes of SBP in the two groups before 
and after treatment. The SBP in the observation 
group after treatment was lower than that before 
treatment (t=14.623, P<0.001), and the SBP in the 
control group after treatment was lower than that 
before treatment (t=11.245, P<0.001). After treat-
ment, the SBP in the observation group was lower 
than that in the control group (t=2.956, P=0.004).

Figure 2. Changes of DBP in the two groups before 
and after treatment. The DBP in the observation 
group after treatment was lower than that before 
treatment (t=14.225, P<0.001), and the DBP in the 
control group after treatment was lower than that be-
fore treatment (t=7.624, P<0.001). After treatment, 
the DBP in the observation group was lower than that 
in the control group (t=5.289, P=0.004).
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were statistical differences in age, course of 
disease, BMI, history of diabetes and hyperlip-
idemia, blood glucose, white blood cell count 
and treatment methods between the two 
groups (P<0.05), and there was no obvious dif-
ference in gender, history of smoking and alco-
holism, residence, SBP, DBP, uric acid, urea 
nitrogen, creatinine and white blood cell count 
(P>0.05) (Table 5).

Multivariate analysis of therapeutic effect

The indicators with differences in univariate 
analysis were assigned (Table 6). The multivari-
ate Logistic regression analysis revealed that 
age, diabetes, hyperlipidemia and treatment 
method were not the independent risk factors 
of ineffective treatment, while course of dis-
ease (OR: 4.274, 95% CI: 3.378-5.262), BMI 
(OR: 0.310, 95% CI: 0.120-0.799), blood glu-
cose (OR: 1.872, 95% CI: 1.317-2.058), and 
LDL-C (OR: 1.072, 95% CI: 1.032-1.317) were 
the independent risk factors of ineffective 
treatment (Table 7).

studies have suggested that the use of 
β-receptor blocker during the perioperative 
period of non-cardiac surgery can prevent non-
fatal cardiac infarction, but may increase the 
risk of stroke, death, hypotension and brady-
cardia [20]. Therefore, this study explored 
whether RDN and nifedipine combined with 
metoprolol tartrate could affect the therapeu- 
tic effect, safety and prognosis of patients.

Firstly, the systolic and diastolic blood pres-
sures of the two groups after treatment were 
compared. It was found that the systolic and 
diastolic blood pressures of the two groups 
after treatment were lower than those before 
treatment, and the systolic and diastolic blood 
pressures of the observation group were lower 
than those of the control group. It was suggest-
ed that our treatment achieved the therapeutic 
effect and lowered the blood pressure of 
patients, but the antihypertensive effect of 
RDN and nifedipine combined with metoprolol 
tartrate was better than that of RDN and nife-
dipine alone. Then the adverse reactions of the 

Table 2. Adverse reactions after treatment in two groups
Observation group 

(n=45)
Control group 

(n=45) x2 value P value

Dizziness 2 (4.44) 5 (11.11)
Limb weakness 1 (2.22) 2 (4.44)
Facial flushing 2 (4.44) 5 (11.11)
Lower limb edema 1 (2.22) 3 (6.67)
Nausea 2 (4.44) 2 (4.44)
Total incidence of side effects 8 (17.78) 17 (37.78) 4.486 0.034

Table 3. Evaluation of therapeutic effect of the two groups after treatment
Observation group (n=45) Control group (n=45) x2 value P value

Ineffective 8 (17.78) 19 (42.22) 4.286 0.038
Effective 37 (82.22) 26 (57.78)

Table 4. SF-36 scores of two groups after treatment
Observation group 

(n=45)
Control group 

(n=45) t value P value

Physical Functioning 73.37 ± 16.93 65.46 ± 17.25 2.195 0.031
Role-Physical 59.76 ± 16.64 51.37 ± 22.15 2.032 0.045
Bodily Pain 74.84 ± 12.75 64.64 ± 15.36 3.428 0.001
General Health 65.40 ± 9.28 54.33 ± 12.85 4.685 <0.001
Vitality 67.74 ± 16.26 57.49 ± 13.86 3.218 0.002
Social Functioning 58.77 ± 12.94 52.46 ± 13.65 2.250 0.027
Role-Emotional 71.46 ± 15.24 63.45 ± 14.85 2.525 0.013
Mental Health 57.94 ± 17.15 51.27 ± 15.92 2.027 0.046

Discussion

The resistant hyper-
tension has always 
been an uncontrolla-
ble disease. Some st- 
udies have reported 
that sympathetic ner- 
ve dysfunction and ex- 
cessive secretion of 
epinephrine could par-
ticipate in and lead  
to the occurrence and 
development of hyper-
tension [16]. Based  
on this principle, RDN 
combined with corre-
sponding antihyperte- 
nsive drugs has been 
developed to lower bl- 
ood pressure in pati- 
ents with resistant hy- 
pertension [17, 18].  
As β-receptor blocker 
could lower blood pre- 
ssure and reduce the 
risk of cardiovascular 
events, it was utilized 
in combination treat-
ment for hypertension 
[19]. However, some 
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two groups after treatment were compared. 
The total incidence of adverse reactions in the 

observation group was lower 
than that in the control group, 
which also revealed that RDN 
and nifedipine combined with 
metoprolol tartrate could re- 
duce the incidence of adver- 
se reactions. Comparing the 
therapeutic effect of the two 
groups, the total effective 
rate of the observation group 
was higher than that of the 
control group. It was also sug-
gested that RDN and nifedip-
ine combined with metoprolol 

Table 5. Univariate analysis
Effective group (n=63) Ineffective group (n=27) t/x2 value P value

Gender 0.484 0.487
    Male 42 (66.67) 20 (74.07)
    Female 21 (33.33) 7 (25.93)
Age (year) 49.6 ± 9.7 54.4 ± 10.3 2.112 0.038
Course of disease (year) 11.3 ± 7.5 15.6 ± 6.8 2.561 0.012
BMI (kg/m2) 22.54 ± 2.03 26.35 ± 1.73 8.511 <0.001
Diabetes 6.805 0.009
    Yes 15 (23.81) 14 (51.85)
    No 48 (76.19) 13 (48.15)
Hyperlipemia 5.546 0.019
    Yes 11 (17.46) 11 (40.74)
    No 52 (82.54) 16 (59.26)
History of smoking 0.677 0.411
    Yes 20 (31.75) 11 (40.47)
    No 43 (68.25) 16 (59.26)
History of alcoholism 0.306 0.590
    Yes 13 (20.63) 7 (25.93)
    No 50 (79.37) 20 (74.07)
Residence 1.224 0.269
    City 47 (47.60) 23 (85.19)
    Rural 16 (25.40) 4 (14.81)
SBP (mmHg) 169.66 ± 15.21 172.23 ± 17.01 0.709 0.480
DBP (mmHg) 109.27 ± 11.35 112.45 ± 13.05 1.164 0.248
Uric acid (μmol/L) 235.96 ± 48.22 254.21 ± 51.39 1.613 0.110
Blood glucose (mmol/L) 6.02 ± 2.14 6.97 ± 1.64 2.060 0.042
Urea nitrogen (mmol/L) 5.23 ± 2.66 5.34 ± 2.72 0.179 0.859
Creatinine (μmol/L) 85.34 ± 13.96 88.42 ± 15.20 0.934 0.353
White blood cell count (×109/L) 6.41 ± 1.36 6.78 ± 1.44 1.162 0.248
LDL-C (mg/dl) 131.58 ± 22.16 150.54 ± 30.48 3.309 0.001
Treatment method 6.402 0.011
    Separate treatment 26 (41.27) 19 (70.37)
    Combined treatment 37 (58.73) 8 (29.63)

Table 6. Assignment list
Evaluation

Age Data are continuous variables using raw data analysis
Course of disease Data are continuous variables using raw data analysis
BMI Data are continuous variables using raw data analysis
Diabetes Yes =1, No =0
Hyperlipemia Yes =1, No =0
Blood glucose Data are continuous variables using raw data analysis
LDL-C Data are continuous variables using raw data analysis
Treatment method Combined treatment =1, Separate treatment =0
Therapeutic effect Ineffective =1, Effective =0

tartrate may be more conducive to improving 
the therapeutic effect. SF-36 was applied to 
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evaluate the life quality of the two groups after 
treatment. It was found that the scores of eight 
dimensions in the observation group were high-
er than those in the control group, indicating 
that RDN and nifedipine combined with meto-
prolol tartrate had better effect on improving 
the prognostic life quality of the patients. In the 
study of Zhang et al. [21], the high and low 
doses of metoprolol tartrate were utilized to 
treat patients with chronic heart failure. It was 
found that both doses could improve heart 
function, motor function, life quality and mental 
state of patients. There was no significant dif-
ference of therapeutic effect between the two 
doses. It was also proved that metoprolol tar-
trate could improve the life quality of patients, 
and the effect of metoprolol tartrate on improv-
ing the life quality of patients with hypertension 
may not be affected by the dose.

Finally, according to the therapeutic effect, the 
Logistic regression was utilized to analyze the 
risk factors of ineffective treatment. It was 
found that the course of disease, BMI, blood 
glucose and LDL-C were the risk factors of inef-
fective treatment. In the study of Tsioufis et al. 
[22], 79 patients with resistant hypertension 
were treated with RDN. The decreases of blood 
pressure in 6 months and 12 months were 
observed, and analyzed by Logistic regression. 
It was found that age, body mass index (BMI), 
and blood pressure were the predictors of 
treatment. There are some differences in the 
results, but it is more conducive to predicting 
the therapeutic effect of patients. It was specu-
lated that our observation time was shorter 
than theirs, other different drugs were com-
bined for treatment, and routine examination 
indicators such as blood glucose and LDL-C 
were included. 

However, there are still some shortcomings in 
this study. Firstly, there are many drugs used in 
the treatment of hypertension. There are many 

kinds of calcium antagonists and β-receptor 
blockers, such as cilnidipine and atenolol. It  
is not clear whether the use of other drugs will 
affect our results, which required the addition 
of more other drug treatment groups in the sub-
sequent studies. Secondly, the patients with 
hypertension need long-term medication treat-
ment, and our study time may be relatively 
short. Therefore, the subsequent studies 
should increase the follow-up time to further 
study the changes of various indicators. Finally, 
as there was no obvious difference in the thera-
peutic effect of RDN, there were some contro-
versies. Therefore, it still needs a larger sample 
size of further study to demonstrate the thera-
peutic effect of RDN [23, 24].

In conclusion, RDN and nifedipine combined 
with metoprolol tartrate have better antihyper-
tensive effect and therapeutic effect, lower 
incidence of adverse reactions, and higher 
prognostic life quality in the treatment of resis-
tant hypertension. The course of disease, BMI, 
blood glucose and LDL-C are the risk factors of 
ineffective treatment.

Disclosure of conflict of interest

None.

Address correspondence to: Fubing Li and Xuan Wu, 
Department of Cardioogy, Xiangyang Central 
Hospital, Affiliated Hospital of Hubei University of 
Arts and Science, No. 136 Jingzhou Street, 
Xiangcheng District, Xiangyang 441021, Hubei, 
China. Tel: +86-0538-6236109; E-mail: fbli109@ 
163.com (FBL); wuxuan528@163.com (XW)

References

[1] Chen WW, Gao RL, Liu LS, Zhu ML, Wang W, 
Wang YJ, Wu ZS, Li HJ, Gu DF, Yang YJ, Zheng Z, 
Jiang LX and Hu SS. China cardiovascular dis-
eases report 2015: a summary. J Geriatr Car-
diol 2017; 14: 1-10.

Table 7. Multivariate analysis

B S.E, Wals Sig. Exp (B)
EXP (B) 95% C.I.

Lower limit Upper limit
Course of disease 0.478 1.762 6.107 0.016 4.274 3.378 5.262
BMI 0.267 0.483 5.876 0.015 0.310 0.120 0.799
Blood glucose 0.572 0.498 5.724 0.002 1.872 1.317 2.058
LDL-C 0.142 0.019 5.278 0.024 1.072 1.032 1.317
Remarks: B: Constant term; SE: standard deviation; Wals: Chi square value; Sig: P value; Exp (B): Dominance ratio; 95% C.I. of 
EXP (B): Advantage ratio 95% confidence interval.

mailto:fbli109@163.com
mailto:fbli109@163.com
mailto:wuxuan528@163.com


RDN and nifedipine combined with metoprolol tartrate in hypertension treatment

13730 Int J Clin Exp Med 2019;12(12):13723-13731

[2] Lu J, Lu Y, Wang X, Li X, Linderman GC, Wu C, 
Cheng X, Mu L, Zhang H, Liu J, Su M, Zhao H, 
Spatz ES, Spertus JA, Masoudi FA, Krumholz 
HM and Jiang L. Prevalence, awareness, treat-
ment, and control of hypertension in China: 
data from 1.7 million adults in a population-
based screening study (China PEACE Million 
Persons Project). Lancet 2017; 390: 2549-
2558.

[3] Cai A, Feng Y and Zhou Y. A comprehensive re-
view of an unmet public health issue: resistant 
hypertension. Clin Exp Hypertens 2017; 39: 
101-107.

[4] Siddiqui M, Dudenbostel T and Calhoun DA. 
Resistant and refractory hypertension: antihy-
pertensive treatment resistance vs treatment 
failure. Can J Cardiol 2016; 32: 603-606.

[5] Pimenta E and Calhoun DA. Resistant hyper-
tension: incidence, prevalence, and prognosis. 
Circulation 2012; 125: 1594-1596.

[6] Braam B, Taler SJ, Rahman M, Fillaus JA, Gre-
co BA, Forman JP, Reisin E, Cohen DL, Saklay-
en MG and Hedayati SS. Recognition and man-
agement of resistant hypertension. Clin J Am 
Soc Nephrol 2017; 12: 524-535.

[7] Kordalis A, Tsiachris D, Pietri P, Tsioufis C and 
Stefanadis C. 3030Effect of renal denervation 
on target organ damage in patients with resis-
tant hypertension: systematic review and me-
ta-analysis. J Hypertens 2018; 36: 1614-1621.

[8] Ott C, Mahfoud F, Schmid A, Toennes SW, Ewen 
S, Ditting T, Veelken R, Ukena C, Uder M, Böhm 
M and Schmieder RE. Renal denervation pre-
serves renal function in patients with chronic 
kidney disease and resistant hypertension. J 
Hypertens 2015; 33: 1261-1266.

[9] Yalagudri S, Raju N, Das B, Daware A, Maiya S, 
Jothiraj K and Ravikishore AG. Renal sympa-
thetic denervation using an externally irrigated 
radiofrequency ablation catheter for treatment 
of resistant hypertension-acute safety and 
short term efficacy. Indian Heart J 2015; 67: 
207-213.

[10] Khan KM and Schaefer TJ. Nifedipine. In: edi-
tors. Treasure Island (FL): StatPearls; 2019.

[11] Snider ME, Nuzum DS and Veverka A. Long-
acting nifedipine in the management of the 
hypertensive patient. Vasc Health Risk Manag 
2008; 4: 1249-1257.

[12] Khan N and McAlister FA. Re-examining the ef-
ficacy of beta-blockers for the treatment of hy-
pertension: a meta-analysis. CMAJ 2006; 174: 
1737-1742.

[13] Morris J and Dunham A. Metoprolol. In: editors. 
Treasure Island (FL): StatPearls; 2019.

[14] Whelton PK, Carey RM, Aronow WS, Jr CD, Col-
lins KJ, Dennison HC, Depalma SM, Gidding S, 
Jamerson KA and Jones DW. ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/

PCNA guideline for the prevention, detection, 
evaluation, and management of high blood 
pressure in adults: executive summary: a re-
port of the American college of cardiology/
American heart association task fo. 2017; 71: 
213-221.

[15] Rhee MY, Ahn T, Chang K, Chae SC, Yang TH, 
Shim WJ, Kang TS, Ryu JK, Nah DY, Park TH, 
Chae IH, Park SW, Lee HY, Tahk SJ, Yoon YW, 
Shim CY, Shin DG, Seo HS, Lee SY, Kim DI, 
Kwan J, Joo SJ, Jeong MH, Jeong JO, Sung KC, 
Kim SY, Kim SH, Chun KJ and Oh DJ. The effi-
cacy and safety of co-administration of fima-
sartan and rosuvastatin to patients with hyper-
tension and dyslipidemia. BMC Pharmacol 
Toxicol 2017; 18: 2.

[16] Grassi G and Ram VS. Evidence for a critical 
role of the sympathetic nervous system in hy-
pertension. J Am Soc Hypertens 2016; 10: 
457-466.

[17] Ott C, Mahfoud F, Schmid A, Ewen S, Toennes 
SW, Meyer MR, Helfer AG, Maurer HH, Ditting T, 
Veelken R, Zivanovic I, Uder M, Böhm M and 
Schmieder RE. The effect of renal denervation 
in moderate treatment-resistant hypertension 
with confirmed medication adherence. J Hy-
pertens 2016; 34: 2475-2479.

[18] Fadl Elmula FE, Jin Y, Yang WY, Thijs L, Lu YC, 
Larstorp AC, Persu A, Sapoval M, Rosa J, Wi-
dimský P, Jacobs L, Renkin J, Petrák O, Chatel-
lier G, Shimada K, Widimský J, Kario K, Azizi M, 
Kjeldsen SE and Staessen JA; European Net-
work Coordinating Research On Renal Dener-
vation (ENCOReD) Consortium. Meta-analysis 
of randomized controlled trials of renal dener-
vation in treatment-resistant hypertension. 
Blood Press 2015; 24: 263-274.

[19] Shih CC, Liao CC, Sun MF, Su YC, Wen CP, 
Morisky DE, Sung FC, Hsu CY and Lin JG. A ret-
rospective cohort study comparing stroke re-
currence rate in ischemic stroke patients with 
and without acupuncture treatment. Medicine 
(Baltimore) 2015; 94: e1572.

[20] Wijeysundera DN, Duncan D, Nkonde-Price C, 
Virani SS, Washam JB, Fleischmann KE and 
Fleisher LA. Perioperative beta blockade in 
noncardiac surgery: a systematic review for 
the 2014 ACC/AHA guideline on perioperative 
cardiovascular evaluation and management of 
patients undergoing noncardiac surgery: a re-
port of the American college of cardiology/
American heart association task force on prac-
tice guidelines. J Am Coll Cardiol 2014; 64: 
2406-2425.

[21] Zhang Q, Shu Q, Wu L, Zhang R and Meng Y. 
Dose-independent influence of metoprolol on 
cardiac and motor functions, QoL, and mental 
status in Chinese patients with CHF. Ther Clin 
Risk Manag 2019; 15: 23-31.



RDN and nifedipine combined with metoprolol tartrate in hypertension treatment

13731 Int J Clin Exp Med 2019;12(12):13723-13731

[22] Krum H, Schlaich M, Whitbourn R, Sobotka PA, 
Sadowski J, Bartus K, Kapelak B, Walton A, 
Sievert H, Thambar S, Abraham WT and Esler 
M. Catheter-based renal sympathetic denerva-
tion for resistant hypertension: a multicentre 
safety and proof-of-principle cohort study. Lan-
cet 2009; 373: 1275-1281.

[23] Silva JD, Costa M, Gersh BJ and Goncalves L. 
Renal denervation in the era of HTN-3. Com-
prehensive review and glimpse into the future. 
J Am Soc Hypertens 2016; 10: 656-670.

[24] Pocock SJ, Bakris G, Bhatt DL, Brar S, Fahy M 
and Gersh BJ. Regression to the mean in SYM-
PLICITY HTN-3: implications for design and re-
porting of future trials. J Am Coll Cardiol 2016; 
68: 2016-2025.


