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Abstract
Objective: This study aimed to investigate whether percutaneous revascularization (PR) was as effective and safe as
medication therapy alone in patients with atherosclerotic renal artery stenosis (ARAS).

Methods: We searched Embase, PubMed, and the Cochrane Library databases from their inception to July 31, 2021.
We included randomized controlled trials (RCTs) reporting PR for ARAS. RevMan 5.3 was employed to conduct the
analysis.

Results: Of 469 screened studies, 9 were included in our study. A total of 2433 patients with ARAS were recorded. The
results demonstrated that PR and medication had a similar antihypertensive effect on both systolic [mean difference
(MD)= 0.37, 95% CI: -1.37 to 2.11, p= 0.68] and diastolic blood pressure (MD= -0.75, 95% CI: -2.84 to 1.34, p= 0.48).
Meanwhile, there were no differences in all-cause mortality [risk ratio (RR) = 0.90, 95% CI: 0.74-1.10, p=0.31)], stroke
(RR = 0.81, 95% CI: 0.53-1.98, p=0.32), congestive heart failure (RR = 0.89, 95% CI: 0.70-1.14, p= 0.36), and
periprocedural complications (RR = 0.89, 95% CI: 0.72-1.10, p=0.28).

Conclusions: The results revealed that PR was as effective and safe as medication therapy alone in patients with
ARAS.

Introduction
Atherosclerotic renal artery stenosis (ARAS) was a common problem in patients with peripheral vascular
atherosclerosis [1, 2] and was recognized as a cause of secondary hypertension [3]. Meanwhile, it was a contributing
factor to cardiovascular disease development [4]. Treatment options for ARAS mainly included percutaneous
revascularization (PR) and medication therapy alone [5–8].

PR with or without stenting has gained growing interest from vascular surgeons for treating ARAS [9, 10]. Some studies
revealed that it could lead a better blood pressure control and a reduction in the number of antihypertensive agents
[11–15]. The American College of Cardiology/American Heart Association (ACC/AHA) guidelines strongly recommend
PR for patients with hemodynamically signi�cant ARAS regardless of whether they have resistant hypertension or
progressing kidney disease [16]. Additionally, several studies demonstrated that PR was a safe treatment for ARAS [17,
18]. However, few investigations compared the e�cacy and safety between PR and medication therapy alone. As a
result, this meta-analysis was conducted to evaluate the e�cacy and safety of PR in patients with ARAS.

Methods
Search strategy

From inception to July 31, 2021, we performed keyword search in Embase, PubMed, and the Cochrane Library using
the following terms: (“Atherosclerotic Renal Artery Stenosis” OR "ARAS”) AND (“Percutaneous revascularization” OR
“PR” OR “Stenting” OR "angioplasty”). Meanwhile, we screened references of other meta-analyses to identify additional
trials. Publication language was con�ned to Chinese and English.
Inclusion and exclusion criteria

The following selection criteria were employed to perform the analysis according to Patient-Intervention-Comparison-
Outcome-study (PICOS) principles. Participants (P): patients who were diagnosed as ARAS. Intervention (I):
percutaneous revascularization (PR). Comparison (C): medication therapy. Outcomes (O): (1) effectiveness: reduction
of systolic blood pressure (SBP) and diastolic blood pressure (DBP); (2) safety: all-cause mortality, stroke, congestive
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heart failure, and periprocedural complications. Study design (S): randomized controlled trials (RCTs). Meanwhile,
reviews, editorials, letters, case reports, cell and animal studies, or expert opinions were excluded.

Data extraction and synthesis

Reduction of SBP and DBP by the end of follow-up period were calculated to determine PR effectiveness compared
with medication therapy alone. The data about all-cause mortality, stroke, congestive heart failure, and periprocedural
complications were recorded to determine whether PR was as safe as medication therapy alone. Moreover, several
characteristics of included studies were extracted and summarized into simple standard forms, including the following
contents: study title and publication year, study design, sample size, gender, mean age, history of diabetes mellitus, and
smoking (Table 1). Continuous variables were expressed as mean differences with 95% con�dence interval (CI). Risk
ratio (RR) and mean difference (MD) were calculated to combine categorical and continuous variables, respectively
[19–21]. This analysis was performed using RevMan software version 5.3.

Literature quality assessment

Two reviewers independently screened the studies and evaluated the quality of included studies. Any discrepancies
were resolved through a discussion, and a third researcher would make a decision if necessary. The Cochrane tool was
utilized to evaluate the quality of included studies. Meanwhile, the scores of each study were presented in Table 2. For
pooled study results, Cochran's Q test and the degree of inconsistency (I2) were employed to assess heterogeneity. I2

statistic values of <25%, 25%-50%, and >50% were considered as low, moderate, and high heterogeneity, respectively. A
�xed-effects model was utilized if I2 was less than 50%; otherwise, a random-effects model would be applied.
Publication bias was estimated from a funnel plot (Figure 3). A roughly symmetrical funnel plot could indicate an
insigni�cant publication bias.
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Table 2
The Cochrane risk of bias tool for assessing the quality of randomized controlled trials included in meta-analysis.

RCTs Random

Sequence

Generation

Allocation

Concealment

Blinding of

Participants

and
Personnel

Blinding of

Outcome

Assessment

Incomplete

Outcome
Data

Selective

Reporting

Other

Biases

STAR,2009 [23] Low risk Low risk Low risk Low risk Low risk Low risk Low
risk

DRASTIC,2000
[24]

Un-report Un-report Un-report Un-report Low risk Low risk Low
risk

ARSTRAL,2009
[17]

Low risk Low risk High risk Un-report Low risk Low risk Low
risk

Webster,1998
[18]

Low risk Low risk High risk Un-report Low risk Low risk Low
risk

EMMA,1998
[25]

Low risk Low risk Un-report Un-report Low risk Low risk Low
risk

CORAL,2014
[26]

Low risk Low risk Un-report Un-report Low risk Low risk Low
risk

RADAR,2017
[27]

Low risk Un-report Low risk Un-report Low risk Low risk Low
risk

Krijnen,2005
[28]

Low risk High risk Un-report High risk Low risk Low risk Low
risk

NITER,2009
[29]

Low risk Low risk High risk Un-report Low risk Low risk Low
risk

 

Ethical approval was not required for this work. The following article has been reported in line with PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) Guideline [22].

Results
Search results

A total of 469 articles met inclusion and exclusion criteria, of which 149 were duplicates. After reading the titles and
abstracts of 298 publications, we excluded them due to their different research types; the full texts of the remaining 22
articles were evaluated. Eight and one studies were excluded because of the type of included studies and repeated
published data, respectively. Meanwhile, four studies were excluded because of other reasons. Ultimately, nine articles
[17, 18, 23–29] comprising 2433 patients were included in the current meta-analysis. Of nine included studies, six were
RCTs, and three were prospective randomized studies (PRS). A �ow diagram of selection process was depicted in
Figure 1.
Characteristics of included studies

Characteristics of all included studies were summarized in Table 1. All included articles were published between 1998
and 2017. Most studies were conducted in Europe, while one study was performed in USA. The sample size in this
analysis ranged from 49 to 947. This meta-analysis comprised 2433 patients, including 1203 patients with a stenotic
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renal artery undergoing percutaneous revascularization and 1230 patients treated with medication therapy alone. The
results of methodological quality assessment of included studies were displayed in Table 2. All studies were of similar
high quality.

E�cacy and safety of PR for ARAS

First, eight studies reported data about SBP [17, 23–29], and seven reported on DBP [17, 23–25, 27–29]. The pooled
results revealed no signi�cant differences between PR and medication therapy alone regarding reduction of SBP (MD =
0.37, 95% CI: -1.37 to 2.11, p=0.68) and DBP (MD =-0.75, 95% CI: -2.84 to 1.34, p=0.48) (Figure 2A). Second, �ve [17, 18,
23, 26, 27], four [17, 18, 23, 26], �ve [17, 18, 23, 26, 27] and six [17, 18, 23–26] studies reported data on all-cause
mortality, stroke, congestive heart failure, and periprocedural complications. Additionally, the results revealed no
signi�cant differences between PR and medication therapy in all-cause mortality (RR = 0.90, 95% CI: 0.74-1.10,
p=0.31), stroke (RR = 0.81, 95% CI: 0.53-1.98, p=0.32), congestive heart failure (RR = 0.89, 95% CI: 0.70-1.14, p=0.36),
and periprocedural complications (RR = 0.89, 95% CI: 0.72-1.10; p=0.28), consistent with the results above (Figure 2B).
A funnel plot representing publication bias of studies was presented in Figure 3; the funnel plot was symmetrical,
indicating a slight publication bias.

Discussion
This meta-analysis identi�ed nine RCTs investigating the e�cacy and safety of PR for ARAS. The results indicated that
PR had a similar impact on e�cacy (reduction of SBP and DBP) and safety (mortality, stroke, congestive heart failure,
and periprocedural complications) compared with medication therapy alone in ARAS patients, consistent with those
from published studies [30–32].

PR was one of the common treatments for ARAS. However, it seems counterintuitive that treating with PR was not
associated with reduced blood pressure and complications.

ARAS could result in ischemic nephropathy, which was de�ned as a reduction in glomerular �ltration rate (GFR).
Ultimately, it could result in resistant secondary hypertension [33]. However, secondary hypertension caused by
ischemic nephropathy was not only caused by renal artery stenosis. Because renal metabolism minimally requires less
than 10% blood �ow, a decrease in blood �ow alone cannot account for secondary hypertension and a decline in
kidney function [34]. Numerous studies had demonstrated that kidney with insu�cient blood supply could activate
renin-angiotensin-aldosterone (RAS) pathway [35, 36]. Additionally, this may be the major cause of secondary
hypertension in ARAS patients. In addition, RAS pathway could activate in�ammatory and pro�brogenic pathways and
produce reactive oxygen species, resulting in irreversible glomerular damage [37, 38, 39]. Therefore, renal artery dilation
may be ineffective in these situations.

Several investigations had attempted to elucidate the mechanism and pathways of irreversible kidney injury [40].
However, similar studies were scarce. Therefore, we believe that future studies should focus on elucidating the
pathways of irreversible kidney injury from ARAS.

Limitations
We acknowledged the limitations of our study. First, the data remained limited with small sample size, although all
included studies were RCTs. Second, some subgroups may be excluded due to the limited number of studies. Finally,
most studies were performed at a single center. Therefore, multicenter studies with a larger sample size should be
conducted to validate the �ndings. Therefore, the conclusions must be interpreted in the context of individual studies.
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Conclusions
In conclusion, our meta-analysis demonstrated that PR had a similar impact on e�cacy (reduction of SBP and DBP)
and safety (mortality, stroke, congestive heart failure, and periprocedural complications) compared with medication
therapy alone in ARAS patients. Moreover, well-designed and larger sample studies were required.

Declarations
Acknowledgements

Funding: None.

Con�ict of interest: The authors have declared that no con�ict of interest exists.

Availability of data and materials: All data generated or analysed during this study are included in this published
article.

Reporting Checklist: The authors have completed the PRISMA reporting checklist.

Language editing: Home for Researchers editorial team (www.home-for-researchers.com).

Author contributions: (I) Conception and design: Shijun Cui, Tao Luo; (II) Administrative support: Linzhong Zhu, Tao
Luo; (III) Provision of study materials or patients: Yu Li, Wenhao Cui, Jipeng Song, Jukun Wang; (IV) Collection and
assembly of data: Yu Li, Wenhao Cui, Jipeng Song, Jukun Wang; (V) Data analysis and interpretation: Yu Li. Xin Chen,
Chao Zhang; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

References
1. Tafur-Soto JD, White CJ. Renal artery stenosis. Cardiol Clin. 2015;33(1):59-73.

2. Missouris CG BT, Cappuccio FP, et al: Renal artery stenosis: a common and important problem in patients with
peripheral vascular disease. Am J Med. 1994; 96: 10-14.

3. Rimmer JM GF: Atherosclerotic renovascular disease and progressive renal failure. Ann Intern Med. 1993; 118:
712-719.

4. Kalra PA GH, Kausz AT, et al: Atherosclerotic renovascular disease in United States patients aged 67 years or older:
risk factors, revascularization, and prognosis. Kidney Int 2005; 68: 293-301.

5. Cheung CM HJ, Kalra PA: Dilemmas in the management of renal artery stenosis. Br Med Bull. 2005; 73-75.

�. Textor SC, Lerman L. Renovascular hypertension and ischemic nephropathy. Am J Hypertens. 2010;23(11):1159-
1169.

7. Nordmann AJ WK, Parkes R, Logan AG: Balloon angioplasty or medical therapy for hypertensive patients with
atherosclerotic renal artery stenosis? A meta-analysis of randomized controlled trials. Am J Med. 2003; 114: 44-
50.

�. Ives NJ WK, Stowe RL, Krijnen P, Plouin PF, van Jaarsveld BC, Gray R: Continuing uncertainty about the value of
percutaneous revascularization in atherosclerotic renovascular disease: a meta-analysis of randomized trials.
Nephrol Dial Transplant 2003; 18: 298-304.

9. Lenz T, Schulte KL. Current management of renal artery stenosis. Panminerva Med. 2016 Mar;58(1):94-101.



Page 7/11

10. Timothy P Murphy CJC, Karol M Pencina et al: Relationship of Albuminuria and Renal Artery Stent Outcomes:
Results from the CORAL Randomized Clinical Trial (Cardiovascular Outcomes With Renal Artery Lesions).
Hypertension. 2016; 68: 1145-1152.

11. Jean WJ a-BI, Zwicke DL, Port SC, Schmidt DH, Bajwa TK: High incidence of renal artery stenosis in patients with
coronary artery disease. Cathet Cardiovasc Diagn. 1994; 32: 8-10.

12. Bittl JA. Treatment of atherosclerotic renovascular disease. N Engl J Med. 2014;370(1):78-79.

13. Eirin A ZX, Krier JD, et al: Adipose tissue-derived mesenchymal stemcells improve revascularization outcomes to
restore renal function in swine atherosclerotic renal artery stenosis. Stem Cells. 2012; 30: 1030-1041.

14. Blum U KB, Flugel P et al.: Treatment of ostial renal-artery stenoses with vascular endoprostheses after
unsuccessful balloon angioplasty. N Engl J Med. 1997; 336: 459-465.

15. Burket MW CC, Kennedy DJ et al.: Renal artery angioplasty and stent placement: predictors of a favorable
outcome. Am Heart J. 2000; 139: 64-71.

1�. Hirsch AT HZ, Hertzer NR et al.: American Association for Vascular Surgery/Society forVascular Surgery; Society
for Cardiovascular Angiography and Interventions; Society for Vascular Medicine and Biology; Society of
Interventional Radiology; ACC/AHA Task Force on Practice Guidelines. ACC/AHA Guidelines for the Management
of Patients withPeripheral Arterial Disease (lower extremity, renal, mesenteric, and abdominal aortic): a
collaborative report from the American Associations for Vascular Surgery/Society for Vascular Surgery, Society for
Cardiovascular Angiography and Interventions, Society for VascularMedicine and Biology, Society of Interventional
Radiology, and the ACC/AHA Task Force on Practice Guidelines (Writing Committee to Develop Guidelines for the
Management of Patients with Peripheral Arterial Disease)-summary of recommendations. J Vasc Inters Radiol.
2006; 17: 1383-1397.

17. Wheatley K IN, Gray R, et al: Revascularization versus medical therapy for renal-artery stenosis. N Engl J Med.
2009; 361: 1953-1962.

1�. Webster J MF, Abdalla M, et al: Randomised comparison of percutaneous angioplasty vs continued medical
therapy for hypertensive patients with atheromatous renal artery stenosis. Scottish and Newcastle Renal Artery
Stenosis Collaborative Group. J Hum H^ypertens. 1998; 12: 329-335.

19. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-analyses. BMJ. 2003;327(7414):557-
560.

20. JPT H: Cochrane handbook for systematic reviews of interventions version 5.1.0. The cochrane collaboration.
2011.

21. Abrams KR, Gillies CL, Lambert PC. Meta-analysis of heterogeneously reported trials assessing change from
baseline. Stat Med. 2005;24(24):3823-3844.

22. M.J. Page, J.E. McKenzie, P.M. Bossuyt, I. Boutron, T.C. Hoffmann, C.D. Mulrow, et al. The PRISMA 2020 statement:
an updated guideline for reporting systematic reviews. International Journal of Surgery (2021):88;105906.

23. Bax L, Woittiez AJ, Kouwenberg HJ, et al. Stent placement in patients with atherosclerotic renal artery stenosis and
impaired renal function: a randomized trial. Ann Intern Med. 2009;150(12):840-W151.

24. van Jaarsveld BC, Krijnen P, Pieterman H, et al. The effect of balloon angioplasty on hypertension in
atherosclerotic renal-artery stenosis. Dutch Renal Artery Stenosis Intervention Cooperative Study Group. N Engl J
Med. 2000;342(14):1007-1014.

25. Plouin PF CG, Darne B, et al: Blood pressure outcome of angioplasty in atherosclerotic renal artery stenosis: a
randomized trial. Essai Multicentrique Medicaments vs Angioplastie (EMMA) Study Group. Hypertension 1998; 31:
823-829.



Page 8/11

2�. Christopher J Cooper TPM, Donald E Cutlip, et al: Stenting and Medical Therapy for Atherosclerotic Renal-Artery
Stenosis. N Engl J Med. 2014; 370: 13-22.

27. Zeller T KH, Erglis A, et al: A randomized, multi-center, prospective study comparing best medical treatment versus
best medical treatment plus renal artery stenting in patients with hemodynamically relevant atherosclerotic renal
artery stenosis (RADAR) - one-year results of a pre-maturely terminated study. Trials. 2017; 18: 380.

2�. Krijnen P, van Jaarsveld BC, Hunink MG, Habbema JD. The effect of treatment on health-related quality of life in
patients with hypertension and renal artery stenosis. J Hum Hypertens. 2005;19(6):467-470.

29. Roberto Scarpioni EM, Laura Pavone, Stefano Gandol� et al. Atherosclerotic renavascular disease (arvd): Medical
therapy plus renal artery stenting (ptrs), compared with medical therapy alone, do not offer more chances in
preventing cardio-vascular (cv) or renal events. Preliminary results of a prospective, multicenter and randomized
trial. World Congress of Nephrology; May 22, 2009; Milan, Italy; 2009.

30. Kumbhani DJ, Bavry AA, Harvey JE, et al. Clinical outcomes after percutaneous revascularization versus medical
management in patients with signi�cant renal artery stenosis: a meta-analysis of randomized controlled trials. Am
Heart J. 2011;161(3):622-630.e1.

31. Zhu Y, Ren J, Ma X, et al. Percutaneous Revascularization for Atherosclerotic Renal Artery Stenosis: A Meta-
Analysis of Randomized Controlled Trials. Ann Vasc Surg. 2015;29(7):1457-1467.

32. Caielli P, Frigo AC, Pengo MF, et al. Treatment of atherosclerotic renovascular hypertension: review of observational
studies and a meta-analysis of randomized clinical trials. Nephrol Dial Transplant. 2015;30(4):541-553.

33. Preston RA, Epstein M. Ischemic renal disease: an emerging cause of chronic renal failure and end-stage renal
disease. J Hypertens. 1997;15(12 Pt 1):1365-1377.

34. Epstein FH. Oxygen and renal metabolism. Kidney Int. 1997;51(2):381-385.

35. Samadian F, Dalili N, Jamalian A. New Insights Into Pathophysiology, Diagnosis, and Treatment of Renovascular
Hypertension. Iran J Kidney Dis. 2017;11(2):79-89.

3�. Sattur S, Prasad H, Bedi U, Kaluski E, Stapleton DD. Renal artery stenosis - an update. Postgrad Med.
2013;125(5):43-50.

37. Higashi Y, Sasaki S, Nakagawa K, Matsuura H, Oshima T, Chayama K. Endothelial function and oxidative stress in
renovascular hypertension. N Engl J Med. 2002;346(25):1954-1962.

3�. Lerman LO, Nath KA, Rodriguez-Porcel M, et al. Increased oxidative stress in experimental renovascular
hypertension. Hypertension. 2001;37(2 Pt 2):541-546.

39. Textor SC. Renal Arterial Disease and Hypertension. Med Clin North Am. 2017;101(1):65-79.

40. Meyrier A, Hill GS, Simon P. Ischemic renal diseases: new insights into old entities. Kidney Int. 1998;54(1):2-13.

Table
Due to technical limitations, table 1 docx is only available as a download in the Supplemental Files section.

Figures



Page 9/11

Figure 1

Flow chart of literature screening and selection process.



Page 10/11

Figure 2

A. Meta-analysis of reduction of systolic and diastolic blood pressure. B. Meta-analysis of PTA for all-cause mortality,
stroke, congestive heart failure, and periprocedural complications.
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Figure 3

Funnel plot of meta-analysis.
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