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Abstract
Background: Solitary functioning kidney (SFK) is tough issue to address in clinical, mostly developed from renal artery stenosis
(RAS) in adults. Although renal artery stent is widely used to help SFK patients, the efficacy of the stent is still disputable. This study is
aimed at reviewing a series of SFK cases to draw a conclusion about the efficacy of renal artery stent.

Methods: All related papers published in PubMed, Web of Science, EMBASE, and Cochrane Library were searched.
Studies or subsets were included only if they satisfied certain criteria. The benefit rate which equaled the rate of improvement
subjoining the rate of stabilization was calculated. All analyses were conducted with Stata version 12.0 (Stata Corporation, College
Station, TX).

Results: According to 7 papers on the efficacy of renal artery stent, 253 SFK patients were included. The result revealed that the
renal artery stent could help SFK patients to improve or stabilize their renal function (RF). The benefit rate was 0.77, with 95%
confidence interval between 0.72 and 0.83.

Conclusions:With proper patient selection, renal artery stent could benefit SFK patients with a percentage odd of 0.77 to improve
or stabilize the RF.

Abbreviations: ACC = American College of Cardiology, AHA = American Heart Association, ARAS = atherosclerotic renal artery
stenosis, BP = blood pressure, DEP = distal embolic protection, FE = fixed-effect, GFR = glomerular filtration rate, JBI = Joanna
Briggs Institute, RAS = renal artery stenosis, RE = random-effect, RF = renal function, SFK = solitary functioning kidney, US =
ultrasonography.
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1. Introduction ARAS is the most common cause of secondary hypertension
Renal artery stenosis (RAS) could be defined as narrowing of the
lumen of the renal artery, which may result in deterioration of
arterial hypertension and renal insufficiency.[1] Of the patients
diagnosed with RAS, 90% of them were due to atherosclerotic
renal artery stenosis (ARAS).[2]
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and is associated with several complications such as renal failure,
coronary artery disease, cardiac destabilization, and stroke.[3]

When RAS leads to ischemic renal diseases or even solitary
functioning kidneys (SFKs), the situation becomes more
complicated. SFK could also develop from renal agenesis,
dysplasia, or surgical procedures.[4]

There are 3 common strategies to manage RAS: artery
bypass surgery, medicine, and intervention management.
Artery bypass surgery is often considered as the last
option. While facing a clinical dilemma as to choose medical
therapy or intervention management, the debate is still
continued. According to American College of Cardiology
(ACC) and American Heart Association (AHA) guidelines, stent
placement is the first recommendation for atherosclerotic RAS
patients.[3] When multimedicine-combined strategy is ineffective
to control the blood pressure (BP) and/or recover renal function
(RF), atherosclerotic renal artery stent is the appropriate
substitute.
RAS patients who received endovascular treatment would

require less antihypertensive drugs and have a better control of
diastolic BP after the stent.[4] When it comes to SFK patients,
renal artery stent is supposed to add more benefits. Nevertheless,
controversies still exist. Cooper et al’s[5] study illustrated that
renal-artery stenting did not confer a significant benefit with
respect to the prevention of clinical events. We think more
research is still needed, especially for SFK patients. This meta-
analysis is performed to certify the benefit of renal artery stent.
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2. Materials and methods and smoke history if any. We also collected data on BP and the

2.5. Statistical analysis

3. Results
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2.1. Data search strategy and study selection

All papers related to solitary kidney and renal stent published in
PubMed, Web of Science, EMBASE, and Cochrane Library
(updated to July 17, 2015) were searched based on this term:
(solitary kidney OR single kidney OR one kidney OR unilateral
kidney) AND (stent OR renal artery stent OR renal artery
stenting). References were also reviewed to expand the range of
the study. No restrictions were set in languages, article types, or
publication time.
Data collection and statistical calculation methods were

decided at the start of the study. Studies or subsets were included
only if they satisfied all the following criterions: SFK patients
were reported separately, renal artery stents were set successfully,
studies must include at least 10 patients, serum creatinine was
estimated before and after the procedure, the median follow-up
time was more than 3 months. Studies or cases were excluded if
the stents were not successfully implanted or the stent was set
with distal embolic protection (DEP).
Two authors searched the data independently and resolved

controversies by discussion or under the guidance of the
corresponding author.

2.2. Standard of renal function in the included studies

All included studies used the same standard to demonstrate the
change of RF. RF was measured by glomerular filtration rate
(GFR). Cockcroft–Gault equation of GFR testing was reported in
the study design[1,6]:

GFRðmL=minÞ ¼ ½ð140� age½y�Þðweight½kg�Þ�
� ð0:85 in femalesÞ=½ðserum creatinine½mg=dL�Þ
� 72�

Modification of diet in renal disease prediction equation[7,8]:

ðGFR½mL=min�=1:73m2Þ ¼ 170 � ðPCR½mg=dL��0:999Þ
� ðage½y��0:176Þ � ð0:762 if female
� ð1:18 if blackÞ
� ðSUN½mg=dL��0:170Þ
� ðalbumin½g=dL�0:318Þ

The following definitions of functional benefit are used[8]:

� “Improvement” in RF required a ≥20% reduction in the serum
�

�

�

creatinine concentration.
“Stable” in RF required a 20% increase or reduction in the

serum creatinine concentration.
“Deterioration” in RF required a ≥20% increase in the serum

creatinine concentration.
Benefit rate equaled the rate of improvement subjoining the rate
3.3. Characteristics of patients
of stabilization.

2.3. Data collection and statistical analysis

To ensure unbiased statistical analyses, data collection and
statistical analyze were performed double-blinded by different
authors. Inconsistencies were resolved by discussion and
consensus.
For each included study, available information about the

patients was collected, including gender, mean age, comorbidity,
2

number of antihypertension medication.

2.4. Quality assessment

Awidely accepted Joanna Briggs Institute (JBI) reviewers’manual
2005 was used to evaluate the quality of all included papers. The
JBI tool is intended as an instrument for assessing the quality
of previously published studies, especially in the context of
systematic literature reviews. It included 10 aspects, and each was
assessed by “yes” or “no.”
Two approaches are available for combining the studies: the
fixed-effect (FE) and random-effect (RE) models. The model was
decided by heterogeneity. Heterogeneity among the studies was
assessed by Chi-square and I2 statistics. The I2 statistics shows the
total variation across studies, which is not due to chance. I2

statistics<25% and >50% indicate small and large incon-
sistencies, respectively.[9] If the heterogeneity analysis indicated
small inconsistency, an FE model would be used. The FE model
assumes that all studies share a common genuine treatment effect.
The RE model could account appropriately for extra variability
in the summary estimate. The FE model yields a more
conservative (closer to null) summary effect compared with the
REmodel.[10] A funnel plot would be built after the heterogeneity
analysis. The funnel plot was used to assess the potential for
publication bias in meta-analyses.[11] An overall benefit ratio of
patients, which included improvement and stabilization, was
used as the main indicative. All analyses were conducted with
Stata version 12.0 (Stata Corporation, College Station, TX).
3.1. Literature search

Figure 1 shows the process of the entailed research. Four
thousand eight hundred eighty-seven articles were found and
reviewed entirely. A total of 4866 articles were excluded. Among
them, 3302 articles were not related to this theme, 517 articles
were reviews or expert opinions, 1047 articles were small size
studies with less than 10 patients or case reports. After duplicate
check, 7 articles that comprised 253 patients were included.
Characteristics of each eligible study were estimated. Two studies
were from USA,[12,13] 2 from UK,[14,15] 1 from Italy,[16] 1 from
Turkey,[17] and 1 from Greece.[18]

3.2. Quality assessment

According to the 9 items in the JBI reviewers’ manual 2005
assessment tool, all of the eligible studies scored 8 to 9 out of 9
questions, which indicated good quality. The only negative score
was from the study published by Bush et al,[13] which lacked the
information of patients’ gender. All of the remaining questions
received “yes.” All analyses were based on previous published
studies, thus no ethical approval and patient consent are required.
Table 1 shows the characteristics of the patients in each study.
The number of entire patients was 253. The mean age of all
patients was 67. The median follow-up time was more than
3 months. Most patients suffered from renal failure and



hypertension. Coronary artery disease or ischemic heart disease 10 patients (66.7%). BP deteriorated in 0%patients, no change in

4. Discussion

Figure 1. The process of the entailed research.
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occurred in more than 50% patients according to 4 studies.[12–15]

Five studies mentioned that diabetes was correlated.[12–14,17,18] In
5 studies, atherosclerotic disease was strongly associated with
SFK.[14–18] Four studies mentioned that more than 60% of
patients had a smoke history.[12,13,17,18]

Heterogeneity Chi-square value=4.98 (degree of freedom,
knowing as d.f.=6), P=0.547, and I2 (variation in effect size
attributable to heterogeneity) value=0.0%, which indicated small
inconsistency. Since all included studies had good consistency, an
FEmodel was used in this analysis as shown in Fig. 2. According to
the included studies, the median rate of benefit which equaled the
rate of improvement subjoining the rate of stabilization was 0.77,
with its 95% confidence interval between 0.72 and 0.83. The
overall effect size could be observed on the forest plot.
The conventional funnel plot shown in Fig. 3 was used to assess

the potential for publication bias. This plot showed symmetrical
studies arrangement, which indicated there was no apparent
publication bias.

3.4. Number of antihypertension medications

According to Sahin et al,[17] hypertension cured in 1 patient
(6.7%), improved in 4 patients (26.6%), and became stable in
Table 1

Characteristics of each eligible study.

Author Year Country Number Mea

Sahin 2005 Turkey 15 5
Davies 2009 USA 73 7
Chatziioannou 2002 Greece 26 6
Shanno 1998 Scotland 21 6
Cioni 2001 Italy 16 6
Tan 2007 UK 75 6
Bush 2001 USA 27 7

3

80% patients, improved in 17% patients, and cured in 3%
patients according to Davies et al.[12] Hypertension normalized in
2 patients (13%), improved in 12 patients (75%), and stabilized
in 2 patients (13%) according to Tan et al.[14] Hypertension
improved in 33.3% patients, stabilized in 55.6% patients, and
deteriorated in 11.1% patients according to Cioni et al.[16]

In 7 studies, 2 of them mentioned that the number of
antihypertensive medications decreased after the stent. The
number of antihypertensive medications was 2.3 and reduced to
1.9 after the stent according to Sahin et al.[17] The number of
antihypertensive medications was 2.9 and reduced to 2.4 after the
stent according to Bush et al.[13]
ARAS is common in clinical, especially for the oddly. Left renal
artery was seemed to be more commonly involved.[19] The goals
of therapy in patients with ARAS are to control BP, to reduce
fluid shifts that may cause sudden pulmonary congestion, and to
improve or stabilize RF.[20]

There are still arguments in medical therapy versus interven-
tion therapy. As for patients with normal RF and controllable BP,
medical therapy may be a good choose. According to several
n age Improvement (%) Stable Deterioration

9.4 60% 26.60% 13.40%
0 12% 69% 19%
3 35% 27% 38%
3 43% 29% 29%
2 62% 19% 19%
9 21% 55% 23%
2 0.46 0.28 0.25
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clinical trials, renal artery stent did not improve RF significantly. ARAS. Meta-analysis also concluded that renal artery angioplas-

NOTE: Weights are from random effects analysis

Overall  (I−squared = 0.0%, p = 0.547)
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Figure 2. Median rate of benefit.
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Bax et al[21] reported that stent placement with medical treatment
had no clear effect on progression of impaired RF. As for stents
alone versus medical alone, Shetty et al[22] reported that no
significant improvement was found in BP or RF in patients with
renal artery stenosis (RAS) treated with renal artery revasculari-
zation compared to medical therapy alone. Riaz et al[23] reported
that percutaneous renal artery angioplasty or percutaneous renal
artery angioplasty with stent placement does not improve
outcomes compared with medical therapy in patients with
0
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Figure 3. Funnel plot.
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ty with stent placement did not improve outcomes comparedwith
medical therapy in patients with ARAS, but may result in a lower
requirement for antihypertensive medications,[23,24] which is
consistent with our study.
For patients with uncontrolled hypertension and/or deterio-

rating RF, they may benefit more from renal artery stent. Renal
artery stent can help RF stabilization in the majority of patients
with chronic renal failure and even improve RF in advanced
chronic kidney disease (stages 4–5). Rivolta et al[25] reported that
renal artery stent appears to be associated with RF stabilization
in the majority of patients with chronic renal failure. Another
report by Kalra et al[26] showed that percutaneous renal
revascularization can improve RF in advanced chronic kidney
disease (stages 4–5), and that this can provide a survival
advantage in prospective analysis.
But for SFK patients specially, there is still no consensus. SFK

patients have their unique places. As for SFK patients with
difficulty in controlling renal failure and hypertension, renal
artery stent showed promising outcomes. In our study, the result
showed that 77% patients with solitary kidneys benefited from
renal artery stent for improving or stabilizing their RF. Davies
et al[12] mentioned that immediate renal clinical benefit was
superior in the solitary kidney group compared to the normal
contralateral group. This surgery also helped lower the BP and
reduce the use of antihypertensive medications.
There is another issue we may have to take into account before

the interventional treatment, the length of the kidney. According
to Shannon et al, the mean length of the contralateral kidney
measured on sonography was 79mm (range, 58–88mm).[14,15]



Cioni et al[16] reported that inclusion criteria were: a SFK with 6. Conclusion
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length>80mm. Sahin et al[17] mentioned that the average kidney
length was 102.1±10.3mm (range 82–118mm). Chatziioannou
et al[18] reported that patients with kidney length of <80mm by
ultrasonography (US) measurement would be excluded from the
intervention.
The selection of renal size >80mm may be based on the

knowledge that renal length <80mm is a significant predictor
that no future RF will be retrieved by revascularization.[27] But
we could see that is not a strict standard.
It is undeniable that renal artery stent is not without risk.

Stent placement could be technically difficulty and may fail to
cover the lesions. Besides, acute renal artery stent thrombosis,
infected renal artery pseudoaneurysm, mycotic aortic aneurysm,
or renal artery stent fracture are also very dangerous for SFK
patients.
In our study, Bush et al[13] reported that 3 patients needed a

second stent. Tan et al[14] reported that pulmonary edema in 11
patients and acute renal failure in 7 patients. Shannon et al
reported that 2 patients needed a second stent because of the
position.[14,15] Cioni et al[16] mentioned that residual stenosis in
10 patients and for acute arterial dissection in 2 patients. Sahin
et al[17] reported that 3 patients needed hemodialysis treatment
and 1 patient was observed atherosclerotic plaque dissection/
contained rupture extending to the aorta after stenting the ostial
lesion. The same patient developed an inguinal hematoma that
responded to conservative treatment.[17] Chatziioannou et al
reported that 2 patients needed a second overlapping stent
because of the position. Two patients needed surgery because of
thrombosis or hematoma.[18]

In some cases, second overlapping stents may be used. Apart
from this, risks could also be managed by medical treatment,
endovascular treatment, even aortorenal bypass.
As to reduce the risk of embolism and avoid the deterioration

of the RF, DEP was recommended by some authors. In a clinical
trial by Klonaris et al, DEP was used in SFK patients and with
more preferably outcome. In his study, indications for treatment
included a hemodynamically significant RAS in a SFKwith length
≥8cm. RF was cured (7.1%), improved (50%), or stabilized
(42.9%) in all 14 (100%).[28] Holden et al also reported that
embolic protection did well in patients with ischemic nephropa-
thy. At 6months postintervention, 97%of patients demonstrated
stabilization or improvement in RF. After a mean follow-up of
16.0 months, 94% of patients demonstrated stabilization or
improvement in RF.[29] Henry et al[30] reported that DEP could
reduce the risk of intraprocedural artery embolism and avoid
deterioration of the RF. In his study, at 6-month follow-up of 45
patients, RF did not deteriorate in any patient, whereas 8 patients
with baseline renal insufficiency improved after the procedure.[30]

We could see that DEP may help to reduce risk for SFK patients,
but further studies are still necessary.
In our study, proper patient selection is crucial for revasculari-

zation. Renal artery revascularization should be considered in
SFK patients, especially when significant RAS is accompanied
with uncontrolled hypertension and/or deteriorating RF. It would
be preferable if the renal size was >80mm.
5. Limitations
The shortcomings in this study are as follow: patients’ character-
istics such as age and sex were not taken into account during the
analysis. The sample size of this studywas still small, more studies
are still needed. Treatment durations were not clear enough.
5

In short, renal artery stent benefited patients with SFKs with a
percentage odd of 0.77 to improve or stabilize the RF.
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