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Abstract

Atherosclerotic renovascular disease is the most important cause of secondary hypertension. The natural history of the
disease reveals progression rates of 4 to 12% per year. Angioplasty with renal artery stenting is one treatment option;
but there are few studies that have reported long-term results. The objective of this systematic literature review is
to discuss the long-term results (at least 24 months) of angioplasty with stenting of renal arteries for atherosclerotic
disease, in terms of renal function and blood pressure levels for control of hypertension. A thorough search was
conducted of LILACS, EMBASE, SCIELO, Cochrane Library, and MEDLINE using the appropriate terms. Just seven out
of 2170 references identified met all inclusion criteria. It was concluded that over the long term renal function was
stabilized, blood pressure levels were reduced, and the number of classes of antihypertensive medication decreased.
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Resumo

A doenga renovascular aterosclerética é a principal causa de hipertensdo secundaria. A histéria natural da doenca
demonstra taxas de progressao de 4 a 12% ao ano. Entre os métodos de tratamento existe a angioplastia com stent de
artérias renais; porém, poucos estudos clinicos demonstraram seus resultados a longo prazo. Esta revisdo sistematica
da literatura se prop&e a apresentar os resultados a longo prazo (acima de 24 meses) da angjoplastia com stent de
artérias renais na doenca aterosclerética em relagao a funcéo renal e aos niveis pressoricos no controle da hipertensao.
Foi realizada uma ampla pesquisa, utilizando os termos apropriados, nas bases de dados LILACS, EMBASE, SCIELO,
Cochrane Library e MEDLINE. De um total de 2.170 referéncias, apenas sete artigos contemplavam todos os critérios
de inclusdo. Conclui-se que, a longo prazo, ha uma estabilizagédo da fungéo renal, redugdo dos niveis pressoricos e
diminuicao do nimero de classes de medicamentos anti-hipertensivos.
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INTRODUCTION

Renal-artery stenosis (RAS) can be defined as a
multifactorial disease, with a number of different
etiologies, that can involve the renal arterial vasculature
unilaterally or bilaterally and causes varying degrees
of stenosis, from the origin to the hilum. Clinically,
it can present as renovascular hypertension and
ischemic renal disease, causing long-term systemic
complications.!? This pathology is associated with
increased cardiovascular risk and elevated mortality.>¢
For the purposes of research and treatment, many
authors define renal artery stenosis as critical when it
is greater than 60%.” However, there is considerable
variation in the literature and some authors consider
stenosis greater than 50% to be critical.' Diagnostic and
laboratory methods, in combination with technological
advances in noninvasive examination methods, have
led to an increase in the number of cases diagnosed,
enabling therapeutic management to be initiated earlier.

There as several controversial issues related to
treatment of atherosclerotic renal disease, on which
there is no consensus in the literature.®!® There are
studies that contradict each other on the subject of
clinical treatment vs. angioplasty, the majority of which
have reported on short-term follow-up. There are
few studies in the literature that present and discuss
the later clinical results (beyond 24 months) of renal
artery angioplasty with stenting.

The prevalence of RAS is controversial, because
there is a lack of population studies designed to
identify rates and correlate them with race, age,
and sex. However, studies have shown that in some
populations RAS is present in 1 to 5% of people with
systemic arterial hypertension' and is the principal
cause of secondary hypertension. Additionally, it is
estimated that RAS is responsible for 1% of mild
to moderate hypertension cases and 10 to 40% of
cases of acute, severe, or refractory hypertension.!!
Population studies suggest that the prevalence in
people over the age of 65 exceeds 7%.!

Renal-artery stenosis can have a variety of different
etiologies, but the two major causes are atherosclerosis
and fibromuscular dysplasia. Atherosclerotic causes
are the most common, accounting for 70 to 80% of
cases, with greatest incidence in men over the age
of 40, and causing stenosis of proximal segments of
the renal arteries.'?

The natural history of atherosclerotic renal disease
has not been completely explained, but it is known
that there is progressive stenosis, reducing arterial
flow and causing loss of renal function.!*!* This loss
is directly dependent on the degree of renal artery

Daniel Emilio Dalledone Siqueira, Ana Terezinha Guillaumon

stenosis. It is estimated that renovascular atherosclerotic
disease causes kidney failure in 5 to 15% of adults
who become dependent on dialysis each year,'> and
just 56% of patients who need dialysis survive for
more than 2 years."

In view of all of the above and bearing in mind that
renovascular atherosclerotic disease is the principal
cause of secondary systemic arterial hypertension and
that surgical treatments are linked with a series of
controversies, it is clear that there is a lack of clinical
studies with explanatory outcomes. Furthermore,
the studies that do exist have reported divergent and
conflicting results, with the result that conclusive
data are lacking.

In this context, a systematic review is needed to
determine the long term outcomes of renal artery
angioplasty for atherosclerotic renovascular disease.
A systematic review is a synthesis of information
on a specific subject from a wide range of studies.
They are conducted using explicit, predetermined, and
reproducible methodology. They are very different from
narrative reviews, also known as classical reviews,
because they conform to the rules of conventional
scientific experiments.

The objective of this study was to evaluate and
carefully summarize information identified by a
systematic review of the literature relating to the
long term (beyond 24 months) clinical outcomes, in
terms of renal function and blood pressure levels, of
renal artery angioplasty with stenting for treatment
of renovascular disease of atherosclerotic origin.

METHODS

A systematic review of the literature to collate
and analyze data. The methods recommended by the
Cochrane Collaboration were employed.

Ethical considerations

No confidential or personal data were employed and
no research was conducted involving human beings.
The entire study was exclusively based on primary
clinical studies indexed on electronic databases. It is
worth reiterating the fact that the Brazilian National
Research Ethics Commission (CONEP - Comissao
National de Etica em Pesquisa) has issued a position
statements relating to systematic reviews making it
clear that studies that only use data that are already
in the public domain, that do not identify research
participants, or that are exclusively bibliographic
reviews and do not involve human beings are exempt
from the need to obtain approval via the CEP-CONEP
system.
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Time and place of research

This study was designed and conducted at
Disciplina de Moléstias Vasculares, Hospital de
Clinicas, UNICAMP. The search for references was
performed from April to August, 2016.

Inclusion criteria for articles:

= Types of studies included:

Prospective and retrospective clinical studies that
evaluated the results of endovascular treatment of renal
artery stenosis of atherosclerotic origin conducted by
primary angioplasty with stenting were included if
they reported mean follow-up of at least 24 months.

= Types of studies excluded:

Clinical studies were excluded if they did not
meet the inclusion criteria, such as studies with
mean follow-up of less than 24 months; studies
dealing with renal stenosis etiologies other than
atherosclerosis; studies of treatment by balloon
angioplasty, angioplasty without stent placement,
angioplasty using mechanical mechanisms for renal
protection (embolization filters); studies describing
restenosis cases with assisted-primary patency
or secondary patency; clinical studies comparing
angioplasty with stent implantation. Case reports and
studies of drug treatments in which the data for the
angioplasty with stenting group were not described
separately or clearly were also excluded.

Patients

Patients with renal artery stenosis of atherosclerotic
origin treated with endovascular stent placement.

Types of intervention

Only studies of endovascular interventions for
treatment of renal artery stenosis were included.
Clinical studies of any other type of intervention
were excluded.

Clinical outcomes assessed in studies

The following clinical outcomes were assessed:
renal function, blood pressure levels, number of
classes of antihypertensive drugs, restenosis, number
of dialysis patients.
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Search strategies used to locate articles:

= Electronic databases:

Searches were run to identify relevant studies on
the leading computerized health sciences databases,
including: Literatura Latina Americana e do Caribe
em Ciéncias da Saude (LILACS), Excerpta Medica
Database (EMBASE), Cochrane Library, Scientific
Electronic Library Online (SciELO), and MEDLINE,
via PubMed.

Electronic searches:

Searches were run on the electronic databases using
the following terms in English: renal artery, stenosis,
angioplasty, atherosclerotic, stent angioplasty, stent
balloon, atherosclerotic, long term.

Selection of studies:

In preparation for this article, the two authors
responsible for the literature review (DEDS and
ATG) independently analyzed the titles and abstracts
identified by the searches. Copies of the full text were
obtained for all clinical studies that were relevant
and/or potentially relevant and evaluated against the
criteria for inclusion of articles.

After copies of the full text for all potentially or
definitively relevant articles had been obtained, both
authors analyzed them and classified each study as
follows: studies excluded, studies to be analyzed, or
studies included.

There was no blinding to the authors of the articles,
institutions, or results of trials during evaluation.

Policy for dealing with missing data:

If data needed for the review were missing in the
texts of selected studies, attempts were made to contact
the lead investigator of clinical studies. This policy
was applied when statistics or data were missing in
studies that had been selected. However, it proved
impossible to obtain additional information. In view
of'this, all data were extracted from the data provided
in the published documents.

Searches for ongoing studies:

The Cochrane library did not have any systematic
reviews in progress on the same topic as this review.

Searches for unpublished studies:

No searches for unpublished studies were undertaken,
since this is a systematic review of clinical studies
and published data.



Critical evaluation of the studies:

Critical evaluation of the quality of the studies
was based on the following criteria: clear definition
of the initial objectives and the clinical outcomes
measured, assessment of the methodological quality
of the study, use of appropriate statistical methods,
description of whether the size of the sample to be
studied was calculated, description of whether the
study was single-center or multicenter, description
of sources of financing.

Extraction of data:

After selection of the articles eligible for the study,
the texts were read carefully and with attention,
with the objective of extracting the relevant data.
The extraction process took into consideration the
characteristics of the studies and a compilation of
the results of each article, using a protocol for data
collection.

Spreadsheets were prepared and subjected to
pretest with five studies from the same area, but
which were not part of this review. During the pretest,
no ambiguities or failures were detected and so the
spreadsheets were approved for the primary study.

The name of the first author of the article was used
to identify each study and the data needed for the
calculations for the statistical tests chosen and any
other data judged relevant were extracted.

All of the data employed for the review were taken
directly from the published articles or calculated from
the information provided.

Analysis and interpretation of the data:

To deal with the peculiarities of the characteristics
of the clinical studies in terms of sample sizes,
heterogeneous data, and missing clinical data, graphs
were plotted and tables constructed in order to allow
comparison of the clinical data being analyzed, always
chosen with the intention of describing the information
under analysis in a clear and effective manner.

The data extracted from the clinical studies
selected for this systematic review are presented in
the form of absolute values and frequencies. This is
not a study in which inferences are made, since the
data does not come from a unified sample, and the
results shown therefore represent all of the material
available in the literature that is compatible with the
methodology adopted.

RESULTS

The initial literature searches identified 2,170
references, 324 of which were duplicate records,
making an effective total of 1,684 unique references
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in the electronic databases. After analysis of titles,
1,337 articles were excluded, leaving 347 clinical
studies potentially of interest. The abstracts of these
347 articles were read and 88 studies were considered
potentially compatible with the study selection criteria.
After reading the full texts and conducting an initial
assessment, a further 62 articles were excluded and
26 articles selected for further analysis.

All of these 26 articles were subjected to a rigorous
evaluation according to the protocol for inclusion and
analyzed carefully against detailed criteria. Nineteen
of these 26 articles were excluded during this step
and seven studies that fully met all of the inclusion
criteria for the study remained.

The study search and analysis strategy is illustrated
in Figure 1, showing the numbers of articles identified,
selected, excluded, and included at each stage.

Methodological quality of the studies included:

All of the studies selected for and included in
this systematic review after analysis against the
inclusion criteria are retrospective and all have a
single intervention group. Therefore, none of them
involve blinding of examiners, calculation of sample
size, management of follow-up losses, criteria for
group allocation, or analysis according to the study
authors’ intention to treat.

Analysis of the data:

= Characteristics of the study samples:

2,170 RECORDS IDENTIFIED
ACROSS ALL DATABASES

|
| 1
974 RECORDS ON LILACS,
1,196 RECORDS
EMBASE, SCIELO,
ON PUBMED
I COCHRANE LIBRARY

324 DUPLICATE RECORDS,
162 RECORDS EXCLUDED

1,337 RECORDS EXCLUDED
AFTER READING TITLES

1,684 UNIQUE RECORDS k

88 RECORDS FOR
FULL-TEXT ANALYSIS

26 RECORDS FOR FULL ANALYSIS AGAINST
PROTOCOL AFTER PRELIMINARY SELECTION

7 STUDIES INCLUDED™*

Figure 1. Summary of results of searches on electronic databases.

259 RECORDS EXCLUDED
AFTER READING ABSTRACTS

62 RECORDS EXCLUDED
AFTER REVIEW OF ARTICLE

19 RECORDS EXCLUDED
AFTER REVIEW OF ARTICLE
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Table 1. Characteristics of the samples in the clinical studies included in the systematic review, showing sample size and sex

distribution for each study.

Article n Male Female
n % n %

Rodriguez Lopez et al." 108 64 59.3 44 40.7
Fiala etal.” 21 11 524 10 47.6
Ruchin et al.” 89 53 59.6 36 40.4
Zhao et al.” 81 NA NA

Chuan-jun et al.® 125 74 59.2 51 40.8
Zeller et al.”! 241 153 63.5 88 36.5
Bucek et al.”? 40 20 50.0 20 50.0

NA: Data not available in the primary study.

Table 2. Characteristics of the samples in the clinical studies included in the systematic review, showing sample size and distribution
by mean age, minimum age, and maximum age, in years, for each study.

Article n Mean age Minimum age Maximum age
Rodriguez Lopez et al." 108 72.0 37.0 87.0
Fiala etal.” 21 63.0 46.0 87.0
Ruchin et al.” 89 70.0 37.0 86.0
Zhao et al.” 81 76.2 NA NA
Chuan-jun et al.®® 125 66.4 NA NA
Zeller et al.”! 241 67.0 44.0 84.0
Bucek et al.”? 40 65.2 NA NA

NA: Data not available in the primary study.

After analysis of the studies, according to the
methodology described earlier, seven clinical studies'®?
with a total of 705 patients were selected. The samples
comprised 375 male patients and 249 female patients,
but one study, by Zhao et al.," did not provide data
on the sex of the 81 patients studied (Table 1). The
mean age of patients was 68.8 years, ranging from
37 to 87 (Table 2).

Characteristics of the studies

The countries in which the studies were conducted
were as follows: two articles are from the United States
of America, two from China, one from Australia, one
from Germany, and one from Austria. The journals in
which the articles were published are shown in Chart 1.

All seven of the clinical studies included in the
systematic review are retrospective, six studies were
undertaken at a single center and one is a multicenter
study. Chart 1 lists the whether each study was
single-center or multicenter, by lead author and year
of publication.'** Mean follow-up time of the studies
was 29.9 months, ranging from 24 to 39.6 months
(Chart 1). The sample selection, angioplasty with
stenting procedures, and clinical follow-up described
in these studies occurred from 1993 to 2010, although
the studies were published from 1998 to 2012.
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Arteries treated/Types of stents/bilateral vs.
unilateral:

In the 705 patients described, 876 arteries were
treated with placement of 901 renal stents, equating
to mean numbers of stents per patient ranging from
1.0 to 1.57, and mean number of stents per artery
of 1.0 to 1.32, depending on the study (Table 3).
With relation to the stents employed in the clinical
studies, only the studies by Rodriguez Lopez et al.,'¢
Fiala et al.,'” and Zeller et al.?' mention the brand
and model of stent implanted. The other articles
only state that balloon expandable stents were used
in all procedures.

In the samples from the studies included in this
review, renal artery stenosis was predominantly
unilateral, accounting for 76.5% of the total patient
sample. The articles did not mention cases of single
kidney. Additionally, the studies did not agree on the
minimum degree of stenosis considered an indication
for endovascular treatment with implantation of a
stent, varying from 60 to 70%.

Indications for procedures:

The clinical indications for performing the endovascular
procedure were distributed between hypertension
without ischemic nephropathy, hypertension with
ischemic nephropathy, and renal failure requiring
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Chart 1. Names of authors, years of publication, countries of origin, multi/single center, and name of journal.

Lead author Year Country of origin Centers Name of Journal Follow-up (months)

Rodriguez Lopez et al." 1999 United States Single center Journal of Vascular Surgery 36
Fiala et al.” 1998 United States Multicenter Annals of Vascular Surgery 24
Ruchin et al.”™® 2007 Australia Single center Heart, Lung and Circulation 28

Zhao et al.” 2012 China Single center Clinical Interventions in Aging 313
Chuan-jun et al.® 2012 China Single center Chinese Medical Journal 24
Zeller et al.”! 2003 Germany Single center | Journal of Endovascular Therapy 27

Bucek et al.? 2003 Austria Single center Wiener Klinische Wochenschrift 39.6

Table 3. Total number of patients per clinical study, number of renal arteries treated, number of stents per study, and mean
number of stents per artery and per patient in each clinical study.

Article n Number of Number of stents  Number of stents  Number of stents
arteries treated implanted per artery per patient
Rodriguez Lopez et al." 108 125 125 115 1.15
Fiala et al.” 21 25 33 132 1.57
Ruchin et al.”™ 89 102 110 1.08 1.25
Zhao et al.” 81 86 86 1.00 1.06
Chuan-jun et al?® 125 143 143 1.00 1.14
Zeller et al.”! 241 355 364 1.02 1.51
Bucek et al.2 40 40 40 1.00 1.00
Table 4. Clinical indications for the endovascular procedure.
Renovascular hyper- Ischemic
nephropathy

tension in isolation

Hypertension

K Renal failure
(renal failure not

Article n (without ischemic requiring dialysis) + requiring dialysis
nephropathy) hypertension

n % n % n % n %
Rodriguez Lopez et al." 108 96 889 64 59.3 32 29.6 0 0.0
Fiala et al.” 21 18 85.7 11 52.4 8 38.1 1 4.8
Ruchin et al.”™ 89 77 86.5 21 236 56 629 0 0.0
Zhao et al.” 81 81 100.0 10 123 71 87.7 0 0.0
Chuan-jun et al.?® 125 118 94.4 79 63.2 39 31.2 0 0.0
Zeller et al.”! 241 239 99.2 NA NA 33 13.7 0 0.0
Bucek et al.”? 40 40 100.0 NA NA 10 25.0 0 0.0

NA: Data not available in the primary study.

dialysis (Table 4). In all studies, just one patient had
renal failure requiring dialysis, who was part of the
sample studied by Fiala et al.!” This patient did not
exhibit any type of improvement after the procedure,
whether in terms of renal function or control of
blood pressure. With relation to the endovascular
procedures performed, only Rodriguez Lopez et al.'®
and Zeller et al.?! discussed the arterial access routes
used for the procedure, with a predominance of femoral
access, followed by brachial access.

= Renal function

With regard to renal function after the procedures,
some of the studies described clinical outcomes
that could be stratified in relation to baseline renal

function in terms of worse, stabilized, or improved
renal function, and all of these data were for the end
of the studies’ clinical follow-up periods (Table 5).
Creatinine levels before the procedure, after the
procedure, within 30 days, and long term after the
procedure are given in mg/dL (Table 6).

= Blood pressure levels

With relation to systemic arterial blood pressure,
studies assessed the number of antihypertensive drug
classes being taken by patients before the procedures
and in the late postoperative period (Table 7), mean
arterial blood pressure (MBP), systolic arterial blood
pressure (SBP), and diastolic arterial blood pressure
(DBP) (Tables 8, 9, and 10).
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Table 5. Clinical outcomes of each study - renal function.

. Worsened Stabilized Improved
Article n
n % n % n %
Rodriguez Lopez et al.’ 108 5 4.6 103 95.4 0.0
Fiala etal.” 21 1 4.8 13 61.9 333
Ruchin et al.”® 89 NA NA NA NA NA NA
Zhao et al.” 81 13 16.0 26 321 8 9.9
Chuan-jun et al.?® 125 23 18.4 56 44.8 31 24.8
Zeller et al.”! 241 NA NA NA NA NA NA
Bucek et al.”? 40 10 25.0 NA NA NA NA
NA: Data not available in the primary study.
Table 6. Creatinine levels in mg/dL before and after procedure (within 30 days and late follow-up).
X Preoperative Postoperative (< 30 Late follow-up
Article days) p p
n % n % n %
Rodriguez Lopez et al.’ 2 1.8 NA NA NA
Fiala et al.” 1.47 0.57 NA NA 1.31 0.41 0.076
Ruchin et al.”™® 1.58 0.07 NA NA 1.47 0.68 0.16
Zhao et al.” 1.46 0.63 NA NA NA NA
Chuan-jun et al.?® 1.66 1.04 1.71 1.08 >0.05 1.77 1.15 > 0.05
Zeller etal”! NA NA NA NA NA
Bucek et al.” NA NA NA 13 0.4 NA
NA: Data not available in the primary study.
Table 7. Number of classes of antihypertensive drugs in preoperative and late postoperative periods.
Preoperative Postoperative (late)
Article P
n % n %
Rodriguez Lopez et al." NA NA NA
Fiala et al.” 3.1 0.13 2.7 0.25 0.056
Ruchin et al.”™® 3.14 1.65 2,62 139 0.05
Zhao etal.” 228 1.18 2.1 1.0 <001
Chuan-jun et al.?® 2.7 1.1 1.6 1.1 < 0.05
Zeller et al.”! NA NA NA
Bucek et al.”? NA NA NA
NA: Data not available in the primary study.
Table 8. Mean arterial blood pressure in mmHg.
. Preoperative Postoperative (< 30 Postoperative (late)
Article days) P P
n % n % n %
Rodriguez Lopez et al.’ NA NA NA NA NA
Fiala etal.” 117 13.4 NA NA 113 12.8 0.002
Ruchin et al.” NA NA NA NA NA
Zhao et al.” NA NA NA NA NA
Chuan-jun et al.®® NA NA NA NA NA
Zeller et al.®! NA NA NA NA NA
Bucek et al.”? NA NA NA NA NA

NA: Data not available in the primary study.
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Table 9. Systolic arterial blood pressure in mmHg.
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Preoperative

Postoperative

Postoperative (late)

Article (< 30 days) p
n % n % n %
Rodriguez Lopez et al.™ NA NA NA NA NA
Fiala etal.” NA NA NA NA NA
Ruchin et al.”® 161.7 29.5 138.2 20.5 < 0.0001 138.7 79 < 0.0001
Zhao et al.” 1559 228 130.3 4.5 < 0.01 135 4.7 < 0.01
Chuan-jun et al.®® 168 23 138 17 < 0.05 141 20 < 0.05
Zeller et al.”! NA NA NA NA NA
Bucek et al.”? NA NA NA NA NA
NA: Data not available in primary study.
Table 10. Diastolic arterial blood pressure in mmHg.
Preoperative Postoperative (< 30 Postoperative (late)
Article days) p p
n % n % n %
Rodriguez Lopez et al." NA NA NA NA NA
Fiala et al.” NA NA NA NA NA
Ruchin et al.”™® 78.4 13.8 69.0 11.6 < 0.003 76.7 10.8 0.62
Zhao et al.” 79.3 10.8 66.7 8.9 <0.01 68.3 10.2 <0.01
Chuan-jun et al?® 92 12 78 10 < 0.05 80 1 < 0.05
Zeller et al.”! NA NA NA NA NA
Bucek et al.2 NA NA NA NA NA
NA: Data not available in the primary study.
Table 11. Initial number of patients, number of patients at follow-up and rates of loss.

, (o i mbaral Mot o9
Rodriguez Lopez et al."® 108 36 108 89 17.6
Fiala et al.” 21 24 21 16 23.8
Ruchin et al.”™® 89 28 89 81 9.0
Zhao et al.” 81 313 81 47 42.0
Chuan-jun et al?® 125 24 125 110 12.0
Zeller et al.”! 241 27 241 198 17.8
Bucek et al.2 40 39.6 40 40 0.0

= Follow-up losses

Table 11 lists losses from the study samples over
the follow-up periods.

DISCUSSION

This systematic literature review provides the
most up-to-date scientific evidence available on the
long-term results of angioplasty with stenting for
atherosclerotic disease of the renal arteries, from
studies with a minimum follow-up of 24 months.
To date, there had not been any systematic reviews
or meta-analyses compiling the long-term results of
angioplasty.

Certain considerations should be made on the
methodological quality of the studies included in this
review. The studies available in the literature used
a range of different methodologies and the clinical
outcomes assessed are not uniform. All of the primary
studies that met the inclusion criteria are retrospective.
The follow-up times of prospective clinical trials were
short, i.e. less than 24 months."?

Richard Bright described the combination of
arterial hypertension and parenchymatous kidney
disease at Guy’s Hospital, in London, in 1836.
He observed in autopsies that patients with renal
parenchyma abnormalities had enlarged cardiac
chambers.? This observation was the initial stimulus
for Traube’s speculative description, in 1871, of
a mechanical process in which, in the presence of
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high blood pressure, the heart would be obliged
to exert increased contractile force to make blood
flow through the distal parts of the vascular system,
leading to myocardial hypertrophy.?* Bright’s initial
description prompted several authors to attempt to
recreate the clinical findings in experimental models.
In 1934, Harry Goldblatt demonstrated that the
initial event was constriction of the renal arteries,
triggering arterial hypertension, renal atrophy, and
cardiac hypertrophy.?

The first treatment described for renovascular
hypertension was nephrectomy, since there were no
techniques for reconstruction of arteries. This was
a definitive method and was associated with high
morbidity and mortality. As techniques improved,
methods were developed during the twentieth century
for renal revascularization using endarterectomy and,
later, vascular grafting. These remained current and
predominant up to the end of the 1970s. When Griintzig
described his invention for balloon angioplasty in
1978, endovascular treatment became possible and
a revolution in treatment methods began.?

During the 1980s, clinical studies predominated
with the objective of comparing the results of
two treatment methods, open surgery vs. balloon
angioplasty, for a wide range of etiologies stenotic
renal artery disease. Many studies demonstrated the
superiority of endovascular procedures, with lower
rates of morbidity.!

As the years passed, in the 1990s it became clear that
the results of balloon angioplasty were unsatisfactory
in atherosclerotic disease, with high restenosis rates
and the need for endovascular reinterventions.?” During
this period, studies began to be published investigating
anew method for treatment, stent angioplasty, which
became the first choice option for atherosclerotic
disease, with results that were superior to both open
surgery and balloon angioplasty.?®

Alittle more than a decade ago, advances achieved by
the pharmaceutical industry, developing new molecules
and drugs, began a worldwide move to compare
the benefits of clinical treatment to interventional
treatment. This resulted in prospective clinical trials
being run in many countries. However, many of the
studies have serious methodological failures, calling
into question the results they report.

One of these large-scale clinical studies was the
Stent placement in patients with atherosclerotic
renal artery stenosis and impaired renal function: a
randomized trial (STAR study), in which stents were
only implanted in part of the intervention group and
angioplasty was reserved as a salvage measure for
a group on clinical treatment in cases of refractory
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hypertension, malignant hypertension, or acute
pulmonary edema.” In the Angioplasty and Stenting
for Renal Artery Lesions (ASTRAL) study, there was
variation in the degree of stenosis used to indicate
the procedure and patients were excluded at study
outset if there was a need for revascularization.*
The Cardiovascular Outcomes in Renal Atherosclerotic
Lesions (CORAL) study optimized clinical measures
excessively, used a filter for protection against
microembolization, and excluded patients who had
been hospitalized for heart failure during the 30 days
leading up to enrollment on the study.' It is known
that acute pulmonary edema and heart failure are
aggravated by renal artery stenosis."!

To date, there are no guidelines setting out the
indications for clinical or surgical treatment of
renovascular disease.®!” There are only guidelines
from the American Heart Association and the
American College of Cardiology giving indications
for population screening.

However, the greatest problem with all of the
studies published to date is that they do not discuss
late results, since mean follow-up periods are short and
cannot therefore reflect long-term results. Once stent
placement is indicated, one of the most important
questions is the long-term outcome.

Several services have based their routines
exclusively on the results of clinical trials such as
STAR,” ASTRAL,* and CORAL,! without taking
a more critical view on these studies, which could
lead to conflicting management and results over the
long term, since when atherosclerotic renal artery
disease is bilateral, it is associated with a mortality
rate of 52% in 4 years.*'*> This demonstrates the need
to take some type of clinical measure immediately
after diagnosis, with the objective of modifying the
natural history of the disease.

Among the clinical studies included in the present
systematic review, only the study by Fiala et al."” was
multi-center, and all were retrospective. The evidence
level of retrospective studies is much lower than
for prospective studies, but they do offer a basis for
discussion of the methods employed, the procedures
initiated, and the results observed.

Among the patients treated in the studies selected for
this systematic review, there was a predominance of male
patients in their sixth decade of life.?? This coincides
with the peak incidence of atherosclerotic disease,
in common with other arterial territories, such as the
coronary and carotid regions. However, in some of
the studies, as shown by the results reported, it was
observed that there is an incidence of atherosclerotic
renovascular disease in younger people, still in their



third and fourth decades of life. None of the studies
had a majority of female patients. In contrast with
atherosclerotic etiology, females predominate among
cases caused by fibromuscular dysplasia, which is
responsible for 20 to 25% of all cases.**

There was no uniformity across the different studies’
samples in terms of their indications for endovascular
treatment. In some, the majority of cases were treated
for renovascular hypertension in isolation, as in the
studies by Rodriguez Lopez et al.,'® Fiala et al.,!” and
Chuan-jun et al.,° while in others, the indication was
ischemic nephropathy associated with hypertension,
as in the studies by Ruchin et al.'® and Zhao et al."”
We observed that there was consensus between different
authors on not indicating interventional procedures
for dialysis patients. The only exception was in the
study by Fiala et al.,'” in which angioplasty with
stenting was performed for one patient with renal
failure requiring dialysis, but there was no clinical
change after the procedure.

The natural history of atherosclerotic renal disease is
associated with progressive arterial stenosis, deterioration
of renal function with ischemic nephropathy, atrophy of
the parenchyma, and renal occlusion. The progression
rate of untreated moderate stenotic renal disease
can reach 40 to 70% over 2 years and rates of renal
occlusion can reach 11 to 39%.3>*¢ Additionally, 20%
of patients with severe stenosis of renal arteries can
progress to parenchymal atrophy within 2 years.*’
Inadequate therapeutic management can exacerbate
initial clinical status, ruling out interventions at
more advanced phases, as in the case of patients who
require dialysis.

It was observed that unilateral atherosclerotic
disease predominated, in common with other authors,
who describe prevalence rates of 53 to 80%.'%°
The degree of stenosis used as criterion for indication of
interventional treatment remains a point of divergence.
The authors of these studies selected samples with
primary indications varying from 60 to 70%.!62!

There is currently consensus on employment of
expandable balloon stents for angioplasty of renal
arteries, because they offer precise release and radial
strength in atherosclerotic lesions. Among studies that
described the types of stents employed, there was a
predominance of expandable balloon stents. 672021
Only three of the studies stated the brand and model
employed. There has been considerable technological
progress in comparison with the endovascular materials
used in the 1980s and 1990s. Stents have undergone
changes in the metallic alloys employed and in their
architecture, reflecting directly on the results in terms
of rates of complications and patency and of durability.

Daniel Emilio Dalledone Siqueira, Ana Terezinha Guillaumon

With relation to the number of stents used in the
studies, it was observed that there was a need to use
more than one stent per artery in four studies. Thisisa
reflection of the characteristics of the stenotic lesions,
which may be extensive or may still exhibit residual
stenosis at the end of the procedure. The number of
stents used per patient may be because of bilateral
stenosis.

The primary clinical outcomes evaluated in the
literature on interventional procedures in renal
arteries are predominantly analyses of renal function
and blood pressure levels.!?*3 Renal function can
be measured in terms of creatinine levels before
and after the procedure, or by creatinine clearance
estimated using the Cockcroft-Gault formula or
by 24-hour urine. This information can be used to
conduct clinical stratification of the patients, enabling
long-term assessments. Among the studies included
in this systematic review, we observed that there
was a statistically significant long-term reduction in
creatinine levels in the studies by Fiala et al.'” and
Ruchin et al.'”® There was an increase in creatinine
levels compared to the preoperative baseline in the
study but Chuan-jun et al.,”® but the difference was
not statistically significant.

With relation to clinical outcomes and their
frequencies, it was observed that in the majority
of cases renal function was stabilized. The second
most common outcome was improved renal function
and in a minority of cases renal function worsened,
demonstrating that the long-term results of renal artery
angioplasty are beneficial to renal function. From the
pathophysiologic point of view, angioplasty of the
renal arteries improves renal flow, with improvement
of water retention and a reduction in renal overload.*

With relation to blood pressure, the studies included
reported improvements in blood pressure levels
(MBP, SBP and DBP) after the procedure in relation
to before the procedure. This was also shown by a
reduction in the number of classes of antihypertensive
drugs from before the procedure to late postoperative
follow-up, demonstrating that early results were
maintained over the longer term. The fact that the
number of antihypertensive classes was reduced in
combination with the lower blood pressure levels
represents an improvement in global clinical control
for these patients. With reduced arterial hypertension
comes lower morbidity and mortality.

Patency rates were similar in these studies, varying
from 79.2 to 90% at 24 to 36 months, with the exception
of the study by Fiala et al.,'” in which patency rates
were lower than in the other studies. However, the
severity of kidney disease was greater in that clinical
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study and it can be inferred from the dates of the
study, conducted from October 1994 to December
1996, that many of the endovascular materials were
still being developed.'”

The studies included in this review have low
follow-up losses from their samples, considering the
length of follow-up period involved.

CONCLUSIONS

This systematic review has shown that there is
little high-quality scientific evidence in the current
literature (according to the electronic databases
searched) on the long-term results of angioplasty with
stenting of renal arteries for renovascular disease of
atherosclerotic etiology, and the number of articles
with uniform methodologies is small. The studies
that do exist did not enable the review’s objectives to
be achieved with clear and objective answers for the
outcomes selected. However, they do provide a basis
for discussing what is available in the current literature
and for observing which results are repeated in the
studies, indicating trends in therapeutic management
and its outcomes. These results could be confirmed
in the future by prospective, randomized, controlled,
multicenter clinical studies with homogenous groups
and appropriate methodologies.

The seven articles included in this systematic
review exhibited certain methodological deficiencies,
but it was nevertheless possible to observe that their
authors diverge in terms of the degree of stenosis used
as a primary indication for endovascular treatment.
Notwithstanding, the primary studies analyzed in
the present systematic review suggest that, over
the long term and with statistical significance, there
was maintenance of the stability of renal function,
improvement of blood pressure control, and reduction in
the number of classes of antihypertensive medications.

REFERENCES

1. Cooper CJ, Murphy TP, Cutlip DE, et al. Stenting and medical
therapy for atherosclerotic renal-artery stenosis. N Engl ] Med.
2014;370(1):13-22. PMid:24245566. http://dx.doi.org/10.1056/
NEJMoa1310753.

2. Guillaumon AT, Rocha EF, Medeiros CAF. Endovascular treatment
of renal stenosis in solitary kidney. ] Vasc Bras. 2008;7(2):99-105.
http://dx.doi.org/10.1590/51677-54492008000200003.

3. Minuz P, Patrignani P, Gaino S, et al. Increased oxidative stress and
platelet activation in patients with hypertension and renovascular
disease. Circulation. 2002;106(22):2800-5. PMid:12451006. http://
dx.doi.org/10.1161/01.CIR.0000039528.49161.E9.

4. Kuller LH, Shemanski L, Psaty BM, et al. Subclinical disease as an
independent risk fa tor for cardiovascular disease. Circulation.
1995;92(4):720-6. PMid:7641349. http://dx.doi.org/10.1161/01.
CIR.92.4.720.

160 ) Vasc Bras. 2017 Apr.-Jun; 16(2):150-161

10.

1

s

13.

14,

15.

16.

1

~N

1

focl

19.

O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson
SK Jr. Carotid-artery intima and media thickness as a risk factor
for myocardial infarction and stroke in older adults. N Engl ] Med.
1999;340(1):14-22. PMid:9878640. http://dx.doi.org/10.1056/
NEJM199901073400103.

Newman AB, Shemanski L, Manolio TA, et al. Ankle-arm index
as a predictor of cardiovascular disease and mortality in the
Cardiovascular Health Study. Arterioscler Thromb Vasc Biol.
1999;19(3):538-45. PMid:10073955. http://dx.doi.org/10.1161/01.
ATV.19.3.538.

Yu H, Zhang D, Haller S, et al. Determinants of renal function in
patients with renal artery stenosis. Vasc Med. 2011;16(5):331-8.
PMid:21908683. http://dx.doi.org/10.1177/1358863X11419998.

Plouin PF, Chatellier G, Darne B, Raynaud A. Blood pressure outcome
of angioplasty in atherosclerotic renal artery stenosis: a randomized
trial. Essai Multicentrique Medicaments vs Angioplastie (EMMA)
Study Group. Hypertension. 1998;31(3):823-9. PMid:9495267.
http://dx.doi.org/10.1161/01.HYP.31.3.823.

van Jaarsveld BC, Derkx FH, Krijnen P, et al. ‘Hypertension resistant
to two-drug treatment’ is a useful criterion to select patients
for angiography: the ‘Dutch Renal Artery Stenosis Intervention
Cooperative’ (DRASTIC) study. Contrib Nephrol. 1996;119:54-8.
PMid:8783591. http://dx.doi.org/10.1159/000425449.

Wheatley K, Ives N, Gray R, et al. Revascularization versus medical
therapy for renal-artery stenosis. N Engl ) Med. 2009;361(20):1953-
62. PMid:19907042. http://dx.doi.org/10.1056/NEJM0a0905368.

. Safian RD, Textor SC. Renal-artery stenosis. N Engl ] Med.

20071;344(6):431-42. PMid:11172181. http://dx.doi.org/10.1056/
NEJM200102083440607.

. Perkovic V, Thomson KR, Mitchell P}, et al. Treatment of renovascular

disease with percutaneous stent insertion: Long-term outcomes.
Australas Radiol. 2001;45(4):438-43. PMid:11903175. http://dx.doi.
org/10.1046/}.1440-1673.2001.00953 x.

Guzman RP, Zierler RE, Isaacson JA, Bergelin RO, Strandness DE
Jr. Renal atrophy and arterial stenosis: a prospective study with
duplex ultrasound. Hypertension. 1994;23(3):346-50. PMid:8125561.
http://dx.doi.org/10.1161/01.HYP23.3.346.

Zierler RE, Bergelin RO, Davidson RC, Cantwell-Gab K, Polissar
NL, Strandness DE Jr. A prospective study of disease progression
in patients with atherosclerotic renal artery stenosis. Am |
Hypertens. 1996;9(11):1055-61. PMid:8931829. http://dx.doi.
0org/10.1016/0895-7061(96)00196-3.

Watson PS, Hadjipetrou P, Cox SV, Piemonte TC, Eisenhauer
AC. Effect of renal artery stenting on renal function and size in
patients with Atherosclerotic Renovascular Disease. Circulation.
2000;102(14):1671-7. PMid:11015346. http://dx.doi.org/10.1161/01.
CIR.102.14.1671.

Rodriguez Lopez JA, Werner A, Ray LI, et al. Renal artery stenosis
treated with stent deployment: Indications, technique, and outcome
for 108 patients. ) Vasc Surg. 1999;29(4):617-24. PMid:10194488.
http://dx.doi.org/10.1016/S0741-5214(99)70306-X.

. Fiala LA, Jackson MR, Gillespie DL, O’'Donnell SD, Lukens M,

Gorman P. Primary stenting of atherosclerotic renal artery ostial
stenosis. Ann Vasc Surg. 1998;12(2):128-33. PMid:9514229. http://
dx.doi.org/10.1007/s100169900128.

. Ruchin PE, Baron DW, Wilson SH, Boland J, Muller DWM, Roy

PR. Long term follow-up of renal artery stenting in an Australian
population. Heart Lung Circ. 2007;16(2):79-84. PMid:17317314.
http://dx.doi.org/10.1016/j.hlc.2006.12.008.

Zhao J, Cheng Q, Zhang X, Li M, Liu S, Wang X. Efficacy of
percutaneous transluminal renal angioplasty with stent in elderly
male patients with atherosclerotic renal artery stenosis. Clin Interv


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24245566&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1310753
http://dx.doi.org/10.1056/NEJMoa1310753
http://dx.doi.org/10.1590/S1677-54492008000200003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12451006&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.0000039528.49161.E9
http://dx.doi.org/10.1161/01.CIR.0000039528.49161.E9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7641349&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.92.4.720
http://dx.doi.org/10.1161/01.CIR.92.4.720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9878640&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199901073400103
http://dx.doi.org/10.1056/NEJM199901073400103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10073955&dopt=Abstract
http://dx.doi.org/10.1161/01.ATV.19.3.538
http://dx.doi.org/10.1161/01.ATV.19.3.538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21908683&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21908683&dopt=Abstract
http://dx.doi.org/10.1177/1358863X11419998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9495267&dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.31.3.823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8783591&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8783591&dopt=Abstract
http://dx.doi.org/10.1159/000425449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19907042&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0905368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11172181&dopt=Abstract
http://dx.doi.org/10.1056/NEJM200102083440607
http://dx.doi.org/10.1056/NEJM200102083440607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11903175&dopt=Abstract
http://dx.doi.org/10.1046/j.1440-1673.2001.00953.x
http://dx.doi.org/10.1046/j.1440-1673.2001.00953.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8125561&dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.23.3.346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8931829&dopt=Abstract
http://dx.doi.org/10.1016/0895-7061(96)00196-3
http://dx.doi.org/10.1016/0895-7061(96)00196-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11015346&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.102.14.1671
http://dx.doi.org/10.1161/01.CIR.102.14.1671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10194488&dopt=Abstract
http://dx.doi.org/10.1016/S0741-5214(99)70306-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9514229&dopt=Abstract
http://dx.doi.org/10.1007/s100169900128
http://dx.doi.org/10.1007/s100169900128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17317314&dopt=Abstract
http://dx.doi.org/10.1016/j.hlc.2006.12.008

20.

2

sy

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

g

32.

Aging. 2012;7:417-22. PMid:23091375. http://dx.doi.org/10.2147/
CIAS36925.

Chuan-jun L, Bao-zhong Y, Zhong-gao W. Percutaneous transluminal
renal angioplasty with stent is effective for blood pressure control
and renal function improvement in atherosclerotic renal artery
stenosis patients. Chin Med J. 2012;125(8):1363-8. PMid:22613636.

. Zeller T, Miiller C, Frank U, et al. Survival after stenting of severe

atherosclerotic ostial renal artery stenoses. ] Endovasc Ther.
2003;10(3):539-45. PMid:12932166. http://dx.doi.org/10.1177/1
52660280301000320.

Bucek RA, Puchner S, Reiter M, Dirisamer A, Minar E, Lammer
J. Long-term follow-up after renal artery stenting. Wien Klin
Wochenschr. 2003;115(21-22):788-92. PMid:14743583. http://
dx.doi.org/10.1007/BF03040504.

Bright R. Cases and observations illustrative of renal disease
accompanied with the secretion of albuminous urine. Guys Hosp
Rep. 1836;1:338-79.

Traube L. Ueber den zusammenhand von herz und nieren
krankheiten. In: Hirschwald A, editor. Gesammelte Beitraege zur
Pathologie und Physiologie. Berlin: Hirschwald; 1871. vol. 2.

Goldblatt H, Lynch J, Hanzal RF, Summerville WW. Studies on
experimental hypertension. I. The production of persistent elevation
of systolic blood pressure by means of renal ischemia. ) Exp Med.
1934;59(3):347-79. PMid:19870251. http://dx.doi.org/10.1084/
jem.59.3.347.

Griintzig A, Vetter W, Meier B, Kuhlmann U, Liitolf U, Siegenthaler
W. Treatment of renovascular hypertension with percutaneous
transluminal dilatation of renal-artery stenosis. Lancet.
1978;311(8068):801-2. PMid:85817. http://dx.doi.org/10.1016/
S0140-6736(78)93000-3.

van Jaarsveld BC, Krijnen P, Pieterman H, et al. The effect of balloon
angioplasty on hypertension in atherosclerotic renal artery stenosis.
N Engl) Med. 2000;342(14):1007-14. PMid:10749962. http://dx.doi.
org/10.1056/NEJM200004063421403.

Sivamurthy N, Surowiec SM, Culakova E, et al. Divergent outcomes
after percutaneous therapy for symptomatic renal artery stenosis.
) Vasc Surg. 2004;39(3):565-74. PMid:14981450. http://dx.doi.
0rg/10.1016/},jv5.2003.09.024,

Bax L, Woittiez AJ, Kouwenberg H), et al. Stent placement
in patients with atherosclerotic renal artery stenosis and
impaired renal function: a randomized trial. Ann Intern Med.
2009;150(12):840-8, W150-1. PMid:19414832. http://dx.doi.
org/10.7326/0003-4819-150-12-200906160-00119.

Wheatley K, Ives N, Gray R, et al. Revascularization versus medical
therapy for renal-artery stenosis. N Engl ] Med. 2009;361(20):1953-
62. PMid:19907042. http://dx.doi.org/10.1056/NEJM0a0905368.

. Conlon P), Athirakul K, Kovalik E, et al. Survival in renal vascular

disease.)] Am Soc Nephrol. 1998;9(2):252-6. PMid:9527401.

Conlon PJ, Little MA, Pieper K, Mark DB. Severity of renal vascular
disease predicts mortality in patients undergoing coronary
angiography. Kidney Int. 2001;60(4):1490-7. PMid:11576364.
http://dx.doi.org/10.1046/}.1523-1755.2001.00953.x.

Daniel Emilio Dalledone Siqueira, Ana Terezinha Guillaumon

33. Olin JW, Melia M, Young JR, Graor RA, Risius B. Prevalence of
atherosclerotic renal artery stenosis in patients with atherosclerosis
elsewhere. Am J Med. 1990;88(1N):46N-51N. PMid:2368764.

34. Olin JW, Froehlich J, Gu X, et al. The United States Registry for
Fibromuscular Dysplasia: results in the first 447 patients. Circulation.
2012;125(25):3182-90. PMid:22615343. http://dx.doi.org/10.1161/
CIRCULATIONAHA.112.091223.

. Schreiber MJ, Pohl MA, Novick AC. The natural history of
atherosclerotic and fibrous renal artery disease. Urol Clin North
Am. 1984;11(3):383-92. PMid:6464247.

3

(¥al

36. Zierler RE, Bergelin RO, Isaacson JA, Strandness DE Jr. Natural
history of atherosclerotic renal artery stenosis: a prospective study
with doppler ultrassonography. J Vasc Surg. 1994;19(2):250-8.
PMid:8114186. http://dx.doi.org/10.1016/S0741-5214(94)70100-8.

37. Caps MT, Zierler RE, Polissar NL, et al. Risk of atrophy in kidneys with
atherosclerotic renal artery stenosis. Kidney Int. 1998;53(3):735-42.
PMid:9507221. http://dx.doi.org/10.1046/j.1523-1755.1998.00805.x.

3

©

Postma CT, Joosten FB, Rosenbusch G, Thien T. Magnetic resonance
angiography has a high reliability in the detection of renal artery
stenosis. Am | Hypertens. 1997;10(9):957-63. PMid:9324099. http://
dx.doi.org/10.1016/S0895-7061(97)00157-X.

Correspondence

Daniel Emilio Dalledone Siqueira

Universidade Estadual de Campinas — UNICAMP, Faculdade de
Ciéncias Médicas, Departamento de Cirurgia

Rua Tessalia Vieira de Camargo, 126 - Cidade Universitaria Zeferino
Vaz

CEP 13083-887 - Campinas (SP), Brazil

E-mail: sig_daniel@yahoo.com.br

Author information

DEDS - Vascular surgeon; MSc of Surgical Sciences at Faculdade de
Ciéncias Médicas, Universidade Estadual de Campinas (UNICAMP);
Member of Sociedade Brasileira de Angiologia e de Cirurgia Vascular
(SBACV).

ATG - Full professor; Head of Disciplina de Moléstias Vasculares,
Hospital de Clinicas (HC), Universidade Estadual de Campinas
(UNICAMP); Full member of Sociedade Brasileira de Angiologia e de
Cirurgia Vascular (SBACV); Member of SVS.

Author contributions

Conception and design: DEDS, ATG
Analysis and interpretation: DEDS, ATG
Data collection: DEDS, ATG

Writing the article: DEDS, ATG

Critical revision of the article: DEDS, ATG
Final approval of the article®: DEDS, ATG
Statistical analysis: DEDS, ATG

Overall responsibility: DEDS

*All authors have read and approved of the final version of the article
submitted to ) Vasc Bras.

J Vasc Bras. 2017 Apr.-Jun; 16(2):150-161 161


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23091375&dopt=Abstract
http://dx.doi.org/10.2147/CIA.S36925
http://dx.doi.org/10.2147/CIA.S36925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22613636&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12932166&dopt=Abstract
http://dx.doi.org/10.1177/152660280301000320
http://dx.doi.org/10.1177/152660280301000320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14743583&dopt=Abstract
http://dx.doi.org/10.1007/BF03040504
http://dx.doi.org/10.1007/BF03040504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19870251&dopt=Abstract
http://dx.doi.org/10.1084/jem.59.3.347
http://dx.doi.org/10.1084/jem.59.3.347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=85817&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(78)93000-3
http://dx.doi.org/10.1016/S0140-6736(78)93000-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10749962&dopt=Abstract
http://dx.doi.org/10.1056/NEJM200004063421403
http://dx.doi.org/10.1056/NEJM200004063421403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14981450&dopt=Abstract
http://dx.doi.org/10.1016/j.jvs.2003.09.024
http://dx.doi.org/10.1016/j.jvs.2003.09.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19414832&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-150-12-200906160-00119
http://dx.doi.org/10.7326/0003-4819-150-12-200906160-00119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19907042&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0905368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9527401&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11576364&dopt=Abstract
http://dx.doi.org/10.1046/j.1523-1755.2001.00953.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2368764&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22615343&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.091223
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.091223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6464247&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8114186&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8114186&dopt=Abstract
http://dx.doi.org/10.1016/S0741-5214(94)70100-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9507221&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9507221&dopt=Abstract
http://dx.doi.org/10.1046/j.1523-1755.1998.00805.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9324099&dopt=Abstract
http://dx.doi.org/10.1016/S0895-7061(97)00157-X
http://dx.doi.org/10.1016/S0895-7061(97)00157-X

