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PREAMBLE

The membership of the Society of Inter-
ventional Radiology (SIR) Standards of
Practice Committee represents experts in
a broad spectrum of interventional proce-
dures from the private and academic sec-
tors of medicine. Generally, Standards of
Practice Committee members dedicate the
vast majority of their professional time to
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performing interventional procedures; as
such they represent a valid broad expert
constituency of the subject matter under
consideration for standards production.

Technical documents specifying the
exact consensus and literature review
methodologies as well as the institutional
affiliations and professional credentials of
the authors of this document are available
upon request from SIR, 3975 Fair Ridge
Dr., Suite 400 N., Fairfax, VA 22033.

METHODOLOGY

SIR produces its Standards of Practice
documents using the following process.
Standards documents of relevance and
timeliness are conceptualized by the Stan-
dards of Practice Committee members. A
recognized expert is identified to serve as
the principal author for the standard. Ad-
ditional authors may be assigned depen-
dent upon the magnitude of the project.

An in-depth literature search is per-
formed using electronic medical literature
databases. Then a critical review of peer-
reviewed articles is performed with re-
gard to the study methodology, results,
and conclusions. The qualitative weight of
these articles is assembled into an evi-
dence table, which is used to write the
document such that it contains evidence-
based data with respect to content, rates,
and thresholds.

When the evidence of literature is
weak, conflicting, or contradictory, con-
sensus for the parameter is reached by a

minimum of 12 Standards of Practice
Committee members using a modi-
fied Delphi consensus method (Ap-
pendix A) (1,2). For purposes of
these documents, consensus is de-
fined as 80% Delphi participant
agreement on a value or parameter.

The draft document is critically re-
viewed by the Revisions Subcommittee
members of the Standards of Practice
Committee by telephone conference call-
ing or face-to-face meeting. The finalized
draft from the Committee is sent to the
SIR membership for further input/criti-
cism during a 30-day comment period.
These comments are discussed by the
Subcommittee, and appropriate revisions
made to create the finished standards doc-
ument. Before its publication the docu-
ment is endorsed by the SIR Executive
Council.

INTRODUCTION

This guideline was revised collabora-
tively by the American College of Radiol-
ogy and SIR. The present document is a
revision of the SIR Quality Improvement
Guideline entitled “Angiography, Angio-
plasty and Stent Placement for the Diag-
nosis and Treatment of Renal Artery Ste-
nosis in Adults” published previously in
the Journal of Vascular and Interventional
Radiology (3). This collaborative document
has also been published by the American
College of Radiology in their Practice
Guideline for the Performance of Angiog-

raphy, Angioplasty, and Stenting for the
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Diagnosis and Treatment of Renal Artery
Stenosis in Adults (revised in 2009).

The SIR document herein has been
adapted and abbreviated to meet the for-
mat and content requirements of SIR
Quality Improvement document template
and does not include sections pertaining
to credentialing, documentation, or radia-
tion safety. The content, language, and
thresholds published in this document are
equivalent to those in the American Col-
lege of Radiology version.

Hypertension is a common problem,
estimated to affect approximately 25%–
30% of the adult population in the United
States. It causes significant morbidity and
mortality, with end-organ damage fre-
quently affecting the kidneys and cardio-
vascular system. Although hypertension
is most often “essential” or idiopathic in
origin, renovascular disease is an impor-
tant and potentially remediable cause
of hypertension and progressive renal in-
sufficiency.

Approximately 3%–5% of the hyper-
tensive population has a renovascular eti-
ology for their hypertension. Increasing
age and coexisting atherosclerosis have
significant effects on the prevalence of
renovascular hypertension. The incidence
of renovascular hypertension varied from
0% to 29% (with a weighted mean of 4%)
among 8,899 patients in 12 studies (in-
cluding their own) reviewed by Anderson
et al (4).

Certain clinical scenarios may signifi-
cantly increase the likelihood that reno-
vascular disease is present (eg, abrupt on-
set of hypertension before the age of 30
years), but increasingly this is a disorder
that is seen in older patients with compli-
cating illnesses such as diabetes and sys-
temic atherosclerosis that may render the
diagnosis (and treatment) more difficult.
This document reviews those circum-
stances that should prompt further evalu-
ation for a possible renovascular cause of
hypertension or chronic renal insuffi-
ciency. It also discusses the noninvasive
imaging and the angiographic evaluation
of such patients. Practice guidelines for
the performance of renal artery angio-
plasty and stent placement are reviewed,
as well as considerations of what consti-
tutes a successful intervention.

These guidelines are written to be used
in quality improvement programs to as-
sess renal artery procedures. The most im-
portant processes of care are (i) patient
selection, (ii) performing the procedure,
and (iii) monitoring the patient. The out-

come measures or indicators for these
processes are indications, success rates,
and complication rates. Outcome mea-
sures are assigned threshold levels.

DEFINITIONS

For the purpose of this guideline, the
following definitions apply:

Cardiac disturbance syndrome is defined
as recurrent “flash” pulmonary edema
that is not believed to be secondary to
impaired cardiac function, as sometimes
seen in the setting of bilateral renal artery
stenosis (RAS) or unilateral stenosis of the
renal artery to a solitary kidney (5–7).

Hypertension is defined by the 1999
World Health Organization International
Society of Hypertension Guidelines for
the Management of Hypertension (8) as
“systolic blood pressure of 140 mm Hg or
greater and/or a diastolic blood pressure
of 90 mm Hg or greater in subjects who
are not taking antihypertensive medica-
tion” (8). The sixth report of The Joint
National Committee on Prevention, De-
tection, Evaluation, and Treatment of high
blood pressure (5) defined hypertension
as “systolic blood pressure 140 mm Hg or
greater, diastolic blood pressure 90 mm
Hg or greater, or taking antihypertensive
medication” (5).

Accelerated hypertension is defined as
sudden worsening of previously con-
trolled hypertension.

Malignant hypertension is defined as
sudden onset of severe hypertension with
the coexistence of end-organ damage,
which may include left ventricular hyper-
trophy, congestive heart failure, visual
or neurologic disturbance, and/or grade
III/IV retinopathy.

Renovascular hypertension, also known
as renal vascular hypertension, is defined
as hypertension secondary to RAS.

Cure of renovascular hypertension is de-
fined as restoration of blood pressure to
below 140/90 mm Hg while taking no
antihypertensive medications.

Resistant hypertension: hypertension
should be considered resistant if the sys-
tolic blood pressure cannot be reduced to
less than 140/90 mm Hg in patients who
are adhering to an adequate and appro-
priate triple drug regimen that includes a
diuretic agent, with all three drugs pre-
scribed in near-maximal doses. For pa-
tients older than age 60 years with isolated
systolic hypertension, resistance is de-
fined as failure of an adequate triple drug
regimen to reduce the systolic blood pres-
sure to less than 160 mm Hg (5).
RAS is defined as narrowing of the
renal artery lumen by 50% or greater, ex-
pressed in this document as a percentage
of the diameter of a normal renal vessel,
i.e., percent RAS is 100 � (1 – [narrowed
lumen diameter / normal vessel diame-
ter]).

Ostial RAS is defined as narrowing of
the renal artery at its origin from the aorta,
generally considered to be within its prox-
imal 5 mm but may be extended to within
10 mm if confirmed by cross-sectional im-
aging (9).

Truncal RAS is defined as nonostial
RAS occurring proximal to renal artery
branching.

Renal revascularization is defined as any
procedure that restores unobstructed arte-
rial blood flow to the kidney.

Technically successful renal revasculariza-
tion is defined by less than 30% residual
stenosis measured at the narrowest point
of the vascular lumen, and restoration of
the pressure gradient to less than the se-
lected threshold for intervention. In the
presence of an angiographically visible
dissection at the treatment site, the resid-
ual lumen is measured from the widest
opacified lumen regardless of luminal dis-
sections, knowing that the true lumen is
difficult to measure accurately in this sit-
uation (10).

Unstable angina is defined as new-onset
angina, angina at rest, or “crescendo” an-
gina (7).

INDICATIONS/
CONTRAINDICATIONS

Diagnosis of Renovascular
Hypertension

Clinical features suggestive of renovas-
cular hypertension were enumerated by
the Cooperative Study of Renovascular
Hypertension in 1972 and have been ex-
panded upon since that time (11–14). The
Seventh Report of the Joint National Com-
mittee on Prevention, Detection, Evalua-
tion, and Treatment of High Blood Pres-
sure (5) states that “testing for identifiable
causes [for hypertension] is not indi-
cated generally unless [blood pressure]
control is not achieved” (5). The report
further states that “reversible causes of
renal failure always should be sought
and treated” (5).
Given this background, current indica-
tions for screening for RAS include:

a. Onset of hypertension before the age of

30 years, especially without a family
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history, or recent onset of significant
hypertension after the age of 55 years;

b. An abdominal bruit, particularly
if it continues into diastole and is
lateralized;

c. Accelerated or resistant hypertension;
d. Recurrent (ie, flash) pulmonary

edema;
e. Renal failure of uncertain cause, espe-

cially with a normal urinary sediment
and less than 1 g of protein per daily
urinary output;

f. Coexisting, diffuse atherosclerotic vas-
cular disease, especially in heavy

g. Acute renal failure precipitated by an-
tihypertensive therapy, particularly
angiotensin-converting enzyme in-
hibitors or angiotensin II receptor
blockers (5).

American Heart Association guidelines
additionally suggest that screening is ap-
propriate for:

a. Malignant hypertension, defined as
hypertension with end organ dam-
age including left ventricular hy-
pertrophy , congestive heart failure,
visual or neurologic disturbance, or
advanced retinopathy;

b. Hypertension with a unilateral small
kidney;

c. Hypertension associated with medica-
tion intolerance; and

d. Unstable angina in the setting of sus-
pected RAS (15).

In the proper clinical setting, these
signs may prompt evaluation for arterial
stenosis as the cause of hypertension or
reduced renal function. Additional evalu-
ations to determine anatomic and func-
tional parameters predictive of success
following renal revascularization include
the status of the arterioles distal to the
RAS, bilaterality of reconstructable dis-
ease, the amount of renal mass available
for revascularization, function of the in-
volved kidney as demonstrated by nu-
clear scintigraphy or other means, plasma
renin levels (which have low sensitivity
and high specificity for response to renal
revascularization), the severity of the
RAS, the presence of intrinsic renal dis-
ease on the affected side (measured by
duplex determinations of resistive index
or, more rarely, direct renal biopsy) (16–
19), and possibly the measurement of
pathophysiologically linked serum bi-
omarkers, including brain natriuretic pep-
tide (20).

Any antihypertensive treatment

regimen that effectively lowers blood
pressure is associated with slowed
progression of renal failure and im-
proved cardiovascular survival (21). In
addition to its role as a potent vaso-
constrictor, angiotensin II stimulates
cellular hypertrophy and prolifera-
tion. Recent investigations indicate
that high levels of angiotensin II are
likely to contribute to vascular and
ventricular hypertrophy, accelerate
atherosclerosis, and cause progressive
glomerular sclerosis independent of
their hemodynamic effect (22). When-
ever possible, an angiotensin-convert-
ing enzyme inhibitor should be part of
the treatment of hypertension, as these
drugs have been shown to be organ-
protective beyond their antihyperten-
sive effect in certain renal disease cat-
egories. Their use should not be
limited by a correctable RAS (23–25).
Renal artery imaging should be per-
formed to exclude stenosis as the
etiology of unexplained renal failure.
Renal revascularization to permit the
use of an angiotensin-converting en-
zyme inhibitor in the treatment of hy-
pertension is justified.

Indications for Catheter-directed
Diagnostic Angiography: Threshold
of 95%

Appropriate indications for screening
(as described previously) must be present,
in addition to at least one of the following:

1. Noninvasive vascular imaging sug-
gests that a significant RAS is present
(greater than 50%);

2. Noninvasive imaging is not likely
to have adequate sensitivity and
specificity;

3. Onset of hypertension occurs in a pa-
tient under the age of 30 years; or older
than age 30 years but with fibromus-
cular dysplasia (FMD) suspected as the
etiology of RAS; or

4. There are appropriate indications for
screening and a very high clinical sus-
picion of RAS, in which case noninva-
sive screening can be bypassed.

Treatment of RAS

Although a stenosis is the result of an
abnormal process in the arterial wall, it is
not usually of hemodynamic significance
until the luminal cross-sectional area is
reduced by 75% or the vessel diameter is
narrowed by more than 50%. These num-
bers vary depending on characteristics of

the stenosis such as its length, irregularity,
and multiplicity; the resistance of the dis-
tal vascular bed; and the available collat-
eral blood supply (26). Although mild
stenoses are of no hemodynamic signifi-
cance, most angiographers would agree
that a stenosis that narrows the luminal
diameter by 75% almost certainly is sig-
nificant (27,28). The physiologic signifi-
cance of lesser degrees of stenosis may
depend on the resistance of the peripheral
renal vasculature or the condition of the
renal autoregulatory system (29–31).

Another method of determining the
physiologic significance of a stenosis is to
measure a pressure gradient across the
lesion. However, there is no consensus
whether an absolute systolic, peak sys-
tolic, or mean pressure should be used;
whether the pressure should be measured
during a resting or hyperemic state; or at
what level the criterion for hemodynamic
significance should be set. Whereas some
authors have defined a significant pres-
sure gradient as 10% of the systolic pres-
sure, others have used a 10, 15, or 20 mm
Hg systolic pressure gradient. Difficulty in
measuring the pressure without affecting
it, and the physiologic variations that oc-
cur during its measurement, make pres-
sure gradient thresholds questionable.

There is emerging science regarding
the best method for determining the he-
modynamic relevance of RAS, including
the routine use of low-profile pressure-
sensing wires instead of catheters posi-
tioned across the stenosis and determina-
tions of renal fractional flow reserve
following the intraarterial administration
of vasodilator medications (32). The accu-
racy of hemodynamic measurements can
be increased by simultaneously measur-
ing the aortic pressure via a guiding cath-
eter in the aorta and the pressure distal to
the RAS by a pressure wire (32–34). These
techniques and devices are not available
in every vascular laboratory and are not
universally accepted. Therefore, it is the
responsibility of each interventionalist to
establish an objective test for hemody-
namic significance for use in his or her
laboratory to evaluate stenoses that ap-
pear to be of borderline significance by
criteria presently applied to linear mea-
surement. Other tests that can lend sup-
port to the clinical significance of an RAS
of borderline hemodynamic significance
include selective renal vein renin analysis,
transcutaneous Doppler ultrasonography,
and nuclear renography (28,35–38).

A hemodynamically significant RAS
may stimulate the renin–angiotensin sys-

tem, resulting in systemic hypertension;
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however, other factors determine its clin-
ical significance. These include the level of
blood pressure control that can be at-
tained medically, the patient’s ability to
tolerate and comply with the prescribed
medical regimen, impairment in renal
function, evidence of progressive nephron
loss, comorbid medical conditions, and
quality of life factors. Therefore, in most
cases, the clinical significance of an RAS
and the likelihood that the clinical syn-
drome can be improved should guide the
decision to revascularize a kidney rather
than its morphologic or hemodynamic
characteristics.

The majority of patients with hemody-
namically significant RAS associated with
hypertension and reduced renal function
can be managed medically without a risk
of increased mortality or progression to
end-stage renal disease. Renal mass and
function must be followed very closely if
medical treatment is the chosen option.
This is especially true for those patients
with bilateral RAS or stenosis of a solitary
kidney, who have twice the risk of mor-
tality and 1.5 times the risk of significant
deterioration of renal function than pa-
tients with unilateral RAS and two kid-
neys (23). Patients should also be followed
for changing or emerging clinical indica-
tors that may prompt a reevaluation of the
need for renal revascularization (eg, pre-
cipitant heart failure or loss of renal func-
tion).

In summary, the benefit of prophylac-
tic treatment of very high grade stenoses
to preserve renal mass is unproven. The
decision to treat must be based on consid-
eration of the patient’s age, anticipated
longevity, renal function, and ability
to withstand a procedural complication,
along with the condition of the contralat-
eral kidney and the ease of performance
of the procedure. Revascularization
should be based on clinical symptoms
and limited to hemodynamically signifi-
cant stenoses.

Indications for Angioplasty or Stent
Placement: Threshold of 95%

Hemodynamically significant RAS is
defined as the following:

1. Greater than 50% diameter stenosis or
greater than 75% reduction in cross
sectional area; and

2. A systolic pressure gradient greater
than 10% of systolic pressure or 10, 15,

or 20 mm Hg.
Relative Contraindications for Renal
Artery Stent Deployment: Threshold
of 5%

1. A renal bifurcation lesion in which
more than 50% of a kidney will be
excluded by a stent;

2. The presence of sepsis; and
3. Renal artery diameter measuring 4

mm or less, unless a drug-eluting stent
is used (39).

QUALITY IMPROVEMENT

Although practicing physicians should
strive to achieve perfect outcomes (eg,
100% success, 0% complications), in prac-
tice all physicians will fall short of this
ideal to a variable extent. Thus, indicator
thresholds may be used to assess the ef-
fectiveness of ongoing quality improve-
ment programs. For the purposes of these
guidelines, a threshold is a specific level of
an indicator that should prompt a review.
“Procedure thresholds” or “overall
thresholds” reference a group of indica-
tors for a procedure (eg, major complica-
tions). Individual complications may also
be associated with complication-specific
thresholds. When measures such as indi-
cations or success rates fall below a mini-
mum threshold or when complication
rates exceed a maximum threshold, a re-
view should be performed to determine
causes and to implement changes, if nec-
essary. For example, if the incidence of
symptomatic cholesterol embolization of
the kidney is one measure of the quality
of renal angioplasty or stent implan-
tation of the renal artery, then values
in excess of the defined threshold
should trigger a review of policies
and procedures within the department
to determine the causes and to implement
changes to lower the incidence for the
complication. Thresholds may vary from
those listed here; for example, patient re-
ferral patterns and selection factors may
dictate a different threshold value for a
particular indicator at a particular institu-
tion. Thus, setting universal thresholds is
very difficult and each department is
urged to alter the thresholds as needed to
higher or lower values, to meet its own
quality improvement program needs.

Participation by the radiologist in pa-
tient follow-up is an integral part of renal
angioplasty and stent implantation of the
renal artery and will increase the success
rate of the procedure. Close follow-up

with monitoring and management of pa-
tients undergoing renal artery interven-
tions is appropriate for the radiologist.

SUCCESS RATES AND
THRESHOLDS

Benefits of Renal Revascularization

RAS may be asymptomatic or may
produce renovascular hypertension,
ischemic nephropathy, and cardiac
disturbance syndromes (ie, recurrent flash
pulmonary edema not felt to be second-
ary to impaired left ventricular systolic
function or unstable angina in the setting
of significant RAS. In addition, RAS
produces pathophysiologic alterations
that may be associated with a concor-
dant increased risk of cardiovascular
events, including myocardial infarc-
tion and stroke. Thus the benefits of
revascularization need to be individu-
ally determined based on the underly-
ing clinical condition prompting inter-
vention.

Clinical Success Following Renal
Revascularization

Cure of renovascular hypertension in
the patient with atherosclerotic RAS.—
Although a distinguishing advantage for
revascularization compared with medical
therapy alone is the potential for a hyper-
tension cure, only a small percentage of
patients with atherosclerotic RAS are re-
ported as cured following revasculariza-
tion (40). The clinical profile of the patient
most likely to be cured has not been de-
fined; an effort should be made to define
this clinical profile during future investi-
gations (41–50).

Cure of hypertension in the patient
with fibromuscular RAS.—The mean
cure rate for renal revascularization for
stenoses secondary to FMD was 44% in a
metaanalysis by Martin et al (51). No at-
tempt was made to separate the results of
treatment of the various types of FMD in
this document. It seems reasonable to as-
sume that the majority of those treated
had the “medial fibroplastic” type of
FMD, which is the most common variety.
This type affects 60% –70% of patients
with FMD, and most likely a higher per-
centage of the adult population (52).

Contrary to what one might predict, the
technical and clinical results of angio-
plasty in those patients with FMD involv-
ing the renal artery branches were as good
as those involving only the main renal

artery (53,54). Using logistic regression,
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Davidson et al (55) found that younger
age, milder hypertension, and shorter du-
ration of hypertension were statistically
significant independent variables predict-
ing successful results from percutaneous
transluminal renal angioplasty in FMD.
Schreiber et al (56) found progression of
medial fibroplasia in 33% of 66 patients
with FMD who were observed without
intervention; however, no case progressed
to occlusion and no patient developed re-
nal failure.

Therefore, cure of hypertension is a rea-
sonable goal in a patient with the medial
fibroplastic form of renal artery FMD. It is
logical to assume that the cure rate will be
higher in patients with unilateral involve-
ment (62% in the University Hospital Zur-
ich Cooperative Study on Fibromuscular
Hyperplasia [57]). Branch stenoses are not
a contraindication to angioplasty. There
are not enough data on endovascular re-
vascularization of other forms of FMD to
substantiate a recommendation. The rate
of cure of renovascular hypertension re-
sulting from the medial fibroplastic type
of FMD is sufficiently high to recommend
percutaneous transluminal renal angio-
plasty as a first line of treatment. Medical
therapy should be reserved for older pa-
tients with FMD who have a prolonged
history of hypertension. The success of
treatment of other types of FMD is incon-
clusive, and treatment must be chosen
based on personal clinical experience.

Benefits of renal revascularization other
than “cure” of hypertension.—Three recent
prospectively randomized controlled tri-
als (58–60) and all of the studies included
in three metaanalyses (44,46,51) have re-
ported that renal revascularization results
in a decrease of blood pressure with lower
doses of medication. Blood pressure and
antihypertensive medication dose reduc-
tion have been shown to be preserved to
24-month follow-up after intervention
(61). Whether controlling blood pressure
with less medication outweighs the risks
of the revascularization procedure must
be considered on an individual case basis
(62–64). Whenever possible, an angioten-
sin-converting enzyme inhibitor or angio-
tensin blocker should be part of the anti-
hypertensive treatment, as these drugs
have been shown to have renoprotective
properties that are as important as or
more important than their antihyperten-
sive effect and are the preferred medica-
tions in many cases of nonrenovascular
hypertension (25). Therefore, although
normotensive blood pressure levels can

be maintained medically in cases of reno-
vascular hypertension, it is not attained
without some risk to the kidney with the
stenotic renal artery, and if the clinician
chooses to treat hypertension without
knowing the status of renal artery patency
he or she must be alert to signs of de-
creased renal function and loss of renal
mass.

Ischemic nephropathy.—The Seventh
Report of the Joint National Committee
on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (5) rec-
ommends investigation of renal failure
that occurs in patients being treated for
hypertension. It suggests that surgical or
endovascular revascularization may be
necessary to preserve renal function, even
though many patients with high-grade
RAS remain in stable condition for pro-
longed periods if blood pressure is well
controlled (65).

Criteria for benefit from revasculariza-
tion.—There is a great deal of controversy
concerning the degree of benefit that can
be expected from revascularization of
the patient with ischemic nephropathy.
The main issue concerns measurement of
the effect of the intervention. It is well
recognized that there is progressive neph-
ron loss with aging. This loss is manifest
by a progressive decrease in the glomer-
ular filtration rate and the size of the kid-
neys. The loss is accelerated by many dis-
ease states, including ischemic nephrop-
athy, in which, in addition to the loss of
nephron tissue, there can be functional
loss resulting from hypoperfusion and
loss of renal autoregulation secondary to
RAS. The benefit of revascularization de-
pends on recovering the functional loss,
eliminating that portion of the accelerated
cell death caused by ischemia, and return-
ing the rate of decline of the glomerular
filtration rate to that attributable to age
and other coexisting disease processes
other than ischemia. Delay in revascular-
ization has been associated with a reduc-
tion in clinical benefit (48).

The slope of the linear relation between
the reciprocal of creatinine concentration
and time can be used to delineate the rate
of change in renal function (66). Failure of
progression along the slope of decrease in
renal function may indicate a benefit from
intervention even though there has been
no improvement in baseline serum creat-
inine level. This method cannot compen-
sate for the limitations in the use of creat-
inine values for assessing renal function,
and users must be aware of the potential
pitfalls in its use when there has been a

change in muscle mass or diet (67). Mea-
surements of glomerular filtration rate re-
main the recommended determinant of
functional outcomes (68).

Results of treatment in patients with
ischemic nephropathy.—No improve-
ment in mean renal function was re-
ported in three prospectively random-
ized studies of renal revascularization
(14,58,60). These trials were criticized in a
review by Sacks et al (63), who found fault
with the analysis and interpretation of the
data by the authors. The investigators in
these trials found no statistical difference
between continuous measures of the
mean serum creatinine value at baseline
and following treatment.

The problem with using the change in
the mean creatinine level can be illus-
trated by the following example. Suppose
an intervention was performed on 10 pa-
tients, each with a serum creatinine level
of 3.0 mg/dL, and that at the time of final
follow-up eight had serum creatinine lev-
els of 2 mg/dL and the serum creatinine
level had risen to 7.0 mg/dL in the other
two patients. Using a 20% reduction of
serum creatinine as a binary criterion for
benefit, 80% would have benefited from
the procedure and 20% would have failed
to benefit; using the mean change in se-
rum creatinine of the treated cohort mea-
sured as a continuous variable as the cri-
terion for success, there would have been
no benefit in this patient cohort. This over-
simplification illustrates the problem with
using a mean or average of a test that has
a greater mathematical limit on the poten-
tial to improve than it does on the poten-
tial to fail. It also ignores benefit that can
be derived by stabilizing the rate of
nephron loss, as discussed previously.

Studies of renal revascularization that
have analyzed the reciprocal slope of glo-
merular function have found statistically
significant improvement in renal func-
tion in the population treated (69–71).
Studies reporting binary results, using
a less than 20% deterioration and/or
a 20% lowering of the serum creati-
nine as a measure of functional stabi-
lization or benefit, find a mean of 54%
improved and 26% stabilized by surgical
revascularization (16,17,72,73). Using bi-
nary criteria, two metaanalyses deter-
mined that renal artery stent implantation
resulted in 30% improved and 38% stabi-
lized (46) and 26% improved and 48%
stabilized (44), although neither meta-
analysis showed a significant decrease in
overall serum creatinine values. A meta-
analysis by the Agency for Healthcare Re-

search and Quality (40) notes that
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“improvements in kidney function
were reported only among the an-
gioplasty cohort studies and not in
studies evaluating medical therapy
alone” (40).

Endovascular revascularization can re-
sult in improvement of the glomerular
filtration rate in selected patients with
ischemic nephropathy. Signs that a pa-
tient with ischemic nephropathy is likely
to benefit from revascularization include
(i) normal appearance of the arterioles
distal to the RAS; (ii) bilaterality of
reconstructable disease; (iii) a near-normal
volume of renal mass available for revas-
cularization; (iv) a test demonstrating
function of the involved kidney; (v) renal
biopsy demonstrating well preserved glo-
meruli and tubules with minimal arterio-
lar sclerosis; (vi) severe, difficult-to-control
hypertension; and (vii) abrupt onset of re-
nal insufficiency (18,19,74).

Cardiac disturbance syndromes and
prevention of cardiovascular events.—RAS
may worsen angina or congestive heart
failure in patients with coronary artery
disease, left ventricular dysfunction, or
cardiomyopathy as a result of complex
pathophysiologic alterations, including
change in the renin–angiotensin–aldoste-
rone axis, resulting in a state of volume
overload and peripheral vascular constric-
tion (6,74–76). Renal revascularization
may result in relief of these cardiac syn-
dromes (7,75), particularly for patients
with bilateral RAS.

More than 70% of patients may re-
main free of congestive heart failure and
unstable angina at 12-month mean fol-
low-up (6,7). Restoring unobstructed re-
nal blood flow has the additional poten-
tial benefit of allowing safe usage of
angiotensin-converting enzyme inhibi-
tors without the risk of worsening renal
failure and reducing coronary perfu-
sion. The prevention of cardiovascular
events and associated mortality is a pos-
sible salutary effect of renal revascular-
ization that is currently undergoing in-
vestigation in large-scale trials (77,78).

Technical Success Following Renal
Revascularization

Although stents were initially used to
treat only hemodynamically significant
residual stenosis or flow-limiting dissec-
tion following balloon angioplasty, they
have become the standard of care for os-
tial RAS. A metaanalysis by Rees (79) re-
ports 99% technical success following

stent placement in 1,128 arteries, com-
pared with 55% for ostial and 70% for
nonostial stenoses treated by balloon an-
gioplasty in 1,417 arteries. There was 77%
patency at a mean 7.9 months angio-
graphic follow-up in 563 arteries that were
stent-implanted. Leertouwer et al (46) re-
ported a 26% restenosis rate in 236 arteries
examined angiographically at a mean fol-
low-up of 19 months. This is not signifi-
cantly better than the 30% restenosis rate
following balloon angioplasty in 515 pa-
tients reported by Rees (79), who pointed
out that “the benefits of stents for long-
term patency relative to [percutaneous
transluminal angioplasty] are mostly re-
lated to the markedly superior initial suc-
cess rates rather than reduction of resteno-
sis” (79).

Stents dilated to less than 6 mm, fe-
male sex, age greater than 65 years, and
smoking are statistically significant risk
factors for restenosis. In the US Multi-
center Renal Artery Stent Trial (79) the
lowest risk group was men with renal
arteries 6 mm or greater, who had a reste-
nosis rate of 10.5%. There are very few
data regarding stent use in nonostial RAS;
however, there are studies suggesting that
these lesions may respond favorably to
balloon angioplasty alone (80). Increased
technical success and patency would be
expected if the reference vessel diameter is
6 mm or greater.

The use of stents in ostial and nonostial
locations is relatively contraindicated if
they traverse renal artery branches or if
restenosis would be likely to make surgi-
cal revascularization difficult or impossi-
ble. Renal artery stents have no estab-
lished role in the primary treatment of
FMD. They are the preferred treatment
for ostial stenosis in arteries whose ref-
erence diameter is 6 mm or greater.
Their use in vessels smaller than 5
mm should be limited to technically
failed balloon angioplasty. Their pri-
mary use in lesions in which the nor-
mal diameter is 5 mm is left to the
discretion of the interventionalist.

Technical Success of Percutaneous
Renal Revascularization: Threshold
of 90%

1. Defined by minimal thresholds of less
than 30% residual stenosis or less than
10 mm Hg systolic pressure gradient.

2. Early bifurcation lesions are excluded

from this analysis.
COMPLICATION RATES AND
THRESHOLDS

The rates of complications and techni-
cal success of endovascular revasculariza-
tion have shown some variability over
time. Studies have shown improved suc-
cess rates with diminished complications
as experience with the procedure in-
creases and as new technologies are intro-
duced. Overall complication rates re-
ported in the literature have ranged from
12% to 36%, with an estimated mean of
approximately 14%.

Groin hematoma and puncture site
trauma are the most common complica-
tions reported, with a rate of approxi-
mately 3%–5%. Major complications (and
their incidence rates) include worsening
of renal function (4%), occlusion of the
renal artery (2%–3%), segmental infarc-
tion (1%–2%), requirement for surgical in-
tervention for either nephrectomy or sal-
vage (2%), and death (1%).

Two large series (81,82) and two meta-
analyses (46,54) were reviewed for the
present guideline. There was no overlap
of data among these studies, which in-
clude 2,994 revascularizations (980 vessels
treated with stents) in 2,474 patients. The
total complication rate ranged from 12%
(46) to 36% (82), with a mean complication
rate of 14% excluding radiologic/techni-
cal complications (ie, “events that occur
during catheterization or stent deploy-
ment that have no clinical consequences
but lead to an increase in procedural time
and/or cost”) (82). Groin hematoma and
puncture site trauma were the most com-
mon complications reported. The 30-day
mortality rate was 1%, usually related to
renal artery perforation, cholesterol embo-
lization, acute renal failure, and arterial
access puncture above the inguinal liga-
ment. A surgical salvage operation was
necessary in 1%–2.5% (46,54). Symptom-
atic embolization occurred in 1%–8% of
the patients (46,82). Occlusion of the main
renal artery was reported in 0.8%–2.5%
and occlusion of a renal artery branch
causing a segmental infarction in 1.1%–
1.7% (46,54).

Cholesterol embolization resulting in
decreased renal function or visceral or pe-
ripheral symptoms is expected in fewer
than 3% of cases (46,54,81,82). A “no-
touch” technique of positioning a guide
catheter in the renal ostium with a second
wire extending to the suprarenal aorta
may potentially reduce cholesterol embo-
lization, but the technique is unsubstanti-

ated (83).
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A trend toward reduced complica-
tions was demonstrated in an earlier
investigation by Martin et al (84) that
found that the total complication rate
decreased from 20% in the first 100
cases to 13% in the second 100 cases.
The authors attributed the change to
increased experience and improve-
ment in technology and devices (84).

Complications are stratified on the
basis of outcome. Major complications
result in: admission to a hospital for
therapy (for outpatient procedures), an
unplanned increase in the level of care,
prolonged hospitalization, permanent
adverse sequelae, or death. Minor com-
plications result in no sequelae; they
may require nominal therapy or a short
hospital stay for observation (generally
overnight; see Appendix B.

Overall Threshold for Major
Complications from Percutaneous
Renal Revascularization

The overall threshold for major com-
plications from percutaneous renal revas-
cularization is 14%. Published rates for in-
dividual types of complications are highly
dependent on patient selection and are
based on series comprising several hun-
dred patients, which is a larger volume
than most individual practitioners are
likely to treat. Generally the complication-
specific thresholds should be set higher
than the complication-specific reported
rates listed earlier. It is also recognized
that a single complication can cause
a rate to cross above a complication-
specific threshold when the compli-
cation occurs within a small patient
series (eg, early in a quality improve-
ment program). In this situation, an
overall procedural threshold is more

Specific Major Complications from Perc

Complication

Mortality at 30 d
Secondary nephrectomy
Surgical salvage operation
Symptomatic embolization
Main renal artery occlusion
Branch renal artery occlusion
Access site hematoma requiring surgery o

transfusion or prolonging hospital stay
Acute renal failure
Worsening of chronic renal failure requir

increase in level of care
appropriate for use in a quality im-
provement program. In the (Table,
all values are supported by the
weight of literature evidence and
panel consensus.
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APPENDIX A: CONSENSUS
METHODOLOGY

Reported complication-specific rates
in some cases reflect the aggregate of
major and minor complications. Thresh-
olds are derived from critical evaluation
of the literature, evaluation of empirical
data from Standards of Practice Com-
mittee members’ practices, and, when
available, the SIR HI-IQ System national
database.

Consensus on statements in this docu-
ment was obtained with use of a modified
Delphi technique (1,2),

There were no issues on which the
Committee was unable to reach consen-

neous Renal Revascularization

Reported Rate (%) Threshold (%)

1 1
�1 1

1 2
3 3
2 2
2 2
5 5

2 2
an 2 5
sus.
APPENDIX B: SOCIETY OF
INTERVENTIONAL
RADIOLOGY STANDARDS OF
PRACTICE COMMITTEE
CLASSIFICATION OF
COMPLICATIONS BY
OUTCOME

Minor Complications

A. No therapy, no consequence.
B. Nominal therapy, no consequence; in-

cludes overnight admission for obser-
vation only.

Major Complications

C. Require therapy, minor hospitaliza-
tion (�48 hours).

D. Require major therapy, unplanned in-
crease in level of care, prolonged hos-
pitalization (�48 hours).

E. Permanent adverse sequelae.
F. Death.
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CME TEST QUESTIONS
Examination available at http://directory.sirweb.org/jvircme.

The CME questions in this issue are derived from Martin et al, “Quality Improvement Guidelines for Angiography,
Angioplasty, and Stent Placement for the Diagnosis and Treatment of Renal Artery Stenosis in Adults”

1. According to these guidelines, which of the following is an indication for screening for renal artery stenosis?
a. Rapid onset of proteinuria
b. Recurrent flash pulmonary edema
c. Acute renal failure related to nephrotoxic antibiotic therapy
d. Onset of hypertension before the age of 60

2. Which of the following would be classified as malignant hypertension?
a. Hypertension despite triple drug antihypertensive therapy
b. Sudden onset of severe hypertension associated with Grade I retinopathy
c. Hypertension associated with a unilateral kidney
d. Sudden onset of severe hypertension associated with congestive heart failure

3. Which of the following conditions is considered a relative contraindication for renal artery stent deploy-
ment?
a. Any lesion involving a renal artery bifurcation
b. A renal artery stenosis involving the main renal artery ostium
c. A hemodynamically significant renal artery stenosis related to fibromuscular dysplasia
d. Renal artery diameter measuring 4 mm or less, unless a drug-eluting stent is used

4. Signs that a patient with ischemic nephropathy is more likely to benefit from revascularization include which
of the following?
a. Shrunken kidneys associated with renal artery stenosis
b. Poor visualization of renal arterioles distal to the renal artery stenosis
c. Renal stenosis in the setting of a renal biopsy showing well-preserved glomeruli and tubules with minimal

arteriolar sclerosis
d. Unilateral reconstructable disease

used in conjunction with these principles to produce a process leading to high quality medical care. The ultimate
judgment regarding the conduct of any specific procedure or course of management must be made by the
physician, who should consider all circumstances relevant to the individual clinical situation. Adherence to the
SIR Quality Improvement Program will not assure a successful outcome in every situation. It is prudent to
document the rationale for any deviation from the suggested practice guidelines in the department policies and
procedure manual or in the patient’s medical record.
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