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Although the treatment of atherosclerotic renal artery stenosis with use of percutaneous angioplasty, stent placement,
and surgical revascularization has gained widespread use, there exist few prospective randomized controlled trials
(RCTs) comparing these techniques to each other or against the standard of medical management alone. To facilitate
this process as well as help answer many important questions regarding the appropriate application of renal
revascularization, well-designed and rigorously conducted trials are needed. These trials must have clearly defined
goals and must be sufficiently sized and performed so as to withstand intensive outcomes assessment. Toward this
end, this document provides guidelines and definitions for the design, conduct, evaluation, and reporting of renal
artery revascularization RCTs. In addition, areas of critically necessary renal artery revascularization investigation are
identified. It is hoped that this information will be valuable to the investigator wishing to conduct research in this
important area.
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Abbreviations: GFR � glomerular filtration rate, PTRA � percutaneous transluminal renal angioplasty, RAS � renal artery stenosis, RCT � randomized con-
trolled trial

I. OVERVIEW

The use of revascularization tech-
niques for the management of renal
artery stenosis in patients with hyper-
tension, renal insufficiency, pulmo-
nary edema, and unstable angina has
become increasingly prevalent. Renal

artery stent placement in particular
has gained increasing acceptance
based on historic results of renal an-
gioplasty (1–3) and the attractiveness
of percutaneous compared to surgical
revascularization (4). Despite exten-
sive clinical experience during the past
10 years and the publication of multi-
ple papers describing renal revascular-
ization with use of renal artery stents
(5–23), renal angioplasty (24–51), and
surgical renal revascularization
(52–70), few prospective randomized
controlled trials (RCTs) have been re-
ported (4,71–75). These few existing
reports have used differing reporting
criteria and study methodology and
have failed to clarify the clinical ap-
propriateness of different methods of
renal artery revascularization (72–75).

The objective of this article is to
outline the necessary elements and
definitions essential for the uniform
reporting of multicenter clinical trials
that evaluate renal artery revascular-
ization techniques.

II. GENERAL CONSIDERATIONS

As with any procedure that has po-
tential widespread use in human pa-
tients, methods of renal artery revas-
cularization must undergo rigorous
health technology assessment based
on outcome analysis (76). The Ameri-
can Heart Association (AHA) recog-
nizes that such assessments must be
conducted in a reasonable period of
time, and yet sufficient data to support
clinical decision-making and regula-
tory approval must be obtained. Renal
artery stent placement in particular
represents a new revascularization
technique that has undergone tremen-
dous procedural growth, justifying a
critical reanalysis of indications and
outcomes. Because it is likely that
funding and clinical research opportu-
nities for the evaluation of renal revas-
cularization will be limited, it is im-
portant that any study protocol be
well-designed and rigorously con-
ducted. These conditions are best
achieved in prospective RCTs directly
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comparing outcomes between differ-
ent treatment cohorts. Finally, it is im-
perative that trials be conducted with
investigators who have demonstrated
experience in the performance of renal
revascularization and the conduct of
RCTs; the level of experience neces-
sary for participation in a RCT may be
determined by the trial sponsor and
should be clearly stated.

Before designing and implement-
ing any renal artery revascularization
trial, a clear study hypothesis and ob-
jective is required. Study objectives
can be broadly categorized into three
groups: (i) specific criteria defined to
evaluate clinical outcomes after revas-
cularization; (ii) specific criteria de-
fined to evaluate anatomic outcomes
(eg, restenosis, target vessel occlu-
sion); (iii) specific criteria defined to
evaluate the mechanical performance
of a particular stent, bypass material,
or other revascularization device. To
assure the most reliable collection and
interpretation of data, outcome deter-
minations should be prospective and
integrated into the design of the RCT.

The Issue of Renal Artery Placement

Of all existing revascularization
techniques, renal artery stent place-
ment is perhaps the most widely ap-
plied and poorly tested. For example,
it is still unknown if percutaneous re-
nal artery angioplasty or stent place-
ment is superior to medical therapy or
surgical revascularization in reducing
cardiovascular mortality, providing
prolonged improvements in blood
pressure control, or preserving renal
size and function. The AHA has iden-
tified the following clinical issues rel-
evant to renal artery stent placement
as those warranting further investi-
gation:

1. Prospective comparison of clini-
cal disease progression and an-
atomic progression of renal ar-
tery stenosis in symptomatic
patients treated with percutane-
ous renal revascularization
(percutaneous transluminal re-
nal angioplasty [PTRA]/stents),
medical therapy (control of
medical risk factors), and/or
surgical revascularization.

2. Prospective comparison of pro-
phylactic stent placement (or
surgical revascularization) ver-
sus observation or medical

therapy alone in asymptomatic
patients to evaluate the pro-
gression to clinically evident
disease.

3. Prospective comparison of out-
comes in patients receiving re-
nal artery stents and different
postprocedure anticoagulation
regimens or other therapies to
prevent restenosis.

Each of these study questions may
serve as a template for investigators or
industry to develop a study protocol
and initiate further clinical evaluation
via a product development protocol or
other regulatory pathway (77).

III. REPORTING STANDARDS

To allow accurate evaluation of out-
comes and comparisons across study
groups and between different trials,
uniform reporting standards are nec-
essary. Reporting standards should be
consistent with earlier published doc-
uments (78,79) and should include
definitions for describing all quantifi-
able outcomes of the study procedure.
The following study definitions are
recommended.

A. Renal Artery Stenosis

Renal artery stenosis (RAS) is de-
fined as narrowing of the lumen of the
renal artery. The most common causes
of RAS are atherosclerosis and fibro-
muscular dysplasia (80). Rarer etiolo-
gies include vasculitis, neurofibroma-
tosis, congenital bands, pheochromo-
cytoma, extrinsic compression, em-
boli, aortic dissection, and radiation
(81).

Lesion description.—As stated ear-
lier, the type (causes) of RAS that
will be included in a renal revascu-
larization RCT must be described.
Furthermore, treated lesions must be
categorized angiographically as os-
tial, nonostial, or branch stenoses.
For this purpose, ostial lesions are
defined as those in which the leading
edge of the stenosis is within 5 mm
of the opacified aortic lumen (23).
Nonostial stenoses are contained en-
tirely within the main renal artery
with the leading edge of the lesion
beginning more than 5 mm from the
aorta. Branch stenoses are lesions in
which any component of the stenosis
extends into the divisional or seg-
mental arterial branches.

There is no established consensus
regarding the degree of renal arterial
narrowing that justifies an attempt at
revascularization. However, lesions
causing stenosis of less than 50% an-
giographic diameter are generally not
considered to be hemodynamically
important (82), and it is therefore rec-
ommended that a �50%-diameter
stenosis be considered the minimum
threshold for patient inclusion in a
renal revascularization RCT (83,84).
Because the criteria for duplex ultra-
sound (US) evaluation of the renal
arteries uses a vessel categorization
of �60% diameter stenosis (85,86),
this threshold may be used rather
than 50% diameter stenosis if con-
firmed by angiography. In patients
with renal artery stenosis �50% but
�80%, the RCT should establish clear
criteria for the presence of a hemody-
namically significant stenosis. Al-
though not validated with regard to
clinical outcome after revasculariza-
tion, a translesional pressure gradient
of �20 mm Hg peak systolic or 10
mm Hg mean has been used in ear-
lier reports (8,18,20).

In specific situations, most notably
in cases in which downstream (intra-
renal) resistance is altered, lesser de-
grees of stenosis in the main renal ar-
tery may possibly produce clinically
evident disease (87). For such stud-
ies, the rationale for including pa-
tients with lesser degrees of stenosis
must be explained with respect to the
study hypothesis, and the absolute
values of RAS for study eligibility
must be defined.

B. Study Population

The study design and population
must be established before patient ac-
crual. In general, patient enrollment
criteria should be chosen that accu-
rately reflect the population affected
by renovascular disease so results of
the study can be translated to clinical
practice. Inclusion and exclusion crite-
ria must be clearly stated. This pre-
vents the inappropriate enrollment
and treatment of patients not fulfilling
study criteria as well as allowing for
an accurate analysis of well-defined
and discrete endpoints. Both the ana-
tomic and clinical parameters neces-
sary for study inclusion should be
clearly defined. To avoid selection
bias, the size of the total population
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referred for study enrollment and the
percentage of patients evaluated but
not enrolled should be reported.

Although treatment criteria are de-
termined by the study hypothesis and
are therefore protocol-specific, several
clinical criteria for revascularization in
the presence of a significant RAS are
well established. These include:

1. Hypertension (88–91): acceler-
ated hypertension (sudden
worsening of previously con-
trolled hypertension), refractory
hypertension (hypertension re-
sistant to treatment with at
least 3 medications of different
classes including a diuretic),
malignant hypertension (hyper-
tension with coexistent evi-
dence of end-organ damage,
including left ventricular hyper-
trophy, congestive heart failure,
visual or neurologic distur-
bance, and/or advanced [grade
IV] retinopathy), hypertension
with a unilateral small kidney,
and hypertension with intoler-
ance to medication.

2. Renal salvage: sudden unex-
plained worsening of renal
function (92); impairment of
renal function secondary to an-
tihypertensive treatment, partic-
ularly with an angiotensin-con-
verting enzyme inhibitor or an-
giotensin II receptor blocker
(93,94); renal dysfunction not
attributable to another cause.

3. Cardiac disturbance syndromes:
recurrent “flash” pulmonary
edema out of proportion to any
impairment of left ventricular
function (95–97); unstable an-
gina in the setting of significant
RAS.

The value of prophylactic renal re-
vascularization in patients without
clinical manifestations of disease (ie,
hypertension, renal insufficiency, car-
diac disturbance) is unproven. How-
ever, a study comparing revascular-
ization to observation or medical
therapy with the purpose of evaluat-
ing progression to clinically evident
disease in asymptomatic patients
would warrant the use of prophylactic
revascularization as part of an RCT.
For such a trial, the study hypothesis,
inclusion criteria, outcomes, study du-
ration, and potential risks must be
clearly defined.

Exclusion criteria.—For a particular
RCT, patient exclusion criteria are
similarly determined by the investi-
gational design and study hypothe-
sis. However, for RCTs that incorpo-
rate the use of catheter angiography
with use of iodinated contrast mate-
rial, patients should be excluded in
whom there is a history of severe id-
iosyncratic contrast material reaction,
including laryngeal edema, convul-
sions, profound hypotension, unre-
sponsiveness, cardiopulmonary ar-
rest, and clinically manifest arrhyth-
mias (98). If not designated within
the study design, patients with se-
vere renal dysfunction (ie, glomeru-
lar filtration rate [GFR] �30 mL/
min) should also be evaluated cau-
tiously for trial participation, particu-
larly if there is concomitant evidence
of severe renal atrophy (ie, renal
length �7 cm) or extensive nephro-
sclerosis of the target kidney.

Patient characteristics.—Other pa-
tient factors such as age and comor-
bid medical conditions may affect the
clinical outcome after revasculariza-
tion, and risk stratification may be
determined by the demographics of
the treated population. Minimal in-
formation that should be recorded in-
cludes patient age and sex, cardio-
vascular risk factors including diabe-
tes mellitus, significant comorbid car-
diovascular conditions or relevant
history of cardiovascular events, cur-
rent medications, medication changes,
and compliance during the course of
the study, and any history of renal
dysfunction.

C. Methodology

Standardized techniques and pro-
cedures for obtaining study data must
be used to allow reliable and repro-
ducible data collection and valid com-
parisons between RCTs. These tech-
niques will need to be reevaluated as
new methods are described and
validated.

1. Imaging procedural methods.—Im-
ages should be recorded with use of
static or digital (filmless) media. For
sonographic evaluation, real-time
data should also be recorded on vid-
eotape. Core laboratory review and
image analysis strengthens the objec-
tivity of reporting and is recom-
mended whenever feasible.

• Noninvasive evaluation of RAS

1) Renal duplex criteria need to
be established by the investiga-
tor as part of the study design.
The use of validated techniques
and reporting standards is rec-
ommended whenever possible
(85,86,99–101). RDS methods
and reporting standards deviat-
ing from these validated tech-
niques should be described in
detail. Resistive indexes may be
predictive of outcomes and
should be obtained (99,102).
Examples of established RDS
velocimetric criteria for a �60%
RAS with use of a Doppler an-
gle of �60° include:

2) Direct criteria: �180 cm/sec
peak systolic renal artery veloc-
ity, �3.5:1 renal artery–to–aor-
tic peak systolic velocity ratio;
indirect criteria: tardus et par-
vus pulse, rise time �.07 sec-
onds, difference in resistive in-
dex �.15 between kidneys or
evaluated segmental arteries,
loss of early systolic peak re-
flective wave complex.

3) Magnetic resonance (MR) an-
giography: there exist myriad
techniques for performing MR
angiography (103–106). Prelimi-
nary data suggest that gadolini-
um-enhanced three-dimen-
sional volume acquisition tech-
niques provide better diagnos-
tic accuracy when correlated
with arteriography. Details of
the pulse sequences, slice thick-
ness, reconstruction algorithm,
and other critical parameters
used need to be included. Ste-
nosis determination is made by
measuring the ratio between
the diameter of the narrowest
segment of the imaged renal
artery and the diameter of a
normal (reference) segment of
the artery proximal to the ste-
nosis or distal to poststenotic
dilation. In cases of poststenotic
signal loss caused by turbulent
dephasing of spins, binary
grading of RAS as present or
absent may be appropriate.

4) Computed tomographic (CT)
angiography: similar to MR an-
giography, numerous acquisi-
tion sequences have been de-
scribed for CT angiography
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(107–110). Reporting must in-
clude, but not be limited to, the
following: equipment used,
slice thickness, table-step, pitch,
amount and type of radiocon-
trast material, contrast injection
rates, and imaging delay.
Source and reconstructed im-
ages should be recorded. RAS
is measured with use of the
same technique described for
MR angiography.

5) Radionuclide renal scanning:
scanning may be performed
with use of different radiophar-
maceuticals to define total
global function, effective renal
plasma flow, glomerular filtra-
tion, or tubular secretion (111–
113). Thus, the type, dose, and
rationale for each radiopharma-
ceutical used must be explained
in the study protocol. Addi-
tional minimum information
that should be reported in-
cludes the timing and tech-
nique of scanning, a description
of patient preparation and ad-
junctive medications, and the
method of analysis used. New
techniques need appropriate
validation with use of a previ-
ously described reference stan-
dard. Images should be re-
corded on emulsion film or
other fixed static or digital me-
dia for core laboratory review.

• Angiographic evaluation of RAS

Catheter angiography remains the
gold standard for the evaluation of
RAS. Adequate lesion assessment re-
quires selection of the appropriate im-
aging obliquity to avoid inadvertent
false negative interpretations in pa-
tients with focal orificial lesions and to
prevent arterial foreshortening result-
ing in an underestimation of stenosis
length (114–115). Craniocaudal angu-
lation is occasionally necessary, partic-
ularly for the evaluation of branch re-
nal artery lesions or stenoses occurring
in transplant renal arteries (116). An
initial flush aortogram is usually suf-
ficient to demonstrate both main renal
arteries and may avoid the risk of un-
necessary selective catheterization in
patients with widely patent arteries. In
addition, the presence of an abdomi-
nal aortic aneurysm or marked aortic
atherosclerosis may be delineated, and

should be documented. Nonionic low-
osmolar contrast material is recom-
mended and may be associated with a
lower incidence of radiocontrast-in-
duced nephropathy. In RCTs includ-
ing patients with previous contrast re-
actions or renal insufficiency, alter-
native contrast agents including CO2
gas and gadolinium-containing con-
trast agents (ie, MR angiographic con-
trast material) may be considered
(117,118). The technique used and con-
trast material doses should be re-
ported. In addition, for all patients,
appropriate measures to reduce the
risk of contrast-induced nephrotoxic-
ity should be considered, including
the use of adequate preprocedural hy-
dration. Any specific measures or
medications used to prevent nephro-
toxicity should be recorded (119,120).
This is especially important in patients
with elevated baseline serum creati-
nine levels. Levels in patients with
moderate renal insufficiency should
be cautiously evaluated and appropri-
ate measures should be taken to avoid
exacerbating renal dysfunction. Pa-
tients with severe renal insufficiency
(eg, GFR �10–20 mL/min) should not
receive iodine-containing radiocon-
trast material unless absolutely neces-
sary for evaluation or revasculariza-
tion in the context of the study being
conducted; ie, use of iodinated con-
trast material to evaluate revascular-
ization in patients with advancing re-
nal insufficiency. In patients at risk for
contrast nephropathy, the serum cre-
atinine level should be measured im-
mediately after intervention so that
any necessary clinical care can be
instituted.

To allow calibration and measure-
ments, at least one image should be
acquired with use of an appropriate
reference standard such as a catheter
containing radiopaque markers, and it
is strongly recommended that the
source-image and source-object dis-
tances and imaging obliquity used for
this image be recorded on the proce-
dure record for reference during sub-
sequent angiographic procedures.
Should it be necessary to change these
parameters, additional calibration im-
ages should be obtained. Multicenter
studies should use a core laboratory to
verify these measurements.

1) Measurement of RAS: stenosis
determination is made by mea-
suring the ratio between the

diameter of the narrowest seg-
ment of the imaged renal artery
and the diameter of a normal
(reference) segment of the ar-
tery proximal to the stenosis or
distal to poststenotic dilation.
Reported results should include
percent stenosis, the minimal
luminal diameter (MLD) of the
target segment before and after
treatment, and the MLD of the
reference segment. Descriptive
evaluations such as percent lu-
minal change, early lumen
gain, and late lumen loss
should be used only if corre-
sponding absolute luminal
measurements are also
provided.

2) Hemodynamic (manometric)
measurements: a calibrated
electronic measuring device
should be used, and zeroing
should be performed before
pressure measurements by
opening the pressure tubing to
room air. The height of the
pressure transducer in relation
to the patient must remain con-
stant at the level of the kidney
throughout the procedure.
When multiple transducers are
used for simultaneous pressure
measurements, these should all
be maintained at the same
height. Pressure measurements
should be internally consistent
and reproducible. The tech-
nique for obtaining hemody-
namic pressures must be de-
scribed. Acceptable techniques
include:

• Simultaneous or sequential mea-
surements from a coaxially
placed catheter or pressure-sens-
ing wire positioned in the renal
artery (distal to the stenosis or
treated site) and a guiding cathe-
ter or sheath positioned in the
aorta.

• Simultaneous or sequential mea-
surements from a selective renal
artery catheter or pressure-sens-
ing wire and a separate aortic
pigtail catheter (inserted from a
different access site).

• Simultaneous measurements
with use of a double-sensor
catheter (121).

Pullback pressures obtained with a
single transducer are less reliable be-
cause of the significant beat-to-beat
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variability of intravascular pressures
and should be avoided. Measurements
of augmented pressure gradients after
the intraarterial administration of a
vasodilator may be used (with the
technique and vasodilator agent and
dose described), although this has not
proven beneficial in the evaluation of
RAS and may in fact represent a po-
tential area of study. The hemody-
namic parameters for intervention
should be clearly defined.

To avoid damping the guide/
sheath pressure when using the coax-
ial technique, the guide/sheath should
be at least 1 F (inner diameter) larger
than the catheter (122,123). Selective
renal artery catheters should be as
small as possible (ideally �5 F) and
have at least one side hole to prevent
pressure damping against the vessel
wall. Absolute values for the systolic,
diastolic, and mean pressures in the
aorta and renal artery should be
documented.

• Reporting of revascularization
technique

Percutaneous transluminal renal
angioplasty and stent placement: nu-
merous technical approaches for per-
forming transluminal renal angio-
plasty and stent placement have been
reported (9,15,16 18,124). Procedural
details need to be described, particu-
larly with regard to techniques that
may deviate from previously pub-
lished methodology. Complications
that are directly related to specific pro-
cedural aspects need to be noted (eg,
guiding catheter injury) to allow accu-
rate comparisons between techniques.
To permit optimal patient treatment,
trials containing a study arm of bal-
loon angioplasty alone (without a pri-
mary intent to place a stent) should
include a crossover arm allowing stent
placement after failed angioplasty
(“provisional stent placement”) ac-
cording to strictly defined criteria for
angioplasty failure. The following
minimum technical information
should be provided:

• Overview of PTRA and stent
placement technique used: pro-
cedural details unique to the
study design should be elabo-
rated on in depth.

• Case specific alterations in the
described technique that may

affect outcome (ie, protocol
deviations).

• Balloon sizing: if intentional
over- or underdilation is per-
formed, this should be noted.

• Stent placement technique: pri-
mary (without previous PTRA),
provisional, after predilation, etc.

• Size and type(s) of stent(s) used:
if used, stent postdilation should
be noted.

• Total procedure time and fluo-
roscopy time. If possible, dosim-
etry should be performed and
the patient skin-entry dose
should be recorded.

• Contrast material type and
volume.

Technical definitions for renal ar-
tery stent placement: the indications
for renal artery stent placement are an
extension of established principles for
PTRA (125). For a particular RCT, the
indications for stent placement should
be clearly defined. Examples of cur-
rently used definitions and indications
for renal artery stent placement in-
clude (126):

1. Angioplasty failure: stent place-
ment for technically failed an-
gioplasty as a result of elastic
recoil or flow-limiting dissec-
tion resulting in �30% residual
luminal narrowing, complete or
nearly complete absence of an-
tegrade renal artery flow, or
significant residual translesional
gradient (as defined in the
study protocol). In the presence
of an angiographically visible
dissection at the treatment site,
the residual lumen is measured
from the widest opacified lu-
men regardless of cracks or
other irregularity, recognizing
that the true lumen is difficult
to measure accurately in this
situation (78).

2. Restenosis: stent placement for
recurrent stenosis (�50% diam-
eter luminal narrowing) or re-
current translesional gradient
after initially successful PTRA,
with recurrent clinical
symptomatology.

3. Provisional stent placement:
stent placement performed for
one of the criteria described.
This has also been called “selec-
tive stent placement.”

4. Primary stent placement: stent
placement without an initial

attempt at balloon dilation (also
referred to as “direct stent
placement” [127]), or after in-
tentionally undersized predila-
tion for the purpose of facilitat-
ing stent positioning (11,14,19).

It is recognized that specific inves-
tigations may use other indications for
stent placement that are not included
in these definitions. In such instances,
the exact indications used by the RCT
must be fully defined, explained, and
supported in the study design.

Surgical revascularization: reno-
vascular hypertension can be treated
surgically via a variety of techniques.
Reconstructive techniques include re-
nal artery bypass, endarterectomy, or
renal reimplantation. In patients who
have severe hypertension and nonre-
constructable renal arteries or small
dysfunctional kidneys, nephrectomy
is an alternative. When bypass is used,
the donor artery (infrarenal aorta, he-
patic artery, etc), type and diameter of
conduit (vein, polytetrafluoroethyl-
ene, etc.), and type of distal anastomo-
sis (end-to-side, end-to-end) should be
clearly identified. Endarterectomy can
be performed through a transverse in-
cision with use of a patch or a longi-
tudinal aortotomy or can be performed
as part of a larger endarterectomy of the
renal and visceral vessels. Standard
techniques for each of these proce-
dures have been described in the liter-
ature (55,73,128–135). Precise descrip-
tion of the technique is essential
because risk and outcome can vary
tremendously with each approach. For
example, extraanatomic (hepato-,
spleno-, or iliorenal) bypass is a less
invasive approach to renal reconstruc-
tion that avoids the need for aortic
cross-clamp. The performance of an
additional procedure in association
with renal artery revascularization
should be noted. For example, the ad-
dition of aortic reconstruction (aneu-
rysm repair or aortobifemoral bypass)
to renal artery bypass increases mor-
bidity and mortality. It should be
noted whether the procedure is pri-
mary or reoperative after previous
failed bypass and/or stent placement.
Outcomes of the various techniques
and combinations should be differen-
tiated. Any operative technique that
varies greatly from these methods
should be described in detail. Addi-
tional technical information that
should be provided for operative renal
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revascularization includes type of in-
cision (midline/subcostal/flank), sur-
gical approach (retro- or transperito-
neal), renal ischemic times, the use of
complete or incomplete aortic occlu-
sion, the use of and type of renal per-
fusate, total operative time, and blood
loss. All perioperative complications
(within 30 d) should be recorded.

Reporting of complex procedures:
occasionally, procedural variations oc-
cur during percutaneous or surgical
revascularization that increase proce-
dure time or complexity but have no
adverse clinical consequence. Exam-
ples include proximal stent malposi-
tioning, distal device malpositioning
requiring additional stent implanta-
tion, posttreatment dissection requir-
ing additional stent placement or ex-
tension of a surgical bypass, initial
stent nondeployment requiring re-
trieval with subsequent successful
stent placement during the same pro-
cedure, intraoperative revision of a
surgical anastomosis, or a need for un-
anticipated additional surgical proce-
dures. Because it is possible that these
procedural variations may affect ves-
sel patency or have delayed clinical
sequelae, the details of any procedural
complexities should be captured and
recorded.

2. Clinical determinations.—Deter-
mination of clinical variables with
discrete quantifiable values must be
performed with use of standardized
techniques to assure that reported re-
sults are not biased by procedural
methods and to allow comparison
between different studies. For renal
revascularization, the most common
quantifiable clinical measurements
will be blood pressure and renal
function. The following methods of
determination are recommended for
RCTs:

• Measurement of blood pressure

Hypertension is defined and evalu-
ated with use of the guidelines out-
lined in the most recently published
report of the Joint National Committee
on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure
(JNC) (136). It is recognized that JNC
is a global report for the evaluation of
hypertension in a generalized popula-
tion, and the applicability of these
standards to patients with renovascu-
lar disease remains undefined. By

these standards, hypertension is de-
fined as systolic blood pressure �140
mm Hg, diastolic blood pressure �90
mm Hg, or the use of antihypertensive
medication. Blood pressure should be
measured with certified, calibrated,
and validated equipment. The size of
the bladder within the blood pressure
cuff must encircle at least 80% of the
arm. The methodology used must be
defined in detail in the study protocol.
Although alternative methodology
may be appropriate for different
RCTs, the following techniques for
blood pressure determination have
been proposed by the AHA and rep-
resent the current gold standard (137):

• Patients should be seated in a
chair with their backs supported
and their arms bared and sup-
ported at heart level. Patients
should refrain from smoking or
caffeine ingestion for 30 minutes
before blood pressure measure-
ment, and measurement should
begin after at least 5 minutes of
rest.

• If necessary, blood pressure may
be measured in the supine posi-
tion. However, the patient
should then be in the same posi-
tion for subsequent
measurements.

• Both systolic and distolic blood
pressures should be recorded,
with the first appearance of
sound used to define systolic
blood pressure and the disap-
pearance of sound used to de-
fine diastolic blood pressure.

• Two or more readings separated
by 2 minutes should be aver-
aged. If the first 2 readings differ
by more than 5 mm Hg, addi-
tional readings should be ob-
tained and averaged.

• Blood pressure should be mea-
sured in both arms, with the
higher value obtained being
used. For consistency, the site of
blood pressure measurement
should be recorded and fol-
low-up pressures should be
measured from the same arm. In
patients with bilateral upper ex-
tremity arterial stenoses result-
ing in spuriously low arm pres-
sures, a thigh pressure measure-
ment may be used if there is no
lower extremity arterial stenosis
above the cuff. The appropri-
ately sized blood pressure cuff

must again be used, and the site
used must be well documented
for future examinations.

• Evaluation of antihypertensive
medications

At the time of each blood pressure
determination, the exact antihyperten-
sive medications and doses being
taken must be recorded. However, dif-
ferences in the numbers and/or types
of medications used to manage hyper-
tension between two treatment groups
or two points in time may be subjec-
tive. Furthermore, the clinical impor-
tance of such a difference is not intui-
tive and might not impact patient
outcomes or clinical practice. To avoid
confounding subsequent analyses of
hypertension benefit, methodology
must be incorporated into the design
of the RCT to control for the differing
effects of the multiple currently avail-
able classes and formulations of anti-
hypertensive medications. One
method for this is the use of daily-
defined doses of antihypertensive
medications, as described by the
World Health Organization Interna-
tional Society of Hypertension guide-
lines (138). An alternative method is
the development of a standardized or
recommended drug regimen for study
subjects, with contingencies for pa-
tients who have improvements or de-
terioration in blood pressure control
during the course of the RCT. Such
methodology has been previously de-
scribed (73). More than one medica-
tion algorithm can be established to
accommodate comorbid conditions,
although it is then necessary that pa-
tients be randomized in roughly equal
numbers between the two treatment
groups (ie, with use of block random-
ization). The exact antihypertensive
protocol must be systematically de-
scribed, and any subject deviations from
the protocol must be documented.

• Evaluation of renal function

For purposes of RCTs, the GFR is
the most reliable measure of func-
tional renal impairment. Although se-
rum levels of creatinine alone and cys-
tatin C are inadequately crude
surrogates for GFR (139), these should
be obtained on a defined periodic
schedule and may serve as a trigger
for formal GFR measurements. Formal
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GFR testing should be performed on
all test subjects with use of validated
and reproducible methodology. One
reliable technique for GFR testing in
patients with renovascular hyperten-
sion is the calculation of the plasma
disappearance of a marker substance
such as iohexol or iothalamate (140–
143) with use of chromatography or
electrophoresis. Alternatively, al-
though less accurate, GFR can be esti-
mated by including serum creatinine
levels with other demographic mea-
surements in a prediction equation
(144–146). Although the use of a pre-
diction equation for calculating GFR
avoids the cost, inconvenience, vari-
ability, and risks inherent in other
more complex measurement tech-
niques, these equations are valid only
if renal function is in a steady state,
which can be defined by a constant
serum creatinine level in a given time
interval, eg, 24 hours. The following
two equations represent formulas that
have sufficiently proven reproducibil-
ity in generalized populations to be
used for RCTs, but have not been val-
idated in patients with renovascular
hypertension. The exact technique or
equation used for GFR testing should
be reported in the study design:

Cockcroft-Gault Equation (144):

GFR (mL/min) � [(140 � age [y])
(weight [kg])] � (0.85 in females) /
(serum creatinine [mg/dL]) � 72

MDRD Study Prediction Equation
(146):

(GFR [mL/min] / 1.73 m2) � 170 �
(PCR [mg/dL]�.999) � (age [y]�.176) �
(0.762 if female) � (1.18 if black) �
SUN [mg/dL]�.170 � (albumin
[g/dL].318)

D. Outcomes Reporting

1. Anatomic success.—Percutaneous
revascularization: Anatomic success
refers to successful revascularization
of the target renal artery with resolu-
tion of target vessel obstruction, and
without residual flow limitation or
compromise of distal perfusion. For
percutaneous techniques, completion
angiography (after PTRA or stent
placement) provides the best means
for determining anatomic success.
For stent placement, this is often
evaluated after postdeployment in-
trastent balloon dilation is performed

to maximize stent expansion.For pur-
poses of RCTs, anatomic success is
defined as a �30% residual stenosis
after PTRA or stent placement. Re-
sidual stenosis after treatment is cal-
culated as the ratio of the residual
target vessel lumen diameter to the
diameter of the reference segment of
artery. After angioplasty alone, this
residual target vessel lumen is mea-
sured from the narrowest opacified
lumen but including the outer mar-
gin of opacified intimal cracks or
other irregularity (78). After stent
placement, there is scaffolding of the
multiple tissue planes often seen af-
ter PTRA alone, with a resulting
smoother angiographic lumen. Con-
sequently, the residual target vessel
lumen should be measured at the site
of minimal remaining luminal diame-
ter, whether within or adjacent to the
stent.

In addition, anatomic success for
stent placement requires positioning
of the nonconstrained (expanded, im-
planted) stent within the target le-
sion. The lesion must be entirely cov-
ered by the stent. Usually, this re-
quires coverage of at least 1–2 mm of
the artery adjacent to the target le-
sion. Therefore, for ostial lesions, the
final stent position should be flush
with or projecting �2 mm into the
aorta (18,147). However, if the target
lesion is adequately covered, exces-
sive stent deployment in the aorta
should be considered a procedural
complexity and not anatomic failure.

Surgical revascularization: There
should be some form of intraopera-
tive assessment of the completeness of
surgical revascularization. The ade-
quacy of distal perfusion after surgical
bypass or endarterectomy is usually
determined by visual inspection or
manual palpation of the renal artery
distal to the target lesion. The use of
intraoperative duplex sonography is
strongly encouraged (133–135). The
probe can be placed directly on the
artery in question, allowing B-mode
imaging in conjunction with assess-
ment of velocities. These techniques
allow defects as small as 1 mm in
size to be identified.

2. Hemodynamic success.—Hemody-
namic success should be assessed af-
ter PTRA or stent placement. In par-
ticular, the degree of remaining ste-
nosis after PTRA may be difficult to
assess as a result of residual luminal

irregularity caused by small angio-
plasty-induced dissections (148–150).
Translesional pressure measurements
should be obtained with use of the
methods previously described. Both
peak systolic and mean pressures
may be used, although the value
used needs to be specified in the trial
design. Hemodynamic success is de-
fined as a lowering of the transle-
sional gradient to below the thresh-
old established for intervention. Gra-
dients before and after treatment
should be recorded. Hemodynamic
success after surgical bypass is estab-
lished by assessing the target renal
artery pulse. Intraoperative Doppler
US or direct pressure measurements
may also be used and should be
described.

3. Clinical success.—In order for a
renal vascular intervention to be clin-
ically successful, there must be a
beneficial impact on a patient’s qual-
ity or duration of life or objective im-
provement or resolution of the clini-
cal indicator initiating treatment. For
patients in whom there was more
than one clinical indicator, the effect
of treatment on each condition
should be reported individually.

• Clinical events

The cardiovascular mortality rate in
patients with RVH is worse than that
in those with essential hypertension
(151,152). The contribution of hyper-
tension to this increased risk is un-
known; it is possible that the risk is
attributable to the presence of sys-
temic atherosclerotic disease and con-
comitant coronary artery and cerebro-
vascular disease, rather than to the
presence of hypertension. Patients
with renal artery hypertension also
have elevated levels of vasoactive hor-
mones including angiotensin, F2-iso-
prostanoids, prostaglandin I2, natri-
uretic peptides, transforming growth
factor-�, and endothelin, all of which
are implicated in hypertension, renal
injury, and possible cardiac injury as
well. Elevated cardiovascular mortal-
ity rates may further be caused by the
higher incidence of end-stage renal
disease occurring in patients with re-
novascular disease.

Determinations of the hypertension
or renal functional benefit after renal
revascularization represent, at best, a
surrogate marker of cardiovascular
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events. Thus, clinical events should be
considered the gold standard for ex-
amining the effect of renal artery in-
terventions (153). Examples of clinical
events that may be evaluated include
overall patient mortality, cardiovascu-
lar mortality, and nonfatal cardiovas-
cular events. These latter events in-
clude acute myocardial infarction,
unstable angina, congestive heart fail-
ure, flash pulmonary edema, and
stroke (154). Clinical events may also
be combined with renal function eval-
uation or hypertension assessment as
a composite clinical outcome, ie, dial-
ysis-free survival (155).

Investigators should clearly de-
scribe all reference events that will be
used for study endpoints, and the
event-free survival at predefined inter-
val(s) should be reported. For compos-
ite clinical endpoints, both the rate of
the composite endpoint and the indi-
vidual component events should be
described and stratified.

• Hypertension

The impact of revascularization on
hypertension should be described
with use of a modification of the 1987
Renal Working Group guidelines
(156). As discussed earlier, methodol-

ogy must be incorporated into the trial
to account for variations in antihyper-
tensive regimens over time or between
study groups. Cure, improvement,
failure, and benefit can be defined
only when measured at least 120 days
after treatment randomization.

• Cure—diastolic blood pressure
�90 mm Hg and systolic blood
pressure �140 mm Hg, off anti-
hypertensive medications.

• Improvement—diastolic blood
pressure �90 mm Hg and/or
systolic blood pressure �140
mm Hg on the same or reduced
number of medications (or re-
duced number of defined daily
doses as described by the World
Health Organization [138]) or a
reduction in diastolic blood pres-
sure by at least 15 mm Hg with
the same or a reduced number
of medications.

• Failure—no change or inability
to meet these criteria for cure or
improvement.

• Benefit—cure or improvement.

• Renal function

There have been varied definitions
in the literature of renal functional

benefit after renal artery stent place-
ment, with most reports relying on an
absolute value of the change in serum
creatinine (“binary or dichotomous
outcome”) as the parameter for suc-
cess. In this model, the absolute value
of GFR after treatment is used to con-
struct thresholds that define discrete
reporting of outcomes, ie, “failure” or
“benefit.” However, although such ab-
solute “binary” determinations may
be used in assessing renal function, it
is important to recognize that the im-
pact of intervention may be mani-
fested not only by a change in the ab-
solute value of GFR but also as
stabilization or slowed decline in pre-
viously diminishing GFR (157–161). In
other words, the trend in renal func-
tion over time may provide an equally
valid and valuable assessment of treat-
ment effect as the absolute measure of
renal function at discrete time points
after intervention. Hence, renal func-
tion benefit may be evaluated by using
both absolute “binary” methods and
breakpoint analysis (158,160,161) to
evaluate the slope of renal functional
decline before and after intervention
(Figure). Because measurements of se-
rum creatinine obtained immediately
after revascularization may be tran-
siently affected by the effects of radio-
contrast or periprocedural hydration,
early assessments of functional out-
come should be performed with use of
creatinine values obtained at least 1
week after intervention.

When using the breakpoint analysis
method in a RCT, sufficient sequential
determinations of GFR before and af-
ter intervention are necessary to avoid
statistical bias. Patients should have
available data for more than five GFR
determinations over a period of more
than 3 months before treatment ran-
domization. Follow-up data with se-
quential GFR determinations should
be obtained at defined periodic inter-
vals beginning at least 1 week after
treatment (randomization), with a suf-
ficient number of values recorded over
an observation period of at least 3
months to obtain a valid quantification
of treatment effect (158,161). Addi-
tional determinations of GFR (or se-
rum creatinine) may be performed at
more frequent intervals in patients
with deteriorating renal function evi-
dent on scheduled evaluations. Long-
term follow-up and reporting of late-

Figure. Breakpoint analysis of renal function after therapy. For breakpoint analysis, the
following model is recommended: �1 � slope of GFR before treatment � (f2 � f1) / (t2
� t1); �2 � slope of GFR after intervention � (f3 � f2) / (t3 � t2); �� � change in slope
of GFR after treatment � �2 � �1; f1 � value of GFR at a definable time (t1) before
intervention; f2 � value of GFR at the time of intervention (t2); f3 � value of GFR at a
definable follow-up time (t3).
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term data are recommended
whenever possible.

For studies that evaluate only the
absolute value in the change in serum
creatinine level or GFR, it is recom-
mended that two or more measure-
ments be obtained before and after in-
tervention to reduce the variation
inherent in a single measurement. If
these values are similar within 10%,
their average value should be used; in
contrast, any greater discrepancy in
these GFR values should be rectified
by additional GFR measurements un-
til two or more consistent values are
obtained.

The following definitions of func-
tional benefit are recommended and
are based on a threshold effect size
(ETH) determined by the investigator:

• Improvement—increase in the
absolute value of the estimated
GFR after treatment by �(ETH)%
compared to pretreatment val-
ues, or a �(ETH)% positive
change in the slope of the GFR
after treatment.

• Stabilization—absolute value of
the estimated GFR within
�(ETH)% of pretreatment values,
or a positive change (improved
renal function) in the slope of
GFR �(ETH)% after treatment.
This is applicable only if �1 � 0.

• Failure—deterioration in esti-
mated GFR after treatment by
�(ETH) %, or a zero value or
negative change in the slope of
the GFR after treatment (�1��2).

• Benefit—improvement or
stabilization.

4. Patency and restenosis.—Patency
is defined broadly as continued flow
through the treated vessel or surgical
bypass, and may be determined by
invasive or noninvasive imaging, di-
rect intraoperative observation, and
postmortem examination. Although
evaluation with conventional contrast
angiography is optimal, duplex US
and MR angiography have been used
for the assessment of patency. Previ-
ously described definitions for pa-
tency should be used (78):

• Primary patency—uninterrupted
patency with no procedures per-
formed on or at the margins of
the treated segment or bypass.

• Assisted primary patency—any
procedure performed in the
treated segment or bypass before
thrombosis that might prevent

eventual failure. This includes
patency after procedures per-
formed for restenosis (�50% lu-
minal narrowing).

• Secondary patency—any proce-
dure that restores patency after
occlusion.

The number and types of reinter-
ventions performed to achieve as-
sisted primary patency and secondary
patency should be documented. Fur-
thermore, the durability of repeat in-
terventions should be assessed by re-
cording the time interval between
treatments. Any significant trends ob-
served during the assisted or second-
ary patency interval should also be
noted (ie, reduced durability with
each subsequent intervention).

Restenosis is defined as progressive
narrowing of the treated vessel lumen
or surgical bypass after intervention.
After revascularization, mild degrees
of restenosis are usual and do not re-
quire reintervention (5,18). As noted
herein, a recurrent narrowing of �50%
angiographic diameter should be con-
sidered the threshold for maintained
anatomic success. However, as noted
earlier, renal duplex US categorizes
patients as having stenosis greater
than or less than 60% rather than 50%.
This 60% threshold may therefore be
used as the standard for restenosis in
patients, followed by noninvasive US
criteria. In addition, because recurrent
arterial stenosis after revascularization
may occur without accompanying
clinical sequelae, investigators may
elect to define restenosis with use of
clinical parameters. The rationale and
details of this approach must then be
explained in depth within the
protocol.

Consistent angiographic methods
for determining restenosis are neces-
sary to the proper interpretation of an-
atomic results. For RCTs, it is recom-
mended that restenosis be measured
as the ratio of the minimal luminal
diameter (MLD) at the time of the as-
sessment to the reference vessel diam-
eter or the diameter of the implanted
stent or bypass graft (REF):

% restenosis � (MLD / REF) � 100

A binary description of anatomic
success is included in the definition of
assisted primary patency. In addition,
continuous measures of restenosis
should also be reported, including the

average and range of restenosis at
follow-up.

E. Complications

To allow comparison between
study groups within a trial and be-
tween RCTs, complications need to be
listed individually (number and de-
scription) and a general classification
schema (Appendixes 1 and 2) should
be used in addition. All complications
occurring within 30 days or during the
same hospitalization as the revascular-
ization procedure should be reported
(78). Specific individual complications
and their class should be recorded
with use of previously published def-
initions (78,162). In addition, compli-
cations should be classified according
to their severity and clinical impact. In
particular, the incidence of transient
renal insufficiency, such as may occur
as a result of contrast-induced nephro-
toxicity, should be reported. An acute
persistent deterioration of renal func-
tion exceeding the previously de-
scribed 20% threshold should be con-
sidered a complication. The following
severity classification is recommended
(modified from reference 147):

1. Major clinical adverse events
(“MaCE”).—Major clinical adverse
events are those resulting in an addi-
tional procedure, unplanned treat-
ment, prolonged hospitalization,
transfusion, or death (eg, arterial
thrombosis treated with thrombolytic
therapy, renal failure, acute persis-
tent postprocedural deterioration of
renal function �20% from baseline,
femoral pseudoaneurysm or hema-
toma requiring surgical exploration
or other directed therapy, retroperito-
neal bleeding). Death occurring
within 30 days of the renal stent pro-
cedure or during the same hospital-
ization as the procedure should be
recorded as a procedure-related
mortality.

2. Minor clinical adverse events
(“MiCE”).—Minor clinical adverse
events are those that cause some
morbidity or patient discomfort but
do not fulfill criteria for a major clin-
ical adverse event (eg, nonsurgical
femoral hematoma or ecchymoses,
neuroplegia of the superificial femo-
ral cutaneous nerve, slight decrease
in hematocrit not requiring transfu-
sion or prolonged hospitalization,
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transient increase in serum creatinine
level �20% from baseline).

F. Statistics and Data Analysis

Statistical methodology must be
clearly reported. Sample size is based
on expected differences in outcomes
between treatment groups. The statis-
tical power of the RCT needs to be
defined and the study should be suf-
ficiently powered to allow clinical ap-
plicability of the results. Because
crossovers between treatment arms
confound statistical evaluation of re-
sults, the study design should be care-
fully planned so that crossovers are
avoided as much as possible. One
method of preventing treatment cross-
overs is by careful selection of study
endpoints (ie, clinical events) such that
crossovers occur only after an end-
point has been reached. To allow an
accurate evaluation of this delayed re-
vascularization strategy, patients who
change treatment because of achieve-
ment of an endpoint should be fol-
lowed serially for comparison to the
primary treatment cohort.

Rarely, the exact number of patients
enrolled may be based on a sequential
method whereby the final number of
subjects is determined by periodic in-
terim analysis of the data throughout
the entire clinical trial until either (i) sta-
tistical analysis shows there is no differ-
ence in the study arms or (ii) differences
between the treatment groups unequiv-
ocally exceeds statistical significance.

Appropriate statistical methods for
assessing outcome are exceedingly im-
portant. Many statistical tests can be
applied to reporting these data pro-
vided that they represent accepted an-
alytic methods. Two specific means of
assessing data, however, deserve note.
Long-term results of revascularization
or natural history data are best pre-
sented by use of life-table analysis
(78). A life table defines the cumula-
tive outcome or success of an interven-
tion versus time of follow-up. The ac-
tuarial method or the Kaplan-Meier
(product-limit method) is usually
used. The latter is preferable under
most circumstances because it pro-
vides results independently of the
choice of the time of intervals studied.

The SE of each estimate should be cal-
culated, and standard errors �10%
should be clearly indicated. To test if
there is a statistically significant differ-
ence between two outcome curves, the
generalized Wilcoxon (Breslow) test or
the log-rank (Mantel-Cox) test should
be used.

CONCLUSIONS

As the indications and materials for
renal revascularization continue to
evolve, adherence to rigorous well-de-
fined study objectives and methodol-
ogy must be maintained. Uniform re-
porting definitions remain the best
method for allowing accurate compar-
isons of studies involving differing re-
vascularization technologies or tech-
niques. The AHA recommends the
methods and definitions included
within this document as important
general elements that should be in-
cluded in describing the results of an
RCT. The development of new and
validated revascularization strategies
may in the future mandate revision of
this current reporting standard.
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APPENDIX 1
Percutaneous Procedure Complications Master List (from Reference 96)

Complication Class

Abscess
Infectious/inflammatory
Angina/coronary ischemia Cardiac
Idiosyncratic reaction Medication-related
Allergic/anaphylactoid reaction Contrast-related
Arterial occlusion/thrombosis, puncture site Vascular
Arterial occlusion/thrombosis, remote from puncture site Vascular
Arteriovenous fistula Vascular
Congestive heart failure Cardiac
Contamination of pleural cavity (urine, bile, malignancy, empyema, other) Respiratory/pulmonary
Device malfunction with adverse effect Device-related
Death related to procedure Death
Death unrelated to procedure (30-day mortality) Death
Embolization, arterial Vascular
Fluid/electrolyte imbalance General nonvascular
Hematoma bleed, remote site Vascular
Hematoma bleed at needle, device path: nonvascular procedure Vascular
Hematoma bleed, puncture site: vascular procedure Vascular
Incorrect drug Medication-related
Incorrect dosage Medication-related
Intimal injury/dissection Vascular
Ischemia/infarction of tissue/organ Vascular
Incorrect site of administration Medication-related
Local infection Infectious/inflammatory
Liver failure General nonvascular
Migration Device-related
Myocardial infarction Cardiac
Malposition Device-related
Nausea/vomiting General nonvascular
Other (cardiac) Cardiac
Other (contrast-related) Contrast-related
Other (central nervous system complication) Neurologic
Other (dose-dependent complication) Contrast-related
Other (device related) Device-related
Other (gastrointestinal) General nonvascular
Other (general nonvascular) General nonvascular
Other (hematologic) General nonvascular
Other (infectious/inflammatory) Infectious/inflammatory
Other (medication-related) Medication-related
Other (neurologic) Neurologic
Other pleural complication Respiratory/pulmonary
Other (respiratory/pulmonary) Respiratory/pulmonary
Other (vascular) Vascular
Pancreatitis Infectious/inflammatory
Pulmonary embolism Respiratory/pulmonary
Pulmonary embolism Vascular
Peritonitis Infectious/inflammatory
Hypotension Cardiac
Hypoxia Respiratory/pulmonary
Pulmonary edema Respiratory/pulmonary
Peripheral nervous system complication Neurologic
Pneumothorax Respiratory/pulmonary
Pseudoaneurysm Vascular
Respiratory arrest Respiratory/pulmonary
Renal failure Contrast-related
Arrhythmia Cardiac
Septicemia/bacteremia Infectious/inflammatory
Seizure Neurologic
Septic shock Infectious/inflammatory
Stroke Neurologic
Tissue extravasation Contrast-related
Transient ischemic attack Neurologic
Unintended perforation of hollow viscus General nonvascular
Vascular perforation or rupture Vascular
Vagal reaction Cardiac
Vasospasm Vascular
Venous occlusion/thrombosis, puncture site Vascular
Venous occlusion/thrombosis, remote from puncture site Vascular
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APPENDIX 2: SURGICAL
COMPLICATIONS MASTER
LIST

A. Systemic/remote
Cardiac
Stroke
Venous
Pulmonary
Renal
Metabolic

B. Local/vascular
Healing complications
Graft complications
Hemorrhage
Thrombotic
Embolic
Renal
Gastrointestinal

C. Local/nonvascular
Wound
Lymphatic
Venous
Ureteral
Spinal cord

Acknowledgment: The AHA writing
group acknowledges the contributions of
the following individuals:

SIR FDA Committee members: Patri-
cia E. Cole, MD, PhD, John F. Cardella,
MD, Curtis W. Bakal, MD, Gary J. Becker,
MD, FACC, FACR, Antoinette S. Gomes,
MD, Louis G. Martin, MD, Donald L.
Miller, MD, Anne C. Roberts, MD, David
Sacks, MD, John H. Rundback, MD, and
Anthony C. Venbrux, MD.

AHA Kidney Council members: Stan-
ley Cortell, MD, MPH, and Jules Puschett,
MD.

AHA Council on Cardiovascular Ra-
diology members: Richard White, MD, Mi-
chael A. Bettmann, MD, Michael J. Pente-
cost, MD, Anthony C. Venbrux, MD, John
H. Rundback, MD, and Kenneth Rosen-
field, MD.

AHA Council on Cardiovascular Sur-
gery: K. Craig Kent, MD, and Daniel G.
Clair, MD.

AHA Council on Hypertension:
Daniel Jones, MD.

AHA Council on Clinical Cardiology:
Kenneth Rosenfield, MD, and Christopher
White, MD.

References
1. Beebe HG, Chesebro K, Merchant F,

Bush W. Results of renal artery bal-
loon angioplasty limit its indication. J
Vasc Surg 1988; 8:300–306.

2. Plouin PF, Darne B, Chatellier G, et al.
Restenosis after a first percutaneous
transluminal renal angioplasty. Hy-
pertension 1993; 21:89–96.

3. Baert AL, Wilms G, Amery A, et al.
Percutaneous transluminal renal an-
gioplasty: initial results and long-
term follow-up in 202 patients. Car-
diovasc Intervent Radiol 1990; 13:22–
28.

4. Kandarpa K, Becker GJ, Hunink MG,
et al. Transcatheter interventions for
the treatment of peripheral athero-
sclerotic lesions: part 1. J Vasc Interv
Radiol 2001; 12:683–695.

5. Rees CR, Palmaz JC, Becker GJ, et al.
Palmaz stent in atherosclerotic steno-
ses involving the ostia of the renal
arteries: preliminary report of a mul-
ticenter study. Radiology 1991; 181:
507–514.

6. Wilms GE, Peene P, Baert AL, et al.
Renal artery stent placement with the
use of the Wallstent endoprosthesis.
Radiology 1991; 179:457–462.

7. Kuhn FP, Kutkuhn B, Torsello G,
Modder U. Renal artery stenosis:
preliminary results of treatment with
the Strecker stent. Radiology 1991;
180: 367–372.

8. Hennequin LM, Joffre FG, Rousseau
HP, et al. Renal artery stent place-
ment: long-term results with the wall-
stent endoprosthesis. Radiology 1994;
191:713–719.

9. MacLeod M, Taylor AD, Baxter G, et
al. Renal artery stenosis managed by
Palmaz stent insertion: technical and
clinical outcome. J Hypertens 1995;
13:1791–1795.

10. van de Ven PJG, Beutler JJ, Kaatee R,
et al. Transluminal vascular stent for
ostial atherosclerotic renal artery ste-
nosis. Lancet 1995; 346:672–674.

11. Dorros G, Jaff M, Jain A, Dufek C,
Mathiak L. Follow-up of primary
Palmaz-Schatz stent placement for
atherosclerotic renal artery stenosis.
Am J Cardiol 1995; 75:1051–1055.

12. Rundback JH, Jacobs JM. Percutane-
ous Renal Artery Stent Placement for
Hypertension and Azotemia: Pilot
Study. Am J Kidney Dis 1996; 28:214–
219.

13. Henry M, Amor M, Henry I, et al.
Stent placement in the renal artery:
three-year experience with the
Palmaz stent. J Vasc Interv Radiol
1996; 7:343–350.

14. Iannone LA, Underwood PL, Nath A,
Tannenbaum MA, Ghali MGH, Clev-
enger LD. Effect of primary balloon
expandable renal artery stents on
long-term patency, renal function,
and blood pressure in hypertensive
and renal insufficient patients with re-
nal artery stenosis. Cathet Cardiovasc
Diagn 1996; 37:243–250.

15. Boisclair C, Therasse E, Oliva VL, et
al. Treatment of renal angioplasty
failure by percutaneous renal artery
stenting with Palmaz stents: midterm

technical and clinical results. AJR
Am J Roentgenol 1997; 168:245–251.

16. Taylor A, Sheppard D, Macleod MJ, et
al. Renal artery stent placement in
renal artery stenosis: technical and
early clinical results. Clin Radiol 1997;
52:451–457.

17. White CUJ, Ramee SR, Collins TJ, Jen-
kins JS, Escobar A, Shaw D. Renal
artery stent placement: utility in le-
sions difficult to treat with balloon
angioplasty. J Am Coll Cardiol 1997;
30:1445–1450.

18. Blum U, Krumme B, Flugel P, et al.
Treatment of ostial renal artery steno-
ses with vascular endoprostheses af-
ter unsuccessful balloon angioplasty.
N Engl J Med 1997; 336:459–465.

19. Fiala LA, Jackson MR, Gillespie DL,
O’Donnel S, Lukens M, Gorman P.
Primary stenting of atherosclerotic re-
nal artery stenosis. Ann Vasc Surg
1998; 12:128–133.

20. Rundback JH, Gray R, Rozenblit G, et
al. Renal artery stent placement for
the management of ischemic ne-
phropathy. J Vasc Interv Radiol 1998;
9:413–420.

21. Dorros G, Jaff M, Mathiak L, et al.
Four-year follow-up of Palmaz-Schatz
stent revascularization as treatment
for atherosclerotic renal artery steno-
sis. Circulation 1998; 98:642–647.

22. Shannon HM, Gillespie IN, Moss JG.
Salvage of the solitary kidney by in-
sertion of a renal artery stent. AJR
Am J Roentgenol 1998; 171:217–222.

23. Baumgartner I, von Aesch K, Do DD,
Triller J, Birrer M, Mahler F. Stent
placement in ostial and nonostial ath-
erosclerotic renal arterial stenoses: a
prospective follow-up study. Radiol-
ogy 2000; 216:498–505.

24. Klinge J, Mali WPTM, Puijlaert CBAJ,
et al. Percutaneous transluminal re-
nal angioplasty: initial and long-term
results. Radiology 1989; 171:501.

25. Baert AL, Wilms G, Amery A, et al.
Percutaneous transluminal renal an-
gioplasty: initial results and long-
term follow-up in 202 patients. Car-
diovasc Intervent Radiol 1990; 13:22.

26. Bell GM, Reid J, Buist TAS. Percuta-
neous transluminal angioplasty im-
proves blood pressure and renal func-
tion in renovascular hypertension. Q
J Med 1987; 63:393–403.

27. Miller GA, Ford KK, Braun SD, et al.
Percutaneous transluminal angioplsty
versus surgery for renovascular hy-
pertension. AJR Am J Roentgenol
1985; 144:447.

28. Sos TA, Pickering TG, Sniderman K,
et al. Percutaneous transluminal re-
nal angioplasty in renovascular hy-
pertension due to atheroma or fibro-
muscular dysplasia. N Engl J Med
1983; 309:274.

S488 • Guidelines for Reporting Renal Artery Revascularization in Clinical Trials September 2003 JVIR



29. Greminger P, Steiner A, Schneider E,
et al. Cure and improvement of re-
novascular hypertension after percu-
taneous transluminal angioplasty of
renal artery stenosis. Nephron 1989;
51:362.

30. Martin LG, Price RB, Casarella WJ, et.
al. Percutaneous angioplasty in clin-
ical management of renovascular hy-
pertension: initial and long-term re-
sults. Radiology 1985; 155:62.

31. Beebe HG, Chesebro K, Merchant F,
Bush W. Results of renal artery bal-
loon angioplasty limit its indications.
J Vasc Surg 1988; 8:300–306.

32. Geyskes GG, Puylaert CBA, Dei HY,
et al. Follow-up study of 70 patients
with renal artery stenosis treated by
percutaneous transluminal dilatation.
Br Med J 1983; 287:333.

33. Martin LG, Casarella WJ, Gaylord
GM. Azotemia caused by renal ar-
tery stenosis: treatment by percutane-
ous angioplasty. AJR Am J Roentge-
nol 1988; 150:839–844.

34. Tegtmeyer CJ, Kellum CD, Ayers C.
Percutaneous transluminal angio-
plasty of the renal artery: results and
long-term follow-up. Radiology 1984;
153:77–84.

35. Luft FC, Grim CE, Weinberger MH.
Intervention in patients with renovas-
cular hypertension and renal insuffi-
ciency. J Urol 1983; 130:654–656.

36. Weinberger MH, Grim CE, Luft FC,
Yune HY. Percutaneous translumi-
nal angioplasty in complicated renal
vascular hypertension. Nephron 1986;
44(suppl 1):51–53.

37. Dean RH, Callis JT, Smith BM,
Meachan PW. Failed percutaneous
transluminal renal angioplasty: expe-
rience with lesions requiring opera-
tive intervention. J Vasc Surg 1987;
6:301–307.

38. Canzanello VJ, Millan VG, Spiegel JE,
Ponce SP, Kopelman RI, Madias NE.
Percutaneous transluminal renal an-
gioplasty in manament of atheroscle-
rotic renovascular hypertension: re-
sult in 100 patients. Hypertension
1989; 13:163–172.

39. Plouin PF, Darne B, Chatellier G, et al.
Restenosis after a first percutaneous
transluminal renal angioplasty. Hy-
pertension 1993; 21:89–96.

40. Julien J, Jeunemaitre X, Raynaud A, et
al. Influence of age on the outcome
of percutaneous angioplasty in ather-
omatous renovascular disease. J Hy-
pertens 1989; 7(suppl 6):S188.

41. Martinez-Amenos A, Rama H, Sarrias
X, Galceran J, Alsina J, Montanya X.
Percutaneous transluminal angio-
plasty in the treatment of renovascu-
lar hypertension. J Hum Hypertens
1991; 5:97–100.

42. Martin LG, Cork RD, Kaufman SL.

Long-term results of angioplasty in
110 patients with renal artery stenosis.
J Vasc Interv Radiol 1992; 3:619–626.

43. Rodriguez-Perez JC, Plaza C, Reyes R,
et al. Treatment of renovascular hy-
pertension with percutaneous trans-
luminal angioplasty: experience in
Spain. J Vasc Interv Radiol 1994;
5:101–109.

44. Losinno F, Zuccala A, Busato F, Zuc-
chelli P. Renal artery angioplasty for
renovascular hypertension and pres-
ervation of renal function: long-term
angiographic and clinical follow-up.
Am J Roentgenol 1994; 162:853–857.

45. Karagiannis A, Douma S, Voyiatzis K,
et al. Percutaneous transluminal re-
nal angioplasty in patients with reno-
vascular hypertension: long-term re-
sults. Hypertens Res 1995; 18:27–31.

46. Jensen G, Zachrisson B, Delin K, Volk-
mann R, Aurell M. Treatment of re-
novascular hypertension: one year re-
sults of renal angioplasty. Kidney Int
1995; 48:1936–1945.

47. Pattynama PMT, Becker GJ, Brown J,
Zemel G, Benenati JF, Katzen BT.
Percutaneous angioplasty for athero-
sclerotic renal artery disease: effect on
renal function in azotemic patients.
Cardiovasc Intervent Radiol 1994; 17:
143–146.

48. Bell GM, Reid J, Buist TAS. Percuta-
neous transluminal angioplasty im-
proves blood pressure and renal func-
tion in renovascular hypertension. Q
J Med 1987; 63:393–403.

49. Pattison JM, Reidy JF, Rafferty MJ, et
al. Percutaneous transluminal renal
angioplasty in patients with renal fail-
ure. Q J Med 1992; 85:883–888.

50. Madias NE, Kwon OJ, Millan VG.
Percutaneous transluminal renal an-
gioplasty—a potentially effective
treatment for preservation of renal
function. Arch Intern Med 1982; 142:
693–697.

51. O’Donovan RM, Gutierrez OH, Izzo
JL. Preservation of renal function by
percutaneous renal angioplasty in
high-risk elderly patients: short-term
outcome. Nephron 1992; 60:187–192.

52. Novick AC, Ziegelbaum M, Vidt DG,
Gifford RW, Pohl MA, Goormastic M.
Trends in surgical revascularization
for renal artery disease: ten years’ ex-
perience. JAMA 1987; 257:498–502.

53. Bredenberg CE, Sampson LN, Ray FS,
Cormier RA, Heintz S, Eldrup-Jor-
gensen J. Changing patterns in sur-
gery for chronic renal artery occlusive
diseases. J Vasc Surg 1992; 15:1018–
1024.

54. Elmore JR, Ray FS, Dillihunt RC, Her-
bert WE. Renal failure and advance
atherosclerotic lesions—salvage by
vascular reconstruction. Arch Surg
1988; 123:610–613.

55. Novick AC, Pohl MA, Schreiber M,
Gifford RW, Vidt DG. Revascular-
ization for preservation of renal func-
tion in patients with atherosclerotic
renovascular disease. J Urol 1983; 129:
907–912.

56. Morris GC, DeBakey ME, Cooley DA.
Surgical treatment of renal failure of
renovascular origin. JAMA 1962; 182:
609.

57. Kaylor WM, Novick AC, Ziegelbaum
M Vidt DG. Reversal of end stage
renal failure with surgical revascular-
ization in patient with atherosclerotic
renal artery occlusion. J Urol 1989;
141:486–488.

58. Schreiber MJ, Pohl MA. Preserving
renal function by revascularization.
Annu Rev Med 1990; 41:423–429.

59. Hansen KJ, Thomason RB, Craven TE,
et al. Surgical management of dialy-
sis-dependent ischemic nephropathy.
J Vasc Surg 1995; 21:197–211.

60. Chaikof EL, Smith RB, Salam AA, et
al. Ischemic nephropathy and con-
comitant aortic disease: a ten-year ex-
perience. J Vasc Surg 1994; 19:135–
148.

61. Novick AC, Textor SC, Bodie B,
Khauli RB. Revascularization to pre-
serve renal function in patients with
atherosclerotic renovascular disease.
Urol Clin North Am 1984; 11:477–490.

62. Dean RH, Englund R, DuPont WD, et
al. Retrieval of renal function by re-
vascularization—study of preopera-
tive outcome predictors. Ann Surg
1985; 202:367–375.

63. Libertino JA, Zinman L Breslin DJ,
Swinton NW, Legg M. Renal artery
revascularization—restoration of re-
nal function. JAMA 1980; 244:1340–
1342.

64. Hallett JW, Textor SC, Kos PB, et al.
Advanced renovascular hypertension
and renal insufficiency: trends in
medical comorbidity and surgical ap-
proach from 1970 to 1993. J Vasc Surg
1995; 21:750–760.

65. Lawrie GM, Morris GC, Glaeser DH,
DeBakey ME. Renovascular recon-
struction: factors affecting long-term
prognosis in 919 patients followed up
to 31 years. Am J Cardiol 1989; 63:
1085–1092.

66. Benjamin ME, Hansen KJ, Craven TE,
et al. Combined aortic and renal ar-
tery surgery—a contemporary experi-
ence. Ann Surg 1996; 223:555–567.

67. Hansen KJ, Starr SM, Sands E, Burkart
JM, Plonk GW, Dean RH. Contem-
porary surgical management of reno-
vascular disease. J Vasc Surg 1992; 16:
319–331.

68. Novick AC. Management of reno-
vascular disease: a surgical perspec-
tive. Circulation 1991; 83(suppl 2):
I167–I171.

Rundback et al • S489Volume 14 Number 9 Part 2



69. Libertino JA, Bosco PJ, Ying CY, et al.
Renal revascularization to preserve
and restore renal function. J Urol
1992; 147:1485–1487.

70. Cambria RP, Brewster DC, L’Italien
GJ, et al. Renal artery reconstruction
for the preservation of renal function.
J Vasc Surg 1996; 24:371–382.

71. Weibull H, Berqvist D, Bergentz SE,
Jonson K, Hulthen L, Manhem P.
Percutaneous transluminal renal an-
gioplasty versus surgical reconstruc-
tion of atherosclerotic renal artery ste-
nosis: prospective randomized study.
J Vasc Surg 1993; 18:841–852.

72. Van de Ven PJG, Kaatee R, Beutler JJ,
et al. Arterial stenting and balloon
angioplasty in ostial atherosclerotic
renovascular disease: a randomised
trial. Lancet 1999; 353:282–286.

73. Webster J, Marshall F, Abdalla M, et
al. Randomised comparison of per-
cutaneous angioplasty vs continued
medical therapy for hypertensive pa-
tients with atheromatous renal artery
stenosis. J Human Hypertens 1998; 12:
329–335.

74. Plouin PF, Chatellier G, Darne B,
Raynaud A. Blood pressure out-
come of angioplasty in atherosclerotic
renal artery stenosis: a randomized
trial. Essai Multicentrique Medica-
ments vs Angioplastie (EMMA) Study
Group. Hypertension 1998;
31:823–829.

75. Van Jaarsveld BC, Krijnen P, Pieter-
man H, et al. The effect of balloon
angioplasty on hypertension in ath-
erosclerotic renal-artery stenosis.
Dutch Renal Artery Stenosis Interven-
tion Cooperative Study Group.
N Engl J Med 2000; 342:1007–1014.

76. Edwards SJ, Lilford RJ, Braunholtz
DA, Jackson JC, Hewison J, Thornton
J. Ethical issues in the design and
conduct of randomised controlled tri-
als. Health Technol Assess 1998; 2(15):
1–132.

77. Wholey MH, Haller JD. An intro-
duction to the Food and Drug Admin-
istration and how it evaluates new
devices: establishing safety and effi-
cacy. Cardiovasc Intervent Radiol
1995; 18:72–76.

78. Sacks D, Marinelli DL, Martin LG,
Spies JB. Reporting standards for
clinical evaluation of new peripheral
arterial revascularization devices.
Technology Assessment Committee. J
Vasc Interv Radiol 1997; 8:137–149.

79. Rutherford RB, Becker GJ. Stan-
dards for evaluating and reporting
the results of surgical and percutane-
ous therapy for peripheral arterial
disease. J Vasc Interv Radiol 1991;
2:169–174.

80. Cicuto KP, McLean GK, Oleaga JA,
Freiman DB, Grossman RA, Ring EJ.

Renal artery stenosis: anatomic classi-
fication for percutaneous translumi-
nal angioplasty. AJR Am J Roentgenol
1981; 137:599–601.

81. Tynes WV II. Unusual renovascular
disorders. Urol Clin North Am 1984;
11:529–542.

82. Schoenberg SO, Bock M, Kallinowski
F, Just A. Correlation of hemody-
namic impact and morphologic de-
gree of renal artery stenosis in a ca-
nine model. J Am Soc Nephrol 2000;
11:2190–2198

83. Zierler RE, Bergelin RO, Davidson RC
Cantwell-Gab K, Pollisar NL, Strand-
ness DE. A prospective study of dis-
ease progression in patients with ath-
erosclerotic renal artery disease. Am J
Hypertens 1996; 9:1055–1061.

84. Strandness DE. Natural history of
renal artery stenosis. Am J Kidney Dis
1994; 24:630–635.

85. Stavros T, Harshfield D. Renal
doppler, renal artery stenosis, and re-
novascular hypertension: direct and
indirect sonographic abnormalities in
patients with renal artery stenosis. Ul-
trasound Q 1994; 12:217–263.

86. Olin JW, Piedmonte MR, Young JR,
DeAnna S, Grubb M, Childs MB.
The utility of duplex ultrasound scan-
ning of the renal arteries for diagnos-
ing significant renal artery stenosis.
Ann Intern Med 1995; 122:833–838.

87. Rundback JH, Rozenblit GN,
Poplausky MP, Crea G, Maddineni S.
Balloon angioplasty or stent place-
ment in patients with renovascular
disease: a retrospective comparison of
outcomes. Heart Dis 1999; 1:121–125.

88. Simon N, Franklin SS, Bleifer KH,
Maxwell MH. Clinical characteris-
tics of renovascular hypertension.
JAMA 1972; 220:1209–1218.

89. Pickering TG. Diagnosis and evalu-
ation of renovascular hypertension.
Circulation 1991; 83:I-47–I-52.

90. Dunnick NR, Sfakianakis GN.
Screening for renovascular hyperten-
sion. Radiol Clin North Am 1991; 29:
497–510.

91. Davis BA, Crook JE, Vestal RE, Oates
JA. Prevalence of renovascular hy-
pertension in patients with grade III
or IV hypertensive retinopathy.
N Engl J Med 1979; 301:1273–1276.

92. Rimmer JM, Gennari FJ. Atheroscle-
rotic renovascular disease and pro-
gressive renal failure. Ann Intern Med
1993; 118:712–719.

93. Mimran A, Ribstein. Angiotensin
converting enzyme inhibitors and re-
nal function. J Hypertens 1989;
7(suppl):S3–S9.

94. Hricik DE, Dunn MJ. Angiotensin-
converting enzyme inhibitor-induced
renal failure: causes, consequences,

and diagnostic uses. J Am Soc Neph-
rol 1990; 1:845–858.

95. Pickering TG, Devereux RB, James
GD, et al. Recurrent pulmonary oe-
dema in hypertension due to bilateral
renal artery stenosis: treatment by an-
gioplasty or surgical revasculariza-
tion. Lancet 1988; 3,2(8610):551–552.

96. Messina LM, Zelenock GB, Yao KA,
Stanley JC. Renal revascularization
for recurrent pulmonary edema in pa-
tients with poorly controlled hyper-
tension and renal insufficiency: a dis-
tinct subgroup of patients with
arteriosclerotic renal artery occlusive
disease. J Vasc Surg 1992; 15:73–82.

97. Bloch MJ, Trost DW, Pickering TG,
Sos TA, August P. Prevention of re-
current pulmonary edema in patients
with bilateral renovascular disease
through renal artery stent placement.
Am J Hypertens 1999; 12:1–7.

98. American College of Radiology.
Manual on Contrast Media, 4th Edi-
tion. Reston, VA: American College of
Radiology, 1998.

99. Radermacher J, Chavan A, Bleck J, et
al. Use of Doppler ultrasonography
to predict the outcome of therapy for
renal-artery stenosis. N Engl J Med
2001; 344:410–417.

100. Sharafuddin MJ, Raboi CA, Abu-
Yousef M, Lawton WJ, Gordon JA.
Renal artery stenosis: duplex US after
angioplasty and stent placement. Ra-
diology 2001; 220:168–173.

101. House MK, Dowling RJ, King P, Gib-
son RN. Using Doppler sonography
to reveal renal artery stenosis: an eval-
uation of optimal imaging parame-
ters. AJR Am J Roentgenol 1999;
173(3):761–765.

102. Frauchiger B, Zierler R, Bergelein RO,
Isaacson JA, Strandness DE Jr. Prog-
nostic significance of intrarenal resis-
tance indices in patients with renal
artery interventions: a preliminary
duplex sonographic study. Cardio-
vasc Surg 1996; 4:324–330.

103. Schoenberg SO, Bock M, Knopp MV,
et al. Renal arteries: optimization
of three-dimensional gadolinium-en-
hanced MR angiography with bolus-
timing-independent fast multiphase
acquisition in a single breath hold. Ra-
diology 1999; 211:667–679.

104. Hahn U, Miller S, Nagele T. Renal
MR angiography at 1.0 T: three-di-
mensional (3D) phase-contrast tech-
niques versus gadolinium-enhanced
3D fast low-angle shot breath-hold
imaging. AJR Am J Roentgenol 1999;
172:1501–1508.

105. Hany TF, Leung DA, Pfammatter T,
Debatin JF. Contrast-enhanced mag-
netic resonance angiography of the re-
nal arteries: original investigation. In-
vest Radiol 1998; 33:653–659.

S490 • Guidelines for Reporting Renal Artery Revascularization in Clinical Trials September 2003 JVIR



106. Steffens JC, Link J, Grassner J, et al.
Contrast-enhanced, K-space-centered,
breath-hold MR angiography of the
renal arteries and the abdominal
aorta. J Magn Reson Imaging 1997;
7:617–622.

107. Johnson PT, Halpern EJ, Kuszyk BS, et
al. Renal artery stenosis: CT angiog-
raphy—comparison of real-time vol-
ume-rendering and maximum inten-
sity projection algorithms. Radiology
1999; 211:337–343.

108. Wittenberg G, Kenn W, Tschammler
A, Sandstede J, Hahn D. Spiral CT
angiography of renal arteries: com-
parison with angiography. Eur Radiol
1999; 9:546–551.

109. Berg MH, Manninen HI, Vanninen
RL, Vainio PA, Soimakallio S. As-
sessment of renal artery stenosis with
CT angiography: usefulness of multi-
planar reformation, quantitative ste-
nosis measurements, and densitomet-
ric analysis of renal parenchymal
enhancement as adjuncts to MIP film
reading. J Comput Assist Tomogr
1998; 22:533–540.

110. Beregi JP, Elkohen M, Deklunder G,
Artaud D, Coullet JM, Wattinne.
Helical CT angiography compared
with arteriography in the detection of
renal artery stenosis. AJR Am J Roent-
genol 1996; 167:495–501.

111. Fommei E, Ghione S, Hilson AJW, et
al. Captopril radionuclide test in re-
novascular hypertension: a European
multicentre study. Eur J Nucl Med
1993; 20:617–623.

112. Nally J, Chen C, Fine E, et al. Diag-
nostic criteria of renovascular hyper-
tension with captopril renography: a
consensus statement. Am J Hypertens
1991; 4:7495–7525.

113. Prigent A. The diagnosis of renovas-
cular hypertension: the role of capto-
pril renal scintigraphy and related is-
sues. Eur J Nucl Med 1993; 20:625–
644.

114. Verschuyl EJ, Kaatee R, Beek FJ, et al.
Renal artery origins: best angio-
graphic projection angles. Radiology
1997; 205:115–120.

115. Beregi J, Mauroy B, Willoteaux S,
Mounier-Vehier C, Remy-Jardin M,
Francke J. Anatomic variation in the
origin of the main renal arteries: spiral
CTA evaluation. Eur Radiol 1999;
9:1330–1334.

116. Harrington DP, Levin DC, Garnic JD.
Compound angulation for the angio-
graphic evaluation of renal artery ste-
nosis. Radiology 1983; 146:829–831.

117. Caridi JG, Stavropoulos SW, Hawkins
IF Jr. Carbon dioxide digital sub-
traction angiography for renal artery
stent placement. J Vasc Interv Radiol
1999; 10:635–640.

118. Spinosa DJ, Matsumoto AH, Angle JF,

Hagspiel KD, McGraw JK, Ayers C.
Renal insufficiency: usefulness of ga-
dodiamide-enhanced renal angiogra-
phy to supplement CO2-enhanced re-
nal angiography for diagnosis and
percutaneous treatment. Radiology
1999; 210:663–672.

119. Madyoon H, Croushore L, Weaver D,
Mathur V. Use of fenoldopam to
prevent radiocontrast nephropathy in
high-risk patients. Cathet Cardiovasc
Interv 2001; 53:341–345.

120. Tepel M, van der Giet M, Schwarzfeld
C, Laufer U, Liermann D, Zidek W.
Prevention of radiographic-contrast-
agent-induced reductions in renal
function by acetylcysteine. N Engl
J Med 2000; 343:180–184.

121. Tetteroo E, Haaring C, van der Graaf
Y, van Schaik JP, van Engelen AD,
Mali WP. Therapeutic consequences
of variation in intraarterial pressure
measurements after iliac angioplasty.
Cardiovasc Intervent Radiol 1997; 20:
426–430.

122. Leiboff R, Bren G, Katz R, Korkegi R,
Ross A. Determinants of transste-
notic gradients observed during an-
gioplasty: an experimental model.
Am J Cardiol 1983; 52:1311–1317.

123. McWilliams RG, Robertson I, Smye
SW, Wijesinghe L, Kessel D. Sources
of error in intra-arterial pressure mea-
surements across a stenosis. Eur J
Vasc Endovasc Surg 1998; 15:535–540.

124. Rodriguez-Lopez JA, Werner A, Ray
LI, et al. Renal artery stenosis
treated with stent deployment: indi-
cations, technique, and outcome for
108 patients. J Vasc Surg 1999; 29:617–
624.

125. Becker GJ, Katzen BT, Dake MD.
Noncoronary angioplasty. Radiology
1989; 170(part 2):921–940.

126. Rees CR. Stents for atherosclerotic
renovascular disease. J Vasc Interv
Radiol 1999; 10:689–705.

127. Wilson SH, Berger PB, Mathew V, et
al. Immediate and late outcomes af-
ter direct stent implantation without
balloon predilation. J Am Coll Cardiol
2000; 35:937–943.

128. Fry RE, Fry WJ. Suprailiac aortore-
nal bypass with saphenous vein for
renovascular hypertrophy. Surg Gy-
necol Obstet 1989; 168:181–182.

129. Stoney RJ, Ollofson PA. Aortorenal
arterial autografts: the last two de-
cades. Ann Vasc Surg 1988; 2:169–173.

130. Dean RH, Wilson JP, Burko H, Foster
JH. Saphenous vein aortorenal by-
pass grafts: serial angiographic stud-
ies. Ann Surg 1974; 180:469–478.

131. Fergany A, Kolettis P, Novick AL.
The contemporary role of extra-ana-
tomic surgical renal revascularization
in patients with atherosclerotic renal

artery disease. J Urol 1995; 153:1798–
1802.

132. Moncure AC, Brewster DC, Darling
AC, et al. Use of the splenic and he-
patic arteries for renal revasculariza-
tion. J Vasc Surg 1986; 3:196–203.

133. Hansen KJ, Benjamin ME, Dean RH.
Techniques of operative management.
In: Rutherford RB, ed. Vascular sur-
gery. Philadelphia: WB Saunders,
1999;1683–1697.

134. Okuhn S, Reilly L, Bennett J, et al.
Intraoperative assessment of renal ar-
tery and visceral artery reconstruc-
tion: the role of duplex scanning and
spectral analysis. J Vasc Surg 1987;
5:137–147.

135. Hansen KJ, O’Neil EA, Reavis SW, et
al. Intraoperative duplex sonogra-
phy during renal artery reconstruc-
tion. J Vasc Surg 1991; 14:364–374.

136. Joint National Committee on Preven-
tion, Detection, Evaluation, and Treat-
ment of High Blood Pressure. Sixth
Report of the Joint National Commit-
tee on Prevention, Detection, Evalua-
tion, and Treatment of High Blood
Pressure. Arch Int Med 1997; 157:
2413–2446.

137. Perloff D, Grim C, Flack J, et al. Hu-
man blood pressure determination by
sphygmomanometry. Circulation 1993;
88:2460–2470.

138. 1999 World Health Organization In-
ternational Society of Hypertension
Guidelines for the Management of
Hypertension. Guidelines Subcom-
mittee. J Hypertens 1999; 17:151–183.

139. Walser M. Assessing renal function
from creatinine measurements in
adults with chronic renal failure. Am J
Kidney Dis 1998; 32:23–31.

140. Brown SC, O’Reilly PH. Iohexol
clearance for the determination of glo-
merular filtration rate in clinical prac-
tice: evidence for a new gold stan-
dard. J Urol 1991; 146:675–679.

141. Thomsen HS, Hvid-Jacobsen K. Es-
timation of glomerular filtration rate
from low-dose injection of iohexol
and a single blood sample. Invest Ra-
diol 1991; 26:332–336.

142. Rocco MV, Kuckalew VM JR, Moore
LC, Shihabi ZK. Capillary electro-
phoresis for the determination of glo-
merular filtration rate using radioac-
tive iohexol. Am J Kidney Dis 1996;
28:173–177.

143. Isaka Y, Fujiwara Y, Yamamoto S, et
al. Modified plasma clearance tech-
nique using nonradioactive iothalamate
for measuring GFR. Kidney Int 1992;
42:1006–1011.

144. Cockcroft DW, Gault MH. Predic-
tion of creatinine clearance from se-
rum creatinine. Nephron 1976; 16:31–
41.

145. Gault MH, Longerich LL, Harnett JD,

Rundback et al • S491Volume 14 Number 9 Part 2



Wesolowski C. Predicting glomeru-
lar filtration rate from adjusted serum
creatinine. Nephron 1992; 62:249–256.

146. Levey AS, Bosch JP, Lewis JB, Greene
T, Rogers N, Roth D. A more accu-
rate method to estimate glomerular
filtration rate from serum creatinine: a
new prediction equation. Modifica-
tion of Diet in Renal Disease Study
Group. Ann Intern Med 1999;
130:461–470.

147. Beek FJA, Kaatee R, Beutler J, van der
Ven PJ, Mali WPTM. Complications
during renal artery stent placement
for atherosclerotic ostial stenosis. Car-
diovasc and Intervent Radiol 1997; 20:
184–190.

148. Isner JM, Rosenfield K, Losordo DW,
et al. Percutaneous intravascular US
as adjunct to catheter-based interven-
tions: preliminary experience in pa-
tients with peripheral vascular dis-
ease. Radiology 1990; 175:61–70.

149. Sheikh KH, Davidson CJ, Kisslo KB,
et al. Comparison of intravascular
ultrasound, external ultrasound and
digital angiography for evaluation of
peripheral artery dimensions and
morphology. Am J Cardiol 1991; 67:
817–822.

150. Arko F, Mettauer M, McCollough R,
et al. Use of intravascular ultra-
sound improves long-term clinical
outcome in the endovascular manage-
ment of atherosclerotic aortoiliac oc-

clusive disease. J Vasc Surg 1998; 27:
614–623.

151. The Systolic Hypertension in the El-
derly Program Cooperative Research
Group. Implications of the systolic
hypertension in the elderly program.
Hypertension 1993; 21:335–343.

152. Johansson M, Herlitz H, Jensen G,
Rundqvist B, Friberg P. Increased
cardiovascular mortality in hyperten-
sive patients with renal artery steno-
sis: relation to sympathetic activation,
renal function and treatment regi-
mens. J Hypertens 1999; 17:1743–1750.

153. Weber M. Guidelines for assessing
outcomes of antihypertensive treat-
ment. Am J Cardiol 1999; 84(suppl):
2K–4K.

154. Khosla S, White C, Collins TJ, Jenkins
S, Shaw D, Ramee SR. Effects of re-
nal artery stent implantation in pa-
tients with renovascular hypertension
presenting with unstable angina or
congestive heart failure. Am J Cardiol
1997; 80:363–366.

155. Hansen KJ, Cherr GS, Craven TE, et
al. Management of ischemic ne-
phropathy: dialysis-free survival after
surgical repair. J Vasc Surg 2000; 32:
472–481.

156. Working Group on Renovascular Hy-
pertension. Final report: detection,
evaluation, and treatment of renovas-
cular hypertension. Arch Intern Med
1987; 147:820–829.

157. Pattynama PMT, Becker GJ, Brown J,

Zemel G, Benenati JF, Katzen BT.
Percutaneous angioplasty for athero-
sclerotic renal artery disease: effect on
renal function in azotemic patients.
Cardiovasc Intervent Radiol 1994; 17:
143–146.

158. Harden PN, MacLeod MJ, Rodger
RSC, et al. Effect of renal artery
stenting on progression of renovascu-
lar renal failure. Lancet 1997;
349:1133–1136.

159. Van Rooden CJ, van Bockel H, De
Backer GG, Hermans J, Chang PC.
Long-term outcome of surgical revas-
cularization in ischemic nephropathy:
normalization of average decline in
renal function. J Vasc Surg 1999; 29:
1037–1049.

160. Wight JP, Salzano S, Brown CB, El
Nahas AM. Natural history of
chronic renal failure: a reappraisal.
Nephrol Dial Transplant 1992; 7:379–
383.

161. Watson PS, Hadjipetrou P, Cox SV,
Piemonte TC, Eisenhauer AC. Effect
of renal artery stenting on renal func-
tion and size in patients with athero-
sclerotic renovascular disease. Circu-
lation 2000; 102:1671–1677.

162. Sacks D. Angiography and percuta-
neous vascular interventions: compli-
cations and quality improvement. In:
Rutherford RB, ed. Vascular surgery.
Philadelphia: WB Saunders, 1999;
796–812.

S492 • Guidelines for Reporting Renal Artery Revascularization in Clinical Trials September 2003 JVIR


