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is between 3 and 10 % [1]. Certain sub-groups of patients
are reported to have a higher prevalence. For example,
in one study 25-45% of hypertensive patients with pe-
ripheral vascular disease were found to have significant
(>50%) RAS at angiography [2]. In addition, RAS is
estimated to be the cause of hypertension in up to 33 %
of patients over the age of 60 years [3]. Derkx et al.
showed that 40% of patients referred to hypertensive
clinics were found to have RAS [4]. Renal artery stenos-
is may also play a part in the development of chronic re-
nal failure. In one study, 14 % of patients over 50-years
old with chronic renal failure requiring renal replace-
ment therapy in the United Kingdom were found to
have angiographic evidence of RAS [5]. Furthermore,
the presence of RAS is known to progress to eventual
occlusion in approximately 44 % of patients [6, 7].
Several studies have demonstrated that revascular-
isation of kidneys in patients with RAS leads to an im-
provement in blood pressure control as well as renal
function. Renal revascularisation may involve percuta-
neous renal artery angioplasty, percutaneous renal ar-
tery stenting or surgical revascularisation [8-11]. How-
ever, despite the significant incidence of RAS within
the hypertensive population and the ability to treat this
disease with good results, there is still a reluctance to
submit all patients with hypertension to conventional
angiography. Angiography is an invasive procedure in-
volving arterial catheterisation, administration of con-
trast material and appropriate patient after-care to
avoid complications. Ideally all patients with hyperten-
sion should be screened for RAS. However, convention-
al angiography is too invasive a procedure to perform on
all hypertensive patients. The holy grail of renal vascu-
Introduction lar imaging is the development of a non-invasive imag-
- ing test with sufficient accuracy to introduce as a screen-
Renal artery stenosis (RAS) is well recognised as a sag/ ing technique. To date, most non-invasive imaging tests,
nificant cause of hypertension and renal ;W in- such as ultrasound and nuclear medicine studies, are not
cidence of RAS in the general hypertensi opulation accurate enough or have not gained enough credibility
to be introduced as screening techniques.
The technique of magnetic resonance angiography
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ing success when imaging the renal arteries. However,
compared with ultrasound and nuclear medicine, the re-
nal arteries are directly visualised making MRA an at-
tractive proposition for screening. In an attempt to eval-
uate the accuracy of MRA we performed a study to
evaluate three-dimensional time-of-flight (TOF) MRA
after triple-dose gadolinium administration in patients
suspected of having RAS and compared this MRA tech-
nique with conventional angiography.

Materials and methods

Sixty-two consecutive patients with clinically suspected
secondary hypertension referred for conventional renal
angiography were enrolled in the study. Informed con-
sent was obtained from all patients and the study proto-
col was approved by the hospital ethics committee.
Each patient had conventional renal angiography and
gadolinium-cnhanced 3D MRA imaging for evaluation
of the renal arteries.

Conventional angiography was performed through a
femoral artery puncture using the Seldinger technique.
A 5-F pigtail catheter was placed (William Cook, Eu-
rope, Verskof BF, Denmark) in the aorta at the level of
the renal arteries. A flush aortic injection of 45 ml of io-
hexol (Omnipaque 300, Nycomed, Oslo, Norway) at
15 mi/s was performed and images were taken in the an-
teroposterior plane. If the renal arteries were not clearly
depicted, additional oblique projections were obtained
to identify the origins of the renal arteries. All images
were obtained using digital subtraction angiography
(DSA).

Magneltic resonance angiography of the renal arter-
ies was performed using a 1.5-T GE unit (General Elec-
tric, Milwaukee, Wis.). Following a sagittal localiser, a
3D TOF sequence was performed in the axial plane to
cover the location of renal arteries. A 3D FMP SPGR
sequence was used with the following imaging parame-
ters: TR: 26 ms, TE: 6.9 ms, flip angle 40°, field of view
(FOV) 36 x36 cm, matrix 256 x 256, 1 excitation
(NEX). A total of 60 x 1.5-mm-thick partitions were ac-
quired in 3 min, 32 s. Triple dose gadolinium (0.3 mmol/
kg) was administered during image acquisition. This was
administered through an IV cannula which was placed
prior to the patient entering the MR scanner. A long-
connecting tubing permitted gadolinium administration
without moving the patients out of the gantry. Contrast
administration by hand injection was commenced
10-20 s prior to the start of the imaging sequence and
was continued at a rate such that the infusion of contrast
was maintained throughout the TOF sequence until ap-
proximately 30 s before the end of imaging. The imag s
were reconstructed using a combination of vas
and reformatting software packages.

Both the gadolinium-enhanced FMP-8PGR images
and the conventional angiographic images were re-
viewed by three blinded observers experienced in vascu-
lar imaging. A consensus opinion was reached in each
case. The TOF MRA images were first reviewed fol-
lowed by conventional angiographic images at a time in-
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terval of 1 month. Images were analysed for the number
of renal arteries present, the length of the renal arteries
visualised and the presence or absence of stenosis or
vessel occlusion. The main renal artery as far as the hi-
fum is considered to be the proximal 60% with the in-
tra-renal portion making up the remaining 40 %; thus,
if the renal artery was visualised half way to the hilum,
it was considered as the proximal 30 %. Only stenoses
greater than 50 % on convention angiography were con-
sidered for the purposes of this study. The stenoses were
graded by visual inspection.

The results were analysed and the 3D MRA study
was compared with the gold standard of conventional

- DSA.

Results

In all 62 patients the two imaging studies were available
for comparison (Fig.1). Conventional renal angiogra-
phy demonstrated 138 renal arteries. This included 4 pa-
tients with renal transplants, 1 patient who had a previ-
ous nephrectomy and 14 patients with a total of 19 ac-
cessory renal arteries. Of the 138 renal arteries, there
were 21 stenotic arteries (Figs. 2, 3), 4 occluded arteries
(Fig.4) and 1 major branch occlusion (Table 1).

Gadolinium-enhanced 3D TOF imaging was consid-
ered of diagnostic quality in all patients. A total of 129
of 138 (93 % ) renal arteries were visualised. The 9 arter-
ies not seen were all accessory renal arteries (Fig.4).
Twenty-one renal artery stenoses were demonstrated
with 19 of these correlating with conventional angiogra-
phy. In addition, gadolinium-enhanced 3D MRA diag-
nosed all 4 renal artery occlusions but failed to diagnose
the branch occlusion; thus, there were two false-positive
(Fig.4) and three false-negative results encountered
with gadolinium-enhanced 3D TOF MRA. With gado-
linium-enhanced MRA the parenchymal vessels were
never seen. The average length of renal artery seen
with gadolinium-enhanced 3D MRA was 40%. Of the
21 stenotic renal arteries, 1 was due to fibro-muscular
hyperplasia (Fig.5). This diagnosis was confirmed on
MRA. Another patient with a single kidney was found
to have a renal artery aneurysm seen at both DSA and
MRA.

The sensitivity and specificity of gadolinium-en-
hanced 3D MRA in detecting RAS and occlusion was
88 and 98 %, respectively. The accuracy was 96 %. The
positive predictive value was 92 % and the negative pre-
dictive value was 97 %

Discussion

Magnetic resonance angiography is evolving as a useful
non-invasive technique for evaluating many arterial sys-
tems within the body [12-15]. In the evaluation of RAS,
TOF techniques and phase-contrast techniques were
first used. Sensitivities and specificities for the detection
of RAS in these early studies were encouraglng despite
the often small patient numbers.
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Debatin et al. reported that a combination of 2D cor-
onal TOF and axial- and coronal-phase contrast imag-
ing of renal arteries demonstrated a sensitivity of 87 %
and specificity of 97% in detecting 15 renal artery
stenoses [16]. Gedroyc et al. [17] evaluated 3D phase
contrast in 74 patients. It was non-diagnostic in 14 pa-
tients. The calculated sensitivity and specificity were 84
and 91 %, respectively in 37 renal artery stenoses. De
Haan et al. [18] demonstrated no benefit with the addi-
tional use of systolic and diastolic gating in the detection
of significant renal stenoses using 3D phased-contrast
MRA. These, in combination with other studies from
DeCobelli etal. [19] and Loubeyre et al [20]. shows
that although phase contrast can produce impressive im-
ages, there are numerous problems including long ac-
quisition time, limited acquisition volume with reduced
detection rate of accessory vessels and an unacceptable
rate of non-diagnostic studies. Using a non-contrast 2D
TOF sequence in 21 patients, Servois et al. demonstrat-
ed a sensitivity of 70-85% and a specificity of 78-86 %
for detecting RAS > 50% [21]. Also using a 2D TOF
MRA sequence Ecklund et al. demonstrated seven of
eight significant renal artery stenoses ( > 50 % ) in 20 pa-
tients [22]. Similarly, in a study with 24 significant
(>50%) renal artery stenoses discovered at angiogra-
phy, 3D TOF without contrast had a sensitivity of
100 %, specificity of 76 % and positive predictive value
of 54 % [23]. Using a dynamic 3D SPGR sequence simi-
lar to ours, Rieumont et al. obtained a sensitivity of
100 %, specificity of 71 %, negative predictive value of
100 % and a positive predictive value of 89 % in 30 pa-
tients with significant stenoso-occlusive disease in 42
vessels [24].

One of the problems that became apparent when us-
ing the TOF technique was the loss of signal intensity
from “in-plane” flow. To overcome this, Prince pro-
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Fig.1. a Reformatted gadolini-
um-enhanced magnetic reso-
nance angiography (MRA) im-
age demonstrates no renal artery
stenosis (RAS) but early bifurca-
tion of the renal artery on the
right. b Digital subtraction angi-
ography confirms the absence of
any RAS and correlates well with
MRA

Fig.2. a Reformatted gadolini-
um-enhanced MRA image dem-
onstrates a stenosis (arrow) in the
proximal portion of the right re-
nal artery. Mild post-stenotic di-
latation is also noted. b Digital
subtraction angiography on the
same patient confirms the pres-
ence of a stenosis (arrow) in the
right renal artery proximally

Fig.3. a Reformatted gadolinium-enhanced MRA image of a
transplant renal artery in the right iliac fossa depicts a short focal
stenosis (arrow) at the origin of the transplant renal artery. b Dig-
ital subtraction angiography in the same patient gives excellent
correlation of the anatomy of the transplant artery and also the
short focal stenosis (arrow) at its origin

posed using high-dose gadolinium enhancement to
boost the signal from blood within the imaging volume
[25]. He demonstrated improved signal from the aorta
and branch vessels using high-dose gadolinium with a
3D TOF sequence. In the same study he showed an
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Fig.4. a Reformatted gadolini-
um-enhanced MRA shows an oc-
clusion of the left renal artery and
one right renal artery with an ap-
parent stenosis (arrow). b Digital
subtraction angiography confirms
a left renal artery occlusion and
shows an accessory right renal ar-
tery. No RAS is evident, indicat-
ing that MRA was falsely positive

Fig.5. a Reformatted gadolini-
um-enhanced MRA image of the
renal arteries shows beading (ar-
rows) of the right renal artery in
its mid-portion. The appearances
were believed to represent fibro-
muscular hyperplasia. b Digital
subtraction angiography in the
same patient confirms the pres-
ence of fibromuscular hyperpla-
sia with beading and stenosis of
the right renal artery. Left renal
artery appears normal

Table 1. Comparison of digital subtraction angiography (DSA) with gadolinium-enhanced magnetic resonance angiography (MRA). TOF

time of flight
No. of No. of No. of accessory Percentage of Stenosis Occlusion (main
patients arteries arteries main artery seen artery or branch)
DSA : 62 138 19 100 21 5
3D TOF (triple-dose gadofinium) 62 129 10 40 19 4

Table 2, Sensitivity, specificity and accuracy of contrast-enhanced
3D TOF MRA for renal artery stenosis

Sensitivity (%)  Specificity (%)
88 98

Accuracy (%)
96

3D TOF

85% sensitivity and 93 % specificity in 59 patients with
20 significant renal artery stenoses. This study also con-
firmed the safety of high-dose gadolinium which had
been described in previous studies [26].

In a later study comparing a combination of five
MRA techniques (sagittal T1, coronal 3D SPGR gado-
linium enhanced, sagittat 2D TOF, axial 2D TOF and
axial 3D phased contrast) with angiography or operative
correlation in 153 abdominal vascular segments (iliac,
splanchnic or renal), Prince et al. showed a sensitivity
of 94 % and a specificity of 98 % for stenoses graded as
moderate or severe [27]. In an attempt to corroborate
Prince’s findings, we used a non-breath-hold 3D gado-
linium-enhanced MRA technique.

Our results compare favourably with previously de-
scribed results with a sensitivity of 88 % and a specificity
of 98 % for the detection of RAS. The total number of
renal arteries present in this study was 138 with a total
of 19 accessory renal arteries. The accuracy of MRA in
detecting accessory renal arteries was 53 %. The identi-

fication of accessory renal arteries is important as signif-
icant stenosis can be encountered involving accessory
renal arteries. Our low accuracy in identifying accessory
renal arteries may reflect the axial acquisition of images.
Accessory renal arteries may have been outside the im-
aging volume; however, even when inside the imaging
volume, accessory arteries may be missed due to their
small size.

Gadolinium-enhanced MRA demonstrated the prox-
imal 40 % of the renal artery in 95 % of patients; in other
words, the intra-parenchymal vessels were generally not
seen using this technique. This was undoubtedly related
to the non-breath-hold technique used with the smaller
intra-parenchymal vessels becoming blurred due to
breathing and movement artefact. However, this did
not result in any diagnostic handicap regarding the iden-
tification of renal artery stenoses apart from one branch
occlusion. The vast majority of renal artery stenoses oc-
cur within the first 1-2 cm of the origin of the renal ar-
tery as was the case in this study.

We chose to evaluate the MRA images for the pres-
ence or absence of RAS without trying to quantify the
stenosis. There are numerous reasons for our course of
action. Firstly, the accuracy of any attempted measure-
ment techniques for quantifying RAS on MRA images
is dubious. It is well recognised that techniques depend-
ing on flow suffer from loss of signal in the presence of
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turbulent {low; therefore, stenoses may be exaggerated.
Although, with the use of gadolinium, this effect would
be minimal, the technique used was a non-breath-hold
technique so that measurements of the renal artery
would be affected by breathing artefact. Secondly, our
algorithm in using MR A as a screening technique would
be that any perceived abnormality on MRA would war-
rant conventional angiography for further evaluation.
Conventional angiography is the gold standard and
would be required for treatment planning, whether the
treatment is by angiographic or surgical methods.

We recognise some limitations in our study. We did
not use a breath-hold technique because many of our

patients were oldér and our initial study protocol desig-

nated a non-breath-hold technique. Undoubtedly, the
faster gradients available on newer MR units, coupled
with breath-hold technique and dynamic administration
of gadolinium, is thought by some authors to be the
most accurate way of examining the renal arteries [28,
29]. Nevertheless, our sensitivity of 95 % and specificity
of 99% in the detection of RAS is encouraging.

In conclusion, non-breath-hold 3D gadolinium-en-
hanced MRA has a sensitivity of 95%, a specificity of
99% and an overall accuracy of 96% in the detection
of RAS in this study. Although larger numbers of pa-
tients will have to be enrolled to validate these results,
the initial high sensitivity and specificity are encourag-
ing.
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