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Abstract
Objectives To evaluate steady-state free precession (SSFP)
non-contrast-enhanced MR angiography (Unenhanced-MRA)
versus conventional contrast-enhanced MR angiography
(CE-MRA) in the detection of renal artery stenosis (RAS).
Methods Retrospective analysis of 70 consecutive patients
referred for suspected RAS, examined by SSFP
Unenhanced-MRA and CE-MRA. Image quality, quality of
visible renal arterial segments, presence and grade of RAS
were evaluated. The Unenhanced-MRA were compared
against reference standard CE-MRA results.
Results 149 renal arteries were assessed with 21 haemody-
namically significant stenoses (≥50% stenosis) demonstrated
by CE-MRA. Combined sensitivity and specificity for RAS
detection by Unenhanced-MRA was 72.8% and 97.8%
respectively. There is substantial correlation for RAS detec-
tion between Unenhanced-MRA and CE-MRA with kappa
values of between 0.64 and 0.74. There was excellent inter-
observer correlation for RAS on Unenhanced-MRA (kappa
values 0.82–1.0).
Conclusions Our study has shown Unenhanced-MRA to be
a viable alternative to CE-MRA, yielding images equal in
quality without the requirement for gadolinium contrast
agents. The sensitivity and specificity for the detection of
haemodynamically significant stenoses are comparable to

CE-MRA. Potentially, Unenhanced-MRA could be used as
an initial investigation to avoid performing CE-MRA in
patients with normal renal arteries, however we suggest that
its real value will lie in being complementary to CE-MRA.
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angiography . Renal MRA . Non-contrast MRA .
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Introduction

Renal artery stenosis (RAS) is a well recognised,
potentially reversible secondary cause of hypertension
and renal impairment in middle age and beyond. Early
detection of RAS facilitates early clinical management by
medical, radiological or surgical techniques such as
angioplasty, stenting and surgical revascularisation,
resulting in control of hypertension and preservation of
renal function. Conventional intra-arterial angiography is
considered the gold-standard examination for assessment
of renal arterial calibre but incurs the risks of an invasive
technique, the use of ionising radiation and nephrotoxic
iodinated contrast media as well as the potential
requirement for inpatient stay.

Three-dimensional (3D) gadolinium contrast-enhanced
MR angiography (CE-MRA) has been proven to be a
sensitive and effective non-invasive investigation to evalu-
ate renal artery stenosis [1–5]. However, contrast-enhanced
techniques are not without their drawbacks and limitations.
Technical considerations include possible reduction in
spatial resolution secondary to inadequate patient breath-
holding for this examination whilst further artefacts may be
caused by involuntary diaphragmatic motion [6] or renal
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artery movement and pulsatility during the cardiac cycle
[7]. Economic considerations include the substantial cost of
gadolinium contrast agents. Clinical considerations include
the potential risk of nephrogenic systemic fibrosis (NSF)
which has been reported in patients with markedly reduced
glomerular filtration who have received high doses of some
gadolinium preparations [8–10].

Non-contrast-enhanced MR angiography (Unenhanced-
MRA) has therefore been re-explored over the last
18 months as a new alternative non-invasive investigation
avoiding the drawbacks inherent to CE-MRA. Steady-state
free procession (SSFP) pulse sequences produce a high
blood signal-to-noise ratio with short acquisition times and
have been shown to be a viable Unenhanced-MRA
alternative to CE-MRA in the assessment of renal artery
stenosis [11, 12].

Our retrospective study compares the diagnostic efficacy
of a free-breathing SSFP Unenhanced-MRA technique with
conventional 3D CE-MRA performed in 70 patients with
suspected renal artery stenosis.

Materials and methods

Patients

Local Ethics Committee approval was obtained for the new
NC-MRA sequence. Local Ethics Committee approval was
not sought for this retrospective study. The study group
consisted of 70 consecutive patients referred by the
Nephrologists at the Imperial College NHS Trust Renal
Unit for renal MRA (34 females, 36 males, age range 13–
87 years with a mean age of 60 years). The clinical
indications were (a) suspected RAS (b) potential renal
donor. Both CE-MRA and SSFP Unenhanced-MRA were
performed at the same attendance.

MRI technique

All examinations were performed with a 1.5 T GE HDxt
MR system. The slew rate was 130(mT.m-1)/msec. An 8-
channel phased array body coil was used for signal
reception. The patient underwent MRI feet first with the
arms above the head where possible.

The Unenhanced-MRA sequence was performed first
using a 3D fat-suppressed SSFP proprietary sequence
(Inhance, GE Medical) Inversion Recovery pulse sequence.
The imaging sequence was planned in the transverse imaging
plane with an imaging range covering both kidneys. Free
breathing was allowed with respiratory bellows used. The
phase lines were acquired via respiratory triggering. Parallel
imaging (array spatial sensitivity encoding technique
(ASSET)) was used in the in-plane phase encode direction

with an acceleration factor of 2. MR parameters were as
follows: TE=2.2 ms, TR=4.4 ms, flip angle 90o, TI=200 ms,
blood suppression inversion time TI=1,200 ms, receiver
band width 488 Hz/pixel, field of view 360 mm, slice
thickness 2 mm, frequency matrix: 256, phase matrix 256,
phase field of view 0.80 (275 mm), acquired spatial
resolution: 1.4 mm×1.3 mm×2 mm, reconstruction spatial
resolution 0.7 mm×0.65 mm×1 mm, acquisition time 3–
5 min depending on the patient’s respiration rate and anatomy.

The CE-MRA sequence was a 3D fast spoiled gradient
echo (FSPGR). The imaging sequence was planned in a
coronal plane with an anatomical range covering both kidneys
and the aorta. Automatic triggering (Smart prep) was used to
start MR data acquisition when the contrast agent reached an
optimal concentration in the renal arteries, detected by
positioning a “tracker” in the aorta just superior to the renal
arteries. The maximum monitoring period was 40 s. A 6-
second pause for breath-hold was allowed before the sequence
was initiated. Suspension of respiration was required for the
duration of MR data acquisition. Parallel imaging (ASSET)
was used in the in-plane phase encode direction with an
acceleration factor of 1.5. The MR imaging parameters were
as follows: TE=1.5 ms, TR=4.9 ms, flip angle = 30o,
TI=17 ms, receiver band width 163 Hz/pixel, image range
field of view: 400 mm or to cover from the femoral vessels
to the hemidiaphragm, slice thickness 3.0 mm, locations per
slab 36, frequency matrix 320, phase matrix 160; the phase
FOV is reduced dependent on the patient’s size, with a 0.8
phase field of view generally adequate. Acquired spatial
resolution was 0.6 mm×3 mm×3.4 mm; reconstruction
spatial resolution 0.93 mm×0.93 mm×1.7 mm, acquisition
time 16–20 s breath-hold. 10 ml of gadobutrol contrast
(GADOVIST 1.0, BAYER, Berkshire, UK) was injected by
hand at 2 ml/s followed by 20 ml normal saline while the
smart preparation function monitored for the change of
signal indicating the arrival of contrast agent.

Image analysis

Two consultant radiologists experienced in the analysis of
renal MR angiography (25 years and 11 years respectively)
independently analysed the CE-MRA and Unenhanced-
MRA images on a workstation with access to the source
data, maximum intensity projection (MIP), reformatted
views and volume rendered images.

The readers noted the number of renal arteries. The
overall quality of the imaging was graded on a 4-point
scale from 1 (non-diagnostic images) to 4 (excellent
image quality allowing optimal evaluation with high
diagnostic confidence). The renal arteries were subjec-
tively divided into four visible segments for analysis.
The visible segments of the renal arteries (ostium, main,
trunk and peripheral segments) (Fig. 1) were each graded
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on a 4-point scale from 1 (non-diagnostic images) to 4
(excellent image quality with high homogeneous signal
intensity within the vessel lumen allowing optimal
evaluation with high diagnostic confidence). Each renal
artery segment (ostium, main, trunk, peripheral segments)
was graded for stenosis as follows: (1) <20% luminal
narrowing; (2) 20–49% luminal narrowing; (3) 50–74%
luminal narrowing; (4) 75–99% luminal narrowing; (5)
complete vessel occlusion with (1) to (2) being classified
as haemodynamically insignificant renal artery stenosis
(<50%) and (3) to (5) being considered as haemodynamically
significant (≥50% stenosis), a criteria applied in previous
studies [12, 13].

The CE-MRA images were evaluated by the same
criteria as above. After independent review, a consensus
reading was performed to resolve any discrepancies
between the two readers. These consensus CE-MRA data
were used as the reference standard for the Unenhanced-
MRA readings.

Statistical analysis

All statistical calculations were performed using SPSS
version 16 (SPSS Inc, Chicago, IL, USA).

The Unenhanced-MRA data was compared with the
CE-MRA. The sensitivity and specificity for both readers in

identifying a renal artery stenosis of >50% luminal narrowing
was calculated for each segment (ostium to periphery) of each
artery using the consensus CE-MRA as the gold standard.

In order to test correlation in detecting RAS (Graded
1–5) between the gold standard CE-MRA and the
Unenhanced-MRA gradings obtained by Reader 1 and
Reader 2, kappa values were calculated for each reader for
each renal artery segment. Inter-observer agreement for
Unenhanced-MRA was also calculated for all four renal
artery segments (ostium to periphery) for grades 1–5 of
RAS. The interobserver agreement between the two readers
was assessed using kappa statistics.

Results

Both CE-MRA and Unenhanced-MRA were performed in
all 70 patients. There were three absent renal arteries
because of congenital absence or previous nephrectomy. 12
patients had accessory renal arteries, therefore a total of 149
renal arteries were assessed. A total of 21 arteries (14%)
demonstrated a stenosis of ≥50% (grade 3–5).

Qualitative assessment of the overall diagnostic quality of
the Unenhanced-MRA sequence, combining both readers’
individual renal artery evaluation, demonstrated that the
overall number of arteries that had comparable or better
quality than CE-MRA was 85.7% (Table 1). Using our

Fig. 1 Renal artery segments.
The renal artery divided into 4
segments: the ostium (solid
line), trunk (between solid and
dashed line), main (between
dashed and dotted line) and
peripheral (distal to the dotted
line)

Table 1 Qualitative assessment of the overall diagnostic image
quality of each renal artery segment on Unenhanced-MRA graded
equal to or better than CE-MRA

NC-MRA image
quality (By Segment)

% where Unenhanced-MRA better than or
equal to CE-MRA for both readers

All 85.7%

Ostium 87.9%

Trunk 88.6%

Main 81.0%

Periphery 85.9%

Table 2 Kappa Values for Reader 1 and Reader 2 comparing
agreement between grade of stenosis (grade 1–5) on Unenhanced-
MRA with gold standard Consensus CE MRA at the ostium, trunk,
main and peripheral segments

Segment Reader 1 (kappa value) Reader 2 (kappa value)

Ostium 0.74 0.68

Trunk 0.71 0.64

Main 0.64 0.64

Periphery 0.63 0.63
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reference standard of 80%, at 95% CI, the overall diagnostic
quality of Unenhanced-MRA was therefore considered
comparable to that of CE-MRA.

The quality of the images at the four renal artery
segments assessed by Unenhanced-MRA, combining
both readers’ individual renal artery segment evaluations,
demonstrated that at the ostium, main, trunk and
peripheral segments of the artery, a total of 87.9%,
88.6%, 81.0% and 85.9% respectively were of equal or
better quality than CE-MRA (Table 1).

The sensitivity and specificity of Unenhanced-MRA for
the detection of haemodynamically significant stenoses
(≥50%) for reader 1 was 77.1% and 97.8%. The figures for
Reader 2 were 68.6% and 97.9% respectively. The combined
sensitivity and specificity were 72.8% and 97.8% respectively.

The kappa value for agreement between grade of
stenosis (grades 1–5) on consensus CE-MRA and
Unenhanced-MRA was 0.74 for Reader 1 and 0.68 for
Reader 2 at the ostium. 0.71 (Reader 1) and 0.64 (Reader 2)
at the trunk, 0.64 (Reader 1) and 0.64 (Reader 2) in the
main renal artery and 0.63 (Reader 1) and 0.63 (Reader 2)
in the peripheral artery. These values indicate substantial
agreement in the determination of all grades of renal artery
stenosis [19]. (Table 2)

The interobserver agreement (comparing Reader 1 and
Reader 2) among Unenhanced-MRA readings for all
categories of stenosis (grades 1 to 5 inclusive) was almost
perfect with kappa values of 0.88 at the ostium, 0.82 at the
trunk, 1.0 for the main artery and 1.0 for the peripheral
arteries [19] (Table 3).

Fig. 2 Normal bilateral renal
arteries demonstrated by
corresponding MIP images of
(a) Unenhanced-MRA and
(b) CE-MRA

Table 3 Interobserver agreement between Reader 1 and Reader 2 on
reporting renal artery stenosis, grades 1–5, on Unenhanced-MRA

Segment Kappa value Agreement grade

Ostium 0.88 Near Perfect

Trunk 0.82 Near Perfect

Main 1.0 Near Perfect

Periphery 1.0 Near Perfect
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Discussion

Our results show that SSFP Unenhanced-MRA is capable
of yielding consistent diagnostic quality renal artery
angiographic images (Figs. 2a,b & 3a,b). Analysis of
images showed that even the quality of renal artery
delineation in its intrarenal peripheral branches was
comparable or better than CE-MRA in diagnostic quality
(Figs. 2a,b & 4).

Our overall combined sensitivity and specificity for
detecting haemodynamically significant renal artery steno-
ses were comparable to those of previously published
studies in which sensitivity and specificity ranged from 78
to 100% and 84 to 95% respectively [12–15].

Using a threshold of ≥50% renal artery stenosis, Reader
1 and 2 had a sensitivity of 77.1 and 68.6% respectively in
detecting RAS on Unenhanced-MRA, implying a tendency

to somewhat underestimate stenosis which is interesting as
other studies have reported that Unenhanced-MRA has a
tendency to overestimate stenoses [12, 13]. However the
high kappa values for correlation between the consensus
CE-MRA and Unenhanced-MRA stenosis grading are
noteworthy as they indicate substantial agreement. In
addition there was near perfect inter-observer agreement
for Unenhanced-MRA in detecting grade 1–5 stenosis.

How might these results affect clinical practice? One
potential algorithm would be feasible if Unenhanced-MRA is
performed initially, immediately reviewed by a Radiologist
and if there is no stenosis identified (ie the renal arteries are
Grade 1) then the patient does not require further CE-MRA,
whereas if a stenosis is identified (Grade 2 or above) the
patient immediately proceeds to CE-MRA. As the majority of
patients in our study demonstrated Grade 1 renal arteries (no
stenosis) an algorithm of this type might help a significant

Fig. 3 Moderate right renal
artery stenosis (white arrows)
demonstrated on corresponding
MIP images of (a) Unenhanced-
MRA and (b) CE-MRA. Normal
left renal artery. Incidental right
common iliac artery aneurysm
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number of patients to avoid CE-MRA. However we recognise
that this approach is only feasible if a Radiologist is available
to instantly review the images, otherwise patients would
experience greater inconvenience when recalled for a separate
examination or alternatively there may be loss of scanning
time due to delays in waiting for Unenhanced-MRA to be
reviewed. Practically speaking therefore, we suggest that in
many centres Unenhanced-MRA is more likely to become
an additional imaging technique complementing the
information yielded by the CE MRA by offering the
advantages outlined below.

The inherent nature of Unenhanced-MRA techniques
offers valuable advantages over CE-MRA beyond that of
avoiding the administration of gadolinium contrast agents. By
not using contrast media, problems with errant bolus timing,
venous contamination of images and renal parenchymal
enhancement are removed. Equally, an Unenhanced-MRA
study can be easily repeatable if circumstances require whilst
a non-breath-hold technique often allows diagnostic imaging
to be obtained in patients who cannot hold their breath for a
conventional CE-MRA setting which is a particularly
important advantage. It has been noted that the intraparen-
chymal renal vessels can often be better demonstrated and
delineated on Unenhanced-MRA [12] (Figs. 2a,b and 4). Our
anecdotal observations support this finding but whether this
is of significant clinical value is unsubstantiated at present.

The limitations of this study include those of the
Unenhanced-MRA technique and those of the study.
Current limitations of the Unenhanced-MRA technique
include a small field of view with limited craniocaudal

volumetric coverage so that accessory arteries arising from
outside of the image volume may not be demonstrated. A
further more caudal sequence would address this problem
and could either be performed on a case by case basis, after
review of imaging by the technologist or Radiologist or
alternatively could be routinely performed in all patients
with the disadvantage that this would add to examination
time. Whilst other authors have expressed concerns over
compromised image quality in patients with reduced renal
arterial flow this was not a problem encountered in this
cohort of patients, nor have we found this to be a
substantial problem in clinical practice.

Despite a moderately sized patient group, our study is
limited by the small number of significant renal artery
stenoses. The choice of ≥50% stenosis as haemodynami-
cally significant was based on similar studies [12, 13]. It
could be argued that a more severe stenosis (≥75%) should
have been chosen to reflect a stenosis which would be very
likely to cause renovascular hypertension, but this would
have further limited our study by decreasing patients with
‘significant’ stenosis.

Our study is also limited since the division of the renal
artery into four segments (Fig. 1) may be somewhat
subjective, particularly between the main and trunk artery,
leading to potential discrepancies in allocation of grading
between segments: this limitation would tend to cause
decreased sensitivity and specificity and may explain the
slightly lower sensitivities when compared to other pub-
lished data. This could potentially be addressed by grouping
all segments together and considering each artery as a whole.

Fig. 4 Clear delineation of
intraparenchymal vessels on
Unenhanced-MRA imaging,
compared to corresponding CE-
MRA images
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While some might suggest that intra-arterial digital
subtraction angiography (IADSA) should be the reference
gold standard rather than CE-MRA, there is sufficient
evidence that CE-MRA has a high degree of accuracy
compared with IADSA and it would therefore be ethically
challenging to justify such an invasive technique: A meta-
analysis from Tan et al. published in 2002, advocated the
use of CE-MRA to replace conventional angiography in
RAS diagnosis [16–18].

In conclusion, our study has shown Unenhanced-MRA
to be a viable alternative to CE-MRA, yielding images
equal in quality to those of CE-MRA without the
requirement for gadolinium contrast agents, this adds to
the literature in this relatively new area. The sensitivity
and specificity for the detection of haemodynamically
significant stenoses are moderate to high and the reported
tendency for Unenhanced-MRA to overestimate stenoses
was not reproduced. There was high correlation between
CE-MRA and Unenhanced-MRA for classification of
grades 1–5 renal artery calibre as well as high inter-
observer correlation for Unenhanced-MRA alone between
the two readers. In theory these results could allow a
new clinical algorithm to be put into place whereby the
Unenhanced-MRA is performed initially, followed by
immediate review by a Radiologist, so that CE-MRA is
only performed if a stenosis of >25% is identified on
the Unenhanced-MRA. In practice however, this might
be difficult to achieve and it is more likely that
Unenhanced-MRA will be performed as a complementary
technique to CE- MRA, being particularly valuable
where there are problems with contrast injection timing
and breath-holding.
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