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Non-Contrast Renal MR Angiography: Value of Subtraction 
of Tagging and Non-Tagging Technique
Takehiro Shimada, MD, Makoto Amanuma, MD, Ayako Takahashi, MD, and Yoshito Tsushima, MD

Purpose: The aim of this study was to examine the usefulness of the subtraction technique of non-contrast 
renal magnetic resonance angiography (MRA) between tagged and non-tagged data collection.
Material and Methods: We performed renal MRA on eleven healthy volunteers using a 3T MRI unit. For 
renal MRA, a three dimensional balanced type steady-state free precession (SSFP) sequence (True FISP, 
Siemens) was used with diaphragmatic navigator gating. We tried to acquire selective arterial images by 
subtracting black-blood images (tagged images, on which arterial longitudinal magnetization was nearly 
zero by selective inversion of upper-stream aortic flow) from bright-blood images (non-tagged images, on 
which arterial flow is bright due to inflow effect). For analysis, two radiologists independently evaluated 
the visual quality of the axial and coronal targeted maximum intensity projection images (MIP) of original 
bright-blood MRA and subtraction MRA.
Results: Visualization of the main stem of the renal arteries and their 1st branches were satisfactory on 
both techniques, and there was no statistically significant difference. The score of 2nd branch appeared 
superior with the subtraction method, but only the right side showed a statistically significant difference 
(P <0.01). Visualization of small intraparenchymal arteries was significantly superior with subtraction 
method on both sides.
Conclusion: We tried to improve selective demonstration of renal arterial branches using subtraction 
technique. Although full sequence optimization was not performed, this pilot study showed this technique 
to be slightly time-consuming but superior in visualization of peripheral branches and possibly more 
sensitive in detecting small vessel abnormalities.
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IntroductIon

In the diagnosis of renal artery stenosis, catheter an-
giography has been considered the gold standard, but 

contrast-enhanced computed tomographic angiography 
(CTA) and magnetic resonance angiography (MRA) have 
replaced it in recent years.1–3) Catheter angiography is a 
highly invasive technique, and iodinated contrast mate-
rials carry the risk of side effects such as renal toxicity 
and allergic reactions.4) Gadolinium contrast agents also 
carry the risk of acute side effects, and NSF (nephrogenic 
systemic fibrosis) is also a concern in patients with renal 
dysfunction.5,6)

More recently, MRA without contrast agents has 
become increasingly common in the clinical setting, not 
only in head and neck region, but also in the body and 
extremities.7,8) Excellent image quality has been reported 
in renal MR angiography on 1.5T MR units, and the 
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usefulness of MRA of the head in higher field units has 
been established.9) Lanzman et al. reported the useful-
ness of non-contrast renal MRA performed on a 3 Tesla 
unit.10,11) The report suggests superior image quality in 
higher field units is due to both an increase of blood signal 
and a decrease of retroperitoneal tissue signal. Blood flow 
signal from the inferior vena cava and renal vein are sup-
pressed by inversion pulses, but inadequate suppression 
may occur in some cases due to higher velocity blood 
flow. These may increase signal intensity around the renal 
arteries, impairing depiction of peripheral branches on 
non-contrast MRA.

In contrast-enhanced MRA, subtraction technique 
between 3D slabs before and after contrast administration 
is routinely performed for improving vascular visualiza-
tion.12,13) In this technique, if data acquisition timing is 
not optimal and renal parenchyma becomes enhanced, 
selective visualization of the renal artery is impeded. 
However, with appropriate data acquisition timing, excel-
lent selective visualization is possible. On the other hand, 
the subtraction technique is also feasible on non-contrast 
MRA, by obtaining images with and without tagging of 
upper-stream arterial flow.14) Subtraction MRA may, in 
fact, be more suitable for this technique than contrast-
enhanced MRA, because there is no major difference in 
the renal parenchyma signal between images with and 
without flow tagging for the former. The aim of this study 
was to examine the usefulness of subtraction technique 
of non-contrast renal MRA.

MaterIal and Methods

This study was approved by our institutional review 
board, and informed consent was obtained from all 
subjects.

We performed renal MRA on eleven healthy volunteers 
(seven men and four women; age range, 24–49 years; 
mean age 30.6 years; body weight range, 45 to 80 kg; 
mean, 60.3 kg) using a 3T MRI unit (Magnetom Trio 3T, 

Siemens AG, Erlangen, Germany) in Gunma University 
Hospital from March 2011 to May 2011. An eight-channel 
phased array coil was used with a spinal matrix coil. 
For renal MRA, a three dimensional steady-state free 
precession (SSFP) sequence (True FISP, Siemens) was 
used with diaphragmatic navigator gating. For navigator 
gating, a two-dimensional selective pencil-beam excita-
tion pulse was used to detect the position of the right 
hemidiaphragm during normal breathing. Data were 
obtained during expiration, during which diaphragmatic 
motion would be minimal. Navigation pulses were placed 
to avoid excitation of the right kidney.

Detailed imaging parameters are shown on Table 1. 
For all MRA studies, a single three-dimensional slab 
was placed in a transaxial plane. We tried to acquire 
selective arterial images by subtracting black-blood 
tagged images from bright-blood non-tagged images. 
The bright-blood images are the same as those of the 
commonly used non-contrast MRA technique, depict-
ing the arterial flow entering the imaging slab as high 
signal. Background signal suppression was performed 
by a selective inversion pulse covering the slab. After the 
180-degree pulse, the background static tissue recovers 
and its longitudinal magnetization decreases toward the 
null point. To suppress the fat tissue signal, an additional 
frequency selective fat saturation pulse was applied just 
before data acquisition. The black-blood images were 
acquired in an identical manner, except for additional 
suppression of arterial inflow by applying a tagging pulse 
covering the heart.

The resulting time interval between the first inversion 
pulse and effective echo time was set at 1280 msec.15,16) 
Finally, we subtracted the two image sets, and visualiza-
tion of renal arterial branches was subjectively analyzed.

For analysis, two radiologists independently evaluated 
the visual quality of the axial and coronal MIP image set. 
Original bright-blood MRA and subtraction MRA were 
mixed and randomly ordered for evaluation. The image 
quality was evaluated at four segments: a) main trunk of 
renal artery; b) 1st branches (ventral and dorsal branch); 
c) 2nd branches; d) arcuate arteries. The quality of visual-
ization was scored using a three-point-scale: 3, continuity 
and luminal dimension of artery can be evaluated with 
confidence; 2, artery is depicted, but difficult to evalu-
ate continuity and luminal dimension with confidence; 
1, poor (arteries are not visible or difficult to evaluate). 
Statistical comparison was made with Wilcoxon rank 
test. A P-value less than 0.05 was considered statistically 
significant.

Table 1 Imaging parameters for steady-state free perception

TR/TE/FA 
TI 
receiver bandwidth 
slab thickness 
slice thickness 
field of view 
resolution 
parallel imaging factor

1.4/1.68/90 
1.28 sec 

783 Hz/pixel 
100 mm 
0.9 mm 

251 × 350 mm 
0.9 × 1.15 × 1.27 
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results

Visualization of the main stem of the renal arteries and 
their 1st branches were satisfactory on both techniques, 
and there was no statistically significant difference. The 
score of 2nd branch appeared superior with the subtrac-
tion method, but only the right side showed a statistically 
significant difference (P <0.01). Table 2 shows the results 
of statistical evaluation of visualization score. Visualiza-
tion of small intraparenchymal arteries was significantly 
superior with subtraction on both sides (Fig. 1). High 
intensity of the inferior vena cava was seen in six out of 
eleven cases on bright-blood images, overlapping and 
sometimes obscuring the 1st or 2nd branches of the right 
renal artery on coronal images. On the other hand, there 
was no observable signal from the inferior vena cava 
on subtraction images (Fig. 2). Actual imaging time of 
bright-blood images and black-blood images were 6:29 to 
9:35 (mean time 7:59) and 5:27 to 11:02 (mean time 7:28).

dIscussIon

The renal artery is a major branch of the aorta, and 
various vascular lesions may develop in this vessel. 
Renovascular hypertension is most frequent cause of 
secondary hypertension, and diagnosis of the disease is 
very important clinically.17) Atherosclerotic renal artery 

stenosis tends to induce a narrowing of the main stem 
lumen,18) while fibromuscular dysplasia usually involves 
the distal part of main stem.19) Polyarteritis nodosa occurs 
in the peripheral branches of the renal artery.20) Thus, it 
is important to visualize the entire renal artery, including 
the small intraparenchymal branches.

Three-dimensional fast gradient echo with contrast 
media has been the mainstream of renal MRA. However, 
since nephrogenic systemic sclerosis (NSF) associated 
with the use of gadolinium contrast agents has been 
widely reported, it is virtually impossible to use contrast 
agents in patients with renal impairment.5,6) While re-
novascular hypertension caused by renal artery stenosis 
does not necessarily lead to renal failure, atherosclerosis 
is the most common disease of the systemic arteries, 
making it a frequent cause of renal impairment.

Non-contrast MRA appears attractive as a solution 
of these problems. Recent developments of non-contrast 
MRA techniques are remarkable. In addition to the con-
ventional time-of-flight and phase contrast techniques, 
use of the ECG-gated partial-Fourier fast spin echo 
technique for evaluating the upper and lower extrem-
ity arteries has become clinically widespread.7,8) In 
renal MRA, the steady-state data collection described 
above, combined with respiratory gating, can provide 
high-resolution blood vessel images without respiratory 
movement.16,21–25) We tried to completely suppress the 

Table 2 Statistical evaluation of visualization score

Part of renal artery Right main 
trunk

Left main 
trunk

Right 1st 
branch

Left 1st 
branch

Right 2nd 
branch

Left 2nd 
branch

Right arcu-
ate artery

Left arcu-
ate artery

bright-blood mean score 2.73 3.00 2.36 2.73  1.82 2.00  1.18  1.18

subtraction mean score 3.00 2.91 2.64 2.82  2.36 2.36  1.91  1.64

P value NA NA NA NA  <0.01 NA  <0.01  <0.01

Fig. 1 30 year-old male volunteer. Coronal maximum intensity projection (MIP) images of 
original bright-blood MRA (a) and subtraction MRA (b). Though main trunk and 1st 
branches of renal arteries in both images are depicted equally, 2nd and more peripheral 
branches are more clearly demonstrated on subtraction MRA.

a b
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background signal of both images before subtraction. If 
the imaging slabs were completely identical, the signal 
suppression of venous structure or renal parenchyma 
before subtraction would not be so important. However, 
to avoid possible misregistration or intestinal peristalsis 
between images, we thought it would be best if the back-
ground signal were reduced as much as possible, even 
before the subtraction.

In this study, although the proximal renal arterial seg-
ments were readily demonstrated on the conventional 
technique, smaller peripheral branches were more confi-
dently evaluated on subtraction images. The results were 
considered to be due to superior background suppression 
and resulting higher contrast on subtraction MRI.

The major drawback of the subtraction method is 
prolongation of imaging time. Simultaneous imaging of 
black-blood images and bright-blood images by inter-
leaved mode would be desirable but unrealistic due to 
the nature of the steady-state technique, and two different 
acquisitions are needed. Gross patient motion between the 
two sets of images would cause spatial misregistration, 
resulting in artifacts possibly interfering with image as-
sessment. However, the signal of renal parenchyma is not 
necessarily high, and the signal of surrounding adipose 
tissue is well suppressed, making misregistration effect 
considerable enough to prevent depiction of vessels less 
likely to occur. The problem of imaging time may even-
tually be overcome by more advanced hardware or more 
sophisticated data acquisition techniques.

There are several limitations in this study. All subjects 
were healthy and relatively young. Non-contrast MRA 
depends on the flow velocity of target vessels, but renal 
artery flow tends to be slower in patients (including but 
not limited to those with renal impairment). Furthermore, 
the success rate of navigator gated MR images tends to 

lower in patients and the elderly. Therefore, misregistra-
tion artifact due to respiratory gating would likely be 
higher in the actual clinical setting.

Second, the timing of inversion pulse application was 
not optimized on this study. Although we used the same 
imaging parameters both for bright blood and black blood 
images, optimal parameters would not necessarily be 
identical. The bright blood technique requires increased 
signal of distal branches, so a longer TI time may be 
suitable. On the other hand, the black blood technique 
requires the perfect nulling of arterial signal, so a shorter 
TI might be preferable. Detailed optimization would be 
necessary for actual clinical use, and we are currently 
investigating sequence optimization.

conclusIon

We tried to improve selective depiction of renal MRA 
with subtraction. Although it is slightly time-consuming 
and its clinical utility may be currently limited, it provides 
superior visualization of peripheral branches even in this 
pilot study. Further sophistication of the technique would 
make it even more sensitive in detecting small vessel 
abnormalities and promising for clinical use.
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