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Abstract

It is important to develop reliable non-contrast magnetic resonance angiography (MRA) protocols for patients with renal
impairment who are at risk of developing nephrogenic systemic fibrosis (NSF) from gadolinium-contrast-enhanced MRA. This
study used a NATIVE-true fast imaging with steady-state free precession (TrueFISP) protocol to investigate whether non-
contrast MRA at 3T is a viable alternative to contrast-enhanced MRA in patients with renal insufficiency. Thirteen patients
without renal compromise were scanned using an optimized NATIVE-TrueFISP protocol with respiratory triggering. While
images acquired with NATIVE TrueFISP correlated well with contrast-enhanced MRA, future research should determine how to
optimize visualization of segmental and accessory vessels. Overall, NATIVE TrueFISP is a promising technique that can be
used to evaluate the renal vasculature in patients with renal disease.

INTRODUCTION

As the incidence of hypertension and diabetes mellitus rise
in the population, cardiac and vascular disorders have
become more prevalent [1, 2]. Atherosclerotic renovascular
disease is especially common in patients older than 50 years,
which, in many cases, involves both renal arteries [2]. Renal
artery stenosis is an important cause of secondary
hypertension and chronic renal failure [3].

 Recently, contrast-enhanced computed tomographic
angiography (CTA) and magnetic resonance angiography
(MRA) of the kidneys have replaced highly invasive catheter
angiography (conventional digital subtraction angiography)
in the diagnosis of renal artery stenosis [4-7]. Because
contrast-induced nephropathy (CIN) often occurs in patients
with renal impairment as a result of the iodinated contrast
agent used in digital subtraction angiography and CTA,
these modalities are currently no longer used as primary
screening tools [8].

MRA was clinically introduced in the 1990’s and has
become an important tool in evaluating the renal vasculature
[9]. Its benefits include a lack of ionizing radiation, non-
invasiveness, and no dependence on iodinated contrast
agents [10]. The early use of magnetic resonance imaging
(MRI) for the depiction of blood vessels used 3D time of

flight (ToF), in which unsaturated blood enters the imaging
volume, and phase contrast (PC) techniques [11, 12]. For
high resolution and multi-planar results, 3D data sets were
preferred [11, 13]. The accurate separation of arterial and
venous flow is challenging, relying on pre-saturation regions
outside the imaging region to reduce flow in the opposite
direction. In phase contrast, phase information relative to the
flow velocity is used, and extremely low flow in vessels
results in insufficient demonstration of those vessels [12, 14,
15]. These early flow-dependent MR approaches (black and
bright blood techniques) did not use contrast agents [16].
Since these techniques took quite some time to acquire, they
were not well suited for applications in the body. Time-of-
flight sequences led to artifacts from turbulence, lack of
signal consistency if the flow remained in the imaging
volume, and the typical signal-void artifact overestimating
the degree of stenosis [17, 18]. Because of deterioration of
the images due to cardiac and respiratory motion,
researchers sought to establish a synchronized acquisition
that would reduce artifacts arising from these motions.

Over time, it has been shown that tracing a normal dose of a
gadolinium (Gd) based contrast agent (GBCA) improves the
clarity of the vasculature, leaving the stationary background
tissue low in signal (dark) and displaying the blood vessels
bright [19, 20]. With their high signal-to-noise ratio,
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vascular images obtained with contrast-enhanced 3D MRA
techniques are only weakly affected by many of the flow-
related artifacts of earlier MRA techniques [20]. Gd reduces
T1 relaxation times, an intrinsic tissue parameter, which
enhances the signal of tissues where GBCA is present.
Careful timing in contrast-enhanced MR angiography (CE-
MRA) of blood cells carrying GBCA arriving in the imaging
plane also allows the separation of arteries and veins [20,
21]. Thus, three-dimensional contrast-enhanced MRA has
become the preferred imaging technique for detecting renal
artery stenosis [8, 9, 22].

However, in 2006, GBCA was reported to possibly cause
nephrogenic systemic fibrosis (NSF), a debilitating and
sometimes fatal fibrosing disease affecting patients with
renal failure [23-25]. Careful analysis has correlated the
occurrence of NSF with compromised renal function [23, 26,
27]. Based on these reports, non-enhanced MRA techniques
have gained more attention and importance [28].

Therefore, there is a need to establish non-contrast 3D MRA
techniques to visualize renal vasculature using true fast
imaging with steady-state precession (TrueFISP), a hybrid
T2/T1 weighted acquisition, allowing detailed depiction of
the anatomy and morphology of organs and vessels [29].
This steady-state free precession (SSFP) MRA has been used
in vascular areas, including the coronary arteries, carotid
arteries, and renal arteries [30-35]. Breath-hold [32, 33] and
respiratory navigator-gated [34, 35] SSFP MRA techniques
simultaneously applied at 1.5T (Tesla) enabled highly
sensitive detection of renal artery stenosis. Moreover, recent
studies have shown the usefulness of non-contrast renal
MRA performed on a 3T unit, suggesting that the better
image quality in higher field units is due to an increase of
blood signal and a decrease of retroperitoneal tissue signal
[36].

Using 3D non-contrast MRA techniques to visualize the
renal vasculature reliably can be demanding, and using a 3T
magnet introduces some additional challenges: susceptibility
and motion artifacts are augmented as are field variations
both in the magnetic field (B0) and the radio frequency (RF)
transmitted field (B1) [37]. We took on this challenge to
create a non-contrast NATIVE TrueFISP MRA protocol
with which renal arteries can be reliably assessed. 

MATERIALS AND METHODS

In order to gain experience and develop reliable scanning
protocols for patients with renal artery disease at 3T, non-
contrast MRA was compared with contrast-enhanced (CE)

MRA in patients without renal compromise. Our
Investigational Review Board (IRB) approved protocol
added NATIVE TrueFISP, our non-contrast MRA sequence,
to our routine CE-MRA process in patients undergoing
abdominal examinations who had agreed to participate in
this study by signing an informed consent.
All examinations were performed on a 3T (Magnetom Verio,
Siemens Healthcare) whole-body MRI system. All subjects
were placed in the supine position on a spine coil with a
flexible body matrix coil placed over their abdomen. EKG
electrodes were placed on the chest of the patient in earlier
experiments when a diaphragmatic navigator was used
[34-36, 38]. For this navigator gating, an excitation pulse
was used to detect the position of the right hemidiaphragm
during normal breathing [39]. However, because cardiac
motion did not strongly deteriorate the images, a respiratory
transducer in a snug belt around the upper abdomen of the
patient was used instead of the navigator gating, and the
EKG electrodes were omitted. This change assured a more
reliable respiratory signal, enabling us to use respiratory
triggering, which ensured proper synchronization between
the arterial inflow events and data sampling.

To visualize renal anatomy, a T2-weighted HASTE
sequence in the transverse plane was performed. The
NATIVE TrueFISP technique inverts all spins in a broad
region over the area of interest [40]. It then generates
angiographic contrast by using a selective inversion recovery
pulse on the region containing the vascular territory of
interest; this pulse reduces the signal from stationary tissue
and blood that remains in the area (Figure 1) [41]. During a
predetermined inversion time, TI, the inverted spins relax
back into the transverse plane and thus will not contribute to
any signal [41]. However, inflowing arterial blood with
unsaturated blood spins enters the imaging area without
having been exposed to the inversion, contributing strongly
to the MR signal. The graphically placed preparation region
allows the desired vessel to be targeted [41]. The slower
venous blood spins may linger in the area of interest longer
due to their slower flow rate getting exposed to multiple RF
excitations that ultimately saturate them out. At the TI time,
the 3D imaging slab is excited, and image data is acquired
with TrueFISP.

Figure 1

Principle of the NATIVE TrueFISP acquisition. In the grey
region, all spins are inverted. Inflowing unaffected spins will
have signal. The inversion time is set to minimize stationary
background signal as well as blood spins already in the
region.
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A total of 21 patients were enrolled in the study. One patient
was claustrophobic and did not undergo the non-contrast
portion of the study.  The first seven subjects were scanned
in order to optimize the sequence. A total of 13 patients were
scanned using the final optimized NATIVE TrueFISP
protocol. Two radiologists trained in Body MRI and MRA
with 18 years of experience (Reader A) and seven years of
experience (Reader B) reviewed the studies independently.
The studies were analyzed using a Likert scale for overall
image quality, aorta, main renal arteries, segmental renal
arteries, and maximum intensity reconstructions - MIP
(excellent = 1, good = 2, fair = 3, poor = 4, non-diagnostic =
5); inferior vena cava - IVC (visible =1, suppressed = 2); and
diagnostic quality compared to contrast-enhanced MRA
(better = 1, equivalent = 2, worse = 3).  

RESULTS

Because the renal arteries and the abdominal aorta show
significant pulsation, we initially used EKG triggering with a
navigator technique to reduce respiratory motion artifacts. In
the navigator technique, an imaging based software tracks
the excursion of the diaphragm and accepts image data only
in predetermined positions [34-36]. EKG triggering allows
the synchronized acquisition of the images to the heartbeat.
This combination made these sequences more patient
dependent, extremely long, sometimes exceeding 10
minutes, and unreliable. We modified our approach to use
respiratory triggering rather than the navigator technique.
 Respiratory triggering starts acquiring data when a certain
threshold during the calm expiratory phase in the respiratory
cycle is reached. Using respiratory triggering led to
improved results and significantly shorter scan times (Figure
2).

Figure 2a

Axial (A) and coronal (B) reconstruction of descending aorta
and renal arteries using NATIVE TrueFISP with respiratory
triggering.

Figure 2b

Axial (A) and coronal (B) reconstruction of descending aorta
and renal arteries using NATIVE TrueFISP with respiratory
triggering.
The renal arteries could be visualized without contrast
material in this study. However, in some instances, the veins
of the lower abdomen and pelvis were still visible (Figure 3).
Thus, a second inversion region was added to reduce the
venous inflow (Figure 4). And yet, we observed a variation
in the outcome based on the patient size. In larger patients,
the results were not quite as good as expected. This may be

due to the increased distance of the coils reducing signal to
noise.

Figure 3a

Axial (A) and coronal (B) reconstruction using NATIVE
TrueFISP with respiratory triggering with visible large veins
(arrows).

Figure 3b

Axial (A) and coronal (B) reconstruction using NATIVE
TrueFISP with respiratory triggering with visible large veins
(arrows).

Figure 4a

Addition of second, inferior inversion region to reduce the
venous inflow. The first inversion region (TI1) is placed
over the imaging area of interest (A), and the second (TI2) is
placed just below the first to reduce the signal of inflowing
venous blood (B). See yellow regions. Highlighted are the
anterior (left side of the image, marked B01) and the
posterior (right side of the image, marked SP3) coil
positions.

Figure 4b

Addition of second, inferior inversion region to reduce the
venous inflow. The first inversion region (TI1) is placed
over the imaging area of interest (A), and the second (TI2) is
placed just below the first to reduce the signal of inflowing
venous blood (B). See yellow regions. Highlighted are the
anterior (left side of the image, marked B01) and the
posterior (right side of the image, marked SP3) coil
positions.
Table 1 lists the main parameters currently used in clinical
cases. The acquisition orientation for the 3D slab is axial,
since this provides the best flow sensitivity. Coronal
reconstructions are then possible, as this is the preferred
viewing orientation. Some additional segmentation of the
unwanted background enhances the vascular information in
maximum intensity projection (MIP) reconstructions.

Table 1

Sequence Parameters for the Current NATIVE TrueFISP
Protocol
The timing of the inversion pulse TI is critical, as it allows
the flowing spins to provide signal, while the stationary
spins are suppressed. It is also best to use as few coil
elements as possible. The axial slab is just thick enough to
cover the kidneys, and thus optimal positioning should allow
just one anterior body matrix coil cluster (here B01) and one
posterior spine coil cluster (here SP3) to be used (Figure 4).

The respiratory signal should be consistent and regular
(Figure 5). If the signal becomes more erratic, the images
may be acquired at different organ positions making the
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images blurry (Figure 6). It is therefore important to have the
patient breath regularly and shallowly.  

Figure 5

Regular, consistent respiratory signal: Red marker indicates
the beginning of data collection.

Figure 6

Compromised respiratory signal: Marked variation in
respiratory rate and depth of inspiration.
Seemingly minor details can impact image quality: Target
organs placed appropriately in the center of a coil as well as
centered to the magnet and a snug placement of the
respiratory bellows improve image quality (Figure 7).

Figure 7a

Appropriate coil and bellow placement. (A) Center of coil
below center of target organ and relatively loose respiratory
bellows. (B) Image quality improved with centering of coil
and tightening of bellows.

Figure 7b

Appropriate coil and bellow placement. (A) Center of coil
below center of target organ and relatively loose respiratory
bellows. (B) Image quality improved with centering of coil
and tightening of bellows.
Thirteen patients were scanned with the latest technical
adjustments. Overall, the majority had good quality exams,
with one excellent to good and three with good to fair (Table
2). Only two patients were scored for overall quality of fair
by both readers, and there were no non-diagnostic
examinations. The aorta was well visualized; however, there
was signal loss in the lower one-third of the acquisition
volume in many patients, especially noted with large body
habitus. All main renal arteries (RA) were well visualized.
The accessory arteries were sub-optimally visualized with
NATIVE sequence. A main right renal artery had a
significant angulation, as it coursed over the IVC, and the
turbulent flow caused significant signal loss suggesting
stenosis. The contrast examination, however, only
demonstrated a tortuous vessel. The segmental renal arteries
were less consistently visualized, and the extent of the
vessels seen greatly varied. In two cases, the segmental and
subsegmental vessels were very well visualized. There was
improved suppression of the inferior vena cava (IVC) signal
with minor contamination noted in patients with a larger
body habitus. Volume MIP varied also depending on body
habitus and background suppression. This, however,
improved when segmentation and thin MIPs were used.

Table 2

Quality of Images Visualized by NATIVE TrueFISP and
Comparisons with Contrast-enhanced MRA

DISCUSSION

Three-dimensional fast gradient echo with contrast media
has been the preferred way to perform renal MRA. However,
since the widespread report of the association of nephrogenic
systemic fibrosis (NSF) with the use of gadolinium contrast
agents, it has become important to perform another method
of renal MRA without the use of contrast agents in patients
with renal impairment [24, 25].

            Therefore, performing non-contrast MRA with the
TrueFISP sequence is an attractive alternative for patients
with renal impairment. In renal MRA, the steady-state data
collection, combined with respiratory gating, can provide
high-resolution bright blood vessel images without
respiratory movement [34, 38, 42-44]. Because of its hybrid
T2/T1 weighting, balanced true fast imaging with steady-
state precession (TrueFISP) sequence depicts the abdominal
aorta and its main branches well and shows intravascular
bright signal both in arteries and veins, independently from
the direction of the vessel axis with respect to the acquisition
plane and from the flow velocity [35, 45]. The TrueFISP
sequence is flow-compensated in all three spatial directions
because of the symmetric shape of the gradient pulses [29].
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CONCLUSION

At this time, NATIVE TrueFISP may be a useful alternative
for performing MR angiography in patients with impaired
renal function. The images are of diagnostic quality with
good correlation to contrast-enhanced MRA. However, there
is a need for continued improvement in background
suppression and complete visualization of the aorta to assure
inclusion of accessory vessels and improve visualization of
segmental vessels. 

References

1. Shiragami K, Fujii Z, Sakumura T, et al. Effect of a
contrast agent on long-term renal function and the efficacy
of prophylactic hemodiafiltration. Circ J 2008; 72:427-433
2. Rimmer JM, Gennari FJ. Atherosclerotic renovascular
disease and progressive renal failure. Ann Intern Med 1993;
118:712-719
3. Sattur S, Prasad H, Bedi U, Kaluski E, Stapleton DD.
Renal artery stenosis - an update. Postgrad Med 2013;
125:43-50
4. Slanina M, Zizka J, Klzo L, Lojík M. Contrast-enhanced
MR angiography utilizing parallel acquisition techniques in
renal artery stenosis detection. Eur J Radiol 2010; 75:e46-50
5. Nchimi A, Brisbois D, Materne R, Broussaud TK,
Mancini I, Magotteaux P. Free-breathing accelerated
gadolinium-enhanced MR Angiography in the Diagnosis of
Renovascular Disease. AJR Am J Roentgenol 2009;
192:1531-1537
6. Soulez G, Pasowicz M, Benea G, et al. Renal artery
stenosis evaluation: diagnostic performance of gadobenate
dimeglumine-enhanced MR angiography--comparison with
DSA. Radiology 2008; 247:273-285
7. Marcos HB, Choyke PL. Magnetic resonance angiography
of the kidney. Semin Nephrol 2000; 20:450-455
8. Vasbinder GB, Nelemans PJ, Kessels AG, Kroon AA, de
Leeuw PW, van Engelshoven JM. Diagnostic tests for renal
artery stenosis in patients suspected of having renovascular
hypertension: a meta-analysis. Ann Intern Med 2001;
135:401-411
9. Schoenberg SO, Rieger J, Weber CH, et al. High-spatial-
resolution MR angiography of renal arteries with integrated
parallel acquisitions: comparison with digital subtraction
angiography and US. Radiology 2005; 235:687-698
10. Attenberger UI, Morelli JN, Schoenberg SO, Michaely
HJ. Assessment of the kidneys: magnetic resonance
angiography, perfusion and diffusion. J Cardiovasc Magn
Reson 2011; 13:70
11. Anderson CM, Lee RE. Time-of-flight techniques. Pulse
sequences and clinical protocols. Magn Reson Imaging Clin
N Am 1993; 1:217-227
12. O'Donnell M. NMR blood flow imaging using
multiecho, phase contrast sequences. Med Phys 1985;
12:59-64
13. Li D, Haacke EM, Mugler JP, Berr S, Brookeman JR,
Hutton MC. Three-dimensional time-of-flight MR
angiography using selective inversion recovery RAGE with
fat saturation and ECG-triggering: application to renal
arteries. Magn Reson Med 1994; 31:414-422
14. Prince MR, Schoenberg SO, Ward JS, Londy FJ,
Wakefield TW, Stanley JC. Hemodynamically significant
atherosclerotic renal artery stenosis: MR angiographic
features. Radiology 1997; 205:128-136
15. Dumoulin CL, Souza SP, Walker MF, Wagle W. Three-
dimensional phase contrast angiography. Magn Reson Med

1989; 9:139-149
16. Jara H, Barish MA. Black-blood MR angiography.
Techniques, and clinical applications. Magn Reson Imaging
Clin N Am 1999; 7:303-317
17. Tsuruda J, Saloner D, Norman D. Artifacts associated
with MR neuroangiography. AJNR Am J Neuroradiol 1992;
13:1411-1422
18. Sebok NR, Sebok DA, Wilkerson D, Mezrich RS, Zatina
M. In-vitro assessment of the behavior of magnetic
resonance angiography in the presence of constrictions.
Invest Radiol 1993; 28:604-610
19. Prince MR, Yucel EK, Kaufman JA, Harrison DC,
Geller SC. Dynamic gadolinium-enhanced three-
dimensional abdominal MR arteriography. J Magn Reson
Imaging 1993; 3:877-881
20. Korosec FR, Frayne R, Grist TM, Mistretta CA. Time-
resolved contrast-enhanced 3D MR angiography. Magn
Reson Med 1996; 36:345-351
21. Swan JS, Carroll TJ, Kennell TW, et al. Time-resolved
three-dimensional contrast-enhanced MR angiography of the
peripheral vessels. Radiology 2002; 225:43-52
22. Mittal TK, Evans C, Perkins T, Wood AM. Renal
arteriography using gadolinium enhanced 3D MR
angiography--clinical experience with the technique, its
limitations and pitfalls. Br J Radiol 2001; 74:495-502
23. Marckmann P, Skov L, Rossen K, et al. Nephrogenic
systemic fibrosis: suspected causative role of gadodiamide
used for contrast-enhanced magnetic resonance imaging. J
Am Soc Nephrol 2006; 17:2359-2362
24. Broome DR. Nephrogenic systemic fibrosis associated
with gadolinium based contrast agents: a summary of the
medical literature reporting. Eur J Radiol 2008; 66:230-234
25. Cowper SE, Robin HS, Steinberg SM, Su LD, Gupta S,
LeBoit PE. Scleromyxoedema-like cutaneous diseases in
renal-dialysis patients. Lancet 2000; 356:1000-1001
26. Grobner T. Gadolinium--a specific trigger for the
development of nephrogenic fibrosing dermopathy and
nephrogenic systemic fibrosis? Nephrol Dial Transplant
2006; 21:1104-1108
27. Widmark JM. Imaging-related medications: a class
overview. Proc (Bayl Univ Med Cent) 2007; 20:408-417
28. Miyazaki M, Lee VS. Nonenhanced MR angiography.
Radiology 2008; 248:20-43
29. Duerk JL, Lewin JS, Wendt M, Petersilge C. Remember
true FISP? A high SNR, near 1-second imaging method for
T2-like contrast in interventional MRI at .2 T. J Magn Reson
Imaging 1998; 8:203-208
30. Nguyen TD, Spincemaille P, Cham MD, Weinsaft JW,
Prince MR, Wang Y. Free-breathing 3D steady-state free
precession coronary magnetic resonance angiography:
comparison of diaphragm and cardiac fat navigators. J Magn
Reson Imaging 2008; 28:509-514
31. Koktzoglou I, Meyer JR, Ankenbrandt WJ, et al.
Nonenhanced arterial spin labeled carotid MR angiography
using three-dimensional radial balanced steady-state free
precession imaging. J Magn Reson Imaging 2015;
41:1150-1156
32. Coenegrachts KL, Hoogeveen RM, Vaninbroukx JA, et
al. High-spatial-resolution 3D balanced turbo field-echo
technique for MR angiography of the renal arteries: initial
experience. Radiology 2004; 231:237-242
33. Herborn CU, Watkins DM, Runge VM, Gendron JM,
Montgomery ML, Naul LG. Renal arteries: comparison of
steady-state free precession MR angiography and contrast-
enhanced MR angiography. Radiology 2006; 239:263-268
34. Katoh M, Buecker A, Stuber M, Günther RW, Spuentrup
E. Free-breathing renal MR angiography with steady-state
free-precession (SSFP) and slab-selective spin inversion:



Non-Contrast Renal MR Angiography at 3T Using NATIVE TrueFISP

6 of 7

initial results. Kidney Int 2004; 66:1272-1278
35. Wyttenbach R, Braghetti A, Wyss M, et al. Renal artery
assessment with nonenhanced steady-state free precession
versus contrast-enhanced MR angiography. Radiology 2007;
245:186-195
36. Lanzman RS, Kröpil P, Schmitt P, et al. Nonenhanced
free-breathing ECG-gated steady-state free precession 3D
MR angiography of the renal arteries: comparison between
1.5 T and 3 T. AJR Am J Roentgenol 2010; 194:794-798
37. Unger EC, Cohen MS, Gatenby RA, et al. Single breath-
holding scans of the abdomen using FISP and FLASH at 1.5
T. J Comput Assist Tomogr 1988; 12:575-583
38. Maki JH, Wilson GJ, Eubank WB, Glickerman DJ,
Pipavath S, Hoogeveen RM. Steady-state free precession
MRA of the renal arteries: breath-hold and navigator-gated
techniques vs. CE-MRA. J Magn Reson Imaging 2007;
26:966-973
39. Moghari MH, Chan RH, Hong SN, et al. Free-breathing
cardiac MR with a fixed navigator efficiency using adaptive
gating window size. Magn Reson Med 2012; 68:1866-1875
40. Keogan MT, Edelman RR. Technologic advances in
abdominal MR imaging. Radiology 2001; 220:310-320

41. Liu X, Berg N, Sheehan J, Bi X, Weale P, Jerecic R,
Carr J: Renal transplant: nonenhanced renal MR
angiography with magnetization-prepared steady-state free
precession. Radiology 2009; 251:535-542
42. Shimada T, Amanuma M, Takahashi A, Tsushima Y.
Non-Contrast Renal MR Angiography: Value of Subtraction
of Tagging and Non-Tagging Technique. Ann Vasc Dis
2012; 5:161-165
43. Utsunomiya D, Miyazaki M, Nomitsu Y, et al. Clinical
role of non-contrast magnetic resonance angiography for
evaluation of renal artery stenosis. Circ J 2008;
72:1627-1630
44. Mohrs OK, Petersen SE, Schulze T, et al. High-
resolution 3D unenhanced ECG-gated respiratory-navigated
MR angiography of the renal arteries: comparison with
contrast-enhanced MR angiography. AJR Am J Roentgenol
2010; 195:1423-1428
45. Iozzelli A, D'Orta G, Aliprandi A, Secchi F, Di Leo G,
Sardanelli F. The value of true-FISP sequence added to
conventional gadolinium-enhanced MRA of abdominal aorta
and its major branches. Eur J Radiol 2009; 72:489-493



Non-Contrast Renal MR Angiography at 3T Using NATIVE TrueFISP

7 of 7

Author Information

Rola Saouaf, MD
Cedars Sinai Medical Center, Department of Imaging, S. Mark Taper Foundation Imaging Center
Los Angeles, CA

Sasha Weiss, BA
Cedars Sinai Medical Center, Department of Imaging, S. Mark Taper Foundation Imaging Center
Los Angeles, CA

Mamata Chithriki, MD
Cedars Sinai Medical Center, Department of Imaging, S. Mark Taper Foundation Imaging Center
Los Angeles, CA

Helmuth Schultze-Haakh, PhD
Cedars Sinai Medical Center, Department of Imaging, S. Mark Taper Foundation Imaging Center
Los Angeles, CA

Nader Binesh, PhD
Cedars Sinai Medical Center, Department of Imaging, S. Mark Taper Foundation Imaging Center
Los Angeles, CA

Franklin Moser, MD
Cedars Sinai Medical Center, Department of Imaging, S. Mark Taper Foundation Imaging Center
Los Angeles, CA
Franklin.Moser@cshs.org


