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ABSTRACT 
The aim of this study was to examine signal intensities of data sets from MR thoracic aortog

raphy and to evaluate three-dimensional surface display (3DSD) for postprocessing. Twenty-five 
patients were imaged with gadolinium-enhanced 3D fast gradient echo sequence. The intensity 
at the aortic arch was significantly higher than that at the mediastinal fat (p<0.0001). The sig
nal-to-noise ratio was lower at the aortic arch than at the ascending and descending aorta, 
whereas the contrast-to-noise ratio was fairly high at the aortic arch. Although in one case (4%) 
the intensity at the arch was smaller than that at the mediastinal fat, 3DSD was successfully 
performed in all cases. Superiority of 3DSD over maximum intensity projection was obtained in 
67% of the cases. 3DSD was evaluated to be superior to maximum intensity projection in all 
cases of thoracic aortic aneurysm and coarctation of aorta. Higher resolution MR thoracic aor
tography could be successfully performed with phased-array coil and 3DSD. 
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The value of three-dimensional (3D) gadolinium 
MR angiography for abdominal and thoracic aortic 
lesions, including aneurysms, has been demon
strated in several recent studies1
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). Spatial 
resolution in magnetic resonance (MR) imaging is 
apparently lower than that of CT with a matrix of 
512 x 512, and intraarterial digital subtraction 
angiography (DSA) with a matrix of 1,024 x 
1,0244

). Higher resolution is always required, and 
pursued, if adequate image quality from an MR 
examination is to be maintained. 

Although the phased-array coil provides a high
er signal-to-noise ratio (SIN), it has been pointed 
out that the inhomogeneous intensity in the imag
ing volume is a disadvantages), since maximum 
intensity projection (MIP) is the standard postpro
cessing method for MR angiography. 

Three-dimensional surface display (3DSD) is 
another postprocessing method widely available in 
a commercially available imaging workstation. 
When the vascular lumen has an adequately high 
signal intensity over a threshold to eliminate 
other structures, 3DSD may be another option for 
3D MR angiography. 

The aim of the present study was (1) to examine 
signal intensities of data sets obtained from 
gadolinium-enhanced 3D MR angiography of tho-

racic aortic disease and (2) to compare three
dimensional surface rendering for postprocessing 
of these data sets with MIP and DSA. 

MATERIALS AND METHODS 
Twenty-five patients were examined using 

gadolinium-enhanced 3D MR angiography. The 
patients suffered from atherosclerotic thoracic aor
tic aneurysm (n=15), coarctation of aorta (n=2), 
aortic dissection without intimal rupture (n=4), 
and other diseases with negative aortic lesions 
(n=4). Of the 25 patients, 19 underwent DSA for 
evaluation of thoracic aortic disease. Aortic dissec
tions with patent false lumen were not included in 
this study. DSA was performed via a brachia! 
route using a 4-F pigtail catheter, in which anteri
or and left anterior oblique projections were 
obtained. 

A torso phased-array coil was used at a field 
strength of 1.5 Tesla (GE Horizon High-speed, GE 
Medical Systems; Milwaukee, Wisconsin). Patients 
were imaged during breath holding using a 3D 
fast gradient echo sequence (repetition time/echo 
time/flip angle=ll/1.8/15, where fat and water are 
out of phase). A set of 28 sagittal slices with a 
thickness of 3 mm each was acquired. A 40 x 30 
cm field of view and a 512 x 128 image matrix 
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were employed. Data acquisition began 25 sec 
after a bolus injection of 0.1 mmol/kg of gadolini
um chelate. Timing examination was not per
formed. MIP and 3DSD were created with a 3D 
workstation (Advantage Window, GE Medical 
Systems). Interactive threshold setting and selec
tion of the object with the software of the worksta
tion was performed to render 3D surface. MIP was 
performed without editing the data sets. To assess 
the source data sets of 3D MR angiography, the 
signal intensity in the ascending aorta (As), aortic 
arch (Ar), and descending aorta (Ds), and fat tis
sue adjacent to As, Ar, and Ds was measured (Fig. 
1). The contrast-to-noise ratio was calculated by 
CIN ratio=(Signal intensity of the aorta-signal 
intensity of adjacent fat tissue)INoise; where SD is 
standard deviation. SIN was calculated by signal 
intensity divided by background noise. 

3DSD and MIP were compared with regard to 
visualization of the thoracic aortic lesions, setting 
DSA as a gold standard. Comparative evaluation 
of 3DSD and MIP was performed by two experi
enced radiologists specialized in cardiovascular 
imaging. For aortic dissection without intimal rup
ture, a visualization of an ulcer-like projection was 
evaluated. Disagreement between two radiologists 
was resolved in a different session. The signifi
cance of difference among signal intensities at 
measured sites was evaluated by Student's t test 
and established at the p<0.05 level. 

RESULTS 
All patients could hold their breath for 34 sec. 

Artifacts from pulsation were minimal in each 
sagittal sectional image. The difference in signal 
intensity, SIN, and CIN from each site was shown 

Fig. 1. Sites of intensity measurement. Circles indi
cate the sites of intensity measurement. 

in Table 1. The intensity of fat tissue was lower 
than that of the 3 aortic sites. The intensity was 
lowest in the aortic arch although the intensity at 
the aortic arch was significantly higher than that 
at fat tissue (p<0.0001). Even the measured num
ber of intensity at Ar was 1.4 fold that of fat tis
sue. SIN and CIN were compared among three 
sites of the thoracic aorta and fat tissue at anteri
or mediastinum. At Ar, the SIN was lowest but the 
CIN was fairly high. 

Although in one case (4%) the intensity of the 
aortic arch was less than that of fat tissue, the 
vascular component could be exclusively selected 
using the single threshold value setting in all 
cases. 

The results of comparison of 3DSD and MIP for 
evaluation of aortic diseases are shown in Table 2. 
Overall superiority of 3DSD over MIP was 
obtained in 14 of 21 patients (67%). 3D was evalu
ated to be superior to MIP in all cases of thoracic 
aortic aneurysm and coarctation of aorta (Fig. 2, 
3), and half of the cases with aortic dissection 
without intimal rupture. On the other hand, aortic 
dissection with intimal rupture was better evalu
ated by MIP in 3 of 4 (Fig. 4). MIP and 3DSD were 
comparable to conventional angiography, and use
ful in diagnosis and postoperative evaluation of 
thoracic aortic diseases. 

DISCUSSION 
3D MR angiography with gadolinium injection 

has recently become one of the most acceptable 
non-invasive imaging modalities for thoracic aortic 
lesions2
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J. There are two different strategies 

Table 1. Comparison of Mean SIN and CIN for the 3 
Aortic Sites and Fat Tissue Adjacent to the Ascending 
Aorta 

Location As Ar Ds Fat 

Intensity 74.4±17.6 57.9 ± 14.7 74.6 ± 18.l 40.4±10.9 
SIN 98.6 ± 25.6 76.9 ± 22.1 99.6 ± 30.8 
CIN 45.3 ± 18.4 46.6 ± 19.3 62.2 ± 24.6 

Note. - Data represent mean ± standard deviation 
SIN: signal-to-noise ratio CIN:contrast-to-noise ratio 
As: Ascending aorta Ar: Aortic arch 
Ds: Descending aorta 

Table 2. Comparison of 3DSD and MIP for Evaluating 
Aortic Disease 

3DSD>MIP 3DSD=MIP 3DSD<MIP 

TAA 
CoA 
DAA 

13 
1 
0 

2 
1 
2 

TAA: atherosclerotic thoracic aortic aneurysm 
Coa: coarctation of aorta 
DAA: aortic dissection without intimal rupture 
3DSD: three-dimensional surface display 
MIP: maximum intensity projection 

0 
0 
2 
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Fig. 2. Thoracic aortic aneurysm (a) An angiogram of thoracic aorta in left anterior oblique view. The left subcla
vian artery was involved in the aortic arch aneurysm. (b) Three-dimensional surface display demonstrated not only 
the aneurysm itself but also the relationship of cervical branches to the aneurysm. (c) In maximum intensity projec
tion, the aortogram is inhomogeneous according to the distance from the coils. 

Fig. 3. Coarctation of aorta (a) An angiogram demonstrated well the ascending aorta and arch including cervical 
vessels, the opacification of the descending aorta distal to the coarctation is poor. (b) Three-dimensional surface dis
play provided a homogeneous aortogram including the stenotic site and distal descending aorta. (c) Maximum 
intensity projection well demonstrated small collateral vessels as well as the aortogram. 

towards breath holding in gadolinium-enhanced 
3D MR angiography. Breath holding can con
tribute to a reduction in motion artifacts from 
breathing and efficacious use of limited amounts 
of gadolinium chelates. Whether breath holding is 
possible or not depends on the acquisition time 
determined by repetition time, the number of 
phase encoding steps, and the number of slices 
acquired in the sequence. In general, breath-hold
ing acquisition is recommended and is a practical 
choice if the acquisition time is tolerable for the 
patients. 

A higher performance gradient system has 
recently enabled shorter repetition time and echo 
time sequences, which leads to shorter acquisition 
time and a greater number of partitions. However, 

lower contrast results and larger amounts of 
gadolinium chelates may be required in order to 
achieve contrast of the aorta in lower performance 
systems. Timing examination or automatic detec
tion of arrival of contrast medium has been pro
posed for better contrast with smaller amounts of 
gadolinium chelates. 

A sequence of a matrix of 512 has not been used 
for body imaging without the use of a phased
array coil. Many reports have documented the 
advantages of the phased-array coil, which include 
sufficient diagnostic image quality in high resolu
tion images9

i. MIP and three-dimensional surface 
rendering provides projection images similar to 
those of conventional angiography, which has no 
extra information other than vascular component, 



132 T. Nakanishi et al 

Fig. 4. Aortic dissection without intimal rupture: A small pouch at the aortic arch indicating an ulcer-like projec
tion was well demonstrated with sagittal source image (left). The lesion was better visualized in maximum intensi
ty projection (right) than in three-dimensional surface display (middle). 

such as mural thrombus in aortic aneurysm. 
Consequently, multiplanar reformation or inspec
tion of axial images is referred to during the eval
uation, while topographic information attributable 
to projection images is required for surgery. 

As shown in the present study, 3DSD provided 
more information than MIP when applied with a 
phased-array coil. This does not negate the need 
for axial images or multiplanar reconstruction. 
For aortic dissection with patent false lumen, sec
tional images allow visualization of both the thin 
intimal flap and entry sites better than projection 
images like MIP or 3D surface rendering. 

The view angle in the observation of the thoracic 
aorta in 3DSD is not restricted by subcutaneous 
fat tissue adjacent to the phased-array coil or pul
monary arteries .. Another advantage of 3DSD over 
MIP is homogeneous visualization of the aor
togram. The intensity of aortic lumen in MIP is 
affected by the distance from the phased-array 
coil. 

The signal intensity at each site should be mea
sured to evaluate whether single value threshold 
setting is possible. In the present study, an ade
quate C/N was obtained in most cases for 3D sur
face rendering, in that a high C/N may lead to 
better selection of vascular components in surface 
rendering. These values were higher than that of a 
previous report5

\ in which a body coil and a larger 
amount of gadolinium chelate was used for MR 
angiography of thoracic aortic disease. 

Elimination of fat tissue by threshold setting 
and/or exclusion of blocks including fat tissue is 

essential if additional fat suppression pulse is 
unavailable or if introduction of fat suppression 
increases the acquisition time. 

In the current study, the imaging matrix was 
low in the phase encoding direction, with 128 
being the maximum tolerable condition for 
patients' breath holding. 

DSA is an invasive method but superior to MR 
angiography in spatial resolution. The resulting 
spatial resolution of DSA ranges between 0.4-0.9 
mm at a 16 inch field of view, since DSA is usually 
performed in a 512 x 512-1,024 x 1,024 matrix. In 
most previous reports, MR aortography has been 
performed in a matrix of 256 x 128-2563

•
5

•
6

•
9

•
10

). 

Although spatial resolution is not the only factor 
in determining the clinical efficacy of the images, 
higher resolution is needed if MR aortography is 
to replace DSA. Recently, sophisticated phased
array technology has enabled an increase in SIN 
without an increase in acquisition time with good 
results. On the other hand, usage of phased-array 
coil can lead to inhomogeneity in signal intensity. 
When MIP is applied to MR aortography using a 
phased-array coil, inhomogeneity in signal intensi
ty is disadvantageous in image display. In the pre
sent study, 3DSD, which was available with an 
independent workstation, was able to provide an 
homogeneous volume in signal intensity. 

Large amounts of gadolinium chelate have been 
used to produce adequate enhancement of the 
blood pool especially in combination with body 
coils and MIP for MR angiography. 

The contrast of vessels in 3D MR angiography 
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after administration of gadolinium is achieved by 
Tl shortening rather than by time of flight. 
Breath-hold imaging with relatively small 
amounts of gadolinium is an important factor in 
vascular imaging. With shortening of repetition 
time and echo time, in conjunction with a high 
performance gradient system, breath holding has 
become an ideal and practical policy. Moreover, 
the amount of gadolinium chelates is not propor
tional to the increase in signal intensity. From the 
standpoint of postprocessing technique, vascular 
components are more easily chosen in MR data 
sets obtained from gadolinium enhanced 3D MR 
angiography than in CT data sets, which show a 
very wide range of signal intensity (attenuation). 
We demonstrated that an adequate rise in signal 
intensity could be obtained using a three-dimen
sional MR angiography sequence for excellent tho
racic aortic images. 3DSD plays a major role in the 
assessment of aortic lesions, especially when a tar
geted organ is anatomically complex as when the 
thoracic aorta runs in the thorax in a three-dimen
sional curve when elongation or tortuosity has 
been created by an atherosclerotic change. 
Another possible advantage of 3DSD is the rela
tively small amount of fat tissue around the tho
racic aorta, since fat tissue is the only obstacle to 
choosing vascular component exclusively. 

A fat-suppression technique with less acquisi
tion time and 3D time of flight with shorter repeti
tion time has been recently developed. This may 
contribute to better image quality and ease of cre
ation of 3D surface rendering. The new sequence 
is promising but further study is required to verify 
its feasibility for diagnosis of thoracic aortic dis
eases. As long as high spatial resolution is pur
sued, a decrease in the SIN will be inherent in MR 
imaging. High resolution MR angiography of 
thoracic aortic diseases with gadolinium en
hancement could be preferably performed in 
combination with a phased-array coil and 3DSD 
technique. High resolution gadolinium-enhanced 
MRA of the thoracic aorta can be achieved using 
phased-array surface coil. 3DSD postprocessing of 
the data helps overcome some of the inherent sig
nal inhomogeneity attributed to the phased-array 
coil. 

(Received April 27, 2000) 
(Accepted July 14, 2000) 

REFERENCCES 
1. Campeau, N.G., Johnson, C.D., Felmlee, J.P., 

Rydberg, J.N., Butts, R.K., Ehman, R.L. and 
Riederer, S.J. 1995. MR imaging of the abdomen 
with a phased-array multicoil: prospective clinical 
evaluation. Radiology 195: 769-776. 

2. Krinsky, G., Rofsky, N., Flyer, M., Giangola, G., 
Maya, M., DeCoroto, D., Earls, J. and Weinreb, 
J. 1996. Gadolinium-enhanced three-dimensional 
MR angiography of acquired arch vessel disease. 
AJR. 167: 981-987. 

3. Leung, D.A., McKinnon, G.C., Davis, C.P., 
Pfammatter, T., Krestin, G.P. and Debatin, J.F. 
1996. Breath-hold, contrast-enhanced, three-dimen
sional MR angiography. Radiology 200: 569-571. 

4. Malden, E.S., Picus, D., Vesely, T.M., Darcy, 
M.D. and Hicks, M.E. 1994. Peripheral vascular 
disease: evaluation with stepping DSA and conven
tional screen-film angiography. Radiology 191: 
149-153. 

5. Prince, M.R., Narasimham, D.L., Jacoby, W.T., 
Williams, D.M., Cho, K.J., Marx, M.V. and 
Deeb, G.M. 1996. Three-dimensional gadolinium
enhanced MR angiography of the thoracic aorta. 
AJR. 166: 1387-1397. 

6. Prince, M.R., Narasimham, D.L., Stanley, J.C., 
Chenevert, T.L., Williams, D.M., Marx, M.V. 
and Cho, K.J. 1995. Breath-hold gadolinium
enhanced MR angiography of the abdominal aorta 
and its major branches. Radiology 197: 785-792. 

7. Prince, M.R., Yucel, E.K., Kaufman, J.A., 
Harrison, D.C. and Geller, S.C. 1993. Dynamic 
gadolinium-enhanced three-dimensional abdominal 
MR arteriography. J. Magn. Reson. Imaging 3: 
877-881. 

8. Roemer, P.B., Edelstein, W.A., Hayes, C.E., 
Souza, S.P. and Mueller, O.M. 1990. The NMR 
phased array. Magn. Reson. Med. 16: 192-225. 

9. Snidow, J.J., Aisen, A.M., Harris, V.J., 
Trerotola, S.O., Johnson, M.S., Sawchuk, A.P. 
and Dalsing, M.C. 1995. Iliac artery MR angiogra
phy: comparison of three-dimensional gadolinium
enhanced and two-dimensional time-of-flight 
techniques. Radiology 196: 371-378. 

10. Snidow, J.J., Johnson, M.S., Harris, V.J., 
Margosian, P.M., Aisen, A.M., Lalka, S.G., 
Cikrit, D.F. and Trerotola, S.O. 1996. Three
dimensional gadolinium-enhanced MR angiography 
for aortoiliac inflow assessment plus renal artery 
screening in a single breath hold. Radiology 198: 
725-732. 

11. Solomon, S.L., Brown, J.J., Glazer, H.S., 
Mirowitz, S.A. and Lee, J.K. 1990. Thoracic aortic 
dissections: pitfalls and artifacts in MR imaging. 
Radiology 177: 223-228. 




