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Precontrast and postcontrast susceptibility-weighted imaging in the 
assessment of intracranial brain neoplasms at 1.5 T
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Abstract
Purpose. The goal of this study was to estimate pre- and 
post-gadolinium-enhanced high-spatial resolution sus-
ceptibility-weighted imaging (SWI) in patients with 
brain neoplasms.
Materials and methods. A total of 17 patients (8 women, 
9 men) with brain neoplasms participated in this study. 
In addition to conventional magnetic resonance imaging, 
pre- and post-gadolinium-enhanced SWI was performed. 
The contrast-to-noise ratio (CNR) and major diameters 
of the brain tumor were measured for quantitative anal-
yses, and intratumoral susceptibility signal intensity 
(ITSS) was graded for semiquantitative analysis.
Results. Both bright and dark enhancement were 
observed at the pathological lesion on postcontrast SWI. 
Some postcontrast SWI results suggested leakage of con-
trast material due to breakdown of the blood-brain 
barrier. There were no statistical differences (Student’s 
t-test) between postcontrast SWI and three-dimensional 

(3D) T1-weighted images regarding the major diameters 
of the brain tumors. CNR of postcontrast 3D T1-weighted 
images was statistically superior to that of postcontrast 
SW images (P < 0.01, Wilcoxon signed-rank test). Malig-
nant tumors tended to have a higher ITSS score.
Conclusion. SWI clearly visualized the architecture of 
brain neoplasms. This imaging technique may be useful 
for evaluating tumor characterization in clinical use.
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Introduction

High-spatial resolution susceptibility-weighted imaging 
(SWI) is an emerging magnetic resonance imaging (MRI) 
technique that provides complementary information on 
the venous vasculature, hemorrhage, and iron in the 
brain because it exploits both magnitude and phase shift 
to enhance susceptibility changes.1–3 SWI also shows 
promise for evaluating brain tumors in clinical use to 
investigate their features by showing anatomical and 
functional heterogeneity.4–7

Some reports showing the usefulness of SWI in brain 
tumor evaluation have emphasized its ability to detect 
vasculature and microhemorrhages in brain tumors 
compared with conventional MRI techniques.6,7 
However, the contrast of brain tumors with SWI is not 
simply T2*-weighted imaging and remains to be clari-
fi ed, using contrast material (gadolinium chelates) in 
particular. After administration of contrast medium, the 
T1- and T2-shorthening effect may infl uence the image 
contrast on SWI, and it is diffi cult to assume the contrast 
of within and around brain tumors. In a past report,4 the 
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image quality of slow-fl ow vessels on SW images was 
improved by using a T1-reducing contrast material. 
Theoretically, intratumoral vasculature may be clearly 
visualized as low signal structures on SWI. However, 
both the solid tumor component enhanced by interstitial 
leakage of contrast medium due to breakdown of the 
blood-brain barrier (BBB) and a pool of contrast medium 
in the tumor’s neovasculature showed an enhancement 
effect (higher signal area) on contrast-enhanced SWI.4,5 
Moreover, some data-processing steps are needed to 
create the fi nal SW images (i.e., using high pass fi ltered 
phase images and multiplying the mask several times 
with the higher magnitude images). Therefore, the con-
trast changes are based not only on T1 or T2 values but 
also on processes of image reconstruction. Clinically, it 
is expected that brain tumors with different pathologies, 
intraaxial and extraaxial brain tumors in particular, may 
show different signal patterns because the breakdown of 
the BBB often accompanies intraaxial brain tumors.

The purpose of this study was to estimate the pre- and 
post-contrast-enhanced SWI in patients with brain 
tumors for clinical use.

Materials and methods

Patients

A total of 17 patients (8 women, 9 men) with brain 
tumors participated in this study. Among these 17 
patients, clinical diagnoses were glioblastoma (n = 5), 
anaplastic astrocytoma (n = 4), low-grade astrocytoma 
(n = 1), metastatic tumor (n = 2), central nervous system 
(CNS) lymphoma (n = 1), meningioma (n = 3), and 
schwannoma (n = 1). In 13 of the 17 patients, the fi nal 
pathology results were obtained from surgical speci-
mens. Two metastatic brain tumors were diagnosed 
based on clinical information of systemic metastatic 
tumors and follow-up studies: One was a schwannoma 
diagnosed clinically recognizing that the patient had 
neurofi bromatosis type II with no interval changes in the 
MRI fi ndings; the second metastatic tumor was diag-
nosed as a low-grade astrocytoma by a series of MRI 
scans and spectroscopy.

Magnetic resonance imaging

All MRI studies were performed on a 1.5-T MRI instru-
ment (Signa Excite HD, software version 12; GE Health-
care, Milwaukee, WI, USA) with an 8-channel phased 
array head coil. Imaging parameters of three-dimen-
sional (3D) SWI were as follows: repetition time/echo 
time (TR/TE) 53/40 ms; matrix 384 × 256; bandwidth 

15.6 kHz; fi eld of view (FOV) 240 × 180 mm; partition 
thickness/gap 1.5/0 mm; number of partitions 28 mm; 
fl ip angle (FA) 30°; number of average 1; total scan time 
5 min 29 s. Moreover, the imaging parameters for 3D 
T1-weighted gradient-echo imaging, for direct compari-
son imaging, were as follows: TR/TE 28/ 3 ms; matrix 
256 × 192; bandwidth 15.6 kHz; FOV 220 × 220 mm; 
partition thickness/gap 1.4/0 mm; number of partitions 
32; FA 30°; number of average 1; total scan time 3 min 
17 s. The MRI protocol consisted of conventional MRI 
sequences, pre- and post-gadolinium-enhanced SWI, 
and post-gadolinium-enhanced 3D T1-weighetd gradi-
ent-echo imaging. Conventional MR examinations con-
sisted of fast spin-echo (FSE) T2-weighted imaging (TR/
TE/echo train length 3100 ms/83 ms/14); spin-echo 
T1-weighted imaging (TR/TE 420/9 ms); FSE fl uid-
attenuated inversion recovery (FLAIR) imaging 
(TR/TE/inversion time 9000/107/2250 ms); and gradient 
echo T2*-weighted imaging (TR/TE/fl ip angle 520 ms/
20 ms/20°).

Image analysis

All SW images were evaluated visually by two neurora-
diologists, who compared them with conventional 
sequences and postcontrast 3D T1-weighted images on 
a slice-by-slice basis. For quantitative analysis, the 
maximum diameter of the brain tumor was measured on 
postcontrast SWI and 3D T1-weighted images.

For another quantitative analysis, the contrast-to-
noise ratio (CNR) was measured and compared between 
the enhanced pathological lesions and normal brain 

Fig. 1. Typical example of a measurement of the maximum tumor 
diameter (line with arrows) and region of interest (ROI) on the 
enhanced lesion (circle) on a contrast-enhanced T1-weighted 
image
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where SItumor is the mean signal intensity in the region of 
interest (ROI) in the clearly enhanced area of the tumors; 
SIwhite matter is the surrounding normal-appearing white 
matter; and SDbackground is the standard deviation of the 
background noise in the frequency-encoding direction. 

a b

Fig. 2. Typical images of the 
intratumoral susceptibility 
signal intensity (ITSS). 
a Grade 2 ITSS indicates 
6–10 dot-like or linear 
low-intensity structures 
(arrows) in a case of 
anaplastic astrocytoma. 
b Grade 3 ITSS indicates 
≥ 11 ITSSs in the continuous 
area (arrows) within a 
glioblastoma

white matter on postcontrast SW images and 3D 
T1-weighted images. The CNR was calculated using the 
following formula.

SI SI SDtumor white matter background−[ ]

a b

c d

Fig. 3. Malignant lymphoma 
in a 54-year-old man. a Axial 
T2-weighted image shows a 
mass lesion along the left 
lateral ventricle. b 
Contrast-enhanced axial 
T1-weighted image shows 
tumor heterogeneity. c 
Non-contrast-enhanced axial 
susceptibility-weighted 
imaging (SWI) shows much 
more vasculature and blood 
products in the tumor than 
does contrast-enhanced 
T1-weighted imaging. 
d Contrast-enhanced axial 
SWI shows more clearly the 
internal structure than 
noncontrast SWI. Bright 
enhancement (arrows) 
indicating breakdown of the 
blood-brain barrier is seen 
along the tumor rim
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a b

c d

Fig. 4. Glioblastoma in a 
58-year-old man. a Axial 
T2-weighted image shows a 
heterogeneous mass lesion 
with edema. b Contrast-
enhanced axial T1-weighted 
image shows intratumoral 
heterogeneity. c Non-
contrast-enhanced axial SWI 
shows signifi cantly more 
vasculature and blood 
products in the tumor, but 
the border is not clearly 
identifi ed compared with that 
seen with contrast-enhanced 
T1-weighted imaging. d 
Contrast-enhanced axial SWI 
shows the internal structure 
more clearly than 
noncontrast SWI. Moreover, 
bright enhancement 
indicating both tumor 
parenchyma and breakdown 
of the blood-brain barrier are 
seen in and along the tumor, 
respectively

One ROI including at least 10 pixels was placed on each 
postcontrast SW image and 3D T1-weighted image for 
every patient (Fig. 1).

For the semiquantitative analysis, we graded the 
degree of intratumoral susceptibility signal intensity 
(ITSS) on pre- and post-contrast-enhanced SWI scans.8 
With this evaluation, the degree of ITSS was assigned a 
grade from 0 to 3: grade 0, no ITSS; grade 1, one to fi ve 
dot-like or linear ITSSs; grade 2, six to ten ITSSs; and 
grade 3, eleven or more ITSSs in the continuous area 
within a tumor (Fig. 2).

Results

Both bright and dark enhancement, which were showed 
as enhanced areas on contrast-enhanced T1-weighted 
images, were observed at the pathological lesion on post-
contrast SW images. Postcontrast SW images showed 
bright enhancement (Figs. 3, 4) along the tumor that 
suggested leakage of contrast material due to breakdown 

of the blood-brain barrier only on the nine intraaxial 
malignant tumors. Precontrast SW images showed the 
edema surrounding tumors to the same extent compared 
with T2-weighted and FLAIR images (Fig. 5); they also 
revealed blood products more clearly than T2*-weighted 
images. The major diameters of the brain tumors had no 
statistically differences (Student’s t-test) between post-
contrast SW images and 3D T1-weighted images. 
However, an abnormally enhanced diameter was wider 
in the postcontrast SW images in all 17 cases.

The CNR of postcontrast 3D T1-weighted images 
and postcontrast SW images were 50.4 ± 15.5 and 
17.9 ± 9.20, respectively (values represent the mean ± 
SD). The CNR of postcontrast 3D T1-weighted images 
was statistically superior to that of postcontrast SW 
images (P < 0.01, Wilcoxon signed-rank test).

The results of the semiquantitative analysis indicated 
that the grading scores for high-grade astrocytic tumors 
(including glioblastoma and anaplastic astrocytoma) 
were 2.6 ± 0.8 on pre-SWI and 2.7 ± 0.5 on post-SWI 
(values represent mean ± SD). The score for the low-
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grade astrocytoma was 0. Malignant tumors (including 
metastatic brain tumors and CNS lymphoma) were all 
scored 3 on both pre- and post-SWI. Schwannoma and 
meningiomas showed various scores, from 1 to 3.

Discussion

The SWI technique clearly visualized the characteristics 
and architecture of brain neoplasms.4–8 This imaging 
technique provides more information in addition to con-
ventional sequences and is useful for evaluating brain 
tumors in vivo, particularly with contrast enhancement. 
However, our results showed that the CNR of post-
contrast-enhanced images were inferior on SWI. This is 
natural because SWI is the sequence based on 3D T2*-
weighted imaging. Therefore, we guess that SWI is a 
preferable sequence to investigate known neoplasms in 
the brain but is not preferable for detecting lesions (i.e., 
screening for brain metastasis in patients with a malig-
nant lesion outside the brain). In fact, unlike other MRI 

sequences, both enhancement and signal cancelation 
may be seen on postcontrast SWI, depending on the 
condition of the pathological lesion. Moreover, our 
results showed that measurement of tumors using post-
contrast SWI was not problematical. Therefore, this 
technique has the potential to replace some conventional 
sequences in routine clinical studies.

As described in the literature,6,8 our results also 
showed that malignant tumors tended to be scored with 
a higher value. It is natural that the vasculature and 
microhemorrhages in brain tumors may be more fre-
quently visualized, particularly in astrocytic tumors. 
Park et al. reported that SWI on 3-T MRI is useful for 
grading gliomas, but they think that SWI on 1.5-T MRI 
is time-consuming for routine MRI.8 However, we think 
that SWI on 1.5-T MRI for evaluating potential malig-
nant brain neoplasms should be available for clinical use 
because the intratumoral vasculature is more clearly 
visualized9 and there is improved contrast between the 
ITSS and background when the solid part of the tumor 
is enhanced with the use of contrast material. As con-

a b

c d

Fig. 5. Meningioma in a 
56-year-old woman. a Axial 
T2-weighted image shows a 
mass lesion with edema. 
b Contrast-enhanced axial 
T1-weighted image shows 
tumor enhancement. 
c Non-contrast-enhanced 
axial SWI shows tumor with 
edema to the same extent as 
with T2-weighted imaging. 
d Contrast-enhanced axial 
SWI shows tumor 
enhancement similar to that 
seen with contrast-enhanced 
T1-weighted imaging. Note 
that no bright enhancement 
is seen surrounding the 
tumor
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cerns meningiomas and schwannomas, ITSS on SWI 
may correlate only the vasculature or necrosis. There-
fore, we guess that SWI is less useful for benign brain 
neoplasms than for tumors with malignant potential.

Limitations of our study are the small number of 
patients and their heterogeneous pathologies. More 
patients must be studied to establish the clinical useful-
ness of SWI.

Another potential limitation is our method for evalu-
ating SWI in this study. We measured the diameters of 
lesions and CNRs, as described above, and estimated the 
susceptibility effect in the method for grading ITSS.8 It 
was diffi cult to estimate the effects quantitatively because 
they were easily changed by the parameters, such as the 
echo time and postprocessing fi lters. Therefore, several 
methods of evaluation should be introduced to establish 
the usefulness of SWI in any future studies.

Conclusion

The combination of precontrast and postcontrast SWI 
scanning provides adjunct information for evaluating 
the structural characteristics of brain tumors. In clinical 
use it is also useful for differentiating malignant from 
benign tumors even with 1.5-T MRI.
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