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Abstract

Objectives The purpose of this study was to investigate the
usefulness of T1W black-blood Cube (BB Cube) and T1W
BB Cube fluid-attenuated inversion recovery (BB Cube-
FLAIR) sequences for contrast-enhanced brain imaging, by
evaluating flow-related artefacts, detectability, and contrast
ratio (CR) of intracranial lesions among these sequences and
T1W-SE.

Methods Phantom studies were performed to determine the
optimal parameters of BB Cube and BB Cube-FLAIR. A clin-
ical study in 23 patients with intracranial lesions was per-
formed to evaluate the usefulness of these two sequences for
the diagnosis of intracranial lesions compared with the con-
ventional 2D T1W-SE sequence.

Results The phantom study revealed that the optimal param-
eters for contrast-enhanced T1W imaging were TR/TE=
500 ms/minimum in BB Cube and TR/TE/TI=600 ms/mini-
mum/300 ms in BB Cube-FLAIR imaging. In the clinical
study, the degree of flow-related artefacts was significantly
lower in BB Cube and BB Cube-FLAIR than in T1W-SE.
Regarding tumour detection, BB Cube showed the best de-
tectability; however, there were no significant differences in
CR among the sequences.

Conclusions At 1.5 T, contrast-enhanced BB Cube was a bet-
ter imaging sequence for detecting brain lesions than TI1W-SE
or BB Cube-FLAIR.
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Key Points

* Cube is a single-slab 3D FSE imaging sequence.

» We applied a black-blood (BB) imaging technique to TIW
Cube.

* At 1.5 T, contrast-enhanced TIW BB Cube was valuable for
detecting brain lesions.
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Introduction

The contrast enhancement effect of intracranial lesions is re-
ported to be superior in two-dimensional (2D) T1-weighted
spin-echo (T1W-SE) sequences compared with 2D or 3D
gradient-echo (GRE) sequences at 1.5 T MRI, even when 3D
GRE has thinner slice thickness and less partial volume effect
[1, 2]. Therefore, 2D T1W-SE is widely used for screening
neoplastic lesions. However, it takes a considerable length time
to cover the whole brain with thin slices, and obstructive flow-
related artefacts are sometimes seen, especially in the posterior
cranial fossa, making it difficult to detect contrast-enhanced
lesions. Recently, optimized forms of 3D fast spin-echo
(FSE) imaging, including Cube, have become available. These
can be used for a broad range of clinical applications [3].

In addition, some preparation techniques, such as spatial
pre-saturation, double inversion recovery, and motion-
sensitizing magnetization preparation, can be applied for
black-blood (BB) imaging [4]. By applying a BB preparation
technique to a 3D FSE sequence, TIW BB Cube can be ex-
pected to provide whole-brain images with thin slices and
without flow-related artefacts. However, to our knowledge,
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Table 1 Imaging parameters for the first phantom study (numbers in parentheses indicate the actual value of TE)
2D SE BB cube BB Cube-FLAIR BB Cube-FLAIR BB Cube-FLAIR
FOV (cm) 30%30 30x21 30x21 30x21 30x21
Matrix size 320%320 256%256 256%256 256%256 256%256
TR (ms) 500 500 2000 1500 1000
TE (ms) 13 Minimum (17.1) Minimum (18.3) Minimum (18.3) Minimum (18.3)
TI (ms) - - 714 518 307
Flip angle (degrees) 90 Variable Variable Variable Variable
Slice thickness (mm) 6 2 2 2 2
NEX 0.75 1 1 1 1

there are no reports regarding gadolinium-enhanced BB Cube
and BB Cube fluid-attenuated inversion recovery (FLAIR)
imaging for brain lesion detection. The purpose of this study
is to establish optimal acquisition parameters of BB Cube and
BB Cube-FLAIR sequences for contrast-enhanced brain im-
aging at 1.5 T, and to compare flow-related artefacts and the
detectability and contrast ratio (CR) of intracranial lesions
among these pulse sequences and T1W-SE.

Materials and methods
MR imaging

All studies were performed on a 1.5 T clinical MRI system
using a 12-channel phased-array head coil (Signa HDxt with
head-neck-spine [HNS] coil; GE Healthcare, Milwaukee, W1,
USA). Three TIW sequences—2D SE, BB Cube, and BB
Cube-FLAIR—were used in this study. To achieve black-
blood conditions, the motion-sensitized preparation technique
was used with a velocity encoding gradient of 5 cm/s for 3
axes. Detailed acquisition parameters are provided in Tables 1,
2,3, and 4 for the phantom and clinical studies. The echo time
(TE) of the Cube sequences was changed depending on the
other scan parameters, including field of view (FOV), readout

matrix, bandwidth, and the angle of the prescribed imaging
plane; however, the change in TE was under T1W imaging
conditions.

Phantom study

The phantom study was conducted in two sessions in order to
compare the contrast properties of TIW-SE, BB Cube, and
BB Cube-FLAIR at room temperature (22.6 °C). In this study,
the acquisition parameters of BB Cube were optimized to
show the contrast most similar to that of T1W-SE, while those
of BB Cube-FLAIR were optimized to show the best contrast
between white matter and saline phantom with a T1 value
similar to that of lesions.

In the first session, MR images acquired from bottle phan-
toms consisting of gadopentetate dimeglumine (Gd-DTPA)
(Magnevist; Bayer Schering Pharma, Berlin, Germany) dilut-
ed with saline at Gd-DTPA concentrations of 0.01 to 3 mmol/
L, corresponding to T1 values of 60 to 3000 ms, were obtain-
ed. The imaging parameters for TIW-SE, BB Cube, and BB
Cube-FLAIR are shown in Table 1.

In the second session, sample tube phantoms diluted with
saline at Gd-DTPA concentrations of 0.1, 0.5, 1.0, 5.0, and
10.0 mmol/L were placed surrounding the head and examined
using the parameters shown in Table 2. Signal intensities (SI)

Table 2  Imaging parameters for the second phantom study (numbers in parentheses indicate the actual value of TE)
2D SE BB cube BB Cube-FLAIR BB Cube-FLAIR BB Cube-FLAIR
FOV (cm) 22x22 22x22 22x22 22x22 22x22
Matrix size 320%320 224x224 224x224 224x224 224 %224
TR (ms) 500 500 800 700 600
TE (ms) 13 minimum (17.8) minimum (17.9) minimum (17.9) minimum (17.9)
TI (ms) - - 400 350 300
Flip angle (degrees) 90 variable variable variable variable
Slice thickness (mm) 6 2 2 2 2
NEX 1 1 1 1 1
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Table 3 Imaging parameters of
pre-contrast MRI for the clinical Sag. T2WI Ax. DWI Ax. T2ZW-FSE Ax. TIW-SE
study
FOV (cm) 22%22 26x30 22x22 22%22
Matrix size 256%320 128%160 288%320 320%320
TR (ms) 4000 2500 4000 500
TE (ms) 82.1 82.1 104.4 13
TI (ms) - - - -
Flip angle (degrees) 90 90 90 90
Slice thickness (mm) 5 6 6 6
NEX 1 1 1 1
Scan time (min:sec) 1:09 1:00 2:32 2:26

in the sample tubes and normal white matter on the acquired
2D SE, BB Cube, and BB Cube-FLAIR images were com-
pared. We calculated CR using the following equation:
CR=(SI of sample tube — SI of white matter) / SI of white
matter, where SI of the sample tube is the mean SI of the
sample tube, and the SI of white matter is the mean SI of
normal white matter.

Clinical study

This study was approved by the institutional review board of
our hospital. From June 2012 to December 2012, 44 consec-
utive subjects with suspicion of brain lesion were enrolled
(age range 30-85 years, average 65.2 years; male=22, fe-
male=22). Written informed consent was obtained from all
participants after sufficient explanation of the study. Before
the administration of Gd-DTPA (0.2 mL/Kg), sagittal T2W-
FSE, axial diffusion-weighted images (DWI), axial T2W-
FSE, and axial TIW-SE images were acquired, followed by
coronal Cube-FLAIR. After the administration of Gd-DTPA,
coronal TIW-SE, axial TIW-SE, BB Cube, and BB Cube-
FLAIR were acquired. Detailed sequence parameters are pro-
vided in Tables 3 and 4.

Table 4
actual value of TE)

In the actual procedure, T1W-SE, BB Cube, and BB Cube-
FLAIR were started approximately 4 min after intravenous
injection of Gd-DTPA contrast agent and finished 13 min after
this injection. Studies have reported that there is no significant
change between 3.5 min and 25 min after Gd-DTPA injection
in the contrast-to-noise ratio (CNR) between grey matter and
tumours with blood-brain barrier damage [5, 6]. Furthermore,
to reduce the bias in time after contrast injection, we alternated
the order of the pulse sequences every month: TI1W-SE, BB
Cube, and BB Cube-FLAIR to 22 subjects and T1W-SE, BB
Cube-FLAIR, and BB Cube to the remaining 22 subjects. In
consideration of the possibility of interruption of the MR ex-
amination, T1W-SE was performed first in these sequences.

Image analysis

Axial images of TIW-SE, BB Cube, and BB Cube-FLAIR
were compared in terms of 1) the degree of intracranial
flow-related artefacts, 2) detectability of intracranial enhanced
lesions, and 3) the CR of intracranial enhanced lesions. Two
well-trained radiologists evaluated images of the three se-
quences with regard to these three points in a blinded fashion.
In the case of a discrepancy between the radiologists,

Imaging parameters of post-contrast MRI for the clinical study (derived from the phantom study data) (numbers in parentheses indicate the

Cor. TIW-SE Ax. TIW-SE Ax. BB Cube Ax. BB Cube-FLAIR
FOV (cm) 22%22 22x22 22x22 22x22
Matrix size 256%320 320%320 224x224 224x224
TR (ms) 580 500 500 600
TE (ms) 13 13 minimum (17.5-18.7) minimum (17.64-18.15)
TI (ms) - - - 300
Flip angle (degrees) 90 90 variable variable
Slice thickness (mm) 6 6 2 2
NEX 1 1 1 1
Scan time (min:sec) 3:40 2:20 2:35 3:06
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<« Fig. 1 Tmages of bottle phantoms, (¢) TIW-SE, (b) BB Cube, and (c-¢)
BB Cube-FLAIR, and ( /) T1 values and Gd-DTPA concentrations of the
phantoms. Numbers in parentheses show the Gd-DTPA concentration.
BB Cube showed contrast very similar to that of T1W-SE. On the other
hand, the contrast shown with BB Cube-FLAIR was different from that
with TIW-SE and BB Cube

consensus was reached through subsequent discussion. The
degree of flow-related artefacts in images of the 44 patients
was scored by visualization of intracranial structures as fol-
lows: 0 (clearly visualized), 1 (some part of the structure was
obscured), 2 (some part of the structure was visualized), or 3
(not visualized). The scores of the three sequences were com-
pared using the Steel-Dwass test.

Regarding detectability of the lesions, each lesion was
counted, measured, and classified according to its largest mea-
sured dimension in any imaging plane as either 5 mm and
greater or less than 5 mm. The existence of contrast-
enhanced lesions was determined by axial T1W-SE, BB Cube,
and BB Cube-FLAIR in addition to coronal T1W-SE. Be-
cause surgical confirmation was not available in some of the
subjects, the existence of contrast-enhanced lesions was con-
sidered true-positive if the enhanced lesions were observed in
two different sequences or in two planes. Furthermore, we

25 V-

1.5

4

SI of Gadolinium Solution divided by SI of brain

referred to clinical records and previous and/or follow-up
MR or CT examination results. MR or CT examination results
were obtained in all patients with enhanced brain lesions. The
criterion standard of the number of intracranial enhanced le-
sions was determined by consensus between the two
radiologists.

Detectability of the lesions among the three sequences was
tested with Cochran’s Q test, followed by multiple compari-
sons using the binomial test with Bonferroni adjustment; p-
values of less than 0.05 were considered to indicate statistical
significance. Differences between the number of enhanced
lesions detected by each reader for each sequence and the
criterion standard number of enhanced lesions were calculat-
ed. Additionally, differences between the number of enhanced
lesions detected by the reader for each sequence at a 6-month
interval and the criterion standard number of enhanced lesions
were calculated. The kappa coefficient was used to assess the
degree of interobserver and intraobserver agreements. Inter-
pretation of the kappa coefficient was carried out according to
the method proposed by Ladis and Kock [7].

With regard to CR measurement, the CR of 37 lesions in 18
subjects detected on all TIW-SE, BB Cube, and BB Cube-
FLAIR were measured. Lesions with an area under
12.01 mm? or ring-enhanced thin-wall lesions were excluded

)

—o—T1W SE

—8—T1W BB Cube

—4—T1W BB Cube-FLAIR(TR800)
—>=T1W BB Cube-FLAIR(TR700)
—#—T1W BB Cube-FLAIR(TR600)

L

Gadolinium Concentration (mmol/L)

Fig. 2 Graph showing contrast enhancement ratios (CR) with different
concentrations of Gd-DTPA on five pulse sequences. The vertical axis
shows CR: CR=(SI of sample tube — SI of white matter) / SI of white
matter. This result suggests that BB Cube-FLAIR shows better CR than
T1W-SE or BB Cube at high Gd concentrations. In addition, the

reduction of TR in BB Cube-FLAIR greatly improved CR. On the
other hand, TIW-SE has better CR than BB Cube or BB Cube-FLAIR
sequences in a range of relatively low Gd-DTPA concentrations less than
0.5 mmol/L
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Table 5 Diagnosis of lesions, diagnostic basis, and observation period. This study was applied from June 2012 to December 2012. The observation

period (from when the lesions were first pointed out until the last observation) was from September 2007 to August 2014

Patient number Patient age/sex Diagnosis Diagnosis basis Observation period
(months)
1 64/M Glioblastoma Operation 46
2 68/M Metastasis (Lung cancer) Increased in size or number 27
3 53/ M Meningioma Operation 82
4 67/M Meningioma Operation 33
5 57/F Malignant lymphoma Operation 21
6 80/M Metastasis (Lung cancer) Increased in size or number 15
7 30M Oligodendroglioma Operation 26
8 S58/F Metastasis (Breast cancer) Increased in size or number 14
9 70/F Metastasis (Lung cancer) Increased in size or number 8
10 41/M Metastasis (Lung cancer) Biopsy 30
11 56/F Metastasis (Lung cancer) Increased in size or number 11
12 54/F Metastasis (Lung cancer) Biopsy 39
13 64/M Glioblastoma Operation 26
14 62/F Metastasis (Lung cancer) Increased in size or number 23
15 64/F Metastasis (Lung cancer) Increased in size or number 22
16 82/F Metastasis (Lung cancer) Increased in size or number 6
17 70/M Radiation necrosis An enhanced lesion was increased about two years after 51
RT, but there was no change one year later
18 60/F Metastasis (Lung cancer) Increased in size or number 28
19 73/F Glioblastoma Operation 23
20 52/F Metastasis (Breast cancer) Increased in size or number 79
21 85/M Metastasis (Lung cancer) FDG/PET showed accumulation in the right lung, ipsilateral pleura, 1
and Th10 vertebral body
22 71/M Metastasis (Lung cancer) Increased in size or number 50
23 63/M Hemangioblastoma Operation 56

from CR measurement because the ROI could not be
placed correctly. Each CR was calculated using the fol-
lowing equation: CR=(SI of lesion — SI of white matter)
/ SI of white matter. The mean values of the ROI
(12.01 mm* on each side) were used to obtain signal-
intensity measurements from the region of peak signal
intensity corresponding to regions within the enhancing
lesions and unaffected white matter in the contralateral
hemisphere for the three sequences. The difference in CR
between the sequences was analysed by single-factor
analysis of variance (ANOVA).

Results
Phantom study

Images of the bottle phantom are shown in Fig. 1. The contrast
shown by BB Cube was very similar to that of T1 W-SE, while

@ Springer

the contrast with BB Cube-FLAIR was different from that of
T1W-SE and BB Cube. Based on this result, we decided to set
repetition time (TR) of 500 ms and minimum TE (17.1 ms) for
BB Cube in the clinical study by visual evaluation of Fig. 1a
and b.

Figure 2 is a plot of the SI ratio between the sample tube
phantom and normal white matter versus Gd concentration
in the sample tube. BB Cube-FLAIR showed better CR
than TIW-SE or BB Cube at a high Gd concentration. In
addition, shortening of TR greatly improved CR in BB
Cube-FLAIR. In contrast, TIW-SE showed better CR than
BB Cube or BB Cube-FLAIR sequences at relatively low
Gd-DTPA concentrations of less than 0.5 mmol/L. BB
Cube-FLAIR with the shortest TR (600 ms) showed the
best CR at all Gd concentrations among the three BB
Cube-FLAIR sequences. From the results of this phantom
study, we decided to set TR of 600 ms, inversion time (TI)
of 300 ms, and minimum TE (17.9 ms) for BB Cube-
FLAIR in the clinical study.
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4 Fig.3 (a) Contrast-enhanced T1W-SE image, (b) contrast-enhanced BB
Cube image, and (c) contrast-enhanced BB Cube-FLAIR image from a
63-year-old patient with recurrence of hemangioblastoma. In all images, a
neoplastic cyst with enhanced mural nodule in the right cerebellar
hemisphere could be found. However, the enhanced small nodule
(arrow) could be identified in BB Cube and BB Cube-FLAIR, but not
in TIW-SE due to flow-related artefacts

Clinical study

Among the 44 subjects, 24 had identifiable lesions in the
brain. One subject with metastasis derived from malignant
melanoma was excluded from this study, as all lesions showed
haemorrhage and were not suitable for evaluating the contrast
enhancement effect. Thus a total of 23 subjects were ultimate-
ly evaluated for contrast enhancement effect. Ten cases were
pathologically proven. Thirteen cases were diagnosed by pre-
vious and follow-up imaging. The diagnosis of lesions, diag-
nostic basis, and observation period in our patients are sum-
marized in Table 5.

In terms of intracranial flow-related artefacts, the degree of
flow-related artefacts was significantly lower for BB Cube
and BB Cube-FLAIR than for TIW-SE (p<0.01). Effective
suppression of flow-related artefacts in BB Cube sequences
resulted in better conspicuity of lesions, especially in the pos-
terior cranial fossa (Fig. 3). In addition, cortical veins were
also effectively suppressed in BB Cube and BB Cube-FLAIR
(Fig. 4).

In terms of detectability of the enhanced lesions, we were
able to identify 182 lesions in 23 cases using TIW-SE, BB
Cube, BB Cube-FLAIR, and coronal TIW-SE. A total of 63
lesions greater than 5 mm in diameter were detected with all
sequences. Among 119 lesions less than 5 mm, 113 were
metastases and 6 were recurrences of hemangioblastoma
(Table 6). In six patients, eight small enhanced lesions that
were well visualised on BB Cube and BB Cube-FLAIR im-
ages were not seen at all on TIW-SE images (Figs. 3, 5). In
one patient with multiple metastases, two small enhanced me-
tastases well visualised on TIW-SE and BB Cube images
were not seen at all on BB Cube-FLAIR images (Figs. 4, 6).
Detectability of lesions differed significantly among the three
sequences (Cochran’s Q test, p=0.003). There was a signifi-
cant difference in detectability of lesions between T1W-SE
and BB Cube (binomial test, p=0.02), but there were no sig-
nificant differences in lesion detectability between T1W-SE
and BB Cube-FLAIR or between BB Cube and BB Cube-
FLAIR (binomial test p=0.21 and p=0.15, respectively). All
interobserver and intraobserver agreements in lesion detect-
ability were substantial (Table 7).

The mean CR on T1W-SE, BB Cube, and BB Cube-
FLAIR were 0.61+0.37, 0.60+0.31, and 0.57+0.32, respec-
tively. The CR of TI W-SE and BB Cube images were slightly
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Fig. 4 (a) Pre-contrast TIW-SE
image, (b) contrast-enhanced
T1W-SE image, (c) contrast-
enhanced BB Cube image, and
(d) contrast-enhanced BB Cube-
FLAIR image from a 68-year-old
patient with multiple metastases
from primary lung cancer. A
small contrast-enhanced nodule in
the right posterior central gyrus
(arrow) was identified in TIW-
SE and BB Cube, but not in BB
Cube-FLAIR. In the TIW-SE
image, a high signal of the cortical
vein was observed, but the vein
was well suppressed in BB Cube
and BB Cube-FLAIR

higher than that of BB Cube-FLAIR, but with no significant
difference (p=0.88).

Discussion

Flow-related artefacts are accentuated on T1W-SE images
acquired after administration of Gd-DTPA as a result of the
intraluminal T1-shortening effects of the contrast agent [8].
In contrast, in this study, there were no identifiable flow-
related artefacts in any cases with BB Cube or BB Cube-

FLAIR. In particular, the conspicuity of lesions in the pos-
terior cranial fossa was better in BB Cube and BB Cube-
FLAIR than in TIW-SE, and cortical veins were effective-
ly suppressed in BB Cube and BB Cube-FLAIR. Cube
sequence suppresses blood vessel signals, as blood flow
causes phase dispersion with the use of low refocusing flip
angles. For brain metastases, Komada et al. described the
usefulness of contrast-enhanced SPACE (Sampling Perfec-
tion with Application optimized Contrasts by using differ-
ent flip angle Evolutions), which is a sequence similar to
Cube [9]. However, a fraction of the blood vessel signals

Table 6 Relationship between

the size of lesions and lesion Sequence Number of lesions detected (1n=182 lesions) Case
detectability
Size of lesions<5 mm Size of lesions 5 mm or more
TIW-SE 111/119 (93 %) 63/63 (100 %) 17/23
BB Cube 119/119 (100 %) 63/63 (100 %) 23/23
BB Cube-FLAIR 117/119 (98 %) 63/63 (100 %) 22/23
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Fig. 5 (a) Pre-contrast TIW-SE
image, (b) contrast-enhanced
T1W-SE image, (c) contrast-
enhanced BB Cube image, and
(d) contrast-enhanced BB Cube-
FLAIR image from a 68-year-old
patient with multiple metastases
from primary lung cancer. Several
small enhanced lesions were
detected. In T1W-SE, the small
enhanced nodule in the left
temporal lobe (arrow) could not
be detected

remained visible in SPACE without the BB technique.
Therefore, these suppression effects of arterial flow as well
as cortical veins were useful for reading images to screen
for small lesions and could be considered a strong advan-
tage of this technique.

With regard to CR, there was no significant difference
among T1W-SE, BB Cube, or BB Cube-FLAIR. Intracranial
lesion contrast enhancement of 3D GRE sequences has been
reported as less than that of conventional SE sequences at
1.5 T [1, 2]. Our equivalent CR suggests that BB Cube and
BB Cube-FLAIR have the potential to show better conspicu-
ity of lesions than 3D GRE when using a 1.5 T MR system.

In terms of the detectability of the enhanced lesions, BB
Cube detected the highest number of lesions among the three
pulse sequences. Furthermore, there was a significant differ-
ence in lesion detectability between TIW-SE and BB Cube.
Because there was no significant difference in CR between
sequences, the better detectability of BB Cube can be

attributed to less partial volume effect as a result of thin-slice
volume imaging and suppression of flow-related artefacts due
to the BB technique. Thin-slice volume imaging of Cube
would be useful for the detection of small lesions.

There was an interesting finding in some lesions, namely
that contrast enhancement in BB Cube-FLAIR was clearly
less than in BB Cube and T1W-SE. Although we did not
determine the reason for this, the fact that T1 contrast in BB
Cube-FLAIR was superior to that in BB Cube suggests that
such lesions might show a low signal compared to the sur-
rounding white matter on pre-contrast BB Cube-FLAIR im-
ages. BB Cube-FLAIR actually showed better contrast of in-
farction in the splenium of the corpus callosum than BB Cube
or TIW-SE (Fig. 7). Therefore, the contrast enhancement pro-
duces isointensity of the lesions only in relation to the white
matter. This phenomenon is similar to that seen in metastases
within fatty bone marrow on contrast-enhanced T1W-SE im-
ages. In addition, the BB Cube-FLAIR sequence had the
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Fig. 6 (a) Pre-contrast T1W-SE a
image, (b) contrast-enhanced
T1W-SE image, (c) contrast-
enhanced BB Cube image, and
(d) contrast-enhanced BB Cube-
FLAIR image from the same case
as in Fig. 4. Highly enhanced
lesions were observed. The lesion
indicated by an arrow was visible
in TIW-SE and BB Cube, but not
in BB Cube-FLAIR

worst CR among the three sequences in a range of relatively
low Gd-DTPA concentrations (less than 0.5 mmol/L) in our
second phantom study. Hence, we consider there to be no
significant difference in lesion detectability between T1W-
SE and BB Cube-FLAIR, even though the latter is accompa-
nied by thin slice thickness and the BB imaging technique.

Table 7 The degrees of interobserver and intraobserver agreement in
detectability of lesions

Interobserver Intraobserver
agreement Kappa agreement Kappa
T1W-SE (n=174) 0.62 0.78
BB Cube (n=182) 0.65 0.76
BB Cube-FLAIR (7=180) 0.65 0.74

@ Springer

Unfortunately, our study was designed to evaluate only
contrast-enhanced BB Cube and BB Cube-FLAIR images.
Some investigations using a 3 T MR unit have demonstrat-
ed that 3D GRE shows the best detectability of intracranial
lesions compared to 2D SE and IR SE as a result of thin-slice
acquisition, even though the CNR of 3D GRE is less than
those of 2D SE and IR SE [10]. On the other hand, at 1.5 T,
the lesion contrast enhancement of 3D GRE has been reported
to be less than that of 2D SE, and there was a risk of missing
the lesions in 3D GRE [1, 2]. BB Cube and BB Cube-FLAIR,
however, have equivalent contrast to that of 2D SE and allow
thin-slice volume acquisition, suggesting that BB Cube is a
promising technique for the detection of small brain lesions.
On the other hand, the results of our second phantom study
showed that the CR of TIW-SE was better than that of BB
Cube or BB Cube-FLAIR sequences in a range of relatively
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4 Fig.7 (a) Contrast-enhanced T1W-SE image, (b) contrast-enhanced BB
Cube image, and (c) contrast-enhanced BB Cube-FLAIR image from a
50-year-old patient with cerebral infarction. There was a small area
showing unenhanced low signal on the left side of the splenium of the
corpus callosum. The negative contrast of the area was better in BB Cube-
FLAIR than in BB Cube or TIW-SE

low Gd-DTPA concentrations. Since T1W-SE may show bet-
ter contrast than BB Cube and BB Cube-FLAIR in this con-
centration range, there is a risk of missing some lesions asso-
ciated with a low concentration of Gd-DTPA. We recommend
the addition of TIW-SE to BB Cube acquisition in order to
avoid missing such lesions.

We employed lesion CR in this study, as calculation of the
signal-to-noise ratio and contrast-to-noise ratio cannot be ac-
curately performed on only one image set when parallel im-
aging is used; the subtraction method is the preferred tech-
nique to evaluate these parameters for scans performed with
parallel imaging [11], since two consecutive scans with three
different image sequences would not be ethically justified in
the patient group.

There are some limitations in this study. First, the three
sequences were started at different times after the injection
of contrast agent. However, Yuh et al. found no significant
difference in the number of lesions detected with a delay of
10 min between injection of contrast and imaging [12]. In
our cases, the scans were completed within 13 min. There-
fore, we think that the delayed enhancement effect in our
study is so small as to be negligible. Second, we could not
obtain histological confirmation of the diagnosis in several
subjects. Although some false-positive lesions may have
been included in our subjects, we believe that our careful
observation, including interpretation of previous and/or
follow-up imaging studies, minimized the possibility of
false positives. Third, in the clinical study, there was a
significant difference in CR among the three sequences.
The lesions used for CR measurement were relatively large
and tended to show sufficient uptake of Gd-DTPA. How-
ever, the lesions that showed different conspicuity among
the sequences were small and had weak enhancement of
Gd-DTPA. Our CR measurement did not include such
small and weakly enhanced lesions, which may explain
why there was no significant difference in CR among the
sequences.

Conclusions

BB Cube had lesion contrast enhancement equivalent to that
of 2D SE, allowed thin-slice volume acquisition without flow-
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related artefacts, and demonstrated the best detectability of
intracranial lesions among the three pulse sequences. We can
conclude that BB Cube is a promising screening technique for
the detection of small intracranial lesions at 1.5 T MRL
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