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ORIGINAL RESEARCH
ADULT BRAIN

Utility of Contrast-Enhanced T2 FLAIR for Imaging Brain
Metastases Using a Half-dose High-Relaxivity Contrast Agent

T. Jin, “M. Ge, "R Huang, ““Y. Yang, ““T. Liu, ¥’ Q. Zhan, "¥Z. Yao, and ““H. Zhang

ABSTRACT

BACKGROUND AND PURPOSE: Efficient detection of metastases is important for patient’ treatment. This prospective study was to
explore the clinical value of contrast-enhanced T2 FLAIR in imaging brain metastases using half-dose gadobenate dimeglumine.

MATERIALS AND METHODS: In vitro signal intensity of various gadolinium concentrations was explored by spin-echo Tl-weighted
imaging and T2 FLAIR. Then, 46 patients with lung cancer underwent nonenhanced T2 FLAIR before administration of half-dose
gadobenate dimeglumine and 3 consecutive contrast-enhanced T2 FLAIR sequences followed by 1 spin-echo TIWI after administra-
tion of half-dose gadobenate dimeglumine. After an additional dose of 0.05mmol/kg, 3D brain volume imaging was performed. All
brain metastases were classified as follows: solid-enhancing, = 5 mm (group A); ring-enhancing, = 5 mm (group B); and lesion diam-
eter of <5 mm (group C). The contrast ratio of the lesions on 3 consecutive phases of contrast-enhanced T2 FLAIR was measured,
and the percentage increase of contrast-enhanced T2 FLAIR among the 3 groups was compared.

RESULTS: In vitro, the maximal signal intensity was achieved in T2 FLAIR at one-eighth to one-half of the contrast concentration
needed for maximal signal intensity in TIWI. In vivo, the mean contrast ratio values of metastases on contrast-enhanced T2 FLAIR
for the 3 consecutive phases ranged from 63.64% to 83.05%. The percentage increase (Pl) values of contrast-enhanced T2 FLAIR
were as follows: Pl, < Plg (P=.001) and Pl < Plc (P <.001). The degree of enhancement of brain metastases on contrast-enhanced
T2 FLAIR was lower than on 3D brain volume imaging (P <<.001) in group A, and higher than on 3D brain volume imaging (P <.001)
in group C.

CONCLUSIONS: Small or ring-enhancing metastases can be better visualized on delayed contrast-enhanced T2 FLAIR using a half-
dose high-relaxivity contrast agent.

ABBREVIATIONS: BRAVO = brain volume imaging; CE = contrast-enhanced; CR = contrast ratio; GBCA = gadolinium-based contrast agents; Pl = percent-

age increase

B rain metastases occur in approximately 25% of patients with
cancer and account for 40% of adult brain tumors." The inci-
dence of brain metastases in patients with lung cancer is highest
(19.9%),” resulting in high morbidity and mortality.” Small metas-
tases, not combined with vasogenic edema or mass effects, are of-
ten missed. Improvement of the early detection of small brain
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metastases will contribute to developing treatment protocols and
will affect the outcomes* because small lesions effectively respond
to therapies and can be controlled at a substantially higher rate
compared with larger lesions.”® For patients with metastases, con-
trast-enhanced TIWI (CE-T1WI) should be repeatedly performed
to assess the progress of brain metastases”® or the efficacy of treat-
ment.”'" The conspicuity and detection rate of brain metastases
can be improved with a higher dose of gadolinium-based contrast
agents (GBCA)."" However, multiple enhanced examinations or
use of higher contrast doses may increase the potential adverse

12,13

effects, such as nephrogenic systemic fibrosis, ~'~ and may lead to

higher gadolinium deposition in the brain'* or other tissues.'>'®
Therefore, reducing the gadolinium-based contrast agent dose
may decrease the adverse effects produced by gadolinium accu-
mulation, which is crucial to the patient’s health. T2 FLAIR is an
inversion recovery pulse sequence that is sensitive to low concen-

trations of GBCA in the tissue.” It is reported that only one-
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quarter of the routine dose of GBCA is needed for CE-T2 FLAIR
to achieve a signal enhancement comparable with that of CE-
TIWI; moreover, CE-T2 FLAIR may offer additional morpho-
logic information compared with CE-T1WI alone.'”'® Due to the
suppression of intravascular and CSF signal,'* CE-T2 FLAIR
imaging has been used in the detection of various intra- and
extra-axial brain lesions, eg, the delineation of meningeal lesions
including meningoencephalitis and leptomeningeal metas-
tases.”"

Previous studies mostly focused on the use of CE-T2 FLAIR
after use of the normal GBCA dose; no studies were performed to
assess the utility of low-dose CE-T2 FLAIR in the detection of
brain metastases. Additionally, an increased delay of CE-T2
FLAIR scanning can improve the diagnosis of leptomeningeal in-
fectious or tumoral diseases,”> which means CE-T2 FLAIR has a
relationship with scanning time. The purpose of the present study
was to investigate the value of delayed low-dose CE-T2 FLAIR
compared with routine-dose CE brain volume imaging (BRAVO;
GE Healthcare) for contrast enhancement in brain metastases.

MATERIALS AND METHODS

Phantom Study

Eleven 2-mL tubes filled with gadobenate dimeglumine (Gd-
BOPTA, MultiHance; Bracco) at different concentration (0.015,
0.03, 0.06, 0,12, 0.24, 0.48, 0.96, 1.92, 3.84, 7.68, and 15.36 mmol/
L) were tested by T2 FLAIR and T1WI, with the following pa-
rameters—T2 FLAIR: TR = 8000 ms, TE = 150 ms, TI = 2250 ms;
TIWI: TR=1800 ms, TE =24 ms. ROI measurements of the sig-
nal intensity were made in axial slices of the test tube in the ho-
mogeneous-appearing area.

Clinical Study

Patients. Our study was conducted under the supervision of the
institutional review board of Huashan Hospital, Fudan Uni-
versity, and informed consent was obtained from each patient
before the examination. From February 2018 to July 2019, ninety
patients were consecutively enrolled into our study; 7 patients
had MR imaging contraindications, and 37 patients were
excluded because they had undergone radiation therapy, chemo-
therapy, or gamma knife radiosurgery within the preceding
2 months. The predefined criteria for brain metastasis were as fol-
lows:® 1) a new enhancing lesion or size change of a pre-existing
lesion detected on 2-month follow-up MR imaging; and 2) the
lesion must be located in the brain parenchyma and show
enhancement either on CE-BRAVO or CE-T2 FLAIR.

Clinical MR Imaging Protocol. MR imaging of the patients was
performed on a 3T MR imaging system (Signa HDxt; GE
Healthcare) with an 8-channel phased array coil. Data and infor-
mation on the patients for this study are presented in the flow
chart (Fig 1). All patients underwent precontrast conventional MR
imaging, including an axial TIWI (TR/TE = 2050/24 ms), axial
T2WI (TR/TE =3340/120ms), and axial T2 FLAIR sequences
(TR/TE/TI = 8000/150/2250 ms); all sequences had excitations =
1, thickness = 2 mm, and interstitial gap = 1 mm.

After intravenous bolus injection of half-dose (0.05 mmol/kg)
Gd-BOPTA, CE-T2 FLAIR was acquired 3 consecutive times
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Patients pathologically
confirmed lung cancer, suspected
with brain metastases (7 =90)

a. With contraindications
of enhanced MRI

b. Any pattern of therapy
within three months

@— Exclusion ———

Routine plain MRI protocol
with TIWI, T2WI, T2 FLAIR

@ Half-dose Gd-BOPTA

Phase-1 CE-T2 FLAIR

Phase-2 CE-T2 FLAIR

Phase-3 CE-T2 FLAIR

CE-TIWI
@ Remaining half-dose G&-BOPTA

GE BEAVD a. Without brain metastases

@— Exclusion ——|b. With hemorrhage
c. Not located in parenchyma

46 patients with 89 brain
metastases

FIG 1. Flow chart of the study population.

(Phase 1 to Phase 3: immediate scanning, 2 minutes 49 seconds,
and 5 minutes 38 seconds after contrast application) to observe
the optimal delay time; then, half-dose CE-T1WI was performed.
Following application of the remaining dose of 0.05mmol/kg, a
3D contrast-enhanced CE-BRAVO sequence (TR = 7.7 ms, TE=
12 ms, flip angle = 15° section thickness = 2 mm, section gap =
0mm) was acquired. The scan time points for each sequence after
enhancement were as follows—precontrast TIWI, T2WI, T2
FLAIR, 0.05 mmol/kg of Gd-BOPTA; CE-T2 FLAIR (Phasel: im-
mediate scanning); CE-T2 FLAIR (Phase two: 2 minutes 49 sec-
onds); CE-T2 FLAIR (Phase three: 5 minutes 38 seconds); CE-
TIWI (7 minutes 14 seconds), 0.05 mmol/kg of Gd-BOPTA; and
CE-BRAVO (9 minutes 7 seconds).

MR Imaging Analysis
The MR imaging data were evaluated and analyzed on an AW4.6
workstation (GE Healthcare).

Lesion Grouping. The enhancement pattern of brain metastases
was assessed and classified into solid- and ring-enhancing lesions.
The longest diameter of the lesion was measured on both axial
CE-BRAVO and axial CE-T2 FLAIR. The lesions were grouped
according to their size (max diameter < or =5 mm), and the
enhancement pattern (solid or rim enhancement) was divided
into the following groups:

Group A: solid-enhancing lesions with =5-mm diameter
Group B: ring-enhancing lesions with =5-mm diameter
Group C: lesions with <5-mm diameter.

Subjective Scoring of Enhancement Degree. The degree of
enhancement on CE-T2 FLAIR, CE-T1WI, and CE-BRAVO was
qualitatively assessed using a 3-point scale by 2 experienced radi-
ologists (each with >6years of experience in neuroradiology). If
the scoring was different, both radiologists would reach an agree-
ment after discussion. The scoring criteria were as follows—1
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FIG 2. Images of phantom tubes containing increasing concentra-
tions of gadobenate dimeglumine (0.015-15.36 mmol/L) acquired by
T2 FLAIR and CE-TIWI. Gd indicates gadolinium.

point: poor enhancement (the signal intensity of the lesions was
almost equal to that of the adjacent white matter and hardly iden-
tifiable; missed lesions were also included in this group); 2 points:
moderate enhancement (the signal intensity was moderately
higher than that of the adjacent white matter, but reliably identifi-
able); and 3 points: good enhancement (the signal intensity was
significantly higher than that of the adjacent white matter and
easily identifiable).

Quantitative Index Measurement. Contrast ratio (CR) was cal-
culated for the 3 consecutive CE-T2 FLAIR sequences as follows:
CR = [(Slce-tarramr — Shnwm)/SIxwml x 100%.

SIcr T2rramr represents the signal intensity of the lesion after
enhancement, and SIyww represents the signal intensity of ROI-
based normal-appearing white matter (NWM) adjacent to the
tumor.

Percentage increase (PI) was used to observe the real enhance-
ment degree between the nonenhanced T2 FLAIR and CE-T2
FLAIR' to avoid an inherent high signal on nonenhanced T2
FLAIR.

PI= [(SICE-TZ FLAIR ~ Slnonenhanced T2 FLAIR)/ Slhonenhanced T2 FLAIR]

x100%.

Slce.12 FLar represents the signal intensity after enhance-
ment, and Slonenhanced T2 FLAIR Tepresents the signal intensity
before enhancement.

ROI. Two radiologists independently drew the ROIs guided by an
experienced neuroradiologist. Each radiologist drew 3 ROIs, and
the mean value was recorded as the final value measured by each
radiologist. The mean value of the measurements by 2 radiolog-
ists was used as the final value of the patient. “Function tool”
(AW 4.6 workstation, GE Healthcare) was used to fuse all
sequences (including nonenhanced CE-T2 FLAIR and 3

consecutive CE-T2 FLAIR, CE-TIWI, and CE-BRAVO sequen-
ces; then, ROIs were drawn on CE-T2 FLAIR images and propa-
gated to all other sequences to make certain that all ROIs were in
the same position. If the ROIs were not in the same position in
different sequences after propagation, ROIs were independently
drawn to keep them in the same position as much as possible. An
ROI was drawn to cover the entire lesion and was placed within a
homogeneously enhanced area if all lesions had enhancement. If
the lesion was ring-enhancing, the ROI was placed on a homoge-
neous-appearing part of the ring. Hemorrhagic, necrotic, and
vascular areas were carefully spared.

Statistical Analysis
Statistical analysis was performed using the SPSS 21.0 software
package (IBM). The measured data were presented as mean [SD].
CR and PI values of 3 consecutive CE-T2 FLAIR sequences
from all brain metastases were compared among groups A, B,
and C using a paired ¢ test for CR values and a Kruskal-Wallis
test for PI values. A x” test was used to compare the qualitative
enhancement degree of the 3 sequences. P <.05 was statistically
significant. In pair-wise comparisons, the corrected significance
level was set at .017.

RESULTS

Phantom Study

In vitro experiments demonstrated that the concentration of Gd-
BOPTA required to generate reliable signal intensities on CE-T2
FLAIR images was approximately 0.12-0.48 mmol/L, correspond-
ing to one-eighth to one-half lower than the concentration needed
to achieve comparable signal intensity on CE-T1WI (Fig 2).

Clinical Study

Forty-six patients (22 men and 24 women; age range, 35-73 years;
mean age, 61.7 years) with a total of 89 brain metastatic lesions
were included. Twenty-seven lesions were assigned to group A;
23, to group B; and 39, to group C.

The CR measured on consecutive CE-T2 FLAIR sequences
was CRppacer = 63.64% [SD, 32.19%], CRppaces = 77.34% [SD,
40.19%], and CRppyses = 83.05% [SD, 46.65%]. CRypyser Was sig-
nificantly lower than CRphqsez (P <.001); and CRppqse> Was lower
than CRphases (P = .01); thus, an increasing delay between con-
trast administration and image acquisition led to a significant CR
increase in brain metastases (Fig 3). The mean values of PI on the
third phase on CE-T2 FLAIR of groups A, B, and C were PI, =
31.42% [SD, 11.65%], Pl = 58.60% [SD, 27.79%], and
PIc = 61.05% [SD, 29.55%], respectively. PI, was significantly
lower than PIz (P=.001) and PI¢ (P < .001). There was no sig-
nificant difference between PIz and Pl (P = .759).

Group A. The enhancement degree on half-dose CE-T2 FLAIR
was lower than that with half-dose CE-T1WI (P=.001) and rou-
tine-dose CE-BRAVO (P <.001). No significant difference was
found between half-dose CE-T1WI and routine-dose CE-
BRAVO (P =.046) (Fig 4).

Group B. The enhancement degree on half-dose CE-T2 FLAIR
was higher than that of half-dose CE-T1WI (P =.003) (Fig 5). No
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better shown on CE-T2 FLAIR using a
half dose of the high-relaxivity contrast
agent gadobenate dimeglumine.

A previous study found that when the
GBCA concentration was set between 0.1
and 0.3mmol/L, the difference in signal
intensity between T2 FLAIR and T1WI
was obvious;”> this concentration was
almost the same as that in our in vitro
study (0.12-0.48 mmol/L). According to
our results from the in vitro measure-

CR Values (%)
=

1 2

FIG 3. A 64-year-old man with brain metastases in the right parietal cortex (arrow). A,
Nonenhanced T2 FLAIR. B, Phase 1: half-dose CE-T2 FLAIR shows a ring-enhancing lesion. C, Phase
2: half-dose CE-T2 FLAIR at 2 minutes 49 seconds. D, Phase 3: half-dose CE-T2 FLAIR at 5 minutes
38 seconds. E, The CR value of the ring wall on T2 FLAIR shows a tendency toward an increase

with delayed scanning time.

significant difference was found between half-dose CE-T2 FLAIR
and routine-dose CE-BRAVO (P=.122), or between half-dose
CE-T1WI and routine-dose CE-BRAVO (P=.113).

Group C. The enhancement degree on half-dose CE-T2 FLAIR
was significantly higher than that of half-dose CE-TIWI
(P <.001) and routine-dose CE-BRAVO (P <.001) (Fig 6). The
enhancement degree on routine-dose CE-BRAVO was higher
than that on half-dose CE-T1WI (P < .001).

Of these brain metastases, 1 of 27 was missed in group A with
half-dose CE-T2 FLAIR, while 1 of 23 was missed in group B
with half-dose CE-T1WTI as shown in Tables 1 and 2. Especially
for small lesions in group C, 16 of 39 lesions were missed with
half-dose CE-T1WTI and 9 of 39 with routine-dose CE-BRAVO as
shown in Table 3.

DISCUSSION

Accurate diagnosis of brain metastases before treatment is impor-
tant because therapeutic planning is dependent on the presence
and number of metastatic lesions;** however, different imaging
methods have different detection efficiencies. In this study, we
compared the enhancement degree among half-dose CE-T2
FLAIR, half-dose CE-T1WI, and routine-dose CE-BRAVO in
brain metastases and concluded that large and solid-enhancing
brain metastases are better visualized on CE-T1WI or CE-
BRAVO, while small and ring-enhancing brain metastases are
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ments, CE-T2 FLAIR was more sensitive
to lower GBCA concentrations than
CE-T1WI and low-dose CE-T2 FLAIR
could provide satisfactory signal intensity.
Considering that gadolinium cannot pen-
etrate completely from plasma into the
lesion, we speculated that half-dose gado-
linium might overlap with the optimum
concentration range required for CE-T2
FLAIR. We performed 2 different con-
trast-enhanced T1-weighted sequences,
including spin-echo TIWI and 3D-
BRAVO as reference standards to assess
the enhancement degree of CE-T2
FLAIR. 3D-BRAVO is a gradient-echo
sequence that uses thin-layer and no

3
E Different phases of half-dose T2 FLAIR

interlayer spacing scans, combined with

variable flip angle spin-echo acquisition

technology, which can observe lesions
from multiple orientations and angles. Previous studies also dem-
onstrated the higher detectability of small metastases using 3D-
BRAVO sequences compared with conventional spin-echo
sequences.26 Therefore, in our study, low-dose CE-T2 FLAIR was
used to evaluate the conspicuity of cerebral brain metastases with
different sizes in comparison with CE-BRAVO after administra-
tion of a normal dose (0.1 mmol/kg) of GBCA.

Scanning time is an important factor that affects the signal in-
tensity of lesions, because the infiltration of gadolinium from
blood vessels into the extracellular space is a dynamic process. A
delay in imaging time may be effective in increasing the signal in-
tensity because it prolongs the perfusion of contrast agent by the
leaky neovasculature within the metastases.”” Keremer et al*’
studied the role of delayed CE-T2 FLAIR in meningeal diseases.
They pointed out that delayed CE-T2 FLAIR could achieve more
accurate information compared with delayed CE-T1WI or early
CE-T2 FLAIR, but optimal imaging time for CE-T2 FLAIR was
not studied in their work. In our study, we performed 3 consecu-
tive phases of CE-T2 FLAIR to observe the effect of scanning
time on T2 FLAIR, and we found that the later time points
(2 minutes 49 seconds to 5 minutes 38 seconds) of CE-T2 FLAIR
acquisitions showed a higher enhancement degree compared
with the first acquisition. Thus, a delay of at least 3-5 minutes is
suggested for the postcontrast CE-T2 FLAIR imaging. As for
spin-echo TIWI, Akeson et al*® suggested that the scan should
not be started within 5 minutes after injection; the tumor showed
better enhancement when delayed for 5-25minutes. Thus, we



FIG 4. A 48-year-old man with solid brain metastases in the right pa-
rietal cortex (D, =5mm, arrow) and left frontal cortex (@, <5mm,
arrowhead). A, Nonenhanced T2 FLAIR. B, Phase 3 half-dose CE-T2
FLAIR (@, 1 point; @, 3 points). C, Half-dose CE-TIWI (@, 3 points; @,
missed diagnosis). D, Routine-dose CE-BRAVO (@, 3 points; @, missed
diagnosis).

performed CE-T1WT after 3 phases of CE-T2 FLAIR to ensure
that all sequences were at their optimum scanning time.

Up to 50% of patients with brain metastasis have 1 lesion."*
For these patients, the detection of metastases is extremely impor-
tant for treatment. Small metastases are not combined with vaso-
genic edema, and they usually show slight enhancement.'
Therefore, they are often missed using nonenhanced T2 FLAIR
or enhanced T1-weighted sequences. As for the small metastases
(<5 mm) in our study, we found that half-dose CE-T2 FLAIR
showed a better enhancement degree and higher a detection rate
than CE-T1WI or CE-BRAVO. Our in vitro experiments sug-
gested that T2 FLAIR may show better enhancement at a lower
concentration of gadolinium-based contrast agent. This phenom-
enon is explained by the unique T1-weighting of the T2 FLAIR
sequence. Because of the mild T1-weighting induced by the long
TI and TI-shortening caused by gadolinium, the T2 FLAIR
sequence is more sensitive to low concentrations than a conven-
tional contrast-enhanced T1 sequence.'”'***

When the diameter of the lesion is <5 mm, the damage of the
blood-brain barrier is mild and the vascular permeability is rela-
tively low,” leading to a low contrast agent concentration in the
extracellular space in tumor tissue. The concentration satisfies
the enhancement level of CE-T2 FLAIR but does not satisfy that
of CE-BRAVO; hence the enhancement degree on CE-T2 FLAIR
was higher than that on CE-BRAVO. The capillary permeability

31,32

varies with the size of metastases, and large solid metastases

usually have immature vessels with high permeability.”*** When

FIG 5. A 62-year-old woman with ring (©, =5mm, arrow) and solid
(®, =5 mm, arrowhead) enhancing brain metastases. A, Nonenhanced
T2 FLAIR B, Phase 3 half-dose CE-T2 FLAIR (@, 3 points; @, missed diag-
nosis). C, Half-dose CE-TIWI (@, 1 point; @, 3 points). D, Routine-dose
CE-BRAVO (@, 2 points; @, 3 points).

the metastases become larger, the concentration largely accumu-
lates in the extracellular space due to the severe damage to the
blood-brain barrier and progression of angiogenesis,* dramatically
shortening the T2 effect and obscuring the signal-enhanced T1
effect on CE-T2 FLAIR.*®

Thus, the high concentration of gadolinium “inverts” the T2
FLAIR signal intensity and makes the lesions invisible, but it ful-
fills the requirement for CE-BRAVO, consistent with our in vitro
findings of signal reduction in higher contrast concentrations. In
our in vivo experiments, we also found that low-dose CE-T2
FLAIR could clearly show meningeal metastases because the gad-
olinium concentration is diluted when it leaks into the adjacent
CSF through mildly damaged vessels, corresponding to the low-
concentration setting used in an in vitro study.*®

In a previous study, it was demonstrated that the peripheral
margin of an invasive tumor has a lower vascular permeability,”
leading to a higher sensitivity of CE-T2 FLAIR in the delineation
of brain metastases boundaries.”” This effect was found in our
study in which brain metastases with rim enhancement showed
higher signal enhancement on T2 FLAIR, probably due to a
decreased capillary permeability in this part of the tumor.

Although using high-dose contrast on CE-T1WTI can increase
the detection rate of metastases,’” it may also increase the adverse
effects on patients with cancer. Half-dose CE-T2 FLAIR would
not only reduce the contrast agent dose but could also improve
the detection rate of small cerebral metastases. However, hyperin-
tense signal of the lesion on nonenhanced T2 FLAIR images
caused by prolonged T2 signal could mask the real margin of
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FIG 6. A 56-year-old woman with small brain metastases (D and @,
<5mm, arrow). A, Nonenhanced T2 FLAIR. B, Phase 3 half-dose CE-T2
FLAIR (®, 3 points; @, 3 points). C, Half-dose CE-TIWI completely
missed the lesions. D, Routine-dose CE-BRAVO (@, 1 point; @, missed
diagnosis).

Table 1: Group A, comparison of the enhancement degree of 3
sequences of solid-enhancing lesions with diameters of > 5mm

Routine-
Half-Dose CE-T2  Half-Dose CE- Dose
FLAIR TiWI CE-BRAVO
Three points 5 n 20
Two points 7 14 6
One point 15 (1%) 2 (0%) 1(0%)
Total 27 27 27

*Missed brain metastases.

tissue showing contrast enhancement and is not as intuitive as
CE-T1WIL. This feature might, to some extent, limit the clinical
application of CE-T2 FLAIR in central nervous system imaging.
Therefore, at least a half-dose CE-T1WI should be acquired after
CE-T2 FLAIR to identify the lesion margin or demonstrate me-
tastases with a high concentration of gadolinium. In general, half-
dose CE-T2 FLAIR and CE-T1-weighted sequences can provide
complementary information.

This study has certain limitations. First, the sample size of
each group is relatively small, which may have some negative
impact on the statistical results. Second, it would be better to
study the signal enhancement of brain metastases on half-dose
CE-T2 FLAIR images during a longer time period; however, for
ethical reasons, this was not feasible because patients with cancer
and brain metastases can undergo MR imaging with only a lim-
ited examination time. Third, there is a potential bias in the eval-
uation of different sequences because the raters were not blinded
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Table 2: Group B, comparison of the enhancement degree of 3
sequences of ring-enhancing lesions with diameters of > 5mm

Half-Dose CE- Half-Dose Routine-Dose

T2 FLAIR CE-TIWI CE-BRAVO
Three points 17 6 T
Two points 4 12 10
One point 2(0%) 5(1%) 2(0%)
Total 23 23 23

*Missed brain metastases.

Table 3: Group C, comparison of the enhancement degree of 3
sequences of lesions with diameters of < 5mm

Half-Dose CE- Half-Dose Routine-Dose

T2 FLAIR CE-TIWI CE-BRAVO
Three points 32 1 7
Two points 6 9 20
One point 1(0%) 29 (16%) 12 (99)
Total 39 39 39

*Missed brain metastases.

to the sequence type. Additionally, half-dose CE-T1WI was per-

formed in our study because we intended to ensure that the total

dose was halved when our protocol was applied to the clinical
practice, but the dosages used for CE-T1WI and CE-BRAVO
were different, possibly causing a certain bias in the comparison

of the enhancement degree between the 2 sequences.

CONCLUSIONS
CE-T1-weighted sequences and CE-T2 FLAIR are mutually com-
plementary for evaluating brain metastases. Large and solid-

enhancing brain metastases are better visualized on CE-TI-

weighted sequences, while small and ring-enhancing metastases
are better visualized on delayed (3-5minute) CE-T2 FLAIR
sequences using a half-dose of the high-relaxivity contrast agent

gadobenate dimeglumine.
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