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BACKGROUND AND PURPOSE: Early accurate diagnosis of brain metastases is crucial for a patient’s
prognosis. This study aimed to compare the conspicuity and detectability of small brain metastases
between contrast-enhanced 3D fast spin-echo (sampling perfection with application-optimized con-
trasts by using different flip angle evolutions [SPACE]) and 3D gradient-echo (GE) T1-weighted
(magnetization-prepared rapid acquisition of GE [MPRAGE]) images at 3T.

MATERIALS AND METHODS: Sixty-nine consecutive patients with suspected brain metastases were
evaluated prospectively by using SPACE and MPRAGE on a 3T MR imaging system. After careful
evaluation by 2 experienced neuroradiologists, 92 lesions from 16 patients were selected as brain
metastases. We compared the shorter diameter, contrast rate (CR), and contrast-to-noise ratio (CNR)
of each lesion. Diagnostic ability was compared by using receiver operating characteristic (ROC)
analysis. Ten radiologists (5 neuroradiologists and 5 residents) participated in the reading.

RESULTS: The mean diameter was significantly larger by using SPACE than MPRAGE (mean, 4.5 � 3.7
versus 4.3 � 3.7 mm, P � .0014). The CR and CNR of SPACE (mean, 57.3 � 47.4%, 3.0 � 1.9,
respectively) were significantly higher than those of MPRAGE (mean, 37.9 � 41.2%, 2.6 � 2.2; P �
.0001, P � .04). The mean area under the ROC curve was significantly larger with SPACE than with
MPRAGE (neuroradiologists, 0.99 versus 0.88, P � .013; residents, 0.99 versus 0.78, P � .0001).

CONCLUSIONS: Lesion detectability was significantly higher on SPACE than on MPRAGE, irrespective
of the experience of the reader in neuroradiology. SPACE should be a promising diagnostic technique
for assessing brain metastases.

The therapeutic strategies for brain metastases are usually
based on a diagnosis using contrast-enhanced MR imaging

and depend on the number, size, and location of lesions. In
patients with �3 metastatic lesions, aggressive management
such as resection or stereotactic radiosurgery is generally rec-
ommended.1 Because the local control rate of brain metastasis
by radiosurgery is significantly higher in small lesions
(�10-mm diameter),2 early accurate diagnosis of brain metas-
tases by using MR images is crucial for the patient’s prognosis.

Several investigators reported that gradient-echo (GE) im-
ages usually provide lower contrast enhancement than spin-
echo (SE)-type images at 1.5T, though the specific explanation
of this phenomenon has not been clearly described.3 This is
why the reported detectability of small brain metastases with
contrast-enhanced 3D GE images is lower than that with 2D
SE images, even if 3D GE sequences, which reduce the partial

volume effect due to acquisition with thinner section thick-
ness, are performed at 1.5T.3,4

Recently, 3T MR imaging units have become widely avail-
able for clinical use. Given some disadvantages of 3T units,
such as specific absorption rate (SAR) limitations and low
contrast between gray and white matter of the brain on T1-
weighted SE images, GE techniques that allow lower SAR,
higher gray-white contrast, and rapid acquisition of 3D images
are generally used for T1-weighted brain imaging at 3T.5,6 Fur-
thermore, because the contrast enhancement effect at 3T is
higher than that at 1.5T, several studies have suggested that 3D
contrast-enhanced GE images provide higher detectability of
small brain metastases than 2D contrast-enhanced SE T1-
weighted images when a 3T system is used.7,8

Although high SAR at 3T makes it difficult to obtain T1-
weighted 3D images with an SE-type sequence, recent techno-
logic innovations, including parallel imaging, k-space trajec-
tory, and variable flip angles, have solved the problem.
Sampling perfection with application-optimized contrasts by
using different flip angle evolutions (SPACE) is one such 3D
SE-type sequence available at 3T. It is a 3D fast SE sequence
with variable flip-angle refocusing pulses developed by Mugler
et al.9 Considering the predominance of contrast enhance-
ment on SE images, we believe the detectability of enhancing
lesions on SE images would be higher than that on GE images,
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given an identical spatial resolution. In our experience with 3T
MR images, several metastatic foci were clearly delineated on
contrast-enhanced SPACE images, but not on other se-
quences, including contrast-enhanced 3D GE T1-weighted
(magnetization-prepared rapid acquisition of GE [MPRAGE])
images, which were reported to be more helpful than contrast-
enhanced 2D SE images to detect small brain metastases at 3T
(Fig 1).7,8

In view of the contrast-enhancement effect, we formed a
hypothesis that contrast-enhanced SPACE imaging would be
more useful than contrast-enhanced MPRAGE in detecting
brain metastasis. That was why we compared the conspicuity
of brain metastases and the diagnostic performance between
contrast-enhanced SPACE and MPRAGE.

Methods and Materials
This study was approved by the local institutional review board and

prospectively performed after obtaining informed consent from all

patients.

MR Imaging
All studies were performed with a 3T MR imaging system

(Magentom Trio a Tim; Siemens, Erlangen, Germany) by using a

12-channel head coil. Contrast-enhanced 3D imaging was performed

after injecting the standard dose (0.1 mmol/kg) of gadopentetate

dimeglumines (Magnevist; Bayer Schering Pharma, Berlin, Germany)

by using the following parameters: TR, 2000 ms; TE, 2.98 ms; imaging

time, 4 minutes 50 seconds; FOV, 240 � 256 mm; bandwidth, 240

Hz/pixel; echo spacing, 7.1 ms; and 1-mm-thick sections for

MPRAGE; TR, 500 ms; TE, 15 ms; imaging time, 4 minutes 42 sec-

onds; FOV, 240 � 256 mm; bandwidth, 574 Hz/pixel; echo spacing,

5.16 ms; turbo factor, 47; echo trains per section, 4; and 1-mm-thick

sections for SPACE. To reduce imaging time, we obtained sagittal 3D

planes covering the entire brain with each pulse sequence.

Before obtaining these contrast-enhanced 3D T1-weighted

images, conventional T1-weighted (SE, axial), T2-weighted (fast SE,

axial), and contrast-enhanced 2D T1-weighted (SE, axial and coro-

nal) images were obtained. To avoid timing bias after contrast injec-

tion, we alternated the order of the two 3D sequences (SPACE and

MPRAGE) in 69 patients by rotation.10

Patients
Between August 2007 and January 2008, 69 consecutive patients who

were scheduled for examination under 3T MR imaging units for pos-

sible brain metastases were imaged prospectively by using 2 types of

3D T1-weighted sequences with contrast enhancement (MPRAGE

and SPACE).

From these patients, we selected those with no lesions and those

with brain metastases by the following procedures: First, 1 neurora-

diologist (Y.K.) reviewed all the contrast-enhanced images of the ini-

tial MR imaging (including conventional imaging, SPACE, and

MPRAGE) of each patient and divided them into groups with ab-

normal contrast-enhancing areas (“suspicious lesion”) or with no

lesions. In this process, all lesions that were interpreted as having

abnormal contrast enhancement among contrast-enhanced se-

quences (conventional SE, SPACE, and MPRAGE) were selected as

suspicious lesions. From the suspicious lesion group, we chose pa-

tients who underwent follow-up MR imaging for more than 1 month,

because the previous studies reported that shrinkage of brain meta-

static foci would be seen in approximately 1 month after treat-

ment.11,12 Four cases were discarded due to no follow-up study or an

inadequate follow-up period. There were 131 enhancing lesions from

19 patients with follow-up MR images. Then, 2 neuroradiologists (the

coordinators, Y.K. and S.M.) determined in consensus fashion

whether these 131 suspicious lesions in the selected cases could be

considered brain metastases. When a lesion met all the following cri-

teria, the lesion was determined to be a metastasis:

1) The “lesion” was not a normal structure or an artifact.

2) The lesion was located in the brain parenchyma.

3) In addition, the size of the lesion decreased after therapy or

increased on follow-up MR images (either MPRAGE or SPACE).

To distinguish normal-enhancing structures, such as vessels or the

choroid plexus, and artifacts from lesions, the coordinators carefully

evaluated consecutive sections on contrast-enhanced 3D images.

Multiplanar reconstructions of the 3D images and other images were

used if needed.

Ninety-two enhancing lesions were designated as being brain me-

tastases (follow-up period, 1.5–5 months) and 39 enhancing lesions,

as not being brain metastases (follow-up period, 1.5–5 months), in-

cluding 1 meningioma, 3 meningeal disseminations, 6 vessels, and 29

unchanged lesions. Because this study aimed to check the conspicuity

Fig 1. A case with brain metastases depicted clearly on SPACE. A, Sagittal image of contrast-enhanced SPACE. B, Sagittal image of contrast-enhanced MPRAGE. The anatomic levels of
these images conform. The SPACE image shows numerous small enhancing lesions, whereas only a few lesions with subtle enhancement are barely visible on MPRAGE image. Arrows
indicate lesions delineated only on SPACE.
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and detectability of brain metastases, these 39 lesions were excluded

from the analyses.

Finally, 46 patients (34 men, 12 women; mean age, 63.0 years;

range, 36 – 81 years) were classified as the group with no lesions, and

16 patients (7 men, 9 women; mean age, 57.3 years; range, 42–

82 years), as the group with brain metastasis (92 lesions). Thirty-four

of the 92 lesions (36%) were depicted with SPACE first, and 58 lesions

(63%), with MPRAGE first. The primary tumors of the metastasis

group included lung (n � 11), breast (n � 1), colon (n � 1), and

pancreatic (n � 1) cancer; renal cell carcinoma (n � 1); and testicular

tumor (n � 1). There were 92 brain metastatic foci (49 increased in

size, 43 decreased in size).

Image Analysis
The 2 types of contrast-enhanced 3D images were compared by using

quantitative and qualitative assessments.

Quantitative Assessments
The measured lesion size, contrast rate, and contrast-to-noise ratio

(CNR) were compared between the SPACE and MPRAGE sequences.

All these quantitative values were measured on the primary sagittal

images by using a stand-alone workstation (Virtual Place Lexus, AZE,

Tokyo, Japan).

Size of the Lesions
One neuroradiologist measured the shorter diameter of each lesion in

the sagittal plane of both SPACE and MPRAGE images.

Contrast Rate and CNR
The contrast rate and CNR were calculated by using the following

formulas. The contrast rate was defined according to Rand et al13:

Contrast rate � {(SIlesion � SIbackground)/SIbackground} � 100,

CNR � (SIlesion � SIbackground)/SDlesion,

where SIlesion and SIbackground represent the mean signal intensities of

the enhancing lesion and surrounding brain parenchyma, respec-

tively, and SDlesion is the SD of the signal intensity measured for

SIlesion. These parameters were obtained by defining regions of in-

terest on images that delineated the greatest dimension of the lesion

(Fig 2). The surrounding brain parenchyma for SIbackground included

both white and gray matter. Because signal intensities could be

changed largely with the balance of white and gray matter in the

region of interest, we set a relatively large region of interest for SIback-

ground to reduce the influence: region of interest size of the back-

ground on both SPACE and MPRAGE, 76.7 mm2 (range, 70 – 83 �

2.5 mm2); region of interest size of the lesion on SPACE, 10.7 mm2

(range, 1–72 � 12.9 mm2); region of interest size of the lesion on

MPRAGE, 8.1 mm2 (range, 1–72 � 12.5) mm2, respectively.

The contrast rate and CNR were measured in 89 and 53 meta-

static lesions, respectively. From analysis with the contrast rate, 3

ringlike enhancing lesions were abandoned due to difficulties of set-

ting regions of interest. From analysis with CNR, 36 lesions were

abandoned because the region of interest areas were too small to

obtain SD values.

Qualitative Evaluation
The diagnostic ability of both sequences was evaluated by using re-

ceiver operating characteristic (ROC) analysis. The reading required a

set of positive and negative images. For positive images, the coordi-

nators selected those with a single lesion �10 mm in diameter from

the brain metastases group because a previous report revealed no

difference between contrast-enhanced T1- and T2-weighted images

in detecting brain metastases that exceeded 10 mm in diameter.14

The reason that we selected a single lesion in an image was that mul-

tiple lesions in 1 sectional image made it difficult to judge the results.

Thirty-six images met the criteria of positive images. Twenty-two of

the 36 lesions (61%) were depicted first with SPACE, and the remain-

ing 14 lesions (39%), first with MPRAGE. For negative images, images

that corresponded to the aforementioned positive images anatomi-

cally but had no metastatic lesion were selected from the no-lesion

group. Consequently, 72 images including 36 positive images and the

corresponding 36 negative images were selected for the reading. The

positive images were chosen from 13 patients (6 men, 7 women),

44 – 82 years of age (mean, 57.2 years), and the negative images, from

10 patients (5 men, 5 women) 42–76 years of age (mean, 57.8 years).

The age difference between the 2 groups was not significant (Student

t test, P � .90).

Ten radiologists, including 5 neuroradiologists other than the co-

ordinators and 5 resident radiologists participated as observers.

The test consisted of 2 series of sessions, 1 each with SPACE and

Fig 2. Definition of the regions of interest. A, Contrast-enhanced sagittal SPACE image. B, Contrast-enhanced sagittal MPRAGE image. A circular or oval region of interest for a lesion
is as large as possible, excluding lesion edges, to avoid a partial volume effect (solid oval), and the region of interest for the background is on the brain parenchyma near the lesion in
the same plane (dotted circle). We defined these regions of interest carefully to avoid CSF or vessels. The size and shape of the region of interest on the brain parenchyma are identical
on both SPACE and MPRAGE images.
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MPRAGE, performed in randomized order under anonymized

conditions �4 weeks apart to reduce learning effects. The observ-

ers were informed that the purpose of this study was to compare

the diagnostic ability of the 2 sequences and that 1 series included

72 images with or without a single metastatic lesion and that the

reading time was unlimited. They were blinded to the number of

positive images.

Six of the observers (3 neuroradiologists and 3 residents) inter-

preted the SPACE images first and then the MPRAGE images and vice

versa for the other observers. The observers evaluated just 1 section

for each case and used the continuous confidence grading scale of a

line-marking method. When observers recognized a lesion with a

confidence level exceeding 50%, they recorded the most likely posi-

tion of the brain metastasis on each image. The observers viewed

the MR images on a 21.3-inch (54.1-cm) color monitor (CCL250i;

Totoku Electric Co, Tokyo, Japan) with a display of 1600 � 1200 lines.

They were allowed to adjust the image window level and width set-

tings and change the magnification of the images.

Data Analysis
The size, contrast rate, and CNR were compared by using the

Wilcoxon signed rank test. Observer performance in detecting brain

metastasis was evaluated with ROC analysis by using the observer

confidence level. The area under the ROC curve (Az) was calculated

by using the computer program LABMRMC.15 The statistical signif-

icance of the difference in the average Az values for both sequences

was estimated by using the jackknife method.16

The observers were required to identify the most likely position of

the brain metastasis on each image. True-positive lesions were de-

cided according to brain metastases criteria by the coordinators. Lo-

cating true lesions was scored as true-positive events, and all other

events were scored as false-positives. The data obtained in this way

were used only for determining sensitivity, specificity, accuracy, false-

positives, and false-negatives. The differences in the sensitivity, spec-

ificity, accuracy, false-positives, and false-negatives were analyzed

with a paired t test. For all tests used, P � .05 was considered statisti-

cally significant.

Fig 3. Results of the ROC analyses. In both observer groups, the Az was significantly higher for SPACE than for MPRAGE. The difference in Az values between the 2 observer groups was
smaller for SPACE images. The asterisk in A indicates residents, P � .0001; the dagger in B, neuroradiologists, P � .0013.

Fig 4. The contrast-enhanced SPACE image (A) clearly reveals an enhancing nodular lesion (arrow), whereas the lesion shows faint enhancement on the contrast-enhanced MPRAGE (B)
and is barely visible. This lesion was noted by 9 observers on SPACE, but overlooked by 8 readers on MPRAGE.
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Results

Quantitative Evaluation
Measured Size of the Lesions. The shorter diameters of all

the metastatic lesions (n � 92) were measured on SPACE and
MPRAGE, separately. The measured values were larger by us-
ing SPACE than with MPRAGE in 52 lesions (57%), equal in
11 (12%), and smaller in 29 (31%). All the lesions were delin-
eated and measurable on SPACE, whereas 2 lesions were not
seen on MPRAGE. The mean diameter measured on SPACE
(4.5 � 3.7 mm; range, 0.7–18.8 mm) was significantly larger
than that on MPRAGE (4.3 � 3.7 mm; range, 0 –18.9 mm;
Wilcoxon test, P � .0014).

Contrast Rate and CNR. The contrast rate was significantly
higher on SPACE than on MPRAGE (57.3 � 47.4 versus
37.9 � 41.2; Wilcoxon test, P � .0001). The CNR was signif-
icantly higher on SPACE than on MPRAGE (3.0 � 1.9 versus
2.6 � 2.2; Wilcoxon test, P � .04).

Qualitative Evaluation
In 2 cases, several observers noted 2 metastatic lesions on a
single positive image. The coordinators re-evaluated these by
checking consecutive 3D images and other sequences and de-
termined that both had 2 lesions. These images were excluded
from the subsequent analysis. Ultimately, 34 positive images
and 36 negative images were analyzed.

For both the neuroradiologists and residents, the diagnos-
tic performance was significantly higher with SPACE images
(Figs 3 and 4) and the sensitivity and accuracy were signifi-
cantly higher on SPACE images (Table 1). The difference in
sensitivity between the 2 observer groups was smaller for
SPACE images, as was the Az. In contrast, the difference in
specificity between them in each observer group was not
significant.

Because a previous study revealed no significant differ-
ence between 3D and 2D images for detecting enhancing le-
sions with a diameter of �5 mm,7 we compared the sensitivity
for lesions �5 and �5 mm in shorter diameters separately
(Tables 2 and 3). On MPRAGE, the detectability decreased

with lesion size and dropped to 50%– 60%. In contrast, the
deterioration in the detectability of lesions �5 mm in diame-
ter was minimal on SPACE, and their detectability exceeded
95% in both observer groups.

False-positive readings are summarized in Table 4. The to-
tal number of false-positive events for all observers was slightly
greater with MPRAGE than with SPACE. On MPRAGE, ves-
sels on the brain surface or in the sulci were frequently misin-
terpreted as metastases. On SPACE, the venous sinuses and
choroid plexus in the ventricles tended to be mistaken as le-
sions. Confusing artifacts included a partial volume effect of
the brain cortex and pulsation artifacts from vessels.

Discussion

Lesion Detectability with SPACE and MPRAGE
We compared contrast-enhanced 3D SPACE and MPRAGE
images at 3T for detecting small brain metastases with an iden-
tical spatial resolution in the same patients. In the reading, the
lesion detectability was higher on SPACE than on MPRAGE,
and the Az values of the ROC analysis were significantly
greater with SPACE images for all observers. The detectability
difference between the 2 sequences was more remarkable for
smaller lesions (�5-mm diameter). In addition, the high de-
tection rate on SPACE was insensitive to the observers’
experience.

Komada et al17 compared the detectability of brain metas-
tases on contrast-enhanced images among SPACE, MPRAGE,
and 2D SE in a reading with 2 observers. Although they stated

Table 1: Sensitivity and specificity of SPACE and MPRAGE
according to the observer groups*

Residents Neuroradiologists

SPACE MPRAGE SPACE MPRAGE
Sensitivity 96.5† 59.4 98.8‡ 69.4

(164/170) (101/170) (168/170) (118/170)
Specificity 90 88.9 93.3 90.6

(162/180) (160/180) (168/180) (163/180)
Accuracy 93.1§ 74.6 96.0¶ 80.3

(326/350) (261/350) (336/350) (281/350)
False-positive 10 11.1 6.7 9.4

(18/180) (20/180) (12/180) (17/180)
False-negative 3.5� 40.6 1.2# 30.6

(6/170) (69/170) (2/170) (52/170)

Note:—SPACE indicates sampling perfection with application-optimized contrasts by using
different flip angle evolutions; MPRAGE, magnetization-prepared rapid acquisition of
gradient echo.
* Data are percentages; numbers in parentheses are raw data.
† P � .0002.
‡ P � .003.
§ P � .0008.
¶ P � .002.
� P � .0002.
# P � .01.

Table 2: Comparison of the sensitivity of the 2 sequences classified
by lesion size: results for residents

Diameter (mm)
Sensitivity with

SPACE*
Sensitivity with

MPRAGE*
P Value

(SPACE vs MPRAGE)
�5 95.7 (110/115) 50.4 (58/115) .0001
�5 98.2 (54/55) 78.2 (43/55) .011
P value

(�5 vs �5)
.33 .0005

* Data are percentages; numbers in parentheses are raw data.

Table 3: Comparison of the sensitivity of the 2 sequences classified
by lesion size: results for neuroradiologists*

Diameter (mm)
Sensitivity with

SPACE
Sensitivity with

MPRAGE
P Value

(SPACE vs MPRAGE)
�5 98.3 (113/115) 60.9 (70/115) .003
�5 100 (55/55) 87.3 (48/55) .005
P value

(�5 vs �5)
.18 .004

* Data are percentages; numbers in parentheses are raw data.

Table 4: Summary of false-positive events*

False-Positive
Events

SPACE
(n � 340)

MPRAGE
(n � 340)

Vessels 8 (5, 3) 29 (17, 12)
Venous sinus 12 (8, 4) 1 (1, 0)
Choroid plexus 10 (7, 3) 1 (1, 0)
Infarction 0 (0, 0) 1 (0, 1)
Artifacts 4 (2, 2) 10 (5, 5)
Total 34 (22, 12) 42 (24, 18)

* Numbers in parentheses are those of false-positive events that occurred for each
observer group (residents, neuroradiologists).
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that SPACE might be useful for detecting small brain metas-
tasis, they failed to find a significant difference. Their study did
not limit the lesion size and involved only a small number of
observers for the reading, all of which might have led to the
absence of a significant difference among the sequences.

Presumed Mechanisms for the High Detection Rate
on SPACE
The factors contributing to the high detectability of metastatic
lesions on SPACE include the higher contrast enhancement
effect on SE than on GRE sequences, which is known for 1.5T
evaluations.3,18 In their 3T study comparing the detectability
of small brain metastases (�3 mm diameter), Kakeda et al7

reported the superiority of contrast-enhanced 3D GE (3D fast
spoiled gradient-recalled [3D SPGR]) images compared with
contrast-enhanced 2D SE and contrast-enhanced 2D inver-
sion recovery (IR) images, which they ascribed to the higher
signal-intensity-to-noise ratio at 3T and thin sections with 3D
acquisition. Nevertheless, they stated that the CNR of meta-
static brain lesions on 2D SE was significantly higher than that
on 3D GE, also at 3T.7

Other studies reported significantly higher contrast be-
tween enhancing lesions and normal brain parenchyma on 2D
SE than on other sequences, including IR�fast SE, 2D GE,
MPRAGE, and fast 3D SPGR at 3T.8,19 Komada et al17 re-
ported that the CNR of brain metastasis on SPACE was signif-
icantly higher than that for MPRAGE at 3T. Consistent with
them, we found a greater contrast rate and CNR on SPACE,
which resulted in the higher contrast enhancement effect on
SE than on GE at 3T. Our finding that the metastatic lesions
measured significantly larger with SPACE than with MPRAGE
may also be explained by the superior contrast rate and CNR
of SE sequences (Fig 4).

Another factor producing the high detectability of SPACE
involves the magnetization transfer (MT) effect. Because
SPACE is based on a fast SE technique, multiple refocus pulses
are used. These refocus pulses work as off-resonance ones and
provide a greater MT effect in SPACE than in MPRAGE.20

Because the contrast enhancement with gadolinium is related
directly to the proton-gadolinium ion interaction, which is
not affected by the MT effect, the MT effect preferentially re-
duces the signal intensity from the brain parenchyma (back-
ground). Furthermore, the MT effect suppresses the signal
intensity from the white matter to a greater degree, reducing
the gray-white contrast. Thus, contrast-enhancing lesions
stand out more in the homogeneously suppressed signal in-
tensity of the background (brain parenchyma) on SPACE
(Fig 4).

False-Positive Events in the Reading Test
Several false-positive events occurred in both SPACE and
MPRAGE, but these confusing pseudolesions differed be-
tween the 2 sequences. The superficial vessels were enhanced
intensely on MPRAGE, which proved very confusing. In con-
trast, they were enhanced only modestly on SPACE, as men-
tioned elsewhere,17 and this might have contributed to their
correct differentiation in our study (Fig 4).

Conversely, venous sinuses and choroid plexuses were of-
ten mistaken as lesions on SPACE. This misinterpretation

might have been heightened by the structure of our reading:
The observers had to judge whether enhancing structures in-
dicated pathology by evaluating just 1 image section. In a
clinical situation, we use a paging method, which enables the
observation of consecutive sections of the 3D images, which
would improve the diagnostic performance with both SPACE
and MPRAGE. This would presumably be even better with
SPACE because the choroid plexuses and venous sinuses are
sufficiently large enough to be traceable compared with the
superficial vessels. The use of multiplanar reconstruction im-
ages may also be helpful. Therefore, an even greater diagnostic
ability is expected with SPACE in clinical practice. Further-
more, the awareness of confusing structures such as choroid
plexuses and venous sinuses would help avoid this kind of
misinterpretation.

Potential of the SPACE Sequence
Many studies have reported the utility of double or triple
doses of contrast media for detecting small metastatic brain
lesions.12,21,22 However, nephrogenic systemic fibrosis can
occur in some patients with renal failure as a severe side effect
of gadolinium contrast medium.23

Because patients with malignancy may have a variable de-
gree of renal failure with associated chemotherapy, a lower
dosage of contrast medium is desirable. We showed that
SPACE was excellent for detecting small brain metastases by
using a normal contrast dose. Extrapolating from this result,
we presume that reducing the dosage of gadolinium contrast
may be possible when detecting metastases by using SPACE.
However, this needs to be examined further.

Limitations
Our study has several limitations. First, we could not obtain
histologic confirmation of the metastatic lesions because pa-
tients with multiple brain metastases generally do not under-
go surgery. Metastatic foci might be included in the 39 en-
hancing lesions that were discarded as not being brain metas-
tasis. These lesions would be potentially biased. Nevertheless,
we believe that careful observation of 92 lesions, including
follow-up imaging studies conducted by 2 neuroradiologists,
along with an investigation of the clinical history of malig-
nancy, minimized contamination of our subjects with false-
positives and negatives. Second, the regions of interest for
some lesions for evaluating the contrast rate were very small
(eg, 1 mm2) and corresponded to 1 pixel, which might not
have been sufficiently reliable. However, such small regions of
interest were unavoidable because this study focused on small
metastatic foci. We believe that the excellent result of SPACE
in our reading regardless of lesion size supports the validity of
the contrast rate.

Finally, the coordinators and readers of the study were not
blinded as to which pulse sequence was being evaluated be-
cause the gray-white differentiation was so different between
SPACE and MPRAGE that they knew the sequence at a glance.
This could introduce bias. In conclusion, conspicuity and de-
tectability of brain metastases were better with contrast-
enhanced SPACE than with contrast-enhanced MPRAGE.
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