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Abstract:
Background:

Some patients with suspected brain metastases (BM) could not tolerate longer scanning examinations according to the standardized MRI protocol.

Objective:

The purpose of this study was to evaluate the clinical value of contrast-enhanced fast fluid-attenuated inversion recovery (CE FLAIR) imaging in
combination with contrast-enhanced T1 weighted imaging (CE T1WI) in detecting BM of lung cancer and explore a quick and effective MRI
protocol.

Material and Methods:

In 201 patients with lung cancers and suspected BM, T1WI and FLAIR were performed before and after administration of gadopentetate
dimeglumine. Two radiologists reviewed pre- and post-contrast images to determine the presence of abnormal contrast enhancement or signal
intensity and decided whether it was metastatic or not on CE TIWI (Group 1) and CE FLAIR (Group 2). The number, locations and features of
abnormal findings in two groups were recorded. Receiver Operating Characteristic (ROC) analyses were conducted in three groups: Group 1, 2 and
3(combination of CE FLAIR and CE T1WI).

Results:

A total of 714 abnormal findings were revealed, of which 672 were considered as BM and 42 nonmetastatic. Superficial and small
metastases(<10mm) in parenchyma and ependyma, leptomeningeal and non-expansive skull metastases were typically better seen on CE FLAIR.
The areas under ROC in the three groups were 0.720,0.887 and 0.973, respectively. Group 3 was significantly better in diagnostic efficiency of
BMs than Group 1 (p<0.0001) or Group 2 (p=0.0006).

Conclusion:

The combination of CE TIWI and CE FLAIR promotes diagnostic performance and results in better observation and characterization of BM in
patients with lung cancers. It provides a quick and efficient way of detecting BM.
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L. INTRODUCTION overall survival of brain metastases (BM) without treatment is
Lung cancer is one of the most common cancers <3 to 6 months [4]. Development of BM is devastating for

worldwide, whose incidence and mortality make it a notable patients, impairing neurological function and quality of life and

healthcare issue [1]. Metastatic tumors involving the brain are indicating worse survival [5].

an important complication in the overall management of lung Detection and characterization of brain metastatic lesions,

cancers, with an incidence of 17-57% [2, 3]. In fact, the median especially in number, location, size and viable tumor regions,
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are of great importance for making therapeutic planning and
evaluating the efficacy of treatment strategies. In the past, the
two-dimensional (2D) contrast-enhanced T1-weighted imaging
(CE T1WI) sequence or 2D post-contrast T1WI sequence was
widely used at most institutions for detecting BM [6].
Metastatic lesion contrast on CE TIWI could be improved by
administrating a high dose of contrast materials, suppressing
the background signal with magnetization transfer (MT)
techniques, or delaying imaging time [7 - 9]. Nonetheless,
high-dose of contrast could increase false-positive or
ambiguous findings, and the extra costs of contrast agents [10]
and leptomeningeal metastases and small metastases located
near the corticomedullary junction or vascular enhancement
were not readily detected or conspicuous enough in 2D CE
T1WI images even with high-dose of contrast or MT saturation
[7, 8, 11, 12]. Also, delayed scanning was not fast and
convenient enough. Currently, a three-dimensional(3D) CE
T1WI sequence is recommended in a standardized brain tumor
imaging protocol for BM (BTIP-BM) [13]. Although this will
aid in accurately evaluating BM than 2D CE T1WI, especially
small BM with diameter<5mm, it’s time-consuming and not
friendly to some patients who couldn’t tolerate longer scanning
examination. Therefore, a quick, effective and budget-friendly
method for detecting BM is required.

Fluid-attenuated inversion-recovery (FLAIR) is a heavily
T2-weighted sequence which nulls cerebrospinal fluid (CSF)
[14]. Due to a mild T1 weighting induced by the long inversion
time, the contrast agents of gadolinium (Gd) could result in
positive contrast enhancement in FLAIR imaging [11, 12]. The
clinical utility of contrast-enhanced FLAIR (CE FLAIR) or
post-contrast FLAIR sequence in a broad spectrum of
intracranial pathological conditions has been shown in several
studies, including brain tumors (gliomas, metastases,
medulloblastoma efc.), leptomeningeal diseases, multiple
sclerosis, traumatic brain injury, acute stroke and
hyperglycemia-induced seizures [11, 12, 15 - 25]. Previous
studies were mostly performed in limited patient groups and
did not show more information on missed and misdiagnosed
cases of BM on CE FLAIR for clinical reference [11, 12, 15].
The aim of this study is to explore the clinical utility of CE
FLAIR and investigate a quick and efficient detecting method
for BM of lung cancers by comparing the diagnostic potentials
of CE T1WI, CE FLAIR and their combination.

2. MATERIALS AND METHODS

2.1. Patients

Two hundred and one consecutive patients (74 women,
127 men; mean age, 62 years; age range,26-81years) with
primary lung cancers and clinical suspicion of BM were
included and underwent baseline contrast-enhanced brain MRI
(from May 2020 to May 2022). The distribution of the primary
lung neoplasms (confirmed by cytology, biopsy or surgery)
was as follows: adenocarcinoma(n=155), neuroendocrine
carcinoma (n=31, small cell lung carcinoma=29, large cell
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neuroendocrine carcinoma=2), squamous cell carcinoma
(n=11), adenosquamous carcinoma (n=2), sarcomatoid
carcinoma (n=2). All the patients underwent follow-up MRIs
within 6 months.

2.2. MRI Acquisitions

MR imaging was performed on a 3.0-T clinical MR imager
(Prisma; SIEMENS Medical Systems; Erlangen, Germany).
This study was approved by the Institutional Review Board of
Shanghai Chest Hospital (No. KS23008), and informed consent
was obtained from all patients for the MR study according to
its guidelines. 2D fat-suppressed TIWI and fast FLAIR were
performed before and after injection of gadopentetate
dimeglumine, which was administered at the standard dose of
0.1 mmol/kg of body weight (single dose). The imaging
acquisition workflow was as follows: axial TIWI (49 seconds)
—axial FLAIR (48 seconds) —administration of contrast
agents— axial T2WI (29 seconds) —axial DWI (49 seconds)
—axial, sagittal and coronal TIWI (two minutes and 59
seconds) —axial FLAIR (48 seconds). The imaging parameters
for TIWI were 2050ms/24ms/1/256%256 (TR/TE/NEX/mat
rix), and those for FLAIR imaging were 8000ms/150ms/
2200ms/1/150°/256x256 (TR/TE/TI/NEX/flip angle/matrix).
All images were acquired with a section thickness of 5 mm, an
intersection gap of 2 mm, field of view of 240mm. In the
follow-up of the brain MRI, susceptibility-weighted imaging
(SWI) was incorporated if a differential diagnosis was
required. The imaging parameters for SWI were 27ms/19.7ms/
15/ 140 Hz/320 x 240 x 52/3 mm/230 mm/0.72 mm x 0.72
mm x 2.5mm (TR/TE/flip angle/bandwidth/ matrix/slice
thickness/ FOV/voxel size).

2.3. Image Analysis

Two experienced neuroradiologists who were blinded to
clinical information and follow-up MR images reviewed the
pre- and post-contrast images of TIWI (Group 1) and FLAIR
(Group 2) on a workstation independently and determined
possible abnormal contrast enhancement or abnormal signal
intensity. A possible abnormally-enhanced lesion on CE TIWI
or CE FLAIR was defined as a region that turned into
hyperintense on post-contrast images compared to pre-contrast
images. Possibly intrinsically high-signal-intensity areas, such
as the choroid plexus, pituitary stalk and gland, and definite
vascular structures(superior sagittal sinus, confluence of
sinuses and straight sinus) were excluded. Leukoaraiosis and
lacunar infarctions (shown on pre-contrast FLAIR but not
enhanced on CE FLAIR) were excluded from the abnormal
signal intensity. Furthermore, because these findings were too
many to be counted, it could result the specificities of Group 2
being practically calculated. The abnormal findings were
scored as 1 for metastatic and 0 for non-metastatic in the two
groups. The diagnostic criteria for BM were as follows: (1) The
round-like or irregular enhancement in parenchyma and
ependyma with or without edema; (2) The enhancing
curvilinear segments following the gyrus convolutions; (3) The
enhancing skull lesions with expansive or non- expansive bone
destruction. When disagreement existed, the third senior
reviewer joined in to reach a consensus on the final judgement.

In the follow-up, MR images, cranial metastatic lesions
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were finally confirmed by increase or decrease of lesion
sizes/extents without or with chemotherapy or radiotherapy.
Conversely, if the abnormal findings disappeared or didn’t
change in size/extent, they would be interpreted according to
the overall consideration of the locations, imaging
manifestations and medical histories. The differential
diagnoses from BM as follows: (1) The lesions located near
cerebral sulci and fissures, which were linear low-signal
structures on SWI and whose sizes did not change on follow-up
MR images, were considered as normal blood vessels; (2) The
lesions located around cranial fossa, which were ambiguously
contrast-enhanced on CE T1WI while not on CE FLAIR and
disappeared on follow-up MR images, were considered as
phase-shift artifacts; (3) The lesions which had patterns of
caput medusae enhancement and whose extents did not change
on follow-up MR images were considered as venous
malformation; (4) The lesions located in the regions of brain
parenchyma, which was enhanced on CE FLAIR while not on
CE TIWI and improved by thrombolytic therapy, were
considered as infarction-related lesions; (5) The lesions located
in the regions of cerebral convexity, skull base, falx and
tentorium, which was dural-tail enhanced both on CE T1WI
and CE FLAIR and whose sizes didn’t change, were
considered as meningiomas; (6) The lesions located in skull,
which was expansive, sharply demarcated and existed before
lung cancer, were considered as cranial osteoma.

The number and locations of abnormally enhanced lesions/
abnormal signal intensity in Group 1 and Group 2 at initial
diagnosis were recorded, and then the locations were classified
as parenchyma and ependyma, leptomeninges and skull. The
diameters of lesions located in parenchyma and ependyma
were usually measured on CE T1WI, and edema conditions
were documented. If the lesions were missed-diagnosed on CE
T1WI, the diameters would be measured on CE FLAIR. The
extension of the leptomeningeal metastases and the shapes of
skull metastases in Group 1 and Group 2 were assessed. The
features of false-negative (missed-diagnosed) and false-
positive (misdiagnosed) lesions in Group 1 and Group 2 were
analyzed and summarized.

2.4. Statistics

Interobserver reproducibility was assessed by calculating
kappa statistics. The statistical differences between Group 1
and Group 2 were calculated using McNemar’s test and
Fisher's exact test. Predicted values of probabilities in Group 3
(combination of CE T1WI and CE FLAIR) were first
calculated with the binary logistic regression model, and then
receiver operating characteristic (ROC) analyses were
conducted for Group 1, Group 2 and Group 3. The diagnostic
confirmation stated above was used as the gold standard for
ROC analysis. The areas under the receiver operating
characteristic curve (AUC) from each group were compared
with the DeLong method. A p-value < 0.05 was considered
statistically significant. All statistical calculations were
performed using statistics software (MedCalc, version 20.0.3).

3. RESULTS

3.1. Metastatic Findings

A total of 672 BMs in 149 of 201 patients were revealed.
The cranial metastases were located in parenchyma (n=657)
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and ependyma(n=2), leptomeninges (n=6) and skull(n=7).

In 659 metastases of parenchyma and ependyma, 578
metastatic lesions were detected in Group 1, and 635 metastatic
lesions in Group 2. The sizes of the metastatic lesions in the
parenchymal and ependymal regions ranged from 2mm to
72mm. Two hundred and nineteen (33.2%) were <5 mm, 261
(39.6%) were 5-10 mm, 147 (22.3%) were 10-30 mm, and 32
(4.9%) were >30 mm. The sensitivities of metastatic lesions in
parenchyma and ependyma (<5 mm) in Group 1 and Group 2
were 77.6% and 92.7%, and there was a significant difference
among them(p<0.0001). The sensitivity of metastatic lesions
(5-10 mm) in Group 2 was 97.7%, which was superior to
88.1% in Group 1 (p<0.0001). No statistical differences were
observed in sensitivities of metastatic lesions (10-30 mm and
>30 mm) between Group 1 and Group 2. It indicated that CE
FLAIR had better performance than CE TIWI in detecting
small BMs (<10 mm). In the areas of parenchyma and
ependyma, edema surrounding metastases and mass effects
were absent in 81 false-negative cases in Group 1 and 20 false-
negative cases in Group 2 (the other 4 false-negative cases in
Group 2 were covered by edema areas) on account of their
small sizes(<10mm).

In 6 cases of leptomeningeal metastases, images in Group
1 showed only 3, while those in Group 2 showed all.
Furthermore, the extent of 3 cases of leptomeningeal
metastases shown on CE FLAIR were larger than those on CE
TIWL

In 7 cases of skull metastases, 4 lesions were revealed both
in Group 1 and Group 2, which were easily seen due to
expansive bone destructions. 3 non-expansive skull lesions
were easily recognized in Group 2 while missed in Group 1.

3.2. Nonmetastatic Findings

According to clinical histories and comparison of the past,
baseline and follow-up MR images, 42 abnormal findings were
considered nonmetastatic, which included normal blood vessel
enhancement(n=25), artifacts around cranial fossa (n=6),
venous malformation(n=4), infarction-related lesions (n=3),
meningiomas(n=3), and cranial osteoma (n=1). In the
nonmetastatic findings, 25 normal vessel enhancements were
all located near sulci and fissures, and their diameters were< 5
mm, the diameters of artifacts around the cranial fossa (6
cases) were <I0mm and the average diameter of 3
meningiomas was 25.12+7.86mm. Diameter measurement was
not suitable for other non-metastatic findings.

Interobserver reproducibility was substantial for Group 1
(x =0.81 [95% CI: 0.74, 0.87]) and Group 2 (x = 0.82 [95%
CI: 0.76, 0.89]). Both of Group 1 and Group 2 detected the
majority of these metastatic lesions. The sensitivity of Group 2
was 96.4%, which was superior to that of Group 1 (87.1%)
(p<0.0001). The specificities of Group 1 and Group 2 were
57.1% and 61.9%, and there was no significant difference
among them(p=0.0755). The distributions of false-negative and
false-positive lesions in Group 1 and Group 2 were
summarized in Tables 1 - 4. Meanwhile, the illustrative images
of false-negative and false-positive cases in the two groups
were presented in Figs. (1 and 2).
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Fig. (1). The illustrative images of the false-negative (a-j) and false-positive (k-n) lesions in Group 1 compared with those on CE FLAIR. (a-b). A
metastasis near the left central sulcus was markedly hyperintense on CE FLAIR (arrow, B) while missed on CE T1WI (a). (c-d). A metastasis near
the tentorium was significantly enhanced on CE FLAIR (arrow, D) while missed in Group 1 (¢). (e-f). An ependymal metastasis was easily
recognized on CE FLAIR (arrow, F) while missed in Group 1 (e). g-h. Diffuse Lepto-meningeal metastases were shown on CE FLAIR (arrow, H)
while not shown in Group 1 (g). (i-j). The non-enlarged metastasis in the left parietal bone was missed in Group 1 (i) while easily recognized on CE
FLAIR (arrow, J). (k-1). A significantly enhanced lesion near sulcus and fissure in Group 1 (arrow, K) was confirmed as normal vessel structure by
SWI (not shown here),while not interpreted as metastatic CE FLAIR (I). m-n. An abnormally-enhanced finding near the right middle fossa (arrow,
M) was confirmed as an artifact, while not shown CE FLAIR (n).

Fig. 2 contd.....
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Fig. (2). The illustrative images of the false-negative (a-f) and false-positive (g-j) lesions in Group 2 compared with those on CE T1W or pre-contrast
T1WI. (a-b). A metastasis in the right basal region was missed on CE FLAIR (b) while enhanced on CE TIWI (arrow, A). (c-d). A metastasis near
the left ventricle was covered by edema in Group 2 (d) while enhanced on CE TIWI (arrow, C). (e-f). A metastasis with subacute hemorrhage was
hyperintense and easily seen on pre-contrast TI1WI (arrow, E) while missed in Group 2 (f). (g-h). A significantly enhanced finding near the left
superior frontal sulcus in Group 2 (arrow, H) was confirmed as normal vessel structure by SWI (not shown), while not recognized as an abnormal
enhancement on CE TIWI. (i-j). An enhanced lesion of the right cerebellar hemisphere, which was confirmed as acute infarction by DWI (not
shown), was misdiagnosed as metastatic (arrow, J), whereas it wasn’t abnormally-enhanced on CE T1WI (i).

Table 1. The distribution of false-negative lesions in Group 1 (pre and post TIWI).

Location and Features Number
Cerebral cortex near sulci and fissures, diameter<10 mm 57
Region around cerebral falx and tentorium, diameter<5 mm 23
Ependyma, diameter=18mm 1
Lepto-meningeal location 3
None-expansive skull lesions 3

Table 2. The distribution of false-positive lesions in Group 1 (pre and post TIWI).

Location and Features Number
Vessel enhancement near sulci and fissures, diameter<5 mm 12
Artifacts around cranial fossa, diameter<10 mm 6

Table 3. The distribution of false-negative lesions in Group 2 (pre and post FLAIR).

Location and Features Number
Around lateral ventricles and basal region, diameter<5 mm 16
Covered by edema areas, diameter<30 mm 4
With subacute hemorrhage, diameter<10 mm 4

Table 4. The distribution of false-positive lesions in Group 2 (pre and post FLAIR).

Location and Features Number

Vessel enhancement near sulci and fissures, diameter<5 mm 13

Enhancement after infarction 3
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Fig. (3). Receiver operating characteristic (ROC) curves of Group 1, Group 2 and Group 3 (combination of CE FLAIR and CE T1WI) for the
detection of cerebral metastases. Areas under ROC curves of Group 1, Group 2 and Group 3 are 0.720,0.887 and 0.973, respectively.

3.3. ROC Analysis

The ROC curves of Group 1, Group 2 and Group 3 are
shown in Fig. (3). The AUC for the three groups were 0.720,
0.887 and 0.973, respectively. The area value under the ROC
curve in Group 3 was significantly larger than that in Group 1
(p<0.0001)and Group 2 (p=0.0006). This demonstrated that the
diagnostic confidence in Group 1(pre and post TIWI) was
improved by the addition of CE FLAIR, and their combination
provided a more effective way to detect cranial metastases on
MRI examinations.

4. DISCUSSION

Images on CE FLAIR with long repetition show positive
contrast enhancement in the majority of lesions, which are
enhanced on TI-weighted images. The differences in
enhancement features between CE TIWI and CE FLAIR
images can be explained by a combination of a different T1-
shortening effect at a certain concentration of Gd and a
different T2 effect according to the vascularity of a lesion [25].
According to Dr. Mathews and his colleagues’ phantom data
graph [11], at lower concentrations of Gd, the FLAIR sequence
was more sensitive to T1 shortening than CE TIWI and
pathologic lesions on CE FLAIR might be conspicuous; at
higher Gd concentrations, the FLAIR sequence was sensitive to
T2 effects and pathologic lesions on CE FLAIR might be
inconspicuous, whereas the lesions had better enhancement on
CE T1WL It has been reported that under the same achieved
high signal intensity, only a quarter of the concentration of

gadolinium-based contrast agent was required for CE FLAIR
compared with CE T1WI [26]. It meant that the vague
enhancing lesions on CE T1WI at lower concentrations of Gd
might be more clearly enhanced on CE FLAIR. Hence, some
investigators suggested the CE FLAIR imaging modality could
be implemented to improve clinical MRI workflows for cancer
patients [11, 12, 15, 25, 27].

The minimum standard of BTIP-BM consists of pre-
contrast 3D T1WI, 2D T1WI, 2D FLAIR, 2D DWI, 2D T2WI,
post-contrast 2D TIWI and 3D T1WI, which usually costs
about 13 minutes and 34 seconds at least in our center without
counting the time of contrast injection. In our study, the
scanning sequences were adjusted (shown in methods and
materials) in consideration of superior delayed enhancement on
BM and influences of different Gd concentrations on
enhancement between CE T1WI and CE FLAIR, and the whole
protocol took 6 minutes and 52 seconds. In this new protocol,
T2WI and DWI were adjusted after administration of Gd,
which were slightly affected at lower concentrations of contrast
agents [28, 29]. CE T1WI was delayed, and CE FLAIR was
performed at last (4 minutes 17 seconds after Gd injection),
which was assured to be conducted at lower concentrations of
Gd for better observation [30]. Delayed enhancement did not
affect the sensitivities of CE FLAIR [31, 32]. Therefore, this
new protocol was relatively quick and convenient, which
allowed for increased comfort for some patients who could not
tolerate long-scanning examinations.

Our study indicated that the combination of CE FLAIR and
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CE T1WTI significantly improved diagnostic confidence in the
detection of BM, compared with CE TIWI or CE FLAIR
alone. This was attributable to the addition of CE FLAIR,
which could lead to better visualization of parenchymal and
ependymal (especially for small BMs<10mm), lepto-meningeal
and skull metastatic lesions. Dr. Terae S [27] also reported that
the addition of postcontrast FLAIR imaging to pre- and
postcontrast MT-T1WI significantly increased the confidence
rating for metastases. On CE FLAIR, the contrast between
lesions with adjacent CSF or white matter (lesion-to-
background ratio) can be increased because the signal of CSF
is nullified or the signal of white matter suppressed, even if the
lesions are small. Besides, the signals of enhanced vascular
structures (arteries, veins, and dural sinuses) that may mimic
metastases or obscure metastatic lesions on CE T1WI are
absent or minimized on CE FLAIR because CE FLAIR does
not demonstrate contrast enhancement of blood vessels with
the slow flow as does CE T1WI [12]. CE FLAR renders
contrast-enhanced areas more conspicuously by preferentially
suppressing the signals from normal brain parenchyma and
vascular structures.

In parenchymal and ependymal metastatic lesions, our
results indicated that CE T1WI had disadvantages in the
demonstration of superficial and small enhancements (usually
<10mm), and the false-negative metastatic lesions on CE T1WI
were usually not markedly enhanced or confounded by vessel
enhancement. However, CE FLAIR detected significantly more
metastases than CE T1WI, especially for the lesions that were
located near the corticomedullary junction or vascular
enhancement, usually smaller than 10 mm and without mass
effect or edema. Small BM are extremely important in clinics
because they respond much better to therapies and can be
controlled at a substantially higher rate, compared to larger
lesions [33, 34]. Tsuchiya K et al. considered postcontrast
FLAIR images as diagnostic potential equivalent to
conventional postcontrast T1-weighted images [35]. In our
research, CE FLAIR had a better detection efficacy, which was
beneficial to therapeutic planning. Given its superior
performance in distinguishing metastatic lesions from

Sun et al.

surrounding normal structures or edema, precontrast FLAIR
might be omitted when CE FLAIR is acquired. Despite this,
CE FLAIR alone could not entirely substitute CE T1WIL.
Firstly, some metastatic lesions around lateral ventricles and
basal region, covered by edema, and with subacute hemorrhage
(<10 mm) were not enhanced on CE FLAIR, which led to
false-negative results. Secondly, although CE FLAIR could
minimize the enhancement of blood vessels and reduce phase-
shift artifacts derived from vascular structures, some non-
metastatic findings, such as vessel enhancements near sulci and
fissures or in basal ganglia (<5 mm), or infarction-related
lesions were enhanced on CE FLAIR, which allowed mis-
judgements of metastases and resulted in false positive
findings. Except for the above cases, other cranial pathological
lesions, such as glioblastoma or active multiple sclerosis, could
be enhanced on CE FLAIR imaging [11, 12, 17, 21], which
brought difficulties in the differential diagnosis between
metastatic and non-metastatic lesions. Therefore, CE FLAIR
alone has limited value in the assessment of cranial metastases
and could be used as a supplementary sequence for the routine
MRI protocol. Hence, we tried to combine CE T1WI and CE
FLAIR, and the new MRI modality could be recommended for
screening and diagnosis in patients with known malignancies
and suspected BMs.

In lepto-meningeal metastatic lesions, our results
demonstrated more metastases on CE FLAIR than on CE
T1WI. Delayed post-contrast FLAIR imaging seemed to
improve the diagnosis of lepto-meningeal carcinomatosis as
compared to delayed post-contrast TIWI. The extents of 3
cases shown on CE FLAIR were larger than those on CE TIWI
(Fig. 4). This might be attributed to the confounding effects of
enhanced vascular structures with lepto-meningeal metastases
on CE T1WI and contrast leakage.

In skull metastases, three false-negative lesions on CE
T1WI were restricted to cranial diploe and non-expansive,
which resulted in omissions. Furthermore, due to suppression
of signal intensity from surrounding tissues, they were
conspicuous and clearly visualized on CE FLAIR.

Fig. (4). (A) The extension of leptomeningeal metastases on CE FLAIR (arrow, B) was larger than that on CE TIWI.
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There are several limitations in our study. (1) The study
was conducted at a single medical center that mainly treats
patients with lung cancer, and this would limit the
generalizability of the findings, as different centers might have
varying levels of expertise or equipment and other types of
cancers. (2) 2D axial FLAIR (48 seconds) was adopted rather
than 3D FLAIR (3 minutes and 24 seconds) for time-saving in
our study. 3D FLAIR images are superior to 2D images in
spatial resolution, which allows for a higher detection rate of
small metastases (<5mm) [31, 32]. Therefore, the protocol in
our study was suggested for screening in some patients who
could not tolerate longer scanning examinations and would
take accurate evaluations before stereotactic radiotherapy (3)
Most patients in this study would not like to take invasive
pathological examinations of cranial lesions, so confirmation of
BM in this study relied mainly on histories and follow-ups.
However, the pathological confirmation of metastasis after
surgical excision or stereotactic biopsy of the lesion would be
more confirmatory of the nature of the lesions.

CONCLUSION

In conclusion, the delayed addition of CE FLAIR is
recommended to be incorporated into conventional MRI
scanning for patients with known malignancies and clinically
suspected BMs, and the combination of CE T1WI and CE
FLAIR can be rapid and effective for screening BM.

LIST OF ABBREVIATIONS

CE FLAIR = Contrast-enhanced Fast Fluid-attenuated Inversion
Recovery

CE T1WI = Contrast-enhanced T1 Weighted Imaging

BM = Brain Metastases

2D = Two-dimensional

MT = Magnetization Transfer

3D = Three-dimensional

BTIP-BM = A Standardized Brain Tumor Imaging Protocol For

BM

CSF = Cerebrospinal Fluid

Gd = Gadolinium

SWI = Susceptibility Weighted Imaging

ROC = Receiver Operating Characteristic

AUC = Areas under the Receiver Operating Characteristic
Curve
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