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Diagnostic Value of Contrast-Enhanced Fluid-
Attenuated Inversion Recovery MR Imaging of

Intracranial Metastases

Nil Ercan, Serap Gultekin, Halil Celik, Turgut E. Tali, Yusuf A. Oner, and Gonca Erbas

BACKGROUND AND PURPOSE: Postcontrast fluid-attenuated inversion recovery (FLAIR)
imaging effectively depicts parenchymal and leptomeningeal metastases, as reported in limited
patient groups. We compared postcontrast T1-weighted (T1W) and FLAIR imaging in a larger
group.

METHODS: Sixty-nine patients with known malignancy and suspected cranial metastases
underwent axial FLAIR and spin-echo T1W imaging with and then without intravenous
gadopentetate dimeglumine. Postcontrast images were compared for lesion conspicuity and
enhancement, number of parenchymal metastases, and extension of leptomeningeal-cisternal
metastases.

RESULTS: Parenchymal metastases were demonstrated in 33 patients. Compared with T1W
images, postcontrast FLAIR images showed more metastases in five patients, an equal number
in 20, and fewer lesions in eight. Regarding lesion conspicuity, postcontrast FLAIR imaging was
superior in five patients, equal in one, and inferior in 27. For enhancement, FLAIR imaging was
superior in five, equal in five, and inferior in 23. Superior FLAIR results for lesion number,
conspicuity, and enhancement were observed in the same five patients; in these patients, FLAIR
imaging was performed as the second postcontrast sequence. Eleven patients had leptomenin-
geal-cisternal metastases; lesion conspicuity, extension, and enhancement were superior on
postcontrast FLAIR images in eight. In five of eight patients, FLAIR imaging was performed as
the second postcontrast sequence. Four patients had cranial-nerve metastases; in three, post-
contrast FLAIR imaging was superior for lesion conspicuity and extension. In two of these
patients, FLAIR imaging was the second postcontrast sequence.

CONCLUSION: Postcontrast FLAIR imaging is a valuable adjunct to postcontrast T1W
imaging. Precontrast and postcontrast FLAIR imaging effectively delineates parenchymal
metastases, particularly leptomeningeal-cisternal and cranial-nerve metastases.

The fluid-attenuated inversion recovery (FLAIR)
technique is an inversion recovery pulse sequence
with an inversion time that effectively nulls signals
from the CSF at long-TE T2-weighted (T2W) imag-
ing. The mild T1 effect of the FLAIR sequence is
responsible for contrast enhancement on these
heavily T2W images (1). FLAIR imaging of the brain
is sensitive for detecting parenchymal lesions and is
also promising in detecting extra-axial diseases such
as subarachnoid hemorrhage, meningoencephalitis,

and leptomeningeal metastases (2–14). In recent
studies of limited patients, postcontrast FLAIR im-
aging was effective in the diagnosis of parenchymal
tumors and leptomeningeal diseases (1, 9, 15–18).
Our purpose was to compare postcontrast T1-
weighted (T1W) and FLAIR images in depicting in-
tracranial metastases in a larger patient group.

Methods
Sixty-nine patients (33 women, 36 men; mean age, 51 years;

age range, 5–77 years) with a known primary malignancy and
clinically suspected cranial metastases underwent MR imaging
at 1.0 T. The distribution of the primary neoplasms was as
follows: lung carcinoma in 31 patients, breast carcinoma in 15,
both lung and breast carcinomas in one, stomach cancer in five,
lymphoma in four, urinary bladder cancer in three, renal cell
carcinoma in two, glioblastoma multiforme in two, colon cancer
in one, pancreatic cancer in one, ovarian cancer in one, naso-
pharyngeal carcinoma in one, malignant schwannoma in one,
and malignant melanoma in one. Institutional board approval
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and informed consent was obtained from each patient before
their examination.

Following the acquisition of sagittal scout T1W images, axial
T2W FLAIR and spin-echo T1W images were obtained before
and after the intravenous administration of gadopentetate
dimeglumine (GD) 0.1 mmol/kg over 1 minute. T1W (TR/TE/
NEX � 380–460/8–17/3) and FLAIR (TR/TEeff/TI/NEX �
8002/149–192/2000/1) images were alternately obtained as the
first contrast-enhanced images. The acquisition time was 2
minutes 50 seconds to 6 minutes 50 seconds for T1W se-
quences, and 2 minutes 40 seconds to 3 minutes 10 seconds for
FLAIR sequences. All images were acquired with a section
thickness of 5 mm, an intersection gap of 2 mm, a field of view
of 18 � 18–22 � 22 cm, and a matrix of 256 � 192.

The images were transferred to a workstation and reviewed
by three experienced radiologists at one sitting. Each radiolo-
gist independently evaluated precontrast and postcontrast
FLAIR and T1W imaging side by side at the same time. In
cases of disagreement, the final judgement was reached by
consensus of the three reviewers. Parenchymal and leptomen-
ingeal-cisternal metastases were assessed for lesion conspicuity
and degree of contrast enhancement. In addition, the number
of parenchymal metastases and the extent of the leptomenin-
geal-cisternal metastases were assessed.

Results
MR examinations revealed parenchymal metasta-

ses in 33 of 69 patients. Ten patients had solitary
metastasis, while two patients had two parenchymal
metastases, two patients had three lesions, and 19
patients had more than three. Four patients had as-
sociated cranial-nerve (CN) metastases, while five

patients had associated leptomeningeal-cisternal me-
tastases. Six patients had only leptomeningeal-cister-
nal metastases. Table 1 shows the distribution of cra-
nial metastases.

In the evaluation of parenchymal metastases, post-
contrast FLAIR images demonstrated more paren-
chymal metastases in five patients than did T1W im-
ages, whereas they showed an equal number in 20
patients and fewer lesions in eight (Fig 1). When we
compared the conspicuity of parenchymal metastases,
contrast-enhanced FLAIR imaging was superior to
contrast-enhanced T1W imaging in five of 33 pa-
tients, equal in one, and inferior in 27 (Fig 1). Simi-
larly, the degree of contrast enhancement was supe-
rior with the postcontrast FLAIR sequence in five
patients, equal in five, and inferior in 23 (Fig 1). In
our evaluation of the number, conspicuity, and en-
hancement of parenchymal metastases, the postcon-
trast FLAIR sequence was superior to the postcon-
trast T1W sequence in the same five patients. In all of
these patients, FLAIR imaging was obtained as the
second contrast-enhanced sequence. Table 2 summa-
rizes results from the evaluation of parenchymal me-
tastases.

Leptomeningeal-cisternal metastases were found in
11 patients. Five of these patients also had positive
CSF cytologic results. In eight patients, postcontrast
FLAIR imaging surpassed postcontrast T1W imaging in
terms of lesion conspicuity, extension, and degree of
enhancement (Fig 2). FLAIR images were acquired as
the second postcontrast sequence in five of these eight
patients. Table 3 summarizes results from the evalua-
tion of leptomeningeal-cisternal metastases.

Four patients had CN metastases. In one patient,
FLAIR images revealed involvement of the prechias-
mal portion of the right optic nerve and extension to
the optic chiasm and right optic tract. These findings
were depicted as abnormal hyperintensity (Fig 3A)

TABLE 1: Distribution of intracranial metastases

Localization No. of Patients

Isolated parenchymal metastases 24
Parenchymal and cranial-nerve metastases 4
Parenchymal and leptomeningeal-cisternal metastases 5
Isolated leptomeningeal-cisternal metastases 6

FIG 1. Images obtained in a 57-year-old-man with small-cell lung cancer reveal multiple, enhancing, solid and cystic parenchymal
metastases. The number, conspicuity, and contrast enhancement are superior on the postcontrast FLAIR image compared with the
postcontrast T1W image. In this patient, FLAIR was performed as the second postcontrast sequence.

A, Contrast-enhanced T1W image.
B, Nonenhanced FLAIR image.
C, Contrast-enhanced FLAIR image.
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and marked contrast enhancement (Fig 3B) on pre-
contrast and postcontrast FLAIR images, respec-
tively. Only optic chiasmatic involvement was de-
tected on the postcontrast T1W image, with no
abnormal enhancement of the right optic nerve or
right optic tract (Fig 3C). In another patient with
involvement of the right optic tract, the metastasis
was detected on precontrast and postcontrast FLAIR
images (as abnormal hyperintensity) but not on the
postcontrast T1W image. In a third patient with in-
volvement of both the optic chiasm and left optic
tract, the lesions were again detected on only precon-
trast and postcontrast FLAIR images, appearing as
abnormal hyperintensity. In the patient with bilateral
metastases of CNs VII and VIII, postcontrast T1W
and FLAIR images were equal in the evaluation of

lesion conspicuity, extension, and degree of contrast
enhancement. Table 4 summarizes the results from
evaluation of the CN metastases.

Discussion
GD is frequently used as an intravenous MR im-

aging contrast agent to improve lesion detection and
characterization. Although gadolinium shortens both
the T1 and T2 relaxation times of tissues in which it
accumulates, T1 shortening is the prominent effect at
common doses. For intra-axial brain lesions, the
blood-brain barrier must be disrupted for GD to en-
ter the extracellular space. For extra-axial lesions,
enhancement is observed in lesions with relatively
high vascularity (9).

Contrast-enhanced T1W imaging is still the crite-
rion standard in the detection and characterization of
intracranial lesions. Although FLAIR images are
commonly thought of as T2W images with dark CSF

TABLE 2: Evaluation of parenchymal metastases on contrast-
enhanced images

Feature

No. of Patients

FLAIR
Superior to

T1W*

FLAIR
Equal to

T1W

FLAIR
Inferior to

T1W

Number of lesions 5 20† 8‡

Lesion conspicuity 5 1* 27§

Degree of contrast
enhancement

5 5* 23�

* In all patients, FLAIR was the second postcontrast sequence.
† In 19 patients, FLAIR was the second postcontrast sequence, and

in one, the T1W sequence was second.
‡ In four patients, FLAIR was the second postcontrast sequence,

and in the other four patients, the T1W sequence was second.
§ In 18 patients, FLAIR was the second postcontrast sequence, and

in nine, the T1W sequence was second.
� In 10 patients, FLAIR was the second postcontrast sequence, and

in 13, the T1W sequence was second.

TABLE 3: Evaluation of leptomeningeal-cisternal metastases on
contrast-enhanced images

Feature

No. of Patients

FLAIR
Superior to

T1W*

FLAIR
Equal to

T1W

FLAIR
Inferior to

T1W

Lesion extension 8* 3† 0
Lesion conspicuity 8* 0 3†

Degree of contrast
enhancement

8* 0 3†

* In five patients, FLAIR was the second postcontrast sequence,
and in three, the T1W sequence was second.

† In two patients, FLAIR was the second postcontrast sequence, and
in one, the T1W sequence was second.

FIG 2. Images obtained in a 45-year-old-woman with breast cancer. The conspicuity, extension, and contrast enhancement of the
lesions are superior on the postcontrast FLAIR image (C) than on the postcontrast T1W image (A). The leptomeningeal enhancement of
frontal lobes (white arrow) is not conspicuous in A as compared with C. For this patient, T1W imaging was performed as the second
postcontrast sequence.

A, Contrast-enhanced T1W image shows abnormal enhancement in the basal cisterns (arrow) and leptomeninges consistent with
metastases.

B, Nonenhanced FLAIR image.
C, Contrast-enhanced FLAIR image also shows the abnormal enhancement of the leptomeninges (white arrow) and basal cisterns

(black arrow).
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(because of the mild T1 effect induced by the long
inversion time), T1 shortening produced by GD can
be seen as hyperintensity on FLAIR images. Thus,
lesions that show enhancement on postcontrast T1W
images also show enhancement on postcontrast
FLAIR images (1, 19, 20). When the FLAIR se-
quence is performed only after the injection of con-
trast material, the observed hyperintensity may be
due to either T2 lengthening or T1 shortening; this
feature may limit the usefulness of a postcontrast
FLAIR sequence alone. To overcome this diffi-
culty, the FLAIR sequence should be performed
both before and after the administration of contrast
material (9).

In parenchymal metastases with long T2 relaxation
times, GD enhancement of the hyperintense lesion
may be difficult to see on postcontrast FLAIR im-
ages. At postcontrast T1W imaging, it is easier to
detect a hyperintense lesion surrounded by a hypoin-
tense edematous area. Hence, T1W imaging is supe-
rior to contrast-enhanced FLAIR imaging for detect-

ing parenchymal tumors (9). In our study, the
conspicuity of parenchymal metastases was superior
on postcontrast T1W images compared with postcon-
trast FLAIR images in 27 of 33 patients.

Wessbecher et al (21) studied precontrast and post-
contrast long-TR (spin-echo and T2W) images with
known enhancing intracranial lesions. They compared
these images with postcontrast T1W images and
found enhancing lesions on postcontrast long-TR im-
ages that were not depicted on postcontrast T1W
images. This observation was attributed to delayed
enhancement because the long-TR images were ob-
tained after the T1W images were. The concern that
delayed enhancement might effect our results led us
to perform postcontrast FLAIR and T1W sequences
alternately after the administration of GD. Postcon-
trast FLAIR images were superior to postcontrast
T1W images in depicting the number, conspicuity,
and enhancement of parenchymal metastases in five
patients. Because FLAIR imaging was performed as
the second contrast-enhanced sequence in all of these
patients, the findings were attributed to the delayed
enhancement.

Contrast-enhanced FLAIR images are highly effec-
tive in the detection of sulcal or meningeal infection,
inflammation, and metastases (1, 9, 15, 16). Because
of the suppression of CSF signal intensity, there is
marked delineation of lesions, especially meningeal
lesions, that abut the border of the CSF. In addition,
the fact that slow-flowing blood is not usually hyper-
intense on postcontrast FLAIR images but frequently
hyperintense on postcontrast T1W images partly ac-
counts for the clearer distinction of enhancing menin-
ges and enhancing cortical veins with FLAIR imaging
(9). Our results support this finding. In eight of 11
patients, the conspicuity, extension, and enhancement
degree of leptomeningeal-cisternal metastases were
superior on contrast-enhanced FLAIR images com-

TABLE 4: Evaluation of cranial nerve metastases on contrast-
enhanced images

Patient and Involvement FLAIR T1W

Patient 1*
Right optic nerve Positive Negative
Optic chiasm Positive Positive
Right optic tract Positive Negative

Patient 2†

Right optic tract Positive Negative
Patient 3*

Optic chiasm Positive Negative
Left optic tract Positive Negative

Patient 4†

Bilateral CNs VII, VIII Positive Positive

* FLAIR was the second postcontrast sequence.
† T1W imaging was the second postcontrast sequence.

FIG 3. Images obtained in a 54-year-old-man with small-cell lung cancer. In this patient, FLAIR imaging was the second postcontrast
sequence.

A and B, Nonenhanced (A) and contrast-enhanced (B) FLAIR images show involvement of the prechiasmal portion of the right optic
nerve (white arrow) and extension to the optic chiasm (black arrow) and right optic tract (arrowhead). These findings appear as abnormal
hyperintensity in A and as abnormal contrast enhancement in B.

C, Contrast-enhanced T1W image. Although involvement of optic chiasm is shown as abnormal contrast enhancement (arrow),
involvement of the right optic nerve and right optic tract could not be detected.
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pared with postcontrast T1W images. FLAIR was the
second postcontrast sequence in five of these eight
patients. Because contrast-enhanced T1W images
were acquired after contrast-enhanced FLAIR im-
ages in three patients, the findings were not attributed
to delayed enhancement.

In the limited number of CN metastases, contrast-
enhanced FLAIR images were superior to contrast-
enhanced T1W images in terms of the conspicuity,
extension, and enhancement of neural metastases.
Larger series with CN metastases are needed to com-
pare these two postcontrast sequences.

Conclusion
A postcontrast FLAIR sequence is a valuable ad-

junct to postcontrast T1W imaging, and the routine
use of FLAIR imaging before and after the adminis-
tration of contrast material is particularly useful for
delineating leptomeningeal-cisternal and CN metas-
tases.
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6. Husstedt HW, Sickert M, Köstler H, Haubitz B, Becker H. Diag-
nostic value of the fast-FLAIR sequence in MR imaging of intra-
cranial tumors. Eur Radiol 2000;10:745–752

7. Mathews VP, Greenspan SL, Caldemeyer KS, Patel MR. FLAIR

and HASTE imaging in neurological diseases. Magn Reson Imaging
Clin N Am 1998;6:53–65

8. Singer MB, Atlas SW, Drayer BP. Subarachnoid space disease:
diagnosis with fluid-attenuated inversion-recovery MR imaging
and comparison with gadolinium-enhanced spin-echo MR imag-
ing-blinded reader study. Radiology 1998;208:417–422

9. Mathews VP, Caldemeyer KS, Lowe MJ, Greenspan SL, Weber
DM, Ulmer JL. Brain: gadolinium-enhanced fast fluid-attenuated
inversion-recovery MR imaging. Radiology 1999;211:257–263

10. Noguchi K, Ogava T, Inugami A, et al. Acute subarachnoid hem-
orrhage: MR imaging with fluid-attenuated inversion-recovery
pulse sequences. Radiology 1995;196:773–777

11. Noguchi K, Ogava T, Seto H, et al. Acute and chronic subarach-
noid hemorrhage: diagnosis with fluid-attenuated inversion-recov-
ery MR imaging. Radiology 1997;203:257–262

12. Singh SK, Agris JM, Leeds NE, Ginsberg LE. Intracranial lepto-
meningeal metastases: comparison of depiction at FLAIR and
contrast-enhanced MR imaging. Radiology 2000;217:50–53

13. Noguchi K, Ogava T, Inugami A, Toyoshima H, Okudera T, Ue-
mura K. MR of acute subarachnoid hemorrhage: a preliminary
report of fluid-attenuated inversion-recovery pulse sequences.
AJNR Am J Neuroradiol 1994;15:1940–1943

14. White ML, Edwards-Brown MK. Fluid-attenuated inversion-recov-
ery (FLAIR) MRI of herpes encephalitis. J Comput Assist Tomogr
1995;19:501–505

15. Tsuchiya K, Katase S, Yoshino A. Hachiya J FLAIR MR imaging
for diagnosing intracranial meningeal carcinomatosis. AJR Am J
Roentgenol 2001;176:1585–1588

16. Griffiths PD, Scoley SC, Romanowski CAJ, Hodgson T, Wilkinson
ID. Contrast-enhanced fluid-attenuated inversion-recovery imag-
ing for leptomeningeal disease in children. AJNR Am J Neuroradiol
2003;24:719–723

17. Essig M, Schlemmer HP, Tronnier V, Hawighorst H, Wirtz R, van
Kaick G. Fluid-attenuated inversion-recovery MR imaging of glio-
matosis cerebri. Eur Radiol 2001;11:303–308

18. Essig M, Metzner R, Bonsanto M, et al. Postoperative fluid-atten-
uated inversion-recovery MR imaging of cerebral gliomas: initial
results. Eur Radiol 2001;11:2004–2010

19. Tsuchiya K, Katase S, Yoshino A, Hachiya J. Use of contrast-
enhanced fluid-attenuated inversion recovery magnetic resonance
imaging in the diagnosis of metastatic brain tumors. Int J Neuro-
radiol 1999;5:9–15

20. Melhem ER, Bert RJ, Walker RE. Usefulness of optimized gado-
linium-enhanced fast fluid-attenuated inversion recovery MR im-
aging in revealing lesions of the brain. AJR Am J Roentgenol
1998;171:803–807

21. Wessbecher FW, Maravilla KR, Dalley RW. Optimizing brain MR
imaging protocols with gadopentetate dimeglumine: enhancement
of intracranial lesions on spin-density- and T2-weighted images.
AJNR Am J Neuroradiol 1991;12:675–679

AJNR: 25, May 2004 FLAIR IMAGING OF METASTASES 765


