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Fast Fluid-Attenuated Inversion-Recovery MR of Intracranial
Infections

Kazuhiro Tsuchiya, Sayuki Inaoka, Yoshiyuki Mizutani, and Junichi Hachiya

PURPOSE: To assess the usefulness of fast fluid-attenuated inversion-recovery (FLAIR) MR
sequences in the diagnosis of intracranial infectious diseases. METHODS We compared fast FLAIR
images with conventional spin-echo images (T1- and T2-weighted) obtained in 20 patients with
infectious diseases (six with encephalitis, five with brain abscesses, three with meningitis, two with
meningoencephalitis, two with Creutzfeldt-Jakob disease, one with epidural empyema, and one
with cysticercosis). Two neuroradiologists independently reviewed the FLAIR images and com-
pared them with the conventional spin-echo images, obtaining agreement in all patients. RE-
SULTS: FLAIR images of diagnostic quality were obtained in 18 patients. In two patients, FLAIR
images were degraded by motion. Lesions in the patients with encephalitis and meningoenceph-
alitis were better delineated on FLAIR images than on spin-echo images. FLAIR images clearly
depicted lesions in the basal ganglia in both patients with Creutzfeldt-Jakob disease. In patients
with brain abscess, meningitis, cysticercosis, and epidural empyema, FLAIR images provided no
more information than conventional spin-echo images, and the lesions were seen better on
postcontrast T1-weighted spin-echo images. CONCLUSION: Fast FLAIR images showed patho-
logic changes in intracranial infectious diseases better than or as well as conventional T2- and
proton density–weighted spin-echo sequences. However, postcontrast T1-weighted spin-echo
sequences resulted in better visibility of abscess, meningitis, cysticercosis, and epidural empyema
than did FLAIR images.

Index terms: Brain, infection; Brain, magnetic resonance

AJNR Am J Neuroradiol 18:909–913, May 1997
The fluid-attenuated inversion recovery
(FLAIR) sequence is a T2-weighted imaging
technique that generates heavily T2-weighted
and cerebrospinal fluid (CSF)-nulled MR im-
ages (1–5). Because these sequences are mod-
ified inversion-recovery sequences, their use
has been limited by long scanning times. How-
ever, by combining a fast or turbo spin-echo
sequence with an inversion-recovery sequence
(fast or turbo FLAIR), scanning time can be
greatly reduced (6).

Use of FLAIR imaging in infectious disorders
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and in other inflammatory processes, such as
sarcoidosis, has shown promising results (1, 4,
5, 7). In these reports, FLAIR imaging was
stated to be more sensitive than T2-weighted
spin-echo imaging in a limited number of pa-
tients. We therefore determined to assess the
utility of fast FLAIR sequences as compared
with conventional spin-echo sequences, includ-
ing postcontrast T1-weighted spin-echo imag-
ing, in the diagnosis of intracranial infections.

Materials and Methods
The subjects consisted of 20 patients (12 male and

eight female, 5 to 78 years old) with a variety of intracra-
nial infectious diseases. These included three patients with
herpes simplex encephalitis, three with encephalitis
caused by other viruses, five with brain abscess, three with
meningitis (one tuberculous and two pyogenic), two with
meningoencephalitis caused by an unknown organism,
two with Creutzfeldt-Jakob disease, and one patient each
with epidural empyema and cysticercosis. The diagnosis
9



Fig 1. Herpes simplex encephalitis.
A, T2-weighted fast spin-echo image

(4000/120/1) at 0.5 T shows a hyperin-
tense lesion in the left temporal lobe.

B, Fast FLAIR image (6000/120/2, in-
version time of 1700) shows the lesion far
better.
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was confirmed by surgery in six patients with brain ab-
scesses or epidural empyema. In the remaining 14 pa-
tients, the diagnosis was made on the basis of clinical,
imaging, and laboratory findings and the patients’ re-
sponse to antibiotic therapy.

We used 1.5-T and 0.5-T MR units. In 17 patients ex-
amined on a 1.5-T unit, we used FLAIR imaging se-
quences with parameters of 6000,9000/119/1 (repetition
time/echo time/excitations) and an inversion time of 2060
or 2200. For one patient, we used another 1.5-T unit and
a different FLAIR sequence (9980/160/1) with an inver-
sion time of 2000. In the remaining two patients, we used
two 0.5-T units and FLAIR sequences of 6000/88,120/2
with an inversion time of 1700. Other imaging parameters
were as follows: imaging matrix, 98–256 3 192–256; sec-
tion thickness, 5 to 10 mm; and field of view, 15–23 3
20–23 cm. Scanning time ranged from 2 minutes to 6
minutes 24 seconds.

Two neuroradiologists blinded to the clinical data as-
sessed the FLAIR images, comparing them with conven-
tional spin-echo images, which included T2- and proton
density–weighted fast spin-echo images and precontrast
and postcontrast T1-weighted spin-echo images. They
rated the FLAIR images as superior, equal, or inferior to the
spin-echo images. The assessment resulted in agreement
between the two neuroradiologists in all patients.

Results

The FLAIR images were degraded by motion
artifacts in one patient with encephalitis and in
another with Creutzfeldt-Jakob disease, but we
obtained images of diagnostic quality in the oth-
ers.

The lesions in the patients with encephalitis
or meningoencephalitis were seen better on the
FLAIR images than on the T2- or proton densi-
ty–weighted spin-echo images (Fig 1). Involve-
ment of the gray matter tended to be well de-
picted on FLAIR images, with good contrast
with CSF. In the patients with Creutzfeldt-Jakob
disease, both of whom were in the early stage,
the FLAIR images showed the lesions in the
basal ganglia slightly better than did the T2- or
proton density–weighted spin-echo images, al-
though the images of one of them were de-
graded by motion (Fig 2). In two of five patients
with brain abscesses, FLAIR images were
judged superior to T2- or proton density–
weighted spin-echo images in showing hypoin-
tensity of the capsule. However, in all patients
with brain abscesses, postcontrast T1-weighted
spin-echo images delineated the capsule better
than any other sequence (Fig 3). Likewise, in
patients with meningitis, cysticercosis, and epi-
dural empyema, FLAIR images provided no
more information than conventional spin-echo
images, including the postcontrast T1-weighted
spin-echo images. However, it was noteworthy
that the cisternal lesions in the patient with tu-
berculous meningitis were more conspicuous
on FLAIR images than on T2- or proton density–
weighted images, as they appeared hyperin-
tense relative to CSF on FLAIR images (Fig 4).
In eight patients, hyperintensity due to hydro-
cephalus and/or perifocal edema was better de-
picted on FLAIR images than on T2- or proton
density–weighted images.

Discussion

The FLAIR technique is a recently developed
method of obtaining T2-weighted images with
nulling of the CSF signal (1–5). This technique
is an inversion-recovery sequence that reduces
the signal from CSF and attains heavy T2



Fig 2. Creutzfeldt-Jakob disease in a
50-year-old woman whose images were
not degraded by motion.

A, T2-weighted fast spin-echo image
(4000/90/1) at 1.5 T shows hyperintense
lesions in the bilateral basal ganglia (ar-
rows).

B, The lesions, which probably repre-
sent gliosis and/or spongiform changes,
are seen better on fast FLAIR image
(9000/119/1, inversion time of 2200) (ar-
rows).

Fig 3. Brain abscess.
A, T2-weighted fast spin-echo image (3500/102/1) at 1.5 T shows a right parietooccipital abscess.
B, Both the hypointensity of the capsule and the hyperintensity of surrounding edema are clearer on fast FLAIR image (9980/160/1,

inversion time of 2000).
C, Postcontrast T1-weighted spin-echo image (500/19/2) depicts the capsule best—note the thick enhancing dura adjacent to the

abscess.
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weighting with the use of a long echo time. The
clinical utility of FLAIR images has been as-
sessed in several intracranial conditions (1, 2,
4, 6, 8–13). FLAIR imaging has proved to be
useful in head injury, multiple sclerosis, acute
subarachnoid hemorrhage, carbon monoxide
poisoning, tuberous sclerosis, and mesial tem-
poral sclerosis (8–13), but its usefulness has
been reported to be limited in the diagnosis of
intracranial tumors (6). The use of FLAIR se-
quences in the diagnosis of intracranial infec-
tious diseases has been reported in a limited
number of patients (1, 5, 7).

In our series, FLAIR images delineated le-
sions related to encephalitis and Creutzfeldt-
Jakob disease more clearly than on T2- and
proton density–weighted images. FLAIR images
yielded particularly high lesion contrast in en-
cephalitic lesions. Encephalitis frequently in-
volves the gray matter. Because artifacts from
CSF motion and CSF volume averaging with the
brain parenchyma are minimized and because
the signal from CSF is reduced, FLAIR images
result in better visibility of gray matter lesions.
Our experience with cisternal lesions in a pa-
tient with tuberculous meningitis may be simi-
larly explained (Fig 4). In addition, although not
essential in the diagnosis of these diseases,



Fig 4. Tuberculous meningitis.
A, T2-weighted fast spin-echo image (4000/90/1) at 1.5 T shows lesions isointense with CSF in the suprasellar cistern and left sylvian

fissure (arrows).
B, Fast FLAIR image (9000/119/1, inversion time of 2200) shows the lesions as slightly hyperintense relative to CSF (arrows).
C, Postcontrast T1-weighted spin-echo image (500/19/2) depicts the lesions best, since they show apparent contrast enhancement—

note the thick enhancement of the convexity dura and tentorium cerebelli.
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FLAIR images showed hyperintensity due to hy-
drocephalus and/or perifocal edema better than
did the T2- or proton density–weighted images.

The usefulness of postcontrast MR imaging
has been widely accepted in the evaluation of
intracranial infectious diseases (14–16). Our
results indicate that postcontrast T1-weighted
spin-echo images are superior to FLAIR images
in delineating enhancing lesions, such as the
capsules in brain abscess, cysticercosis, and
epidural empyema. Similarly, cisternal or men-
ingeal abnormalities associated with meningitis
were more clearly depicted on postcontrast T1-
weighted spin-echo images than on FLAIR im-
ages. Enhancing lesions on postcontrast T1-
weighted spin-echo images reportedly also
show enhancement on postcontrast FLAIR im-
ages (6). So far, we have had no experience
with postcontrast FLAIR images in patients with
meningitis.

Although patients with intracranial infectious
diseases are frequently uncooperative, we were
able to obtain FLAIR images of diagnostic qual-
ity in all but two patients in this series. We
applied an inversion pulse to multiple fast spin-
echo radio-frequency signal complexes in a rel-
atively long inversion time. This greatly contrib-
uted to the short scanning time and the increase
in number of sections obtained per one scan.
Recently, it has become possible to acquire
FLAIR images by using echo-planar sequences
in a shorter scanning time. We are in the pro-
cess of investigating the usefulness of this tech-
nique for imaging patients with infectious brain
disorders.

We encountered several difficulties with
FLAIR images. First, there were various types of
artifacts. Hyperintense artifacts related to CSF
flow motion were frequently noted near the fo-
ramen of Monro, aqueduct, posterior fossa cis-
terns, and fourth ventricle, and we also encoun-
tered artifactual hyperintensity lining the wall of
the lateral ventricles. Fortunately, the former
did little to hinder us in formulating a diagnosis.
The latter, however, may simulate the patho-
logic hyperintensity seen with ventriculitis;
therefore, postcontrast T1-weighted images
may be required to make the correct diagnosis.
Second, because FLAIR images are T2-
weighted, the same as long-repetition-time
spin-echo images, the findings were not always
specific. For example, perifocal edema could
not be definitely differentiated from encephali-
tis. Third, in our experience, lesions in the brain
stem (eg, lacunar infarcts) tend to be inade-
quately depicted as compared with supratento-
rial lesions on FLAIR images. Therefore, al-
though not a problem in our series, the
diagnostic utility of FLAIR imaging for brain
stem lesions may be limited.
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In conclusion, fast FLAIR images showed
pathologic changes in several intracranial infec-
tious diseases better than conventional T2- and
proton density–weighted spin-echo sequences.
Its short scanning time was advantageous in
examining patients with these diseases, since
many of them are uncooperative and clinically
unstable. The postcontrast T1-weighted spin-
echo sequence, however, remains indispens-
able in some conditions, such as brain abscess,
meningitis, cysticercosis, and epidural empy-
ema.

References
1. De Coene B, Hajnal JV, Gatehouse P, et al. MR of the brain using

fluid-attenuated inversion recovery (FLAIR) pulse sequences.
AJNR Am J Neuroradiol 1992;13:1555–1564

2. Hajnal JV, Bryant DJ, Kasuboski L, et al. Use of fluid attenuated
inversion recovery (FLAIR) pulse sequences in MRI of the brain.
J Comput Assist Tomogr 1992;16:841–844

3. White SJ, Hajnal JV, Young IR, Bydder GM. Use of fluid-attenuated
inversion-recovery pulse sequences for imaging of the spinal cord.
Magn Reson Med 1992;28:153–162

4. De Coene B, Hajnal JV, Pennock JM, Bydder GM. MRI of the brain
stem using fluid attenuated inversion recovery sequences. Neuro-
radiology 1993;35:327–331

5. Rydberg JN, Hammond CA, Grimm RC, et al. Initial clinical ex-
perience in MR imaging of the brain with a fast fluid-attenuated
inversion-recovery pulse sequence. Radiology 1994;193:
173–180

6. Tsuchiya K, Mizutani Y, Hachiya J. Preliminary evaluation of fluid-
attenuated inversion-recovery MR in the diagnosis of intracranial
tumors. AJNR Am J Neuroradiol 1996;17:1081–1086

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

8. Ashikaga R, Araki Y, Ishida O. MR imaging of traumatic head
injuries using FLAIR technique [in Japanese]. Nippon Acta Radiol
1994;54:1184–1186

9. Hashemi RH, Bradley WG, Chen DY, et al. Suspected multiple
sclerosis:MR imaging with a thin-section fast FLAIR pulse se-
quence. Radiology 1995;196:505–510

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

11. Murata T, Itoh S, Koshino Y, et al. Serial cerebral MRI with FLAIR
sequences in acute carbon monoxide poisoning. J Comput Assist
Tomogr 1995;19:631–634

12. Takahashi J, Sugita K, Fujii K, Niimi H. MR evaluation of tuberous
sclerosis: increased sensitivity with fluid-attenuated inversion re-
covery and relation to severity of seizures and mental retardation.
AJNR Am J Neuroradiol 1995;16:1923–1928

13. Jack CR, Rydberg CH, Krecke KN, et al. Mesial temporal sclero-
sis: diagnosis with fluid-attenuated inversion-recovery versus
spin-echo MR imaging. Radiology 1996;199:367–373

14. Runge VM, Clanton JA, Price AC, et al. Evaluation of contrast-
enhanced MR imaging in a brain-abscess model. AJNR Am J
Neuroradiol 1985;6:139–147

15. Chang KH, Han MH, Roh JK, Kim IO, Han MH, Kim CW. Gd-
DTPA-enhanced MR imaging of the brain in patients with menin-
gitis: comparison with CT. AJNR Am J Neuroradiol 1990;11:
69–76

16. Tsuchiya K, Makita K, Furui S, Kusano S, Inoue Y. Contrast-
enhanced magnetic resonance imaging of sub- and epidural em-
pyemas. Neuroradiology 1992;34:494–496


