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Introduction

The advantages of FLAIR imaging include im-
proved contrast between the signal intensity of a var-
iety of diseases that prolong brain T2 relaxation and
the suppressed signal intensity of the adjacent ventri-
cular or subarachnoid cerebrospinal fluid(CSF)®. There-
fore, we expected that FLAIR imaging could make it
easy to detect an abnormal signal intensity within a
lesion of a variety of encephalopathy and delineate a
cystic change of encephalomalacia. We performed
this study to determine the usefulness of fast fluid-at-
tenuated inversion-recovery(FLAIR) sequence in the

evaluation of encephalomalacia and encephalopathy.
Materials and Methods

We experienced 8 cases of encephalomalacia and 4
cases of encephalopathy. The causes of encephalo-
malacia were post-traumatic changes in 6 cases and
post-operative changes in 2 cases. The causes of en-
cephalopathy were hypoxic encephalopathy, toxic en-
cephalopathy, acquired hepatocerebral degeneration,
and leukodystrophy.

MR was performed with 1.5 T scanner(GE Med-
ical System, Milwaukee, U.S.A). Axial T1-weighted
(TR/TE=433/11msec), T2-weighted(TR/TE=
3500/85msec), and FLAIR images(TR/TE/TI=

10000/119,/2500msec) were obtained. Axial FLAIR
images were sclectively scanned at the lesion of in-
terest which was already detected on axial T1- and T
2-weighted images. So, number of slice and scan
time were variable from 3 to 8 and 2 minutes to 8
minutes, respectively.

The signal intensities detected on FLAIR images
were analyzed and compared with spin echo images.
The main concern was to distinguish cystic and solid
portions in a lesion as well as lesions of gray and
white matter. We analyzed signal intensity of the cys-
tic portion, white matter lesion, and gray matter le-
sion on T1-, T2-weighted image, and FLAIR image.
And then, lesion conspicuity of the FLAIR image
was compared with T2WI.

Results

We retrospectively analyzed 8 cases of encephalo-
malacia and 4 cases of encephalopathy. On the Table
1 and 2, age of the patients, causes of the lesions, lo-
cation and radiologic features of the lesions were des-
cribed.

In 8 encephalomalacia, 6 cases showed low signal
intensity similar with CSF intensity within the lesions
on FLAIR, that revealed lower signal on TIW and
high signal on T2W images. So, we could find the
cystic portions within the lesions(Fig. 1, 2). On FLAIR,
surrounding gliotic portions were demonstrated very

Table 1. Summary of 12 patients with encephalomalacia and encephalopathy

Case Sex/Age Diagnosis Location
1 M/27 post-traumatic encephalomalacia Rt. frontal lobe, Rt. basal ganglia
2 M/36 post-traumatic encephalomalacia Lt. Parietal lobe
3 M/37 post-traumatic encephalomalacia both frontal lobes
4 F/57 post-traumatic encephalomalacia Rt. temporal lobe
5 M/39 post-traumatic encephalomalacia Rt. temporal lobe
6 M/23 post-traumatic encephalomalacia Lt. Frontal lobe
7 M/14 post-operative encephalomalacia Rt. temporal lobe
8 F/47 post-operative encephalomalacia Lt. Frontal lobe
9 M2 leukodystrophy diffuse white matter
10 M/35 hepatocerebral degeneration diffuse white matter, basal ganglia
11 F/65 toxic encephalopathy diffuse white matter, basal ganglia
12 M/23 hypoxic encephalopathy diffuse white matter, basal ganglia

Rt. : right, Lt. : left
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Table 2. MR findings of encephalomalacia and encephalopathy

SI of white matter

SI of gray matter Lesion conspicuity

Case  Cystic change

TIWI T2WI FLAIR Wi T2WI FLAIR cystic WM GM

1 + Low High High Low High High > > <
2 + Iso High High Low High High > > <
3 Low High High Low High Iso - > <
4 + Iso Iso High Iso High Iso > > >
5 + Iso High High Iso Iso High > > >
6 - Iso Iso High - - - -~ > -
7 + Iso High High - - - > > -
8 + Iso High High Low High High > > <
9 Low High High - - - - =

10 - High Low Iso High Low Low - = =

1 - Low High High High Low Iso - > =

12 - Iso Iso High Low High High - > >

St : signal intensity, TIWI : T1-weighted image, T2WI : T2-weighted image, FLAIR : Fluid-Attenuated Inversion Recovery

Image

> : FLAIR image is superior to T2WI, = : FLAIR image is similar with T2WI, < : FLAIR image is inferior to T2WI

high signal intensity than regional parenchyma and
more definitely defined than T2WI(Fig. 2). Four of
six patients who showed the noncystic gray matter
change revealed more high signal intensity on T2WI,
however, FLAIR image was better to distingnish
from cystic and gliotic lesions(Fig. 2).

In 4 encephalopathy, 3 patients showed the high
signal intensity at the basal ganglia on TIWI, which
revealed different signal intensity in each on FLAIR
(Fig. 4). Hypoxic encephalopathy demonstrated new
additional high signal lesions on FLAIR. In ence-
phalopathy, white matter lesions were more well de-
fined in toxic and hypoxic cases on FLATR(Fig. 3, 4).
In acquired hepatocerebral degeneration, abnormal
high signal intensity depicted only on TIWI. Prd-
mary leukodystrophy showed same signal intensity
on both T2-weighted and FLAIR images.

Discussion

The FLIAR sequences arc reported to be par-
ticularly useful in detecting subtle changes at the
periphery of the cerebral hemispheres, around the
basal cisterns, in the brain stem, at gray white matter
interface, and in the periventricular region. These are
sites where CSF artifacts and partial volume effects

between gray and white matter cause problems in di-
agnosis with conventional T2WI. On the other hand,
on FLATR, hyperintense areas are seen in normal adults
in structures such as the centrum semiovale and par-
ietopon-tine tract”. The increased signal intensity in
the subependymal region may be due to the pres-
ence of long T2 components in white matter from
transudation of CSF”. The high signal observed in
white matter remote from the ventricular system may
come predominantly from unmyelinated or sparsely
myelinated fibers in all or part of the relevant white
matter tract®, :

The inversion-recovery sequences null or markedly
reduce the signal from CSF and long echo time(TE)
versions produce heavy T2 weighting. The very high
T2 weighting may increase the conspicuity of ab-
normal increased signal intensity lesion on FLAIR.
The fact that the CSF also has a low signal intensity
means that these abnormal high signal intensities are
not obscured by partial volume effects between CSF
and white matter as may be the case with con-
ventional T2-weighted spin-echo sequences®.

The cystic portions of encephalomalacia are easily
defined on FLAIR images than spine echo T2WI be-
cause of the difference of signal intensity between
cystic portion and surrounding gliotic portion by nul-

- 259 -



ling effect of the CSF. Cystic portions within the le-
sions show similar signal intensity with the CSF and
surrounding gliotic portions are hyperintense on T
2WI and FLAIR. Clinical significance of differentia-
tion between cystic and gliotic portion of the lesion
is not reported and may not be necessary to make a
treatment plan. But imaging diagnosis of the ence-
phalomalacia can be performed exactly on FLAIR im-
age than spin echo image.

We could clearly defined the cystc and gliotic
changes from diffuse encephalomalacia and found new
additional lesions in encephalopathy on FLAIR images.
In conclusion, FLAIR technique is useful and sup-
plement study in evalvation of the encephalomalacia
and encephalopathy.

Summary

Purpose : To determine the uscfulness of fast fluid-
attenuated inversion recovery(FLAIR) magnetic reso-
nance(MR) technique in evaluation of encephaloma-
lacia and encephalopathy.

Materials and Methods : We studied postoperative
and post-traumatic encephalomalacia in 12, post-in-
farct encephalomalacia in 6, and encephalopathy in 4
patients. The signal intensities were analyzed and
compared FLAIR with spin-echo images by focusing
at cystic and solid portions and also gray and white
matter areas.

Results : In 18 encephalomalacia, 16(89%) cases show-
ed low signal intensity similar with CSF within the le-
sions on FLAIR, that revealed lower signal on TIWI
and high signal on T2WI. So, we could find the cys-
tic encephalomalacia within the lesions. On FLAIR,
surrounding gliotic white matter portions were more
definitely defined than T2WI as very high signal in-
tensity in contrast to regional parenchyma. FLAIR

was better distinguished from regional cystic and gli-
otic portions. In 4 encephalopathy, 3 patients show-
ed the high signal intensity at the both basal ganglia
on T1WI, which revealed different signal intensities
on FLAIR. On FLAIR, white matter lesions were
more well defined in toxic and hypoxic cases.

Conclusion : We could clearly define the cystic
and gliotic changes and find new additional lesions
in encephalomalacia and encephalopathy on FLAIR
images. We concluded that FLAIR technique was
useful and supplement study in evaluation of the en-
cephalomala-cia and encephalopathy.
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Fig. 1. 14-year-old male with post-operative en-

cephalomalacia. T1-weighted image(A) shows
low signal intensity lesion in the right fron-
toparietal area and dilated right side lateral ven-
tricle. T2-weighted(B) and FLAIR(C) images
show same signal intensity of the lesion with
the CSF, indicating cystic encephalomalacic
change.
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Fig. 2. 37-year-old male with post-traumatic encephalo-

malacia. Right frontal lesion shows hypointense
signal on TIWI(A) and hyperintense signal on T
2WIB). On T2WI(B), dilated right frontal horn
of lateral ventricle and right frontal lesion can-
not be differentiated. On FLAIR image(C), dilat-
ed ventricle shows hypointense signal and gli-
otic change of right frontal lesion shows high
signal intensity. Delineation of the gray and
white matter lesion is possible on all sequences.
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Fig. 3. 23-year-old male with hypoxic encephalopathy.
T1-weighted(A) image shows high signal inten-
sity lesion of both basal ganglia. T2-weighted(B)
and FLAIR(C) images show hyperintense lesion
on both basal ganglia. Lesion detection is easier

on FLAIR image(C) than T2WKB).
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Fig. 4.
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65-year-old female with toxic encephalopathy.
T1-weighted image(A) shows subtle low signal
intensity on deep white matter and T2-weighted
image(B) shows high signal intensity of the le-
sion. On FLAIR image(C), hyperintense lesion of
the deep white matter is more easily detected.



