
RESEARCH Open Access

Role of contrast-enhanced FLAIR MRI in
diagnosis of intracranial lesions
Wessam Mustafa1 , Sherif Ali2, Nadia Elgendy3, Samer Salama1* , Lamiaa El Sorogy2 and Mohamed Mohsen2

Abstract

Background: MR imaging plays a significant role in detection and characterization of different brain diseases. The
role of the post-contrast T1-weighted image magnetic resonance imaging (T1W MRI) sequence has been widely
established in previous studies and clinical practice. In this study, we aim to share our experience as regards the
added value of contrast-enhanced fluid-attenuated inversion recovery (CE-FLAIR) sequence in the diagnosis of
various intracranial pathological conditions and evaluate its usefulness in comparison with post-contrast T1W
images.

Results: Based on the final radiological diagnosis, the total cases were subdivided into three categories, and the
majority of our cases were tumors (81.2%), followed by multiple sclerosis (11.8%), and the least was central nervous
system infection (7.1%). CE-FLAIR showed superior enhancement in 35 cases (50.7) and equal enhancement in 25
cases (36.3%). However, it showed less enhancement than post-contrast T1W images in 9 cases (13%). Excellent
inter-observer agreement (97.65%) was noted. Regarding lesion conspicuity, good delineation was found in the
majority of cases (64.7%), fair delineation in 12.9%, and no delineation in 22.4%. A statistically significant difference
was found in signal intensity of lesion between pre- and post-contrast FLAIR sequences. Contrast to background
ratio was statistically significant in CE FLAIR images in comparison to CE T1 images.

Conclusion: CE-FLAIR imaging should be used as a routine or adjunctive sequence to CE-T1WI to enhance early
detection and increase the diagnostic confidence in MRI examination of different brain pathological conditions.
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Background
Intravenous contrast agents for magnetic resonance im-
aging (MRI) are commonly used to allow proper lesion
recognition and classification of Central nervous system
(CNS) lesions. Gadolinium is the most commonly used
contrast agent, as it can shorten both the T1 and T2 re-
laxation times of tissues where the contrast is present.
However, enhancement of the lesion via contrast occurs
primarily by the T1-shortening consequence at clinical
doses [1].
Fluid-attenuated inversion recovery (FLAIR) is a “spe-

cial inversion recovery pulse sequence with a long repe-
tition time (TR) and echo time (TE), and an inversion

time (TI) that effectively nulls signals from the cerebro-
spinal fluid (CSF)” [1, 2].
The post-gadolinium enhancement that appears on

T2-fluid attenuated inversion recovery (T2 FLAIR) im-
ages is due to the T2 prolongation consequence of mul-
tiple lesions and T1 shortening consequence of
gadolinium acting together [3].
Previous studies established the value of contrast-

enhanced fluid-attenuated inversion recovery (FLAIR)
sequence in imaging of leptomeningeal metastases,
which may be attributed to three main factors. First, the
FLAIR sequence does not allow contrast enhancement
of vessels. Second, it reveals an observable T1 contrast
with a dark CSF signal. Third, T2 FLAIR with contrast is
more sensitive than T1-weighted image (T1WI) in de-
tecting low concentrations of gadolinium [4].
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The greatest advantage of contrast-enhanced FLAIR
(CE-FLAIR) seems to be for detecting subtle cortical ab-
normalities such as leptomeningeal lesions, where there
is no mass effect. However, it also has an advantage
when compared with conventional FLAIR or T2-
weighted imaging for deep lesions, where the contrast
between the enhancing lesion and the surrounding vaso-
genic edema is greater than with conventional tech-
niques and produces very remarkable images [5].
The aim of this study is to assess the role of CE-

FLAIR imaging as a primary or adjunctive sequence to
contrast-enhanced T1-weighted image (CE-T1WI) to in-
crease the diagnostic confidence.

Methods
Our prospective study had been conducted on 85 pa-
tients (males and females) who were referred from the
neuro-medicine and neurosurgery departments to MRI
unit of the radio-diagnosis department, in the period
from December 2018 till August 2020.
All patients with solitary space-occupying lesion (SOL)

were pathologically confirmed by tissue biopsy and the
patient with multiple SOLs was diagnosed by follow-up
or biopsy of extracranial primary tumors. Imaging diag-
noses of inflammatory lesions were confirmed by clinical
signs, laboratory findings, and follow-up. Informed writ-
ten consents were obtained from all participants in the
study.
MRI imaging was performed on 1.5-T magnetic reson-

ance scanner (Philips Achieva 2.1, Best, Netherlands)
with standard head coil for the brain and with the pa-
tient in a supine position. Routine conventional MRI (
axial fast spin echo (FSE) T1-weighted images, T2
weighted image, fluid attenuation inversion recovery
(FLAIR), diffusion-weighted images, and apparent diffu-
sion coefficient) post-contrast images were obtained
after administration of intravenous Gadolinium (Magne-
vist) in the dose of 0.1 mmol/kg body weight. One mi-
nute after the intravenous administration of contrast
medium, the acquisition of coronal, sagittal, and axial
routine post-contrast T1W images was immediately
done, and then axial or coronal T2W FLAIR images
were successively obtained with a delay of nearly 3–4
min and with the same scan techniques as the pre-
contrast images.
Contrast-enhanced T1W imaging parameters were

repetition time (TR) 581 ms, echo time (TE) 15 ms, field
of view (FOV) 230 mm, slice thickness 5 mm, slice inter-
val 1 mm, and flip angle 69.
Contrast-enhanced FLAIR imaging parameters were

TR 11,000 ms, TE 110 ms, TI 2800ms, FOV 230mm,
slice thickness 5 mm, and slice interval 1 mm.
Images interpretation was performed by the assess-

ment of each case independently by two radiologists

(AA, RA). Images were initially interpreted as usual
brain MRI to detect any gross pathology: multiple scler-
osis (Fig. 1), infection (Fig. 2), tumor (Fig. 3), etc. using
the conventional sequences. Then post-contrast T1WI
(PC-T1W) and post-contrast FLAIR MRI sequences
were compared with each other (Figs. 1, 2, and 3). Im-
ages were evaluated both qualitatively and quantitatively.
Qualitative evaluation (Fig. 4) by visual assessment in-

cludes the following items: Presence or absence of ab-
normal contrast enhancement, determining the location
and pattern of enhancement, comparing the results of
information detected by CE FLAIR with other se-
quences, evaluation of enhancement rate in post-
contrast T1W and post-contrast FLAIR MRI sequences,
and classifying it in post-contrast FLAIR images as su-
perior, equivocal, or inferior relative to post-contrast
T1W images, delineation of enhanced lesion margin in
post-contrast FLAIR images from surrounding edema,
or normal-appearing brain tissue, referred to as lesion
conspicuity was evaluated as either: no delineation, fair
delineation or good delineation and correlating the im-
aging findings with the clinical data.
Quantitative evaluation (Fig. 5) was done by: calculat-

ing contrast enhancement index (CEI) by placing region
of interest (ROI) tool at site of lesion to measure signal
intensity (SI) in pre- and post-contrast FLAIR images.
Contrast enhancement index (CEI): Iˆ= I–I0 . Where Iˆis
CEI, I is the lesion signal intensity (SI) on post-contrast
FLAIR images and I0 is the lesion SI on pre-contrast
FLAIR images. Calculating lesion to background contrast
ratio: The signal intensity of the lesion as well as back-
ground signal intensity in normal-appearing brain tissue
was measured by using the region-of-interest (ROI) tool
and applied to pre- and post-contrast T1W as well as
pre- and post-contrast FLAIR sequences. The lesion to
background contrast ratio was defined as the difference
between the lesion and background signal intensities di-
vided by the background signal intensity (Fig. 6).

Statistical analysis and data interpretation
Data were fed to the computer and analyzed using Stat-
istical Package for the Social Sciences (IBM SPSS) Corp.
Released 2013. IBM SPSS Statistics for Windows, Ver-
sion 22.0. Armonk, NY: IBM Corp. Qualitative data were
analyzed in the form of numbers and percentage. While,
Quantitative data were assessed through median (mini-
mum and maximum) as regard non-parametric data and
mean, standard deviation to those of the parametric
data, this was done only after completion of testing nor-
mality via Kolmogrov-Smirnov test. Assessment of the
test significance of results was done at the (0.05) level.
Qualitative data, Monte Carlo test as correction for

Chi-Square test when more than 25% of cells have count
less than 5 in tables (> 2 × 2). Quantitative data between
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groups: Non Parametric tests: Mann-Whitney U test was
used to compare two independent groups.
The Spearman rank-order correlation is used to deter-

mine the strength and direction of a linear relationship
between two non-normally distributed continuous vari-
ables and / or ordinal variables.
Inter-class correlation (ICC) was used to detect agree-

ment between continuous variables with a correlation
coefficient more than 0.7 was considered excellent
agreement. The ICCs were classified using a system sug-
gested by McGraw and Wong as follows: less than 0.75
Z poor agreement, 0.75 to less than 0.90 Z moderate
agreement, and 0.90 or greater Z high agreement.

Kappa agreement was calculated by cross tabulation
for categorical variables with Kappa (0.01–0.20: slight
agreement, 0.21–0.40: fair agreement, 0.41–0.60: moder-
ate agreement, 0.61–0.80: substantial agreement, and
0.81–0.99: 0 perfect agreement).

Results
This study was carried out on 85 patients, 54 females
(63.5%) and 31 males (36.5%). The age of patients ranged
from 12 to 70 years and the mean age was 41.35±15.62.
According to the final radiological diagnosis, cases were
subdivided into three categories, the majority of our

Fig. 1 Female patient aged 36 years, known case of multiple sclerosis on follow up, presented by clinical signs of activity. A, B Axial pre and post-
contrast T1WI respectively showed no definite lesions. C Axial pre-contrast FLAIR showed few foci of high signal intensity at periventricular white
matter. D Axial post-contrast FLAIR showed nodular enhancement of MS plaques (arrows) and gyriform enhancement at left parietal lobe was
better demonstrated than in post-contrast T1W image
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Fig. 2 (See legend on next page.)
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(See figure on previous page.)
Fig. 2 Female patient aged 35 years diagnosed as viral meningoencephalitis. A, B Axial pre-contrast T1WI showed areas of parenchymal
hypointensity at the medial aspect of both temporal lobes as well as inferior frontal lobes and both insular cortices. C, D Axial post-contrast T1WI
showed mild leptomeningeal enhancement at per mesencephalic cisterns. E Axial pre contrast FLAIR image showed areas of parenchymal
hyperintensity at the medial aspect of both temporal lobes as well as inferior frontal lobes and both insular cortices. F Axial post-contrast FLAIR
image showed marked leptomeningeal enhancement at per mesencephalic cisterns and around both Sylvian fissures, which is more extensive
and more clearly delineated than in post-contrast T1WI

Fig. 3 Male patient aged 26 years with histopathologically proven right-sided vestibular schwannoma. A, B Axial pre-contrast T1WI and FLAIR
respectively showed well defined extra-axial space-occupying lesion centered at the right cerebellopontine angle (CPA). It displayed low signal
intensity on T1WI and intermediate signal intensity on FLAIR image. C Axial post-contrast T1WI showed peripheral non-homogenous
enhancement with predominant internal non-enhancing cystic component. D Axial post-contrast FLAIR showed more extensive heterogeneous
enhancement of the mass signifying a more solid component of the tumor. In addition, intra-canalicular extension into the internal auditory
canal was more clearly demonstrated (trumpeting of the porus acousticus)
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cases were tumors (81.2%), followed by multiple sclerosis
(11.8%) and the least was CNS infection (7.1%).
According to the location of the enhanced lesion, cases were

classified as having intra-axial location (70.6%) representing
the majority of studied cases, extra-axial location(23.5%), or
both intra and extra-axial location (5.9%) (Table 1).
Qualitative comparison between post-contrast T1 and

post-contrast FLAIR images revealed that: post contrast
FLAIR shows superior enhancement in 35 cases (50.7),
equal enhancement in 25 cases (36.3%). However, it
showed less enhancement than post-contrast T1W im-
ages in nine cases (13%).

There was excellent agreement between the first and
second observers as regard qualitative comparison of
post-contrast FLAIR and post-contrast T1W sequences
with Kappa agreement (0.957) and percentage of agree-
ment (97.65%) (Table 2).
Lesion conspicuity representing delineation of enhan-

cing lesion from the surrounding high signal edema as
well as normal nearby brain tissue in post-contrast
FLAIR images was described in three groups as follows:
good delineation was found in the majority of cases
(64.7%), fair delineation in 12.9%, and no delineation in
22.4%.

Fig. 4 Male patient aged 57 years known as bronchogenic carcinoma with brain metastases. A, B Axial pre and post contrast T1WI showed
multiple tiny enhancing lesions scattered at both cerebellar hemispheres and medulla. On axial pre-contrast FLAIR (C), the lesions were few and
displayed faint high signal intensity. D Axial post-contrast FLAIR images showed an increased number of enhancing lesions that appeared more
hyperintense and demonstrated better lesion to background contrast than in post-contrast T1W1 (B)
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There was a statistically significant difference in signal
intensity of lesion between pre- and post-contrast FLAIR
sequences with higher median (750) ranging from 369 to
3508 found in post-contrast FLAIR images. The median
difference between signal intensity in both sequences de-
scribed as contrast enhancement index (CEI) was 262
ranging from 40 up to 1708.
Regarding the contrast ratio between lesion to the

background, Table 3 showed that the contrast of lesion
against related background was statistically higher in CE
FLAIR images compared to non-contrast FLAIR images,
with a higher median (0.97) ranging from 0.20 to 3.0

found in CE FLAIR images. Also, the contrast of lesion
against related background was statistically higher in
post-contrast T1 images compared to non-contrast T1
images, with a higher median (0.33) ranging from − 0.05
to 1.2 found in post-contrast T1 images.
Quantitative comparison as regard contrast to back-

ground ratio was statistically significant in CE FLAIR
images in comparison to CE T1 images, with a higher
median (0.97) ranging from 0.20 to 3.0 in CE FLAIR
images.
There was good agreement between two observers as

regard signal intensity readings in pre- and post-contrast

Fig. 5 Male patient aged 15 years with histopathologically proven craniopharyngioma presented on pre and post-contrast T1WI MRI (A and B
respectively) as large well-defined suprasellar cystic lesion with enhancing solid component was noted. The lesion compresses the optic chiasm
and third ventricle. On axial pre- and post-contrast FLAIR (C and D), qualitative and quantitative enhancement of the solid component was much
more extensive in post-contrast FLAIR than in post-contrast T1WI with superior contrast to background ratio in post-contrast FLAIR sequence
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FLAIR images. Also, contrast enhancement index as
well as contrast to background ratio on post-contrast
FLAIR and post-contrast T1W images with correl-
ation coefficient more than 0.7 was considered excel-
lent agreement (Table 4).

Discussion
Intravenous contrast agents are commonly used to
evaluate patients with suspected intracranial lesions.
Gadolinium is the most commonly used intravenous
contrast agent for imaging the brain. It helps in im-
proved lesion detection and better characterization [6].

No one can deny the fact of the importance of T1
post-contrast significance in detection of space-
occupying lesions in the brain. Unfortunately, small
groups in our practice are aware of the role of T2-
FLAIR post-contrast imaging in specific situations. Al-
though these effects are known by some expertises, it
was not used commonly in the practice. So the result is
that we have small studies assessing the role of post-
contrast T2 FLAIR images in different brain lesions [7].
Post-contrast T2 FLAIR imaging sequences have been

investigated in a variety of intracranial pathologies with
the goal of increasing diagnostic sensitivity. The diagnos-
tic value of post-contrast-T2 FLAIR has been variably

Fig. 6 Female patient aged 43 years histopathologically proven high-grade glioma. A, B axial pre- and post-contrast T1WI respectively showed
intra-axial space-occupying lesion at left temporal lobe with irregular marginal enhancement. C, D Axial pre and post contrast FLAIR respectively
showed thicker and more extensive enhancement of the lesion as well as better lesion to background signal intensity and overall contrast than
in post-contrast T1WI. Also, good conspicuity of enhanced lesion margin from surrounding edema can be clearly demonstrated
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reported in both veterinary, and human studies, with its
use in meningeal-based disease commonly reported as
beneficial [8].
A total of 85 cases with different intracranial pathologies

were enrolled; they were further classified on the basis of the
clinical diagnosis, pathological evaluation, and final imaging
diagnosis into 3 groups as follows: tumors (either primary or
metastatic) were found in 69 cases (81.2%) representing most
of our studied cases, with 44 cases (63.8%) primary tumors
and 25 cases (36.2%) metastatic tumors; Multiple sclerosis
was observed in 10 cases (11.8%); and infection (including
meningitis, meningoencephalitis, and brain abscess) was de-
tected in 6 cases (7.1%).
In our study, we provided additional subtraction im-

aging between post and corresponding pre-contrast
FLAIR sequences; this was beneficial and provided im-
provement in detection of very small enhancing lesions,
or lesions of initially high signal intensity in non-
enhanced FLAIR images as well as in cases where there
is an improper delineation of enhancing lesion margin
from the hyperintense perilesional edema. In addition,
we found that the use of subtraction imaging helped
avoid false-positive cases, decreased reading time, and
increased the accuracy of detection of contrast enhance-
ment in a clinical practice, and this was equivalent to
the results of the study done by Zivadinov and his col-
leagues [9].
Results of qualitative comparison between the two se-

quences showed that CE-T2 FLAIR provided superior

enhancement in 49 cases (57.6%), less enhancement was
detected in 10 cases (11.8%), yet equivocal enhancement
in both sequences was found in 26 cases (30.6%). These
results are in agreement with those obtained by Athar
and colleagues who demonstrated better enhancement
in 19 cases (57.6%) in post-contrast T2 FLAIR weighted
images, less enhancement in 6 cases (18.2%). However,
in the remaining 8 cases (24.2 %), both sequences do not
reveal any abnormality so considered as equal [10].
Lesion conspicuity, delineation of enhancing lesion

margin from the surrounding normal brain tissue or
perilesional edema as well as the ability to clearly iden-
tify enhancement and lesion outline in post-contrast
FLAIR sequence were evaluated in all cases and de-
scribed as either: good delineation, reported in 55 cases
(64.7%), fair delineation, reported in 11 cases (12.9%)
and no delineation, reported in 19 cases (22.4%). Our re-
sults for good delineation are relatively higher than the
results of the study done by Athar and colleagues that
reported a clear outline of a lesion in post-contrast
FLAIR sequence in 13 cases (39.4%) out of 33 cases. This
could be explained by different sample sizes.
In order to avoid any bias in qualitative analysis of

post-contrast FLAIR images, the signal intensity of all le-
sions was measured in both pre- and post-contrast
FLAIR images and the difference was calculated and
expressed as contrast enhancement index (CEI). Our re-
sults demonstrated significantly higher signal intensity
on CE-FLAIR images compared to pre-contrast ones (P
< 0.001), which confirm the presence of enhancement
after contrast injection.
In this study, lesion-to-background contrast percent-

age was assessed objectively to prevent making subject-
ive data via visual assessment of contrast that might be
affected by windows and levels, amplification, and moni-
tor illumination.
Our study demonstrated a significant higher contrast

ratio in CE-FLAIR compared to both non-enhanced
FLAIR and CE-T1W sequences (P < 0.001) which
allowed better delineation of lesions by CE-FLAIR. The
higher contrast ratio detected by CE-FLAIR can be ex-
plained by greater inherent soft tissue contrast reso-
lution in FLAIR compared to T1W sequence. In
addition, unlike CE-T1WI, CE-FLAIR images normal
vasculature and healthy meninges do not enhance.
Therefore, CE-FLAIR images are considered as being

Table 1 variability of tumors included in the study

%

Primary tumors N = 44

Glioma 22 50.0

Astrocytoma 7 15.9

PNET 1 2.3

Meningioma 11 25.0

Schwanomma 3 6.8

Metastatic tumors n = 25

Breast 13 52.0

Lung 4 16.0

Pelvi-abdominal 4 16.0

Hemopioetic 4 16.0

PNET primitive neuro-ectodermal tumors

Table 2 Inter-observer agreement of qualitative comparison with PCT1

Qualitative comparison with PCT1W First observer Second observer K p 95% CI % of agreement

Equal 26 25 0.957 < 0.001* 0.89-1.0 97.65%

Inferior 10 9

Superior 49 51

K Kappa agreement, CI confidence interval, PCT1W post-contrast T1-weighted image
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most effective to assess sulcal or meningeal infection, in-
flammation, and metastases near the CSF side.
In our study, good agreement was found between two

observers as regard signal intensity readings in pre- and
post-contrast FLAIR images, contrast enhancement
index as well as contrast to background ratio on post-
contrast FLAIR and post-contrast T1W images with cor-
relation coefficient more than 0.7 was considered excel-
lent agreement.
In line with our study, Kim and colleagues stated that

contrast-enhanced fast FLAIR images had higher tumor-
to-background contrast ratio compared to contrast-
enhanced T1W images [3].
Furthermore, ZHOU and colleagues observed that

the CER and contrast-to-noise ratio (CNR) on CE
T1WI was significantly higher but grey matter/white
matter contrast was lower (P=0.02) than those on CE
FLAIR images [11].
While another study by Tomura and colleagues in

which the intensity ratios (intensity of tumor divided by
intensity of peritumoral region) in contrast-enhanced
spin echo T1W and contrast-enhanced multi-shot echo-
planar imaging FLAIR (Ms-EPI-FLAIR), “comprising
combined sequences of FLAIR and Ms-EPI” were com-
pared, showed that the intensity ratio in Ms-EPI-FLAIR
did not differ from that in spin echo T1WI.These results
were in contrary to what we had observed [12]. This dis-
crepancy could be attributed to different sample sizes,
different imaging parameters, and different MRI ma-
chines with different specifications.

A study conducted by Azad and colleagues, where
quantitative assessment included computation of net
meningeal enhancement, using single pixel signal inten-
sity software and comparing the results between CE-
FLAIR, Magnetization Transfer Spin Echo, and Fat-
Saturation T1-Weighted Sequences, observed that a sig-
nificant difference was found between the net meningeal
enhancement on the contrast-enhanced FLAIR sequence
compared to the magnetization transfer spin echo and
the T1-weighted fat saturation sequences (p < 0.001)
[13]. These results seem to be consistent with the data
obtained by our study.
In concordance with the previous study done by Ras-

togi and Jain, we found that , in 69 cases of intracranial
tumors post-contrast FLAIR showed superior enhance-
ment in 35 cases (50.7%), equal enhancement in 25
cases(36.3%), and less enhancement than post-contrast
T1W images in 9 cases (13%) [7]. We had also observed
that in patients with tumors, CE-T2FLAIR images were
considered to be superior to CE-T1W images as it allow
to reveal more widespread enhancement (rather than
solid part) and denser and more nodular wall enhance-
ment in the necrotic tumor. So after interpretation of
these findings not only the differentiation of the tumor
can be performed but also the site for stereotactic biopsy
can be determined.
We had also observed that CE-FLAIR yielded signifi-

cantly more information compared to routine CE-T1W
sequence in detection of early leptomeningeal metastatic
lesions and small superficial parenchymal lesions as well.
There is no doubt that early identification of leptomen-
ingeal disease affects the treatment and overall prognosis
of many brain tumors. Our results were consistent with
the study done by Kim and colleagues [2] who stated
that in small intracerebral metastasis, lesion detection
was increased when contrast-enhanced FLAIR was
added to contrast-enhanced T1WI.
On the basis of our observations of 10 patients with

multiple sclerosis, we found that CE-FLAIR was superior
to CE-T1W sequence in 9 cases (90% of our studied MS
cases), and provided better detectability and significantly
more number of active lesions, this was assessed by
depicting active lesions as ultra-bright relative to pre-
contrast FLAIR images and confirming enhancement by

Table 3 Lesion to background contrast ratio

Background contrast ratio Mean±SD Median (range) Test of significance

NC FLAIR 0.342±0.25 0.3 (− 0.31 , 1.0) z = 8.0
p < 0.001*

CE FLAIR 1.08±0.60 0.97 (0.20-3.0)

NC T1 − 0.13±0.15 − 0.13 (− 0.60,0.43) z = 7.57
p < 0.001*

CE T1 0.40±0.34 0.33 (− 0.05 , 1.2)

CE FLAIR contrast-enhanced FLAIR MRI, NC FLAIR non-contrast-enhanced FLAIR MRI, CE T1 contrast-enhanced T1-weighted image, NC T1 non-contrast-enhanced
T1-weighted image. Z: Wilcoxon signed-rank test

Table 4 Interobserver agreement as regard signal intensity, CEI,
and contrast to background ratio

Interclass correlation

Signal intensity pre FLAIR 0.78

Signal intensity CE FLAIR 0.88

CEI 0.79

Lesion to background contrast ratio:

CE FLAIR 0.77

CE T1 0.87

FLAIR fluid-attenuated inversion recovery, CE FLAIR contrast-enhanced FLAIR
MRI, CE T1 contrast-enhanced T1-weighted image, CEI contrast
enhancement index
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FLAIR subtraction images along with measuring signal
intensity of MS plaques in pre- and post-contrast FLAIR
images; furthermore, these findings were supported by
clinical data. So, we suggest that CE-FLAIR would be a
promising diagnostic technique and should be added in
diagnosis and follow-up of multiple sclerosis and can be
a valuable tool in monitoring disease activity. So, our re-
sults were consistent with the findings of the study done
by Abdolmohammadi and colleagues who reported that
in post-contrast FLAIR images it has been observed
more acute MS plaques at supratentorial area than post-
contrast T1W sequence which is a gold standard se-
quence. Moreover, they stated that post-contrast FLAIR
sequence was better at lesion visualization than the DWI
and post-contrast T1W sequences [14].
Leptomeningeal infiltration (LMI) in multiple sclerosis

patients in MS was firstly discovered in 2004. After that
several pathological studies have established the pres-
ence of immune cell aggregations in the meninges
among some groups of MS patients. Pathologically, LMI
is considered as abnormal immune cell aggregations in
the meninges of patients with multiple sclerosis, espe-
cially those with progressive MS either in primary or
secondary forms. The presence of LMI is considered as
a bad prognostic outcome with more disability and
higher EDSS scores. Recently, specific MRI sequences
have the ability to confirm the presence of these follicles
that correspond to the pathological findings [15].
In Eisele and colleagues’ study, the pathologic control

group demonstrated the sensitivity of post-contrast
FLAIR images demonstrating leptomeningeal enhance-
ment in all cases. In contrast, only 1 out of 112 exam-
ined patients with MS showed a single area of abnormal
leptomeningeal contrast enhancement [16]. This was
quite equivalent to our results.
In our study, it is interesting to note that appreciable

abnormal leptomeningeal enhancement in post-contrast
FLAIR sequence was described in all cases of multiple
sclerosis and was not clearly demonstrated in post-
contrast T1W sequence.
Regarding 6 cases diagnosed with infection, our results

showed that CE-FLAIR demonstrated superior enhance-
ment and additional valuable reliable information com-
pared to conventional CE-T1W sequence in 5 cases
(83.3%). We had observed that CE-FLAIR has a great
capability for better detection and delineation of even
subtle meningeal enhancement compared to teh CE-
T1W sequence. Furthermore, in cases of pyogenic ab-
scess (2 cases), CE-FLAIR demonstrated better wall en-
hancement, with greater mural thickness and more clear
and sharp delineation from the surrounding. These re-
sults were consistent with the studies done by Ahmad
and Rastogi and Jain [7, 17] whose supported the fact
that CE-FLAIR sequence has an insignificant component

of vascular enhancement compared to meningeal en-
hancement which makes meningeal inflammation easily
detected and aids in early diagnosis of infectious menin-
gitis which is important for a favorable clinical outcome.
On the light of previously discussed results of qualita-

tive comparison between contrast-enhanced T2 FLAIR
and contrast-enhanced T1 sequences and by reviewing
the results of multiple researchers, we concluded that
contrast-enhanced FLAIR is more sensitive for subtle ab-
normalities than either FLAIR alone or post-contrast
T1-weighted imaging alone and CE-FLAIR should be
used as a valuable adjunct to conventional CE-T1W se-
quence when an intracranial lesion is suspected in the
clinical setting.
This study has some limitations as moderate overall

sample size, small percentage of patients with leptomen-
ingeal lesions, and non-representation of other brain
pathological conditions associated with leptomeningeal
disease as Sturge Weber syndrome and facial and optic
neuritis.

Conclusion
CE-FLAIR imaging exhibits superior enhancement and
lesion detection along with better soft tissue contrast
resolution compared to conventional CE-T1W sequence.
We believe that it provides additional valuable diagnostic
information that could affect the management and pro-
gression of the disease. Hence, it should be incorporated
as a routine sequence in MRI examination of different
brain pathological conditions.
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