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Abstract 

Background: Intravenous MR contrast compounds are 
utilized to improve lesion identification and characterize dis-
orders of the central nervous system. Our study is designed to 
assess the diagnostic utility of post-contrast FLAIR MRI brain 
in different intracranial diseases by comparing it with post-con-
trast T1 sequence. Additionally, to assess the importance of the 
post-contrast FLAIR sequence using both qualitative and quan-
titative metrics in various lesion locations. 

Aim of Study: The aim of this study is to compare the diag-
nostic value of post-contrast FLAIR MRI brain to post-contrast 
T1 sequence in various intracranial pathologies and to evaluate 
the significance of post-contrast FLAIR sequence in various le-
sions locations using qualitative and quantitative parameters. 

Patients and Methods: Using MRI, the brains of 50 peo-
ple with neurological signs and symptoms were scanned. A 
post-contrast FLAIR sequence was added to post-contrast 
T1WI. We separated the lesions based on location into extra-ax-
ial and intra-axial groups, and we categorized them etiological-
ly into neoplastic, ischemic, inflammatory, and demyelinating 
groups. Using qualitative and quantitative assessments, we test-
ed whether the lesions’ location impacted the effectiveness of 
the post-contrast FLAIR sequence. 

Conclusion: Post-contrast FLAIR sequence should be add-
ed to CE T1W imaging in assessment of intracranial disorders. 
According to qualitative and quantitative evaluation, post-con-
trast FIAIR was particularly effective at identifying extra-axial 
lesions. 
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Introduction 

THE most frequently utilized MRI sequences for 
assessing brain lesions are FLAIR (Fluid Attenuat-
ed Inversion Recovery) [1]. By having a long repeti-
tion time (TR), echo time (TE), and inversion time 
(TI), the (FLAIR) pulse sequence, which is distinct 
from other inversion recovery pulse sequences, suc-
cessfully cancels out signals from the cerebrospinal 
fluid (CSF) [2]. Therefore, despite FLAIR images 
being primarily T2-weighted (T2WI) and having a 
long TI, lesions that exhibit enhancement on con-
trast-enhanced T1-weighted imaging (CE-T1WI) 
also exhibit enhancement on contrast-enhanced 
FLAIR (CE-FLAIR) images [3]. 

List of Abbreviations: 

Results: There were 50 cases in all, with different intrac-
ranial pathologies. Our two observers detected that post-con-
trast FLAIR showed better lesions definition, better detection 
of lesions enhancement as well as higher number of enhancing 
lesions compared to T1WI. Post-contrast FLAIR had a great-
er CBR than CET1 detected by both observers. We discovered 
that post-contrast FLAIR had lower specificity (62.5%) than 
post-contrast T1WI (87.5%), but better sensitivity (78.6%) than 
post-contrast T1WI (64.3%). Extra axial lesions showed higher 
CEI than lesions of other location (mean CEI 152) with statisti-
cally significant p-value of 0.037. 
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AVM : Arterio-venous malformation. 
BBB : Blood brain barrier. 
CBR : Contrast background ratio. 
CE : Contrast enhanced. 
CEI : Contrast enhanced index. 
CNS : Central nervous system. 
CSF : Cerebrospinal fluid. 
DCL : Disturbed Conscious Level. 
DWI : Diffusion weighted image. 
FLAIR : Fluid attenuated inversion recovery. 
MS : Multiple sclerosis. 
Gd : Gadolinium. 
SPO : Space occupying lesion. 
TE : Echo time. 
TI : Inversion time. 
TR : Time of repetition. 
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Numerous clinical studies have shown that CE-
FLAIR is more informative than CE-T1WI alone 
for a number of intracranial pathologic disorders 
as well as structures that naturally enhance on CE-
FLAIR imaging. Intravenous MR contrast com-
pounds are utilized to improve lesion identification 
and characterize disorders of the central nervous 
system (CNS). This contrast agent shortens the T1 
and T2 relaxation times of tissues where Gadolini-
um Gd has accumulated [4]. 

Blood-brain barrier (BBB) breaks allow Gd to 
reach the extracellular space for intra-axial brain 
lesions; relatively high vascularity causes enhance-
ment for extra-axial lesions; and contrast leaks from 
arteries into the CSF for leptomeningeal areas [3]. 
Although FLAIR is now more frequently utilized, 
T1WI is still typically employed as a post-contrast 
test. A different T1-shortening effect at a particular 
Gd concentration combined with a different T2 ef-
fect based on the vascularity of a lesion can explain 
the differences between CE-T1WI and CE-FLAIR 
enhancement characteristics that have been shown 
in prior studies [5]. 

Previous research showed that at lower Gd con-
centrations, the FLAIR sequence was more respon-
sive to T1 shortening than to T1WI, while at higher 
Gd concentrations, the FLAIR sequence was sen-
sitive to T2 effects. This suggests that faintly en-
hancing lesions on CE-T1WI may be more clearly 
demonstrated on CE-FLAIR pictures, while mark-
edly enhancing lesions with significant Gd accumu-
lation do not exhibit enhancement on FLAIR imag-
es because the signal-reducing T2 effects mask the 
signal-increasing T1 effects. In addition, contrast 
enhancement is not visible in healthy meninges and 
vascular structures on CE-FLAIR images, in con-
trast to CE-T1WI [6]. As a result, CE-FLAIR im-
aging can be used to identify sulcal or meningeal 
infection, inflammation, and other disorders. 

The apparent hyperintensity lesion in CE-
FLAIR imaging alone, however, may be caused by 
either T2 lengthening or T1 shortening, limiting the 
utility of the FLAIR sequence. Therefore, pre- and 
post-contrast scans should be used in the FLAIR se-
quence [7]. A significant part of meningeal patholo-
gies is played by CE-FLAIR. It is extremely help-
ful in the early detection of leptomeningitis, which 
leads to a decrease in mortality due to the early start 
of appropriate treatment [8]. 

Aim of the work: The aim of this study is to com-
pare the diagnostic value of post-contrast FLAIR 
MRI brain to post-contrast T1 sequence in various 
intracranial pathologies and to evaluate the signifi-
cance of post-contrast FLAIR sequence in various 
lesions locations using qualitative and quantitative 
parameters. 

Patients and Methods 

Patients: 
In this observational study, 50 patients with neu-

rological symptoms and signs who were referred 
from outpatient neurology and neurosurgery clinics 
were evaluated by skilled radiologists between Jan-
uary 2023 and September 2023. Data were gathered 
from patients of all age groups who were sent to the 
radio diagnostic department for an MRI brain study 
with contrast in order to rule out meningeal or pa-
renchymal lesions. The Cairo University Research 
Ethics Committee (REC) gave its approval for this 
work (N-201-2023). 

Inclusion criteria: 
• Patients referred for gadolinium-enhanced brain 

imaging. 

Exclusion criteria: 
• Patients with any implants that are mechanically, 

electrically, or magnetically actuated, as well as 
those with intra-orbital metal pieces. 

• People who have clips for cerebral aneurysms. 
• Patients with renal failure or elevated creatinine 

(1.6mg/dl) levels. 

Methods: 
Contrast enhanced MR protocol: 

On the 1.5 Tesla (Magnetom Siemens Avanto), 
an MR examination was performed. All patients 
underwent standard MR procedure, which included 
the T1WI, T2WI, axial FLAIR, sagittal and coronal 
T2WI, as well as DWI sequences. 

The FLAIR pictures’ TR/TE/TI/flip angle/ma-
trix parameters were 4780-9000/93-124/1745-2497 
ms/150°/320-384 x 196-235. The additional criteria 
were as follows: With a field of view of 193 x 220 
mm, a section thickness of 5mm, and 2 excitations, 
the acquisition times were 2 minutes 33 seconds and 
2 minutes 42 seconds, respectively. 

Gadovist, a contrast agent, was given at the rec-
ommended dose of 0.1mmol/kg body weight. 

All patients underwent axial CE-FLAIR imag-
ing shortly after the standard CE-coronal, sagittal, 
and axial T1WI. Axial CE-T1WI and axial CE-
FLAIR imaging were scanned at 2 minutes and 40 
seconds and 5 minutes, respectively, following the 
injection of contrast material. We did not take any 
more delayed FLAIR images, despite the fact that 
earlier research [9], provided greater information 
with delayed CE imaging. 

Image analysis: 
Two radiologists with between 15 years’ experi-

ence in neuroimaging independently evaluated MR 
pictures. First, radiologists assess standard MRI se-
quences to look for any type of brain lesion, such as 
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a tumor, an infection, MS, etc. Following that, the 
CE-T1WI and CE-FLAIR pictures were evaluated 
and contrasted. Images underwent quantitative and 
qualitative evaluation. 

We use the subtraction MRI technique to assess 
and confirm the presence of enhancement if CE-
FLAIR images were unable to distinguish between 
an enhancing lesion and the surrounding edema (as 
in tumors) or were unable to detect lesion enhance-
ment as in lesions with initially high signal intensity 
(SI) in pre-contrast FLAIR images, particularly in 
cases of MS. In most of the cases in our investiga-
tion, the subtraction step was added. 

Following are some examples of qualitative 
evaluation: 
• Evaluation of the lesions’ extra- or intra-axial lo-

cations. The intra axial lesions were further sepa-
rated into cortical, cortical and sub cortical, white 
matter and white matter with cortical involve-
ment. 

• The existence of contrast enhancement for lesions. 
• Finding the kind of lesion enhancement. 
• Calculating the lesion enhancement rate in both 

CE-T1WI and CE-FLAIR pictures and catego-
rizing it as either more defined, the same as CE-
T1WI, or less defined. 

• Lesion definition was evaluated and was given 
one of three grades: No, fair, or good. Lesion 
definition was defined as the ability to distinguish 
an enhanced lesion from surrounding edema or 
from normal-appearing brain parenchyma in CE-
FLAIR images. 

Interpretation of the imaging findings using the 
clinical information provided. 

Quantitative evaluation includes the following 
items: 
• Calculating contrast enhancement index (CEI): 

It was done by using a region of interest (ROI) 
to calculate the SI of the lesion in both pre- and 
post-contrast FLAIR images. The following was 
used in the calculation: 

ˆ ˆ I = I − I0 (I is CEI, I is the lesion SI on CE- 
FLAIR images and I0 is the lesion SI on pre-con-
trast FLAIR images) [10]. 

• Calculating lesion to background contrast ratio: 
By measuring the lesion SI as well as the back-

ground SI in normal appearing brain parenchyma 
by using ROI and applied to pre and post contrast 
T1W images as well as pre and post contrast FLAIR 
images. 

The lesion to background contrast ratio was cal-
culated by: Lesion to background contrast ratio = 
Lesion SI − Background SI/Back-ground SI [10]. 

Standard of reference: 
In our investigation, the histopathology of all 

included space-occupying lesions served as the 
standard of reference. As a standard of reference, 
we used the clinical and laboratory findings in cases 
of infection while using the CSF analysis and clini-
cal findings in cases of MS. 
• We classified the lesions according to the patho-

logical results after reviewing the findings. 
• We evaluated the relationship between CEI and 

CBR for various diseases and lesions sites. 

Results 

50 patients were enrolled in this prospective ob-
servational study, of whom 29 (58%) were female 
and 21 (42%) were male. Their average age was 
39.34 years, however they ranged in age from 9 to 
74. 

According to the clinical presentation, the ma-
jority of our cases were known multiple sclerosis 
(MS) patients who presented with symptoms sug-
gestive of relapse (32%), headache (30%), convul-
sions (14%), and weakness (8%) with disturbed 
conscious level (DCL), dementia, dysarthria, atax-
ia, symptoms of increased intracranial tension, right 
sided sensory neural hearing loss, and tinnitus (2% 
each) coming in last. 

Final diagnoses made in accordance with stand-
ards of reference revealed that 40% of patients were 
neoplastic, 38% had demyelinating lesions, 10% 
had infarctions, 4% had infections, 4% had mi-
graine-related issues, and 2% had vascular malfor-
mations and Alzheimer’s disease. 

Regarding space-occupying lesions, we divided 
the cases into primary (17 cases; 85%) and second-
ary tumors (3 cases; 15%). Primary tumors includ-
ed 4 cases (23%) of astrocytomas (Fig. 1), 2 cases 
(11%) of acoustic neuromas (Fig. 2), 2 cases (11%) 
of meningioma (Fig. 3), medulloblastoma, germi-
noma of the pineal body, cerebellar tumors and in-
tra ventricular tumors (Fig. 4), and 1 case (5.8% 
each). We included three cases with secondary tu-
mors: One with breast cancer metastasis, one with 
lung cancer metastasis, and one with rectal cancer 
(Fig. 5). 

Regarding the pre-contrast qualitative evalu-
ation of the lesions in various MRI sequences, all 
of the lesions (100%) displayed bright signal on T2 
WIs, whereas on T1 WIs, lesions were isointense, 
low signal (24%), bright & intermediate signal (4% 
each), and bright & heterogeneous (2%). On FLAIR 
WIs, lesions elicited bright signal in the majority of 
instances (76%) before intermediate signal (10%), 
heterogeneous signal (8%), poor signal (4%) and 
simply a bright signal rim (2%). On DWIs, diffu-
sion facilitation was seen in the majority of cases 
(56%) whereas diffusion restriction was reported in 
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46% of the cases. One individual (2%) had a previ-
ous CT scan that identified a cerebellar cyst. 

On post-contrast images qualitative assessment 
showed: 
A- According to the location lesions were divided 

into: Extra axial lesions in 5 cases (11%), intra 
axial lesions in 40 cases (80%) the intra axial 
lesions were either cortical seen in 3 patients 
(6.7%), cortical and sub cortical in 11 patients 
(24.4%), cortical and white matter in 8 patients 
(17.8%), white matter only in 18 patients (40%). 

B- According to lesions enhancement: Most of the 
cases (40%) lesions showed no notable enhance-
ment, (24%) faint enhancement, (16%) heter-
ogeneous enhancement, being avid in (12%), 
marginal (4%), ring & homogenous (2% each). 

C- Pathological classification of the lesions in each 
location showed: In the extra axial lesions 100% 
of cases were primary neoplasm (meningioma), 
in the intra axial lesions cortical lesions were 
either primary neoplasm (66.7%) and vascu-
lar (33.3), the cortical and subcortical lesions 
were either primary neoplasm (45.5%), vascular 
(45.5%) or infection in (9.1%), cortical and white 
matter lesions were due to infection (50%), sec-
ondary neoplasm (37.5%) or primary neoplasm 
in (12.5%), the white matter lesions were mainly 
demyelinating (94.4%) and less frequently due 
to primary neoplasm (5.6%) (Table 1). 

There was perfect agreement between the find-
ings of our two observers in the qualitative assess-
ment (assessed by using the Kappa test) regarding 
the following: 
- Lesion definition, the first observer noticed that in 

CE-FLAIR images: 54% of the cases were more 
defined 24% had fair definition, and 22% were 
not defined, while the second observer noticed 
that 46% of cases were more defined, 36% had 
fair definition and 18% were not defined (kappa 
= 0.744). 

- The comparison between CE-T1WI & CE-FLAIR 
regarding their informative role in demonstra-
tion of lesions enhancement: The first observer 
noticed that CE-FLAIR was more informative 
to CE-T1WI in 60% of cases, no differences de-
tected between CE FLAIR and CE T1WI in 36% 
of cases and less informative in 4% of cases. The 
second observer noticed that CE-FLAIR was 
more informative to CE-T1WI in 56% of cases, 
No differences in 40% of cases and less informa-
tive in 4% of cases (kappa=0.923). 

We assessed the informative role of CEFLAIR in 
comparison to CET1 in different pathologies: 

In cases diagnosed as demyelinating, CEFLAIR 
was more informative than CETIWI, in (66%) and 
(69,5%) of patients according to first and second 
observers respectively. Both observers reported that  

CEFLAIR was more informative in (100%) of the 
cases with inflammatory & vascular etiology. On 
the other hand, in (94.1%), (91.5%) of the cases 
with intra-cranial neoplasms, the CEFLAIR was 
more informative and (5.9%), (8.5%) showed more 
differences according to first and second observers 
respectively. 

The number of enhancing lesions: Our observers 
found that the number of enhancing lesions in post 
contrast FLAIR was either 0 (no enhancing lesions), 
1 or 2 enhancing lesions, as compared to either 0 
(no enhancing lesions) or 1 in post contrast T1WI 
(Table 2). There were 8 cases 16% (with pathologi-
cal results of primary and second neoplasms as well 
as with intra cranial infections) showed two enhanc-
ing lesions compared to only one in post contrast 
T1WI and that the second lesions were extra axial 
in location (meningeal), (proving the special added 
value of post contrast FLAIR in detection of menin-
geal lesions). 

Regarding post-contrast quantitative measure-
ments: 
- There was a correlation between both observers 

regarding the CEI which represent the difference 
between SI of lesions in pre and post contrast 
FLAIR images with the mean CEI detected by ob-
server 1 being 93.3±168.6 SD and the mean CEI 
detected by observer 2 being 95.05±171.4SD (In-
tra-class Correlation Coefficient (ICC) = 0.998, 
95% Confidence Interval (CI): 0.933–0.975) 
p-value<0.001. 

- There was perfect agreement between both ob-
servers regarding the mean CBR in FLAIR (ICC 
= 0.998, CI 0.997–0.999) and regarding the mean 
CBR in T1WI (ICC = 0.973, CI 0.946–0.987). 

- Comparing CBR on CE-FLAIR and CE-T1WI, 
both observers found higher CBR on CE-FLAIR 
images as following: 

- Observer 1 found the mean CBR on CE-FLAIR 
images was 1.22±2.12 SD versus 0.42±0.50SD 
on CE-T1WI. Observer 2 found the CBR on 
CE-FLAIR images was 1.26±2.16SD versus 
0.42±0.48 SD on CET1WI. 

Due to good agreement between the two observ-
ers we used the readings of the first one in the fol-
lowing: 
- We used first observer CBR of T1WI and CBR 

of FLAIR to assess the sensitivity and specificity 
of T1WI and FLAIR in lesions assessmentand we 
found that the post contrast FLAIR sequence had 
higher sensitivity 78.6% as compared to post con-
trast T1WI 64.3%, but it showed lower specificity 
62.5% as compared to 87.5% (Table 3), (Fig. 6). 

- We used the quantitative parameters CBR and CEI 
to assess the effect of lesions location on the sig-
nificance of post contrast FLAIR and we reported 
that: 
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• The mean CEI of post contrast FLAIR of 
cortical lesions, of cortical and subcortical lesions 
107.55, cortical and white matter 120.6, of extra ax-
ial lesions 152, of white matter lesions 61.12, with 
statistically significant p-value of 0.037. 

• Post hoc pair wise comparisons (p-value be-
tween each 2 groups: (Table 4), we found statisti-
cally significant relation between the white matter 
lesions and extra axial lesions, p-value 0.006. 

• The mean CBR of post contrast FLAIR of cor-
tical lesions was 1.35 of the cortical and subcortical 
lesions was 1.02, of cortical and white matter was 
2.53, of extra axial lesions was 0.87, of white matter 
lesions was 0.54 with statistical insignificant rela-
tion p-value 0.178. 

Statistical analysis: 
Data were coded and entered using the statis-

tical package for the Social Sciences (SPSS) ver-
sion 28 (IBM Corp., Armonk, NY, USA). Data was  

summarized using mean, standard deviation, me-
dian, minimum and maximum in quantitative data 
and using frequency (count) and relative frequen-
cy (percentage) for categorical data. Comparisons 
between quantitative variables were done using the 
non-parametric Kruskal-Wallis and Mann-Whitney 
tests [11] (Chan, 2003a). For comparing categorical 
data, Chi square (χ2) test was performed. Exact test 
was used instead when the expected frequency is 
less than 5 [12] (Chan, 2003). Testing for inter-rater 
reliability was done using the Intra Class Coeffi-
cient (ICC) and Cronbach’s alpha reliability coef-
ficient with their 95% confidence interval (95%CI) 
[13] (Ranganathan et al., 2017). Kappa measure of 
agreement was used to test agreement between cat-
egorical variables [14] (Altman, 1991). ROC curve 
was constructed with area under curve analysis per-
formed to detect the best cutoff value of CBR for 
detection of malignancy. p-values less than 0.05 
were considered statistically significant. 

Table (1): Number and percent of different etiologies in each location. 

Location 

Cortical 
Cortical + 
Subcortical 

Cortical + 
White matter 

Extra-axial White matter 

Count % Count % Count % Count % Count % 

Etiology: 
Infection 0 0.0 1 9.1 4 50.0 0 0.0 0 0.0 
MS 0 0.0 0 0.0 0 0.0 0 0.0 17 94.4 
Primary neoplasm 2 66.7 5 45.5 1 12.5 5 100.0 1 5.6 
Secondary neoplasm 0 0.0 0 0.0 3 37.5 0 0.0 0 0.0 
Vascular 1 33.3 5 45.5 0 0.0 0 0.0 0 0.0 

Table (2): Number of enhancing lesions in post contrast T1 and FLAIR. 

Observer 1 Observer 2 

FLAIR: 
0 20 (40%) 22 (44%) 
1 22 (44%) 22 (44%) 
2 8 (16%) 6 (12%) 

T1WI: 
0 26 (52%) 26 (52%) 
1 24 (48%) 24 (48%) 
2 0 (0%) 0 (0%) 

Table (3): Sensitivity and specificity of post contrast T1 and post contrast FLAIR. 

Area Under 
p-value 

the Curve 

95% Confidence 
interval 

Cut off Sensitvity %  Specificity % 
Lower Upper 
bound bound 

CBR F O1 0.790 <0.001 0.630 0.950 0.71 78.6 62.5 

CBR T1O1 0.817 <0.001 0.668 0.966 0.375 64.3 87.5 
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Table (4): Post hoc pair wise comparisons (p-value between each 2 groups). 

p-value 

White matter-cortical+subcortical 0.282 
White matter-cortical+white matter 0.052 
White matter-cortical 0.078 
White matter-extra axial 0.006 
Cortical+subcortical-cortical+white matter 0.371 
Cortical+subcortical-cortical 0.291 
Cortical+subcortical-extra axial 0.073 
Cortical+white matter-cortical 0.688 
Cortical+white matter-extra axial 0.332 
Cortical-extra axial 0.701 

Fig. (1): 58 years old male patient, with right sided weakness & convulsions, suspecting SOL. A) Axial FLAIR image showing 
left temporal cortical and subcortical soft tissue lesion of iso intense center and peripheral rim of bright signal intensity surrounded 
by vasogenic edema. B) Axial FAIR post contrast image showing heterogeneous mainly peripheral enhancement. C) Axial T1WI 
showing iso-intense signal of the lesion. D) Axial T1WI post contrast showing heterogeneous enhancement of the lesion. The lesional 
enhancement is more intense in post contrast FLAIR. (e) ROI for CEI. (f) ROI for CBR. 
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Fig. (2): 67 years old female patient, with right sided sensory neural hearing loss. A) Axial FLAIR image showing an extra axial 
soft tissue lesion implicating the right cerebello-medullary angle cistern an extending into the right internal auditory canal eliciting 
slightly bright signal intensity suggestive of acoustic neuroma. B) Axial FAIR post contrast image showing intense enhancement of 
the lesion. C) and D) Axial T1WI pre and post contrast showing intense enhancement of the lesion. The post contrast enhancement is 
more evident in post contrast FLAIR image (B) as compared to post contrast T1WI (D). (e) ROI for CEI (f) ROI for CBR. 
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Fig. (3): 38 years old female patient, coming for follow up following gamma-knife session for small left frontal meningioma. 

A) Axial FLAIR image showing an extra axial small soft tissue lesion at the left frontal region. B) Axial FAIR post contrast image 

showing a well-defined intensely enhancing lesion. C)axial T1WI showing small extra axial left frontal lesion of iso-intense signal. D) 

axial T1WI post contrast showing small enhancing lesion. The lesion and its pattern of enhancement is more evident in post contrast 

FLAIR image (B) as compared to post contrast T1WI (D). (e) ROI for CEI. (f) ROI for CBR. 
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Fig. (4): 36 years old male patient giving history of intra-cranial neoplasm, shunt was inserted to relieve hydrocephalic changes. 

A) Axial FLAIR image showing an intra ventricular soft tissue lesion of heterogeneous bright signal intensity. B) Axial FAIR post 

contrast image showing still noted heterogeneous bright signal intensity of the lesion, significant contrast enhancement could not be 

detected but an ill-defined right frontal extra axial area of enhancement is noted denoting CSF seedling that is not apparent in pre 

contrast image. C) Axial T1WI showing intra ventricular lesion of heterogeneous iso-intense signal. D) Axial T1WI post contrast 

showing heterogeneous enhancement of the lesion, the right frontal extra axial enhancing area of CSF seedling seen in post contrast 

FLAIR could not be detected. (e) ROI for CEI. (f)ROI for CBR. 
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Fig. (5): 72 years old female patient, complaining of severe headache& dizziness. A) Axial FLAIR image showing left frontal 
faint cortical area of bright signal intensity. B) Axial FAIR post contrast image showing bilateral frontal cortical areas of enhance-
ment. C) Axial T1WI showing no significant abnormalities. D) Axial post contrast T1WI showing no significant enhancement. E) & 
F) Sagittal post-contrast T1 WIs showing bilateral frontal small marginally enhancing lesions & G) Coronal post-contrast T1 WIs 
showing the left frontal marginally enhancing lesion. The lesions and their enhancement are only apparent in pre and post contrast 
FLAIR images. (e) ROI for CEI. (i) ROI for CBR. 
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Discussion 

Gadolinium is the most often used intravenous 
contrast agent for brain imaging. The detection and 
characterization of various lesions are improved as a 
result [15]. Small groups in our practice are aware of 
the role of post-contrast T2-FLAIR sequence in cer-
tain cases, despite the fact that it is well recognized 
that T1 post-contrast has a significant significance 
in the identification of space-occupying lesions in 
the brain. As a result, there isn’t many research ex-
amining how post-contrast T2 FLAIR pictures are 
used in various intracranial lesions [16]. 

Our study was designed to compare post-con-
trast FLAIR MRI brain to post-contrast T1 se-
quence to determine the diagnostic value of 
post-contrast FLAIR MRI brain in various in-
tracranial pathologies. Additionally, to evaluate 
the significance of post-contrast FLAIR sequence 
in various lesions locations using qualitative and 
quantitative parameters. 

According to our first and second observers, re-
spectively, post contrast FLAIR was more informa-
tive in detecting lesions enhancement as compared 
to T1WI in 60% and 56% of cases (kappa=0.923). 
These findings are consistent with those of Athar et 
al., who showed stronger enhancement in post-con-
trast T2 FLAIR (57.6%) [17]. Our findings con-
curred with those of Rastogi et al. [16], who discov-
ered that in 63.2 percent of the cases they examined, 
post-contrast FLAIR images displayed superior en-
hancement. This is also consistent with the findings 
of Mahale et al. [18], who showed that in (72%) of 
the examined cases, CE-FLAIR was more effective 
at detecting lesions than CE-T1WI. 

In cases with brain tumors and inflammation as 
sort of meningeal lesions (which highlighted the 
special added value of post contrast FLAIR in de-
tection of meningeal lesions), as well as in cases 
with MS, we reported a higher number of enhancing 
lesions detected by our two observers in CE FLAIR 
as compared to CET1WI. This allowed us to detect 
disease activity and, as a result, provided a chance 
for better patient management. This was consistent 
with the findings of a prior study by EL Adalany 
et al. [10], who discovered that CE-FLAIR images 
had more enhancing lesions than CE-T1WI images 
did, particularly in cases of multiple sclerosis (MS), 
where CE-FLAIR outperformed CE-T1WI in 90% 
of the cases. These findings were in good accord 
with another study [19] that evaluated CE-FLAIR 
against CE-T1WI, DWI, and ADC and found that 
CE-FLAIR was the most effective in active MS le-
sions due to its ability to attenuate the CSF signal 
and boost the detection of lesions. 

Additionally, we discovered that CEFLAIR al-
lowed for better lesions definitions than CET1I in 
54% and 46% of cases, respectively, with good 
agreement between their results (kappa 0.744). EL  

Adalany et al., reported in a prior study [10] that in 
68.9% of the instances, CE-FLAIR pictures exhib-
ited better lesion conspicuity than CE-T1WI, with 
good interobserver agreement found (Kappa = 
0.848). In contrast to a study by Athar I, et al. [17], 
which indicated a lower percentage (39.4%) of cas-
es with better lesions conspicuity in CEFLAIR, our 
study and the study by EL Adalany et al. The quanti-
tative analysis of our cases revealed that the lesions’ 
signal intensity (SI) was higher on CE-FLAIR im-
ages than it was on pre-contrast ones, confirming 
the existence of lesion enhancement on CE-FLAIR 
images. 

With full agreement between them, our observ-
ers’ CEI results were 93.3 for the first observer and 
95.05 for the second (Intra-class Correlation Coeffi-
cient (ICC) = 0.998, 95% Confidence Interval (CI): 
0.933-0.975). We concurred with another study [20] 
that found increased CEI in CE-FLAIR compared 
to pre-contrast FLAIR pictures, with CEI 262 rang-
ing from 40 to 1708. 

To eliminate inaccuracies that could be made by 
evaluating contrast enhancement visually, we also 
used another quantitative statistic called the contrast 
to background ratio (CBR). With good agreement 
between their CBR measures in CEFLAIR (ICC = 
0.998, CI 0.997-0.999) and CET1WI (ICC = 0.973, 
CI 0.946-0.987), both observers discovered a higher 
CBR in CE-FLAIR than in CE-T1WI. 

This demonstrated that CE-FLAIR performed 
better than CET1WI at defining lesions. This might 
be because FLAIR and T1W sequences have su-
perior inherent soft tissue contrast resolution. Our 
findings are corroborated by a research by Mustafa 
et al. [20] who found that CE-FLAIR demonstrated 
greater CBR compared to CE-T1WI. 

Additionally, our research supported the findings 
of Kim et al. [21], who discovered that CE-FLAIR 
pictures exhibited a greater tumor to background 
contrast ratio than CE-T1WI. 

We discovered that post-contrast FLAIR had 
lower specificity (62.5%) than post-contrast T1WI 
(87.5%), but better sensitivity (78.6%) than post-con-
trast T1WI (64.3%). 

We reported that there was a statistically signifi-
cant relationship between the extra-axial location of 
the lesions and high CEI, which was confirmed by 
Post hoc pair-wise comparisons (p-value between 
each 2 groups: p 0.0001). We used the quantitative 
parameters CBR and CEI to assess the effect of le-
sions location on the significance of post contrast 
FLAIR. White matter lesions and extra axial lesions 
were shown to be statistically significantly correlat-
ed, with a p-value of 0.006. However, there was no 
statistically significant correlation between the lo-
cation of the lesions and the CBR of post contrast 
FLAIR. 
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This demonstrated that FLAIR performed better 
after contrast in the evaluation of extra axial lesions. 
This finding did not agree with that reported in a 
prior study by Akshit B.S, et al. [22], who suggested 
that the degree of contrast enhancement is more ob-
vious on post-contrast T1 than post-contrast FLAIR 
sequence for both intra-axial & extra-axial intrac-
ranial pathologies and that the variation is statisti-
cally significant for the same. However, it agreed 
with other studies [23,24] mentioned by Akshit B.S, 
et al. [22], which stated, contrast enhanced FLAIR 
sequences rendered lesions that were extra-axial 
in location or bordered the CSF more visible when 
compared to contrast enhanced T1 sequences. 

The main limitations of our study were the small 
sample size and the fact that more accurate results 
were obtained with larger samples. 

Conclusion: 
Post-contrast FLAIR sequence should be added 

to CE T1W imaging in assessment of intracranial 
disorders. According to qualitative and quantitative 
evaluation, post-contrast FIAIR was particularly ef-
fective at identifying extra-axial lesions. 
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