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Abstract 

Background:  One of the drawbacks in contrast-enhanced T1-weighted imaging (CE-T1WI) is the enhancing corti-
cal vessels which can be confused with meningeal enhancement. Previous studies reported that post-contrast FLAIR 
could be better for diagnosing the superficial brain abnormalities. So the purpose of this study was to evaluate the 
role of delayed post-contrast FLAIR, in comparison with post-contrast T1, in the detection and evaluation of brain 
metastases.

Results:  The study was conducted on 40 patients with suspected/known brain metastases scanned in order to 
detect and evaluate brain metastases. All patients were subjected to the following: full history taking, review of clini-
cal examination reports, and other imaging modalities whenever available, followed by brain MRI examination using 
1.5 T closed magnet including pre-contrast series, axial and sagittal T1-weighted spin echo (SE), axial and coronal 
T2-weighted turbo spin echo (TSE) and axial FLAIR, while post-contrast series included axial, coronal and sagittal 
T1-weighted spin echo (SE) and lastly DPC-FLAIR sequence 10 min after contrast administration. This study included 
18 males and 22 females, ranging in age from 26 to 75 years. Six out of a total of 40 patients had brain metastases 
of unknown origin, while 34 of them were presented with different types of known primary tumors. The detected 
lesions were subdivided into five groups according to their detectability by DPC-FLAIR and contrast-enhanced T1WI: 
Group (I): lesions detected only by DPC-FLAIR: 16 lesions; Group (II): lesions detected only by CE-T1WI: 1 lesion; Group 
(III): lesions detected by both DPC-FLAIR and CE-T1WI with equal conspicuity by both: 28 lesions; Group (IV): lesions 
detected by both, showing more obvious enhancement with DPC-FLAIR: 43 lesions; and Group (V): lesions detected 
by both, showing more obvious enhancement with CE-T1WI: 11 lesions. DPC-FLAIR had a sensitivity of 98.98% and a 
specificity of 100% for the detection of metastatic brain lesions and for CE-T1WI; sensitivity of 83.83%; and a specificity 
of 50%.

Conclusions:  Delayed post-contrast FLAIR is a reliable sequence for the detection of metastatic brain lesions as it can 
detect more metastatic brain lesions compared to contrast-enhanced T1WI.
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Background
The most common malignancy of the brain is the meta-
static brain tumor which is considered an important 
cause of morbidity and mortality. In the autopsy of the 
metastatic cancer patients, the cerebral metastasis is 

represented by 20–40% [1]. Most of the brain metastatic 
patients have a known primary cancer (metachronous 
presentation) which is mostly located in the lung, breast 
or gastrointestinal tract. All are considered the most 
common sites of the primary tumor of the brain metas-
tasis. However, in 5–10% of brain metastatic patients, no 
primary tumor is detected [2].

Contrast-enhanced T1-weighted imaging (CE-T1WI) 
is the preferred magnetic resonance sequence in contrast 
imaging at most organizations [3]. One of the CE-T1WI 
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sequences’ drawbacks is the enhancing cortical ves-
sels which can be confused with meningeal enhance-
ment. Hence, and based on the preliminary experience 
of the preceding studies, it is proposed that post-contrast 
FLAIR could be better for diagnosing the superficial 
brain abnormalities, especially meningeal disease [4].

In addition, various clinical studies showed that DPC-
FLAIR usually offers more information than CE-T1WI 
alone [3]. FLAIR image sequence is an unusual sequence 
acquired by applying long TR (time to repetition), long 
TE (time to echo) and inversion time (TI) that suppresses 
successfully the CSF signals at all sites including sulcal 
spaces leading to better recognition and demarcation of 
the lesions, especially which is lying adjacent to or abut-
ting the borders of meninges, particularly sulcal spaces 
as variable hyperintensities. Now, the mild T1-weighting 
of T2 FLAIR is also useful to the post-contrast FLAIR 
images in lesions demarcation, making it a highly sensi-
tive sequence in diagnosing meningeal inflammation, 
infections, and carcinomatosis [5].

Previous studies suggested that in order to improve 
the diagnosis of leptomeningeal tumoral diseases, DPC-
FLAIR images and delayed post-contrast T1 images are 
preferably used, especially when compared to unen-
hanced FLAIR images, or early enhanced T1 images [6].

Other studies proved that delayed post-contrast MR 
images increase sensitivity for detection of a larger num-
ber of lesions than immediate post-contrast images, 
especially lesions smaller than 5 mm [7].

So the purpose of this study will be to evaluate the role 
of delayed post-contrast FLAIR (DPC-FLAIR), in com-
parison with post-contrast T1 (CE-T1WI), in the detec-
tion and evaluation of brain metastases.

Methods
The study was prospective and carried out on 40 patients 
with suspected or known metastatic brain disease 
referred to the Radiodiagnosis Department in our uni-
versity hospitals as well as private radiobiology centers in 
our city for MRI evaluation, in the period between June 
2018 and April 2020.

Exclusion criteria included patients contraindicated 
for MRI study (claustrophobia, MRI non-compatible 
devices) and patients contraindicated for intravenous 
contrast injection (those with renal impairment or his-
tory of allergy to gadolinium).

All patients included in this study were subjected to 
the following: Thorough history taking, revision of full 
clinical examination reports, review of previous imaging 
studies as well as laboratory data if available, principles of 
medical ethics were checked and followed and informed 
consents were obtained from each patient or his relatives.

All the patients were examined using Philips Ingenia 
1.5  T (Philips Medical System, Amsterdam, the Neth-
erlands) and Signa Explorer 1.5  T (GE medical system, 
USA) by applying a quadrangular head coil. The contrast 
material used in the study was Gadolinium diethylen-
etriamine pentaacetic acid (Gad-DTPA) (Magnevist). The 
dose was 0.1 mmol/kg body weight injected manually uti-
lizing a butterfly needle or cannula.

Each MRI examination included: pre-contrast series, 
axial and sagittal T1-weighted spin echo (SE), axial and 
coronal T2-weighted turbo spin echo (TSE) and axial 
FLAIR, while post-contrast series included axial, coronal 
and sagittal T1-weighted spin echo (SE) and lastly DPC-
FLAIR sequence 10  min after contrast administration. 
This 10-min delay timing of image acquisition following 
contrast acquisition was unified to ensure standardiza-
tion of the technique in different centers where the study 
was conducted.

The following parameters were utilized: slice thick-
ness 4  mm, interslice gap 0.4  mm, field of view (FOV) 
230–240 mm2, rectangular field of view (RFOV) 80%, 
and number of signals averaged (NSA): 2 to 3. For 
T1W sequences: repetition time (TR) = 565  ms; echo 
time (TE) = 12  ms. For T2W sequences: TR = 6629  ms; 
TE = 110  ms; turbo spin echo (TSE) factor = 12.5. For 
FLAIR: TR = 10,000 ms; TE = 94 ms, TI = 2500 ms.

Image analysis was conducted by and an expert neu-
roradiologist with 15 years of experience who was asked 
to assess both detectability of enhancing lesions in both 
CET1WI and DPC-FLAIR and compare the degree of 
conspicuity of enhancement for each lesion in both 
sequences.

Data were collected, coded, revised and entered to the 
Statistical Package for R Studio software version 3.6.2. 
(Dark and stormy night copyright ©). The data were pre-
sented as number and percentages for the qualitative 
data, mean, standard deviations and ranges for the quan-
titative data with parametric distribution, and median 
with interquartile range (IQR) for the quantitative data 
with the nonparametric distribution. Chi-square test was 
used in the comparison between two groups with qualita-
tive data, and Fisher’s exact test was used instead of the 
chi-square test when the expected count in any cell is 
found to be less than 5. ROC curve analysis was used to 
obtain the sensitivity and specificity.

AUC statistics were tabled on the basis of a control 
group of the non-contrast sequences.

The confidence interval was set to 95%, and the mar-
gin of error accepted was set to 5%. So, the p value was 
considered significant as the following: P > 0.05: nonsig-
nificant (NS), P < 0.05: significant (S) and P < 0.01: highly 
significant (HS).
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Results
The current work is a prospective study conducted on 
40 patients with suspected or known metastatic brain 
disease. Our study included 18 males (45%) and 22 
females (55%). The 40 patients’ ages ranged between 26 
and 72 years (mean 56.23 years with standard deviation 
11.04 years and median 57).

Out of the 40 studied patients, 30 patients (75%) had 
extracranial systemic metastasis. Ten percent of the 
patients (4 out of 40) had nodal metastasis. Two patients 
had bone metastasis (5%), and also another two patients 
had liver, lung and bone metastasis. One patient (2.5%) 
had calvarial, spine and nodal metastasis, and one patient 
(2.5%) had pulmonary and bone metastasis.

The most common primary lesion was breast cancer in 
15 patients (37.5%). The second most common primary 
lesion was lung cancer in six patients (15%). The remain-
ing sites were non-Hodgkin lymphoma (12.5%), prostate 
(7.5%), bladder (5%), colon (5%) and orbit (2.5%). The site 
of primary lesion was unknown in six patients (15%) at 
the time of brain examination.

All the studied patients (except two patients (5%) who 
had no significant neurological symptoms) presented 
with a range of clinical presentation occurring separately 
or in conjugation with other symptoms. The most com-
mon clinical presentation was headache in 13 patients 
out of 40 patients (32.5%), followed by vomiting in nine 
patients (22.5%), followed by seizures, vertigo and cogni-
tive dysfunction in eight, five and three patients (20.5%, 
12.5% and 7.5%), respectively.

The 40 patients had a total of 99 brain metastatic 
lesions distributed as follows: Twenty patients had 
solitary lesions (n = 20), eight patients had two lesions 
(n = 16) and 12 patients had more than two lesions (the 
remaining 63 lesions). The distribution of the lesions 
regarding locations, size and shapes is detailed in Table 1.

The enhancement patterns of the included 99 lesions 
were either solid homogeneous (57.5%), peripheral ring 
(20.2%), leptomeningeal (15%) or pachymeningeal (7.1%).

The DPC-FLAIR demonstrated 16 enhancing lesions 
that were not detected by post-contrast T1 (Figs.  1 and 
2). On the other hand, CE-T1WI detected one enhanc-
ing subependymal lesion that was not detected by DPC-
FLAIR (Fig. 3).

Among the remaining 82 enhancing lesions that were 
detected by both CE-T1WI and DPC-FLAIR, 28 lesions 
showed equal conspicuity by both sequences (Fig.  4), 
43 lesions showed more obvious enhancement in the 
DPC-FLAIR than in post-contrast T1 (Fig. 5), while the 
remaining 11 lesions showed more obvious enhancement 
in CE-T1WI than in DPC-FLAIR. (Fig. 6).

DPC-FLAIR was superior to CE-T1WI in detecting 
leptomeningeal and tiny cortical lesions while the reverse 

is true for subependymal lesions, while both DPC-FLAIR 
and CE-T1WI had more or less similar performance in 
subcortical and infratentorial metastatic lesions.

So we have classified the 99 metastatic lesions into five 
groups according to the enhancement conspicuity which 
are detailed in Tables 1 and 2.

In order to identify the significance of DPC-FLAIR as 
compared to post-contrast T1, ROC analysis was per-
formed and revealed that DPC-FLAIR had a sensitiv-
ity of 98.98% and a specificity of 100%. The estimated p 
value was < 2.2e−16 for the detectability of metastatic 
brain lesions for DPC-FLAIR (Table 3), while CE-T1WI 
had a sensitivity of 83.83% and a specificity of 50%. The 
estimated P value was 1.65e−11 for the detectability of 
metastatic brain lesions (Table4).

Our results showed that DPC-FLAIR was significantly 
more valuable in detection of metastatic brain lesions 
compared to CE-T1WI (p value < 0.001).

Discussion
Intracranial metastasis is considered a common neo-
plasm representing up to 40% of all adult brain neo-
plasms and 25% of all types of metastases [8]. For cancer 
patients, both the survival time and the quality of life are 
determined by the good management of brain metas-
tases. The successful brain metastases management is 
dependent on different factors such as the extent of the 
primary tumor, the extent of systemic disease, and the 
number as well as the location of metastases [9].

In case of cancer patients with single brain metastasis, 
surgical resection followed by postoperative whole-brain 
radiation therapy (WBRT) is the treatment of choice pro-
viding a suitable site for resection and limited progress of 
cancer. On the other hand, in case of patients with multi-
ple brain metastases (> 3 lesions), the preferred treatment 
is the WBRT alone. However, the treatment of choice 
in oligometastases (2–3 lesions) remains controversial 
whether WBRT alone, radiosurgery alone, or both [9].

In about 20% of patients with malignancy, brain metas-
tases are diagnosed concurrently or even before the diag-
nosis of the primary lesion. Although the metastases are 
growing rapidly, they may remain small for several years. 
This proposes that at the time of diagnosis of the primary 
tumor, the intracranial metastasis may have been already 
existed; however, due to the lesion small size, it could not 
be detected easily by the traditional radiological scans 
[8].

In approximately 50% of all patients with intracranial 
metastases, the routine radiological imaging may dem-
onstrate only a solitary lesion. So it is necessary for opti-
mal management of brain metastases; all the other occult 
lesions must be detected [8].
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Recently, the era of using post-contrast FLAIR 
sequences in intracranial lesions has attracted the atten-
tion of neuroradiologists [10–13].

We studied 40 cases, having 99 metastatic lesions, 
that were subdivided into five groups according to the 
number and conspicuity of metastatic brain lesions 
with DPC-FLAIR, compared with CE-T1WI, among 
them 16 lesions were only detected by DPC-FLAIR, 
one lesion was detected only by CE-T1WI, and the 
remaining 82 lesions were detected by both CE-T1WI 
and DPC-FALIR and were further subdivided into three 
groups; a group with better detection with CE-T1WI 

(11 lesions), a group better detected by DPC-FLAIR (43 
lesions) and lastly a group with equal conspicuity with 
both CE-T1WI and DPC-FLAIR (28 lesions).

Our results indicate that the addition of DPC-FLAIR 
imaging to pre- and CE-T1WI increases diagnostic 
confidence in the evaluation of brain metastases. DPC-
FLAIR had a high AUC value of 74.5%, a sensitivity of 
98.98%, and a specificity of 100% for the detection of 
metastatic brain lesions.

In the current study DPC-FLAIR was superior to 
CE-T1WI in detecting leptomeningeal and tiny corti-
cal lesions, while the reverse is true for subependy-
mal lesions. On the other hand, both DPC-FLAIR and 

Table 1  Summary of the five groups classified according to lesion conspicuity detected by CE-T1WI and delayed post-contrast FLAIR

Group Conspicuity of enhancement Lesions Supra- or Infratentorial Involved anatomy Size Number 
of 
lesions

1 Only on delayed post-contrast FLAIR 16 Infratentorial Leptomeningeal  > 2.5 cm 1

Supra-tentorial Leptomeningeal  > 2.5 cm 2

0.5– < 1.5 cm 1

1.5 < 2.5 cm 4

Tiny cortical  < 0.5 cm 7

0.5–> 1.5 cm 1

2 Only bon CE T1 1 Supra-tentorial Subependymal tiny nodule  < 0.5 cm 1

3 Equally on CE T1 and delayed post-contrast FLAIR 28 Infratentorial White matter 0.5– < 1.5 cm 1

Supra-tentorial White matter  < 0.5 cm 4

0.5– < 1.5 cm 3

1.5– < 2.5 cm 3

 > 2.5 cm 8

Tiny cortical  < 0.5 cm 2

Pachymeningeal

 > 2.5 cm 4

Leptomeningeal  < 0.5 cm 1

1.5– < 2.5 cm 2

4 Better on delayed post-contrast FLAIR 43 Infratentorial White matter  < 0.5 cm 3

0.5– < 1.5 cm 2

1.5– < 2.5 cm 1

 > 2.5 cm 2

Supra-tentorial White matter 0.5– < 1.5 cm 11

1.5– < 2.5 cm 4

 > 2.5 cm 11

Pachymeningeal 1

Leptomeningeal 4

Tiny cortical 4

5 Better on CE T1 11 Infratentorial White matter  < 0.5 cm 1

0.5– < 1.5 cm 2

 > 2.5 cm 1

Supra-tentorial White matter 0.5– < 1.5 cm 3

 > 2.5 cm 2

Pachymeningeal 2
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CE-T1WI had more or less similar performance in sub-
cortical and infratentorial metastatic lesions.

Regarding cortical and subcortical lesions, in our study, 
eight tiny cortical lesions were detected only by DPC-
FLAIR, four showed more evident enhancement with 
DPC-FLAIR compared to CE-T1WI, and only two tiny 
cortical lesions were of equal enhancement intensity in 
both T1 and DPC-FLAIR.

Essig et  al. [10] in a study including 28 patients, (57% 
with enhancing gliomas, and 43% with cerebral metas-
tases), found that the small subcortical lesions were 
not easily detected by water-sensitive techniques such 
as T2-weighted fast SE or fast DPC-FLAIR imag-
ing. Significantly more metastases were detected with 
contrast-enhanced fast DPC-FLAIR images than with 
non-enhanced fast FLAIR and T2- or proton density-
weighted fast SE images; however, significantly more 
metastases were detected with contrast-enhanced 
T1-weighted SE images than with all other modalities 
(p < 0.01). They stated the small lesions mostly did not 
cause vasogenic edema or mass effect, and only showed 
mild enhancement with contrast. However, DPC-FLAIR 
was as highly sensitive as T1-weighted SE images to 

detect the very small cortical lesions because these 
enhanced lesions are easily detected on CSF suppressed 
background. However, they reported that lesions > 10 mm 
could be detected easily on all imaging sequences.

Concerning the meningeal metastases, in our study, 
DPC-FLAIR images were superior to CE-T1WI in 13 
meningeal lesions, among them eight were detected only 
by DPC-FLAIR, and five lesions were better detected by 
DPC-FLAIR. DPC-FLAIR was inferior in two meningeal 
lesions which were pachymeningeal.

These results are in agreement with a study con-
ducted by Park and Ahn [14], who compared between 
DPC-FLAIR and contrast-enhanced 3D T1 black-blood 
fast spin echo (FSE) imaging regarding the diagnosis 
of leptomeningeal metastases. The visual conspicuity 
of DPC-FLAIR was significantly greater than that of 
3D T1-BB FSE (p = 0.014 for reviewer 1 and p = 0.023 
for reviewer 2). They suggested the higher sensitiv-
ity of DPC-FLAIR over the conventional contrast-
enhanced T1 sequence in terms of visualization of 
leptomeningeal metastases due to the greater ability of 
DPC-FLAIR to demonstrate lower contrast concentra-
tions than T1W1 images. This is due to the fact that, 

Fig. 1  Male patient aged 49 years, with known prostatic cancer, presented with dizziness and vertigo. The right cerebellar hemisphere shows 
leptomeningeal enhancement, which is noted only at delayed post-contrast FLAIR(D red circle), with no enhancement seen in post-contrast T1 (C). 
A: Axial pre-contrast T1WI. B Axial FLAIR., C Axial CE-T1WI. And D Axial DPC-FLAIR
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through the damaged vessels, gadolinium leakage into 
the adjacent CSF occurred resulting in contrast dilution 
and accordingly its low concentration. Hence, they con-
cluded the predilection of post-contrast DPC-FLAIR 
over the standard contrast-enhanced T1.

Yet we disagree with the study conducted by Singh 
et  al. [15] who stated that for diagnosis of intracra-
nial neoplastic leptomeningeal disease, DPC-FLAIR 
sequences are of lower sensitivity than the conven-
tional contrast-enhanced T1W1 images. The sensitiv-
ity and specificity for DPC-FLAIR images for detecting 
leptomeningeal metastases were 41% and 88%, respec-
tively, and those of contrast-enhanced T1-weighted MR 
images were 59% and 93%. They supposed that this is 
because of using standard contrast-enhanced T1W1 

MRI instead of magnetization transfer saturation with 
the T1W1 MRI in the previous studies [11].

Additionally, DPC-FLAIR is highly effective in the 
diagnosis of parenchymal metastasis. In our study, DPC-
FLAIR, regarding parenchymal lesions, was superior 
in 34 lesions, inferior in nine lesions, and equal in 19 as 
compared to contrast T1WI.

Similarly, the significance of DPC-FLAIR imaging in 
the detection of superficial parenchymal lesions was 
reported by Lee et  al. [3] who studied the DPC-FLAIR 
in several pathological diseases, including intracranial 
metastases. CSF signal intensity suppression, minimal 
blood vessels enhancement, diminished phase shift arti-
facts caused by blood vessels or dural sinuses enhance-
ment, as well as easy detection of peritumoral edema 

Fig. 2  A 58-year-old female patient with known breast cancer. MRI of the brain shows tiny cortical enhancing nodule, seen at the right frontal 
region only at DPC-FLAIR (D), but not detected at CE-T1WI (C). A Axial pre-contrast T1WI. B Axial FLAIR. C Axial CE-T1WI. D Axial DPC-FLAIR
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are the causes that appreciate the use of the DPC-FLAIR 
images in the diagnosis of the superficial and deep meta-
static tumors over CE-T1WI [3].

This was in agreement with Ercan et  al. [16] who 
compared between DPC-FLAIR and T1WI in patients 
with identified or suspected brain metastases. Con-
cerning the number, conspicuity, and parenchymal 
metastases enhancement, the DPC-FLAIR images 
were more sensitive than the CE-T1WIimages in five 
patients. However, these results were allocated to the 

delayed enhancement as in all patients, the CE-T1WI 
was firstly performed followed by the DPC-FLAIR.

It was hypothesized that in some patients, with a 
delay in the imaging time, the intracranial metastatic 
lesions are filled up with the gadolinium contrast agent, 
allowing better visualization of more small lesions. The 
more the imaging time the more leakage of the contrast 
material through the BBB leading to intralesional gad-
olinium accumulation with subsequent higher signal 
intensity [7].

Fig. 3  Female patient aged 28 years with known breast cancer. MRI study of the brain revealed subependymal tiny nodule noted at the right lateral 
ventricle, that shows enhancement on the CE-T1WI (C) but no enhancement detected on DPC-FLAIR (D). A Axial pre-contrast T1WI. B Axial FLAIR. C 
Axial CE-T1WI. D Axial DPC-FLAIR
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Kushnirsky et al. [17] proposed the delay in imaging 
could lead to increase signal intensity as the imaging 
delay permits a longer time for the aberrant and leaky 
neovasculature inside the metastasis to be perfused 
with the contrast agent. The minute metastatic foci 
have a small vascular surface making the contrast dif-
fusion very limited in the first-pass kinetics. However, 
by the time the contrast material recirculates through 
the cerebral vasculature leading to additional contrast 
extravasation [17].

Notwithstanding, the accuracy of CE-T1WI for the 
diagnosis of subependymal enhancing lesions remains 
higher than that of the DPC-FLAIR images [6]. In our 
study, the only lesion which was detected by post-con-
trast T1 and not by DPC-FLAIR was a tiny subependy-
mal nodule.

So, due to the probability of the presence of leptome-
ningeal abnormalities with intra-parenchymal or sub-
ependymal lesions, it is clear that both CE-T1W1 and 

Fig. 4  A 75-year-old male patient with known history of lung cancer. MRI revealed diffuse dural thickening along the right cerebral hemisphere, 
showing equal pachymeningeal linear enhancement on CE-T1WI and DPC-FLAIR. A Axial pre-contrast T1WI. B Axial FLAIR. C Axial CE-T1WI. D Axial 
DPC-FLAIR
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DPC-FLAIR sequences should be acquired within the 
same acquisition protocols.

Furthermore, concerning the CSF flow artifacts, it is 
well established that T1W1 images are less sensitive to 
this type of artifact predominantly in the posterior fossa 
rather than DPC-FLAIR images. Subsequently, to avoid 
the false-positive diagnosis of leptomeningeal abnormali-
ties, these artifacts must be taken into consideration.

Limitation of our study included relatively small sample 
size and lack of comparison between delayed CE-T1WI 
and DPC-FLAIR to obviate the effect of the delay on the 
contrast concentration within the lesions; however, we 
still believe that the effect of delay is not the major factor 
of the higher accuracy of DPG-FALIR because it is more 
sensitive for detecting enhancing tiny cortical and lep-
tomeningeal lesions by avoiding the confusion caused by 

Fig. 5  A 52-year-old female patient with unknown primary. MRI study of the brain revealed a T1 hypo-intense lesion is noted at the left cerebellar 
hemisphere that shows minimal surrounding vasogenic edema on FLAIR. It shows better enhancement on DPC-FLAIR (D red circle) compared to 
the post-contrast T1WI (C). A Axial pre-contrast T1WI. B Axial FLAIR. C Axial CE-T1WI. D Axial DPC-FLAIR
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Fig. 6  A 51-year-old female patient with breast cancer. MRI of the brain shows an intra-axial focal lesion, epicentered upon the right side of tectum 
of the midbrain, with homogeneous intralesional post-contrast enhancement on CE-T1WI (C red circle). DPC-FLAIR demonstrates less intense lesion 
enhancement (D red circle). A Axial pre-contrast T1WI. B Axial FLAIR. C Axial CE-T1WI. D Axial DPC-FLAIR

Table 2  Summary of the enactment conspicuity detected by CE-T1WI and delayed post-contrast FLAIR in the different supra and 
infratentorial locations

Conspicuity of 
enhancement

Only on FL Better on FL Only on T1 Better on T1 Equal on 
T1 and 
FL

Pachymeningeal – 1 – 2 3

Leptomeningeal 8 4 – – 2

Cortical 8 4 – – 4

Subcortical – 26 – 4 18

Subependymal – – 1 – –

Brain stem – 3 – 2 –

Cerebellum – 5 – 3 1

Total 16 43 1 11 28
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enhancing cortical vessels that can be seen on CE-T1WI 
as well as omitting the bright signal of CSF.

Conclusions
Delayed post-contrast FLAIR is a reliable sequence for 
the detection of metastatic brain lesions as it can detect 
more metastatic brain lesions compared to contrast-
enhanced T1WI.

We recommend it to be a routine sequence in cases 
with suspected brain metastasis.

Abbreviations
CE-T1WI: Contrast-enhanced T1-weighted imaging; DPC-FLAIR: Delayed post-
contrast FLAIR; WBRT: Whole-brain radiation therapy.
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