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Aim & Objectives:  This study aims to assess the efficacy of delayed 

contrast-enhanced T2 fluid-attenuated inversion recovery (CE-T2 

FLAIR) by using half dose high relaxivity contrast agent to assess the 

degree of enhancement among the lesions and to detect additional 

metastatic brain lesions usually smaller lesions(<5mm), which are 

significantly missed on routine-dose CE-T1 weighted imaging (CE-

T1WI). 

Material & Methods:The main source of data for this study was 

radiologically diagnosed lung cancer patients who were clinically 

suspected to have brain metastasis referred from various departments of 

Silchar Medical College and Hospital. The studywas carried out for a 

period of 1 year from March 1, 2023, to February 29, 2024, A total of 

40 patients with brain metastases were scanned using a SIEMENS TIM 

AVANTO 1.5T scanner, routine MR pulse sequences pre- and post-

contrast administration were acquired. 

Results: Out of 40 patients, males were more affected (57.5 %) than 

females (42.5 %). The highest number of cases were found between the 

61-70 years age group with the lung (31 cases) being the most common 

primary malignancy causing brain metastases. A total of 90 lesions 

were detected among 40 patients which were grouped into A (25 

lesions), B (36 lesions), and C (29 lesions) groups. A total of 6 lesions 

were missed on Routine dose contrast-enhanced brain imaging of 

which 2 lesions belong to group B (Rim enhancing lesions >5mm) and 

4 lesions belong to group C (Lesions <5mm), however, these lesions 

were picked up on delayed half dose contrast-enhanced FLAIR images. 

The contrast ratio (CR) on 3 consecutive half dose CE-T2 FLAIR 

ranged between 59.09%-76.80%, suggesting that delay in imaging post-

contrast administration resulted in a significant increase in the contrast 

ratio (CR) among metastatic lesions. 

Conclusions: CE-T1-weighted sequences and CE-T2 FLAIR 

sequences complement each other effectively in evaluating brain 

metastases. Bigger and homogenously enhancing lesions are best seen 

on CE-T1-weighted sequences. Smaller lesions and lesions showing 

rim enhancement are best visualized on delayed (5 min) CE-T2 fluid- 
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attenuated inversion recovery (FLAIR) sequences with half the dose 

ofcontrast agent (gadobenatedimeglumine) compared to routine dose 

CE-T1-weighted sequences. This approach serves as a cost-saving 

measure for both patients and the healthcare system. 

 
Copyright, IJAR, 2024,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Brain metastases are the most common intra-axial brain tumour occurring in cancer patients which accounts for 40% 

of adult brain tumours and as per literature 25% of patients with a known primary malignancy develop metastasis 

eventually in their life
(1)

, Among all the malignancies lung cancer is the most common malignancy that causes brain 

metastasis(19.9%)
(2)

. 

 

Magnetic resonance imaging (MRI) of the brain with and without contrast enhancement is the most common method 

for the detection of brain metastasis and also for tracking the progression of lesions
(3)

 or to assess the efficacy of 

initiated therapy for treatment
(4)

 

 

Gadolinium is the major component of the contrast used for MRI examination in patients suspected of brain 

metastasis, with contrast administration the clarity of the lesion and the detection of the lesion can be significantly 

improved, a higher dose of gadolinium-based contrast agents(GBCA) used better is the lesion characterization
(5)

. 

Among T2 weighted sequences, fluid-attenuated inversion recovery (FLAIR) is an inversion recovery sequence 

which picks up gadolinium in the tissue at low concentrations
(6)

.The inherent property of FLAIR to null the 

cerebrospinal fluid (CSF) signal and intravascular signal
(7)

 It helps detect various other brain pathologies after 

contrast administration. The post-contrast FLAIR is an excellent sequence especially to assess the involvement of 

meninges in conditions like meningoencephalitis and leptomeningeal carcinomatosis
(8)

. 

 

Earlier many studies were conducted which mostly focused on the use of Contrast-enhanced-T2 FLAIR(CE-T2 

FLAIR) after administering the routine dose of GBCA; however, only a few studies assessed the usage of low-dose 

CE-FLAIR for the detection of brain neoplasms including metastases and various other pathologies involving 

central nervous system(CNS)
(9)

. Another important consideration to be assessed is the delay in contrast 

administration, as a higher delay post contrast administration when combined  with CE-T2 FLAIR for image 

acquisition resulted in the accurate diagnosis of central nervous system (CNS) pathologies
(10)

, which establishes a 

relationship with scanning time. 

 

Materials and Methods:- 

The present study was carried out in the Department of the Radiology, Silchar Medical College and Hospital, Silchar 

for a period of one year from 01-03- 2023 to 29-02-2024. The hospital is located in the Cachar district of Barak 

Valley in the state of Assam, India. It is the tertiary and referral centre for patients of different districts of the Barak 

Valley region of Assam and the nearby northeastern states of India. 

 

Clinical MR imaging protocol 

A total of 40 patients with brain metastases were scanned using a SIEMENS TIM AVANTO 1.5T MR scanner, 

and routine MR pulse sequences pre- and post-contrast administration were acquired. 
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Flowchart showing the method of imaging among study population 

 

MR imaging analysis 

The MR imaging data were evaluated and analyzed on a workstation (SIEMENS). 

 

Lesion Grouping: The enhancement pattern of brain metastases was assessed and classified into solid- and ring-

enhancing lesions. The longest diameter of the lesion was measured on both axial CE-MpRAGE/T1FS and axial 

CE-T2 FLAIR Sequences. The lesions were grouped according to their size (max diameter < or > 5 mm), and the 

enhancement pattern (solid or rim enhancement) was divided into the following groups: 

 Group A: solid-enhancing lesions with >5mm diameter 

 Group B: ring-enhancing lesions with >5mm diameter 

 Group C: lesions with <5mm diameter. 

 

Subjective Scoring of Enhancement Degree.  

The degree of enhancement on CE-T2 FLAIR, CE-T1WI, and CE- MpRAGE/T1FS was qualitatively assessed using 

a 3-point scale by two examiners (Radiology Resident and Assistant Professor Department of Radiology, Silchar 

Medical College and hospital Silchar, Assam). The scoring criteria were as follows-1 point: Poor enhancement 

(the signal intensity of the lesions was almost equal to that of the adjacent white matter and hardly identifiable; 

missed lesions were also included in this group); 2 points: Moderate enhancement (the signal intensity was 

moderately higher than that of the adjacent white matter, but reliably identifiable); and 3 points: Good 

enhancement (the signal intensity was significantly higher than that of the adjacent white matter and easily 

identifiable). 

 

Quantitative Index Measurement: 

Calculation of contrast ratio (CR): is calculated for the 3 subsequent half-dose CE-T2 FLAIR sequences by using 

the formulae: 
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CR = [(SICE-T2FLAIR - SINWM)/SINWM] x 100%. 

 SICE-T2FLAIR represents the signal intensity of the lesion after enhancement 

 SINWM represents the signal intensity of the region of interest (ROI) based on normal-appearing white 

matter (NWM) adjacent to the tumour. 

 

ROI Placements: 

Both the examiners drew the ROIs (Region of interest) independently. A function tool was utilized to fuse all 

sequences, including non-enhance FLAIR, three consecutive sequences of CE-T2 FLAIR, Half dose CE-T1WI, and 

Routine dose CE-MpRAGE/T1FS Sequences. ROIs were initially drawn on CE-T2 FLAIR images and then 

propagated across all other sequences to ensure consistent positioning. If the ROIs did not align in different 

sequences after propagation, the ROIs were independently redrawn to maintain the same position as accurately as 

possible. An ROI was drawn to encompass the entire lesion and was placed within a homogeneously enhanced area 

if the lesion showed enhancement. For ring-enhancing lesions, the ROI was placed on a uniformly appearing part of 

the ring, avoiding hemorrhagic, necrotic, and vascular areas. 

 

Statistical analysis: 

Data entered in MS Excel sheet and SPSS version 28.0 was used for statistical analysis. The measured data were 

presented as mean [SD]. CR values of 3 successive CE-T2 FLAIR sequences from all the metastatic lesions were 

compared among A, B, and C groups using a paired t-test for CR values. The chi-square test was used to compare 

the qualitative degree of enhancement among the 3 sequences and P<0.05 was considered statistically significant for 

all the assessed parameters. 

 

Results and Observations:- 

Out of 40 patients, males were more affected (57.5 %) as compared to females (42.5 %). The highest number of 

cases were found between the 61-70 years age group with the lung (31 cases) being the most common primary 

malignancy causing brain metastases. A total of 90 lesions were detected among 40 patients which were grouped 

into A (25 lesions), B (36 lesions), and C (29 lesions) groups. 

 

The Contrast Ratio (CR) measured across three subsequent half-dose CE-T2FLAIR sequences were as follows 

CRphase1= 59.09% (SD:30.06), CRphase2=66.43% (SD:36.3), CRphase3=76.80% (SD:37.18). CRphase1 was significantly 

lower than CRphase2 (P<0.003), and CRphase2 was significantly lower than CRphase3 (P<0.021), Thus indicating that 

increasing the scan acquisition time after contrast administration led to a significant increase in the contrast ratio in 

brain metastasis. 

 

Group A: The degree of enhancement on half-dose CE-T2 FLAIR was higher than, half-dose CE-T1WI (P<0.01) 

and routine-dose CE-T1WI (P=0.039). however, no significant appreciable difference was found between half-dose 

CE-T1WI and routine-dose CE-T1 weighted imaging (P=0 .046) sequences. 

 

Table1:- Group A, Comparison of the enhancement degree of three sequences of solid enhancing lesions with 

diameters of > 5mm. 

Group B: The degree of enhancement of lesions on half-dose CE-T2 FLAIR was higher than half-dose CE-T1WI 

(P<0.01) however,no significant difference was found with routine dose CE-T1WI(P=0.13). On comparing between 

half-dose CE-T1WI and routine-dose CE-T1WI/ MpRAGE, no significant difference was appreciated (P=0.046). 

 

Table 2: - Group B, Comparison of the enhancement degree of three sequences of ring-enhancing lesions with 

diameters of > 5mm. (
M

= number of missed lesions). 

 Half dose CE-T2 

FLAIR 

Half dose CE-

T1WI 

Routine dose CE-T1FS/MpRAGE 

Three points 25 23 25 

Two points 0 2 0 

One point 0 0 0 

Total 25 25 25 

 Half dose CE-T2 

FLAIR 

Half dose CE-

T1WI 

Routine dose CE-T1FS/MpRAGE 

Three points 36 30 32 
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Group C: The degree of enhancement of lesions was significantly higher on half-dose CE-T2 FLAIR compared to 

both half-dose CE-T1WI (P < 0.01) and routine-dose CE-T1WI (P < 0.01). Additionally, the degree of enhancement 

on routine-dose CE-T1WI was greater than on half-dose CE-T1WI (P = 0.001). 

 

Table 3:- Group C, Comparison of the enhancement degree of three sequences of lesions with diameters of < 5mm. 

(
M

= number of missed lesions). 

 

Discussion:- 
Most of the patients with brain metastasis present with a single lesion. For these patients, detecting metastases is 

crucial for determining the appropriate treatment. Small metastases, often less than 5 mm in size, typically lack 

vasogenic edema and exhibit only slight enhancement. As a result, they are frequently missed on non-enhanced T2 

FLAIR or enhanced T1-weighted sequences
(1)

. 

 

The growth of the metastatic lesions is very fast and, at the time of presentation itself, the lesions are very big and 

are associated with changes like significant edema and leptomeningeal spread. Since the lesions in early stages are 

significantly small in diameter and are generally not associated with secondary changes or mass effects, they are 

generally missed
(1)

, however, these small lesions respond to the therapies hence it is of utmost importance to detect 

these lesions at early stages to enhance the chances of favourable outcomesfor patients
(11)

. Larger lesions are 

commonly associated with secondary changes pose significant challenges in deciding treatment protocols and are 

associated with bad prognosis
(12)

.Possible explanations for poor response to the treatment protocols in larger lesions 

could be reduced intracranial penetration of various modes of therapies, and the number of metastatic lesions at the 

time of diagnosis.More invasive procedures like neurosurgical resections and the use of toxic chemotherapeutic and 

radiation therapies are reserved for advanced and multifocal disease
(13)

. Hence it is of utmost importance to detect 

the lesions in their early stages for planning effective treatment protocols. 

 

Scanning time significantly influences the signal intensity of lesions, as the infiltration of gadolinium from blood 

vessels into the extracellular space is a dynamic process. Delaying imaging can enhance signal intensity by allowing 

more prolonged perfusion of the contrast agent through the leaky neovasculature within metastases
(14)

.Delayed CE-

T2 FLAIR in meningeal diseases could provide more accurate information compared to delayed CE-T1WI or early 

CE-T2 FLAIR
(15)

. 

 

In our study, we conducted three consecutive phases of CE-T2 FLAIR to evaluate the effect of scanning time on T2 

FLAIR. We observed that later time points (2 minutes 31 seconds to 5 minutes 30 seconds) during CE-T2 FLAIR 

acquisitions exhibited a higher degree of enhancement compared to the initial acquisition. This implies that a delay 

of at least 3–5 minutes is recommended for postcontrast CE-T2 FLAIR imaging. 

 

In our study, we observed that half-dose CE-T2 FLAIR provided a better degree of enhancement and a higher 

detection rate for small metastases compared to CE-T1WI or CE-MpRAGE. It is observed in a few previous studies 

that only one-quarter of the routine dose of gadolinium is required for CE-T2 FLAIR to attain a signal enhancement 

equivalent to that of CE-T1WI. This phenomenon can be attributed to the unique T1-weighting of the T2 FLAIR 

sequence. The mild T1-weighting induced by the long inversion time (TI) combined with the T1-shortening effects 

of gadolinium makes the T2 FLAIR sequence more sensitive to low concentrations of contrast agents than 

conventional contrast-enhanced T1 sequences
(6)(16)

. 

 

The peripheral margin of an invasive tumour tends to have lower vascular permeability
(17)

, which enhances the 

Two points 0 2 2 

One point 0 4(2
M

) 2(2
M

) 

Total 36 36 36 

 Half dose CE-T2 

FLAIR 

Half dose CE-

T1WI 

Routine dose CE-T1FS/MpRAGE 

Three points 26 10 15 

Two points 3 11 10 

One point 0 8(8
M

) 4(4
M

) 

Total 29 29 29 
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sensitivity ofCE-T2 FLAIR in delineating the boundaries of brain metastases
(18)

. 

 

Using high-dose contrast on CE-T1WI can increase the detection rate of metastases
(19)

, it also results in an increased 

risk of adverse effects in cancer patients. Using half-dose CE-T2 FLAIR not only reduces the amount of contrast 

agent needed but also enhances the detection rate of small cerebral metastases
(9)

. The hyperintensity of the lesion on 

non-enhanced FLAIR due to prolonged T2 weighting might obscure the true enhancement of the lesion on post-

contrast sequence hence use of post-contrast FLAIR is limited in neuroimaging. Hence complementing post-contrast 

FLAIR with post-contrast T1WI will improve the exact delineation of the lesion margin and also in the detection of 

additional lesions. 

 
 

Case1: Ill-defined hyperintensity was noted in the left middle frontal gyrus on NE-FLAIR (Fig A), which was noted 

enhancing on CE-FLAIR(5.4min) (Fig B). This lesion was missed (Red Arrow) on full dose CE-T1WI (Fig C).  

 

Limitations 

First, the sample size in each group is relatively small, which may negatively affect the statistical results. Second, 

while it would have been beneficial to study the signal enhancement of brain metastases on half-dose CE-T2 FLAIR 

images over a longer time period, this was not feasible for ethical reasons. Patients with cancer and brain metastases 

are typically limited in the amount of time they can undergo MR imaging, restricting the duration of the 

examination. 
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Conclusions:- 

CE-T1-weighted sequences and CE-T2 FLAIR sequences complement each other effectively in evaluating brain 

metastases. Bigger and homogenously enhancing lesions are best seen on CE-T1-weighted sequences,smaller 

lesions and lesions showing rim enhancement are best visualized on delayed (5 min) CE-T2 fluid-attenuated 

inversion recovery (FLAIR) sequences with half the dose of contrast agent (gadobenatedimeglumine) compared 

to routine dose CE-T1-weighted sequences. This approach serves as a cost-saving measure for both patients and the 

healthcare system. 

 
 

Case 2: Homogenously enhancing lesion (Group C) was noted in the left cerebellar hemisphere on half dose CE-T2 

FLAIR (Fig A), which was missed (Red Arrow) on full dose CE-T1WI (Fig B) due to the presence of vessels. 
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