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Introduction
Fluid-attenuated inversion recovery (FLAIR) is a widely 
used MRI contrast in clinical neuroimaging. This is due  
to its high sensitivity for detecting parenchymal lesions, 
particularly in regions adjacent to cerebrospinal fluid  
(CSF). By suppressing the CSF signal while preserving 
T2-weighted contrast, FLAIR improves lesion conspicuity  
in a wide range of neurological conditions. It is therefore 
recommended in the assessment of multiple neurological 
diseases, including multiple sclerosis [1, 2], epilepsy  
[3, 4], brain tumors [5], and neurodegenerative disorders 
such as dementia [6].

With the increasing availability of ultra-high-field  
MRI systems, imaging at 7 Tesla (7T) has created new  
opportunities for neuroimaging by providing a substantial 
gain in signal-to-noise ratio compared with lower field 
strengths [7, 8]. This gain enables higher spatial resolution 
and improved lesion detection, which is particularly attrac-
tive for diseases characterized by subtle or small lesions. 
Indeed, several studies have demonstrated increased  
lesion sensitivity at 7T compared with conventional field 
strengths [9, 10]. 

Despite these advantages, the clinical implementation of 
FLAIR at 7T remains challenging and many sites report  
suboptimal image contrast or limited robustness. These 
limitations are primarily related to increased specific  
absorption rate (SAR) [11], changes in tissue relaxation 
times that reduce contrast between gray and white matter 
[12, 13], and pronounced B1⁺ field inhomogeneities that 
can cause regional signal loss [11]. As a result, FLAIR is 
sometimes omitted from 7T clinical protocols, despite its 
established diagnostic value at lower field strengths.

This article presents an optimized 3D FLAIR sequence 
protocol designed to address these challenges on the 7T 
MAGNETOM Terra.X system. The clinical value is illustrated 
using selected neuroimaging cases.
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FLAIR sequence optimization
At 7T, limitations in SAR restrict the use of 180° refocusing 
flip angles [11]. However, the 3D SPACE sequence uses 
variable refocusing flip angles, which substantially  
reduces SAR while preserving image quality and whole-
brain coverage.

A further challenge for ultra-high-field MRI is the  
reduced intrinsic contrast between gray and white matter 
on FLAIR images, largely due to prolonged T1 and  
altered T2 relaxation times. To compensate for this effect,  
a T2-preparation module was added prior to the inversion 
recovery [13], with the preparation duration optimized to 
enhance tissue contrast on FLAIR images. Table 1 provides 
the parameters for the 7T 3D FLAIR SPACE sequence.

Finally, B1⁺ inhomogeneities at 7T can lead to regional  
signal loss, particularly in the temporal lobes, cerebellum, 
and brain stem, and are especially pronounced on FLAIR 

images. These effects were mitigated using parallel  
transmission (pTx) technology [14–16]. In this work, fast 
online-customized (FOCUS) pTx pulses were employed 
with an 8Tx32Rx head coil (Nova Medical, Wilmington, MA, 
USA), enabling improved flip-angle homogeneity across 
the brain with limited SAR exposure by designing subject-
specific pTx pulses, resulting in more uniform image  
quality [17, 18]. 

Conclusion
The clinical cases presented here illustrate the added value 
of an optimized 7T 3D FLAIR SPACE protocol across a range 
of neurological pathologies. Compared to standard 3T  
imaging, 7T FLAIR provided improved lesion conspicuity, 
sharper lesion delineation, and enhanced visualization  
of subtle cortical and juxtacortical abnormalities.

In cases with indeterminate lesions, 7T FLAIR enabled 
the detection of small additional abnormalities that  
were not visible at 3T, potentially contributing to a more 
comprehensive assessment of lesion burden. 

For suspected low-grade glioma in the temporal lobe, 
the use of pTx technology mitigated signal loss related  
to B1

+ inhomogeneities in lower brain regions, which  
made it possible to detect the tumor at 7T. Compared  
with 3T FLAIR, ultra-high-field imaging provided improved  
delineation of cortical involvement and lesion margins,  
revealing features of cortical infiltration. This enhanced  
lesion characterization increased diagnostic confidence  
in distinguishing an infiltrative glioma from non-infiltrative 
juxtacortical white matter abnormalities, and may have  
implications for clinical decision-making. 

Similarly, in a case of suspected multinodular and 
vacuolating neuronal tumors, 7T FLAIR enabled clearer  
delineation of lesion extent and revealed a characteristic 
multinodular, aggregated architecture of multiple juxta
cortical and subcortical hyperintense nodules that  
appeared more confluent on 3T imaging, thereby providing 
imaging features with potential diagnostic relevance. 

In the context of epilepsy, 7T FLAIR demonstrated  
clear advantages in visualizing focal cortical dysplasia.  
This allowed more confident identification of abnormalities  
and more-targeted resection while minimizing the removal 
of adjacent non-pathological tissue. 

These examples highlight the strength of optimized 
FLAIR imaging at 7T for pathologies where subtle changes 
or lesion extent are clinically relevant. Overall, with appro-
priate sequence and RF optimization, FLAIR imaging at  
7T can be robustly integrated into clinical neuroimaging  
protocols. The resulting gains in lesion sensitivity and  
anatomical detail may provide clinically meaningful infor-
mation beyond that available at 3T, supporting diagnosis, 
treatment planning, and patient management.

�

Parameter Value

Orientation Sagittal

FOV (mm3) 225 × 180 × 156

Resolution (mm3) 0.7 × 0.7 × 0.7

Slices per slab 224

Acceleration CAIPI 3 × 2 (shift 1)

TR (ms) 8000

Magnetization preparation Non-sel. T2 prep. IR

T2 prep. duration (ms) 200

TI (ms) 1990

Flip angle mode T2 variable

Tissue T1 (ms) 1500

Tissue T2 (ms) 50

TE (ms) 300

Echo spacing (ms) 4.28

Turbo factor 180

Bandwidth (Hz/Px) 751

RF pulse type Low SAR

Gradient mode Normal

Acquisition time (min:s) 8:18

Table 1: Parameters of the 7T FLAIR SPACE sequence with
FOCUS pTx pulses.
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Case 2

2  � Suspected left temporal low- 
grade glioma. (2A–2C) 3T FLAIR- 
hyperintense left temporal lesion 
(white arrow) in (2A) sagittal, 
(2B) axial, and (2C) zoomed-in 
coronal orientations. (2D–2F) 7T 
images of the same lesion in  
(2D) sagittal, (2E) axial, and (2F) 
zoomed-in coronal orientations. 
Signal in the temporal lobe at 7T 
is only possible when using pTx 
pulses. Cortical infiltration was 
equivocal on 3T FLAIR, but more 
clearly delineated at 7T, thereby 
improving lesion characterization 
and diagnostic confidence when 
distinguishing an infiltrative 
lesion such as a low-grade glioma 
from non-infiltrative juxtacortical 
white matter abnormalities, and 
potentially informing surgical 
indication and planning. 
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Case 1

1  � Bithalamic lesions of indeterminate 
origin in a 57-year-old patient.  
The FLAIR-hyperintense bithalamic 
lesions are well visible (white arrows) 
at both 7T (1A, 1C) and 3T (1B, 1D), 
but are more conspicuous at 7T. (1C) 
A small lesion to the left of the third 
ventricle (red arrow) is only visible 
on 7T FLAIR, not on 3T FLAIR (1D).
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Case 3

3  � Suspicion of a multinodular and vacuolating neuronal tumor (MVNT) in the right superior parietal lobule. (3A) 3T FLAIR image in coronal 
orientation, with a magnified view of the superior parietal lobule subregion shown in (3B). (3C) Corresponding 7T FLAIR image, with 
magnified view shown in (3D), demonstrating multiple juxtacortical and subcortical hyperintense lesions. With 7T FLAIR, the extent of the 
lesion and its multinodular aggregated architecture are more clearly depicted, in contrast to the more confluent appearance on 3T,  
a pattern that can have diagnostic implications.
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