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Abstract 

 

Post-contrast three-dimensional T1-weighted imaging of the brain is widely used for a broad 

range of vascular, inflammatory or tumoral diseases. The variable flip angle 3D TSE sequence 

is now available from several manufacturers (CUBE, General Electric; SPACE, Siemens; 

VISTA/BRAINVIEW, Philips; isoFSE, Itachi; 3D MVOX, Canon). Compared to gradient-

echo (GRE) techniques, 3D TSE offers the advantages of useful image contrasts and 

reduction of artifacts from static field inhomogeneity. However, the respective role of 3D TSE 

and GRE MR sequences remains to be elucidated, particularly in the setting of post-contrast 

imaging. The purpose of this review was 1/ to describe the technical aspects of 3D TSE 

sequences, 2/ to illustrate the main clinical applications of the post-contrast T1-w 3D TSE 

sequence through clinical cases, 3/ to discuss the respective role of post-contrast 3D TSE and 

GRE imaging in the field of neuroimaging. 

 

 

 

  



ABBREVIATIONS 

 

- 3D T1-w:  three-dimensional T1-weighted 

- TSE:   turbo spin echo 

- GRE:   gradient echo 

- MSDE:  motion-sensitized driven equilibrium 

- DANTE:  delay alternating with nutation for tailored excitation  

- VW-MRI:  vessel-wall MR imaging  

 

INTRODUCTION 

 

Post-contrast three-dimensional T1-weighted (3D T1-w) imaging of the brain is increasingly 

used in clinical routine for a broad range of neurovascular, inflammatory or tumoral diseases. 

In the daily practice, both spin-echo (SE) and gradient-echo (GRE)-based MR sequences are 

available to achieve post-contrast imaging.  

 

The variable flip angle 3D turbo spin‐echo (TSE) MR sequence is now routinely available 

from several manufacturers (CUBE, General Electric; SPACE, Siemens; 

VISTA/BRAINVIEW, Philips; isoFSE, Hitachi; and 3D MVOX, Canon). Such a SE-based 

acquisition offers the advantages of useful image contrasts (including T1-w, T2-w, PD-w, 

FLAIR or DIR) and reduction of artifacts from static field inhomogeneity (1-3). However, the 

respective role of 3D TSE and GRE MR sequences is poorly reported in the literature.  

 

From 2010 to 2019, we routinely performed both TSE and GRE post-contrast 3D T1-w 

imaging of the brain, for a broad range of vascular, inflammatory or tumoral diseases, using 



different 3T MR scanners and TSE sequences (CUBE, Discovery MR750, GE Healthcare, 

Milwaukee; SPACE, Verio and Skyra, Siemens, Erlangen, Germany; VISTA/BRAINVIEW, 

Achieva and Ingenia, Philips Healthcare, Best, the Netherlands). The 3D T1-w GRE imaging 

used included (i) non-EPI fast GRE sequence (FFE, Philips Healthcare, Best, the Netherlands; 

SPGR, GE Healthcare, Milwaukee, Wisconsin; FLASH, Siemens, Erlangen, Germany) or (ii) 

with a ultrafast GRE sequence including a magnetization-preparation (TFE, Philips 

Healthcare, Best, the Netherlands; BRAVO, General Electric, Milwaukee, Wisconsin; MP-

RAGE, Siemens, Erlangen, Germany). A standard dose of gadolinium (0.1 mmol/kg), either 

gadoterate meglumine (Dotarem; Guerbet, France) or gadobutrol (Gadovist; Bayer 

Pharmaceuticals, Berlin, Germany), was used. The post-contrast T1-w imaging was acquired 

at least 5-minute after gadolinium administration in all cases. 

 

The reported illustrative cases were selected and analyzed by a panel of senior 

neuroradiologists. The purpose of this review article is 1/ to describe the technical aspects of 

3D TSE sequences, 2/ to illustrate the main clinical applications of the post-contrast 3D T1-w 

TSE sequence through clinical cases, 3/ to discuss the respective role of post-contrast 3D T1-

w and GRE imaging in the field of neuroimaging. 

 

TECHNICAL ASPECTS  

 

It is well known that post-contrast 2D T1-w GRE images usually provide lower contrast than 

SE on a large spectrum of brain lesions (4). However, post-contrast GRE 3D T1-w imaging 

regained interest in the community due to the wider availability of 3T MRI and the 

introduction of isotropic 3D turbo-FLASH like approaches (also called “MPRAGE”) (5, 6). 



 

Of note, the 3D T1-w TSE sequence was very challenging to implement (7), explaining why 

this sequence was introduced long after the 3D T2-w TSE and variants (8). Indeed, several 

limitations made it more challenging to perform the 3D TSE sequence T1-weighted. First, if a 

classic TSE scheme is selected to accelerate the k-space filling, long echo trains may result in 

sub-optimal image quality for T1-w contrast, since T2-weighting of the signals tends to 

develop along the echo train. In addition, T1-w contrast, low spatial-frequency signals are 

typically acquired earlier in the echo train than high spatial-frequency signals, and thus 

substantial image blurring will occur if the signal intensities for high spatial frequencies are 

significantly less than those for low spatial frequencies (7). Using T1-w images, blurring 

occurs when the echo length train is more that the T2 value of primary interest (9). Moreover, 

compared to T2-w sequences, the echo lengthening coupled with short TR made the sequence 

extremely demanding in terms of SAR (Specific Absorption Ratio).  

  

Variable flip angles and echo-spacing. Modern 3D TSE sequences are characterized by (i) 

long echo-train with variable flip angle refocusing pulses that preserve T1-weighting 

integrity, (ii) ultra-short echo-spacing, and (iii) optimized k-space trajectories (with sampling 

in both in-plane and through-slab phase encode direction during signal evolution) (8). 

Variable refocusing flip angles are determined by calculating the target signal using the 

prospective extended phase graph algorithm (1). It also includes an optimized restore scheme 

to reduce as much as possible TR (7). Such approach improves the useable duration of the 

echo train and allows the use of very long spin-echo trains (1) with several advantages 

including (i) limited specific absorption rate (SAR), (ii) reduced artifacts from static field 



inhomogeneity compared to 3D GRE based sequences and (iii) clinically acceptable scan 

times. 

 

Power Deposition. The power deposition for a radio-frequency (RF) pulse varies as the square 

of the flip angle for the RF pulse (8). As previously reported, variable flip angle refocusing 

RF pulses offer the opportunity to significantly reduce SAR compared to conventional SE 

train (10).  

 

Black blood effect and flow sensitivity. The 3D T1-w TSE sequence includes an intrinsic 

black-blood effect mainly related to intravoxel dephasing among the blood spins (11-13). As a 

result, brain vessel lumen appears mostly hypointense (the “black blood” effect) using this 

sequence (Figure 1). In the setting of post-contrast imaging, the black blood effect can be 

advantageous to suppress the vascular flow-related artifacts commonly encountered on 2D 

TSE (figure 2) (14). Of note, such black blood effect remains usually incomplete when using 

conventional 3D TSE sequences, being more pronounced within brain arteries and large dural 

sinuses, but potentially lacking in slow-flowing vessels such as cortical veins.  

 



3D TSE images of the normal brain and comparison with GRE-based techniques. 3D TSE 

sequences differ from GRE-based imaging in terms of (i) image contrast, (ii) flow-sensitivity 

and (iii) artifacts from static field inhomogeneity. Indeed, 3D T1-w TSE is characterized by a 

very low contrast between the grey and white matter, while magnetization-prepared GRE 

techniques increase such contrast. Moreover, while proximal brain arteries usually appear 

hyperintense on GRE images, they are typically hypointense on TSE images due to the 

inherent black blood effect. Susceptibility artifacts are also less pronounced on TSE imaging. 

Differences between GRE and TSE images are illustrated in Figure 3. 

 

Technical differences between post-contrast T1w 3D TSE and GRE MR sequences are 

summarized in Table 1.  

 

OPTIMIZING THE POST-CONTRAST 3D T1-W TSE SEQUENCE 

 

Fat saturation. Fat suppression, with a spectral pre-saturation with inversion recovery (SPIR) 

technique, is usually performed when using the 3D T1-w TSE sequence post-contrast. This is 

not the case when using GRE imaging. Recently, DIXON techniques (Cube IDEAL/Flex) 

have been introduced, potentially improving fat saturation homogeneity.  

 

Increasing the black blood effect in 3D TSE images. As previously stated, residual blood 

signals can be encountered with the post-contrast 3D T1-w TSE sequence due to an 

incomplete suppression by intravoxel dephasing of slow-flowing blood (for example within 

cortical veins or in case of arterial stenosis) (15). Such residual vascular enhancement may 



have clinical implications, being potentially mistaken with parenchymal enhancing lesions. 

However, the black blood effect can be further optimized/increased in TSE images by using 

additional preparation pulses. First by using “Motion-Sensitized Driven Equilibrium” 

(MSDE) preparation that uses flow-sensitive dephasing gradients with low b-values to 

suppress residual blood-flow (16). This approach uses a diffusion module with low b-values, 

so the sequence suppresses bulk flow rather than molecular diffusion. MSDE preparation was 

previously used for the imaging of brain aneurysms (17) or carotid wall (18, 19). Second, 

“Delay Alternating with Nutation for Tailored Excitation” (DANTE) preparation is another 

technique that uses a series of non-selective low flip angle pulses interleaved with gradient 

pulses, responsible of a spoiling effect where flowing spins cannot achieve steady-state (20-

22). Using additional MSDE or DANTE preparation, the resulting TSE image consists in an 

almost complete lack of enhancement within slow-flowing veins (Figure 4). DANTE may 

represent a good compromise in terms of SAR reduction and time efficiency (21). While the 

black-blood techniques were initially designed for the imaging of vessel-wall, MSDE or 

DANTE preparation may also be useful to further improve the detection of brain enhancing 

lesion, encompassing a wide range of clinical applications. However, since these techniques 

are still not widely available, further clinical studies are required to assess the respective role 

of post-contrast 3D TSE acquired with and without additional black-blood techniques in the 

daily routine practice.  

 

Further reducing the scan-time. The acquisition time depends mainly on the compromise 

between spatial resolution and SNR. It usually ranges between 4 to 5 minutes. Reducing scan-

time is an important issue when using 3D TSE imaging. In fact the optimal echo train length 

(ETL) is constant for a given echo spacing and TR. Further increasing the ETL would require 

a compromise on image weighting and Point Spread Function (PSF), leading to blurring and 



suboptimal contrast. Therefore, acquiring the minimum readout lines with a partial Fourier 

acquisition decreases the scan-time when using 3D TSE, but this approach also alters PSF. 

One strategy consists in 1D or 2D parallel acceleration, enhanced by high density phased 

array receiving coils (23). More recently introduced, the 2D CAIPIRINHIA technique (24), 

has significantly increased the acceleration factor of the 3D TSE sequence without significant 

artifacts (25). 

 

Other strategies have been recently developed to further accelerate 3D TSE in 2D, including 

the “compressed sensing” (CS) technique. CS uses the sparsity of MR images to randomly 

undersample the k-space, thus saving scan time (26). Contrary to parallel imaging, CS is 

insensitive to the coil configuration. Because each acceleration technique imposes 

independent constraints on the image reconstruction, CS can be used in addition to parallel 

imaging (27). Such an approach appears very effective using 3D FLAIR for several clinical 

applications, including multiple sclerosis (MS) (28, 29) but may lead to additional blurring. 

Several iterative algorithms, similar to CS, are being developed with the advantage of being 

more adapted to the T1-weighted contrast. According to the acceleration factor used, the scan-

time reduction may be about 33% with these techniques (28). 

 

IMAGE INTERPRETATION 

 

Thinner slices and multiplanar analysis. There are several advantages of using 3D thinner 

slices for the detection of brain-enhancing lesions. Thinner section images minimize the 

partial volume effect between small lesions and surrounding brain tissue (30-32). 3D 



acquisitions, thanks to their higher signal to noise ratio (SNR) and isotropic voxel size, allow 

for maximal intensity projection (MIP) reformations in arbitrary planes (Figure 5). With the 

3D TSE sequence, such MIP views can be routinely obtained due to the low contrast between 

gray and white matter, further improving the detection of enhancing lesions (33) (Figure 3).  

 

Co-registration with other 3D sequences. Enhancement of brain vessels can be potentially 

misinterpret with parenchymal lesions, particularly when MSDE or DANTE preparation are 

not available. However, co-registration of the post-contrast 3D T1-w TSE sequence with 3D 

FLAIR and susceptibility-weighted imaging can improve the diagnostic work-up, avoiding 

such pitfall (Figure 6). Indeed, a brain lesion is usually associated with hyperintensity on 

T2w/FLAIR imaging while brain vessels can be easily recognized using SWI without 

associated T2w/FLAIR hyperintensity. 

 

 

ADDED VALUE OF THE POST-CONTRAST 3D T1-W TSE SEQUENCE IN 

NEUROLOGICAL DISEASES 

 

Parenchymal enhancing lesions: multiple sclerosis and brain tumors 

Parenchymal gadolinium enhancement usually reflects brain blood barrier breakdown (with 

contrast leakage) and/or neo-angiogenesis. Several neurological diseases may lead to 

parenchymal enhancement, including multiple sclerosis and brain tumors. 

Compared with GRE techniques at the same spatial resolution, the post-contrast 3D T1-w TSE 

sequence appears more sensitive for the detection of brain-enhancing lesions. This is explained by:  

(i) improved image contrast between gadolinium enhancing lesions and surrounding brain tissue; (ii) 



higher signal-to-noise-ratio ; (iii) additional black blood effect and ;(iv) reduced artifacts from static 

field inhomogeneity (34-36).  

Using the 3D TSE sequence, the signal-intensity of the grey and white matter is relatively 

similar and lower as compared to GRE images (which is associated with a high signal-

intensity of the white matter). Thus, image contrast between contrast-enhanced lesions and 

surrounding brain tissue will be increased by the use of TSE imaging. 

Several studies have previously suggested that 3D T1-w TSE is an alternative approach to 

MPRAGE (37), and even superior to GRE imaging for the detection of small brain enhancing 

lesions (17, 23, 38-40) or meningitis (41, 42), with comparable acquisition times. 

Interestingly, it was reported that thick-slab overlapping TSE reformatted MIP views can 

improve time-efficiency for the detection of small enhanced metastasis compared to GRE 

techniques (33). Recently, the added value of the post-contrast 3D T1-w TSE sequence with 

the DANTE preparation was reported for the detection of brain metastasis (43). Of note, the 

detection of small punctate enhancing lesions (significantly improved by the use of 3D TSE) 

may have an impact on patient management for a wide range of pathologies. As an example, 

punctiform enhancing lesions may be the first imaging sign of progressive multifocal 

leukoencephalopathy (PML) (44).  

In case of a brain tumor adjacent to proximal arteries or dural sinuses, the black blood effect 

may also improve the delineation of the lesion (and thus its vascular involvement) while 

GRE-based techniques may be confusing. This is commonly observed in patients with 

meningiomas (Figure 8). Additionally, automated segmentation of the brain tumors can be 

easily routinely achieved using 3D TSE since adjacent vessels are systematically removed. 

 

Meningeal enhancement 



The inherent black blood effect may also improve the specificity of the 3D TSE sequence for 

the detection of meningeal enhancing lesions by removing the signal coming from 

pial/subarachnoid vessels (that may potentially lead to false-positive, especially in GRE 

sequences). This may be particularly useful in a wide range of pathologies including 

meningitis or neurosarcoidosis (Figure 7). 

However, the added value of post-contrast 3D FLAIR in case of meningeal involvement is 

well-known. Further studies are thus required to assess the respective role of post-contrast 

T1W and FLAIR 3D TSE sequences for the detection of meningeal and cranial nerve 

enhancement. 

 

Skull base and extracranial lesions 

Because of reduced susceptibility artifacts and better image contrast, the 3D TSE sequence 

improves the visualization of anatomical structures located within the skull base and/or the 

extra-cranial soft tissues compared to GRE imaging. For instance, the intracranial and extra-

cranial segments of the cranial nerves can be easily assessed using post-contrast 3D T1-w 

TSE (Figure 9). The use of oblique reformatted views is also useful to explore the optic nerve 

from the optic chiasm to the orbit (figure 10).  

Of note, free‐induction‐decay (FID) artifacts can be encountered on TSE images, appearing 

as an intensity ripple in the subcutaneous fat. Such artifacts may impair the visualization of 

extra-cranial soft tissues but can be attenuated by increasing the spoiler (crusher) gradients or 

by increasing data averagingthe number of excitation. 

 

Neurovascular diseases 



Slow-flowing arterial blood as a marker of pathology. Using the post-contrast 3D T1-w TSE 

sequence, slow-flowing arterial blood may lead to lumen enhancement, particularly in the 

absence of associated MSDE or DANTE preparation. Such drawback may be useful in 

patients suspected of transient ischemic attack. Co-registration of the post-contrast 3D T1-w 

TSE sequence with SWI and contrast-enhanced MRA may be relevant in such context to 

better locate the vessel occlusion /stenosis (figure 11). However, since non-contrast 

techniques are already available to detect slow-flowing arterial blood (including 2D FLAIR or 

arterial spin labeling), the added value of this approach in the daily practice remains to be 

demonstrated. Moreover, the post-contrast T1-w sequences are not recommended at the acute 

stage of stroke due to the additional acquisition time. 

 

Vessel-wall MR imaging (VW-MRI). Post-contrast high-spatial-resolution 3D T1-w TSE has 

emerged as the leading non-invasive imaging modality allowing for directly visualizing 

diseased vessel-wall. Such technique appears useful for the imaging of intracranial aneurysms 

and vasculitis. Indeed, VW-MRI is being increasingly used in patients with intracranial 

aneurysms (IA) and dedicated recommendations have recently been published (45, 46). 

Aneurysmal wall enhancement (AWE) is considered suggestive of instability (47-49) or 

rupture (47, 49-54) and may thus influence the clinical management. However, it has been 

recently demonstrated that residual blood flow within the aneurysmal lumen may mimic 

AWE on post-contrast 3D T1-w TSE images, particularly those acquired without additional 

blood-suppression technique (17). The use of MSDE or DANTE preparation could potentially 

help avoiding such pitfall (Figure 12).  

Post-contrast 3D T1-w may also be of use in patients with CNS vasculitis to better detect 

arterial wall thickening (55). The inflammatory process is often located on small intracranial 



arteries and may lead to arterial stenosis or occlusion. Compared to GRE imaging, 3D TSE 

allows for a better distinction between arterial wall and lumen due to the black blood effect 

(Figure 13). 

Using post-contrast 3D T1-w TSE imaging, brain vasculitis can be distinguished from intra-

cranial atheroma, which typically appears as an eccentrically arterial wall thickening and 

enhancement. The enhancing layer is usually considered as the fibrous cap of the 

atherosclerotic plaque (45). 

 

Clinical applications of post-contrast T1w 3D TSE and GRE MR sequences are summarized 

in table 2. 

 

LIMITATIONS OF THE POST-CONTRAST 3D T1-W TSE SEQUENCE 

 

Some limitations of the 3D T1-w TSE sequence may be encountered in the clinical practice. 

First, compared to GRE imaging, the low contrast between white and grey matter on 3D TSE 

images does not allow for a precise analysis of cortical shape/morphology (Figure 3). Indeed, 

ultrafast GRE MR sequences including a magnetization preparation (3D-T1-TFE, Philips 

Healthcare, Best, the Netherlands; BRAVO, GE Healthcare, Milwaukee, Wisconsin; MP-

RAGE, Siemens, Erlangen, Germany) appear much more suitable for the detection of cortical 

abnormalities or to achieve brain morphometry.  

Second, for the pre-operative planning of brain tumours, MRI usually includes a non-EPI fast 

GRE sequence (T1-FFE, Philips Healthcare, Best, the Netherlands; SPGR, GE Healthcare, 



Milwaukee, Wisconsin; FLASH, Siemens, Erlangen, Germany), instead of 3D TSE, because 

the visualization of both brain lesion and adjacent vessels is then required.  

In patients suspected of venous thrombosis, the 3D T1-w TSE sequence is usually not 

recommended since the black blood effect can lead to misdiagnosis a filling defect within 

brain veins and sinuses (Figure 14). 

Finally, spontaneous T1w hyperintense lesions may mimic enhancement, for example in 

patients with MS. As previously suggested, for the proper evaluation of enhancement on all 

post-contrast images, non-enhanced images should be examined concurrently to determine 

whether hyperintensity is related to enhancement or intrinsic T1 shortening (56). 

  

CONCLUSION 

The post-contrast 3D T1-w TSE MR sequence may improve the sensitivity for the diagnosis 

of enhancing brain lesions, mainly due to an improved contrast and its inherent black blood 

effect. Co-registration with other 3D sequences may further improve the diagnostic work-up. 

The use of 3D TSE or GRE post-contrast imaging should be determined based on clinical 

context, each approach being associated with specific limitations. 
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CE-3D-T1 

TSE 

(CUBE/SPACE/ 

VISTA/ 

BRAINVIEW) 

Non-EPI fast GRE 

(SPGR/FLASH/FFE) 

Ultrafast GRE with 

magnetization-

preparation 

(BRAVO/MP-

RAGE/TFE) 

Contrast between 

grey and white 

matter 

Very low Low High 

Flow sensitivity Low High High 

Artifacts from static 

field inhomogeneity 

Reduced Present Present 

Fat suppression Usually performed 

Usually not 

performed 

Usually not 

performed 

 

Table 1. Technical differences between TSE and GRE MR sequences 

  



CE-3D-T1 

TSE 

(CUBE/SPACE/ 

VISTA/ 

BRAINVIEW) 

Non-EPI fast GRE 

(SPGR/FLASH/FFE) 

Ultrafast GRE with 

magnetization-

preparation 

(BRAVO/MP-

RAGE/TFE) 

Contrast/detection of 

brain enhancing 

lesions 

+++ ++ + 

Detection of brain 

meningeal/nerve 

lesions 

+++ + + 

Sensitivity to slow-

flowing blood 

+++ 0 0 

Vessel-wall analysis +++ 0 0 

Visualization of brain 

vessel lumen 

(arteries and veins) 

0 +++ +++ 

Morphological 

analysis – distinction 

between GM and WM 

+ ++ +++ 

Table 2 : Clinical applications of post-contrast T1w 3D TSE and GRE MR sequences  



FIGURE CAPTIONS 

 

Figure 1: Minimal Intensity Projection (MinIP) axial (A) and coronal (B) reformatted 

views from 3D T1-w TSE images. Note the homogeneous and complete hypointensity of 

brain arteries (the “black blood” effect). 

 

Figure 2: Comparison between axial 2D (A) and 3D (B) post-contrast TSE images in a 

34 year-old patient with MS. Two millimetric enhanced MS lesions are visible in the 

cerebellum (B, arrowheads) on post-contrast 3D T1-w TSE image. These lesions were 

previously hindered by flow-related artifacts on 2D TSE images (A, arrows).  

 

Figure 3: Comparison between contrast-enhanced MR angiography (A), 3D T1w 

magnetization-prepared GRE (B), non-EPI fast GRE sequence (C) and 3D T1 TSE (D) 

of a normal brain. Note the black blood effect within the superior sagittal sinus (D, 

arrowhead) and brain arteries (D, arrow) on 3D TSE image, while the vessels appear 

enhanced with all other sequences (A, B and C, arrows and arrowheads). The contrast 

between white and gray matter is a very low on 3D T1 TSE images (D), low on non-EPI fast 

GRE (C) and high on 3D T1 magnetization-prepared GRE images (B). 

 

Figure 4: Comparison between post-contrast 3D T1-w TSE without (A) and with 

Motion-Sensitized Driven-Equilibrium (MSDE) (B). The lumen of the venous sinuses 

appears enhanced using 3D T1-w TSE sequence performed without MSDE (A, arrows). Note 



the drastic reduction of enhancement in the transverse sinuses when adding the MDSE 

preparation (B, arrowheads).  

 

Figure 5: Axial 4-mm slice thickness (A), 1-mm source image (B) and MIP reformation 

(C) from post-contrast 3D T1-w TSE sequence in a 43 year-old patient with MS. A left 

periventricular small MS lesion detected on source and MIP images (B and C, arrows) was 

missed on 4mm thick section image (A, arrowhead) due to the partial volume effect. 

 

Figure 6: Co-registration of post-contrast 3D T1-w TSE (MIP 5mm) (A) with pre-

contrast 3D DIR (B) and axial SWI (MinIP 5mm) (C) in a 33 year-old patient with MS. 

The enhancing MS lesion (A, arrowhead) corresponds to a hyperintensity on T2-w DIR 

images (B, arrowhead). The developmental venous anomaly (A, arrow) also appears enhanced 

on 3D TSE images (A, arrow) is nicely demonstrated on SWI (C, arrow) without any 

hyperintensity visible on T2-w DIR images. 

 

Figure 7: Comparison between post-contrast 3D T1-w GRE (A) versus 3D T1-w TSE (B) 

in a 62 year-old patient with neurosarcoïdis. Using GRE imaging, both pial vessels and 

granulomas (A, arrowheads) appear enhanced. Leptomeningeal enhancement is more 

precisely delineated using the 3D T1-w TSE sequence (B, arrowheads) due to the removal of 

pial vessel signal. Note the arterial and venous black blood effect and low white/gray-matter 

contrast on 3D T1-w TSE image (B).  

 



Figure 8: Post-contrast 3D T1-w GRE (A) and TSE (B) sequences after surgical 

resection of a pineal-region meningioma in a 60-year-old patient. Using GRE imaging, the 

tumoral remnant (A, arrow), close to great cerebral vein (A, arrowheads), was misdiagnosed. 

Using TSE imaging, the black blood effect improves the distinction between the remnant (B, 

arrow) and the adjacent vein (B, arrowheads).  

Post-contrast 3D T1-w GRE (C) and TSE (D) sequences in a 51-year-old patient with 

meningioma adjacent to the left lateral sinus. Using GRE imaging, the distinction between 

between the meningioma (C, arrow) and the adjacent lateral sinus (C, arrowhead ) is difficult. 

Using TSE imaging, thanks to the black blood effect, the meningioma (D, arrow) is easily 

distinguished from the adjacent vein (D, arrowhead). 

 

Figure 9: 22-year-old man with left facial palsy. The extra-cranial segments of the cranial 

nerves can be easily assessed thanks to the multiplanar reformats (MPR) and MIP 

reconstructions. Using 3D TSE images, a contrast enhancement of the first (A, arrow) and 

second (A, arrowhead) portions of the left VII nerve is visible. The abnormal enhanced extra 

cranial segment of the nerve is well studied on both MPR (B) and MIP (C) reconstructions 

(arrows). 

 

Figure 10: 43-year-old patient with left optic neuritis. Multiplanar reformats from post-

contrast 3D T1-w TSE images demonstrate contrast enhancement of the subarachnoid 

segment of the left optic nerve (A and B, arrow). 

 



Figure 11: 54-year-old man admitted for a suspected tansient ischemic attack (TIA). 

FLAIR image (A) shows a subtle hyperintense vascular hyperintensity (arrows) while post-

contrast 3D T1 TSE image (B) revealed extensive vascular enhancement related to slow-

flowing arterial blood (arrows). Contrast-enhanced MRA confirmed the occlusion of the left 

middle cerebral artery (C, arrow). In such case, the 3D T1-w TSE sequence, by enhancing 

slow-flowing arterial blood, may improve the detection of arterial occlusion on CE-MRA 

images. 

 

Figure 12: 34-year-old man with a large intracranial aneurysm of the ophthalmic 

segment of the right internal carotid artery. Time-of-flight (TOF) MR image (A) and 

conventional angiograms (D, E, F) show turbulent flow in the lumen of the aneurysm 

(arrows). Post-contrast 3D T1-w TSE image without additional blood-suppression techniques 

(B) show enhanced both turbulent flows and thick pseudo-enhancement of the aneurysmal 

wall (arrows). 3D T1-w TSE image with additional black blood technique (MDSE) (C) 

demonstrates only a slight contrast enhancement of the aneurysmal wall (arrows) due to the 

improved suppression of flowing-blood.  

 

Figure 13: 47-year-old woman with a cerebral arteritis, post-contrast 3D T1-w GRE (A) 

and TSE (B, C) images. Conventional angiogram (D) and time-of-flight (TOF) MR 

angiography (E) at the acute phase show a focal stenosis of the middle cerebral artery 

(arrows). The post-contrast 3D T1-w GRE sequence (A) cannot distinguish the inflammatory 

process of the arterial wall (wall enhancement, arrow) from the enhanced arterial lumen 

(arrowhead). On the opposite, the post-contrast 3D T1-w TSE sequence (B) nicely 

distinguishes the arterial wall enhancement at the site of the stenosis (arrow) from the normal 



arterial lumen upstream appears hypointense (arrowhead) thanks to the black blood effect. 

After corticotherapy, signal abnormalities on both post-contrast 3D T1-w TSE (C) and TOF 

(F) sequences returned to normal.  

 

Figure 14: 65-year-old patient with thrombosis of the right transverse sinus. The 

subtracted contrast-enhanced MR angiographic sequence at the venous phase (A) shows a 

focal defect of contrast filling in the right transverse sinus (arrowhead) related to the venous 

thrombosis. Due to its inherent black blood effect, the post-contrast 3D T1-w TSE sequence 

cannot separate the normal venous lumen (B, arrows) from the venous thrombus (B, 

arrowhead). Indeed, the use of 3D TSE is not recommended for the diagnosis of cerebral 

venous thrombosis. 
































