
Distortion-free Diffusion-weighted Imaging 
Based on a TGSE BLADE Sequence:  
Technique and Clinical Application
Kun Zhou, Ph.D.; Wei Liu, Ph.D.

Siemens Shenzhen Magnetic Resonance Ltd., Shenzhen, China

Introduction
Diffusion-weighted imaging (DWI) is a powerful tool for 
probing tissue microstructures by measuring the Brownian 
motion of water molecules. It has been widely used for  
diagnosing a broad spectrum of pathologies. Single shot 
echo planar imaging (ssEPI) is the most commonly used  
sequence for DWI, due to its high data acquisition rate  
and low sensitivity to bulk motion and physiological  
movement. However, this technique often suffers from 
geometric distortion caused by susceptibility change at  
tissue interfaces, and image blurring caused by signal  
decay in the long acquisition window.

In the ssEPI sequence, the time between sampling 
points in phase encoding (PE) direction is relatively long,  
so the phase caused by static B0 inhomogeneity accumu-
lates, leading to geometric distortion [1]. Two variants of 
multishot techniques – interleaved EPI (iEPI) and readout 
segmented EPI (rsEPI) – can be applied to mitigate image 
distortion by reducing effective echo spacing. iEPI acceler-
ates the k-space traversal by interleaving EPI trajectories 
along the PE direction [2], while rsEPI divides the full 
k-space into multiple segments along the readout direction 
[3]. However, significant residual problems still exist where 
strong B0 inhomogeneities are present, such as in the  
inner ear, skull base, orbit, and sinuses. This is particularly 

true at higher field strengths since susceptibility artifacts 
increase along with the field strength.

To further reduce geometric distortion, DWI can also 
be carried out by turbo spin echo (TSE) sequences, which 
are free of phase error accumulation. These techniques  
fall into two categories: single-shot and multishot. Half- 
Fourier acquisition single shot turbo spin echo (HASTE) 
DWI belongs to the first category and has been used for 
cholesteatoma detection at 1.5T for many years [4]. It was 
recently rolled out to 3T because of the excellent lesion 
conspicuity [5]. HASTE DWI has some limitations: e.g.,  
because a different diffusion encoding scheme is applied, 
the contrast is different from other DWI techniques. It is 
also more prone to blurring due to the relatively long  
echo train.

To overcome those limitations, multi-shot DWI  
sequences are introduced. However, shot-to-shot variations 
introduced by motion during the diffusion encoding gradi-
ents can impact image quality. Thus special acquisition 
strategies like BLADE are usually the method of choice,  
as the k-space center region in each shot can be used to 
correct these variations [6].

However, the application of TSE-BLADE-based DWI is  
limited due to its relatively long scan time, high specific  

1    Sequence diagram and k-space filling order with EPI factor = 3. Note that only one echo spacing is shown.
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absorption rate (SAR), and issues caused by violation of 
Carr-Purcell-Meiboom-Gill (CPMG) conditions. Several tech-
niques have been developed to address these challenges. 
For example, a phase cycling method can be used to stabi-
lize the echo train by reducing the interference coming 
from the non-CPMG components [7]. However, this 
scheme requires that the flip angles of refocusing pulses 
are as close to 180° as possible. Therefore, SAR is still high, 
especially at high fields, and B1 field variation may result in 
unstable image quality. The turbo gradient spin echo 
(TGSE, or GRASE) technique, which generates and acquires 
gradient echoes and spin echoes via EPI-like bipolar gradi-
ents, can speed up the acquisition and reduce SAR accord-
ingly. The gradient echoes and spin echoes sampled in one 
shot can be placed in one blade [8, 9] or distributed in dif-
ferent blades [10, 11]. In any case, the EPI factor should be 
kept in a moderate range to avoid off-resonance effects.

To provide a distortion-free DWI sequence that has  
high image quality and reasonable measurement time, the 
TGSE BLADE-based DWI sequence (TGSE BLADE DWI) was 
developed and rolled out to the 3T systems MAGNETOM 
Vida and MAGNETOM Lumina with software version  
syngo MR XA50A. This sequence is based on the TGSE  
sequence and acquires k-space with a BLADE trajectory 
[12]. A phase-insensitive preparation method [13] is used 
to handle the non-CPMG problem. Besides the TGSE read-
out technique, Simultaneous Multi-Slice (SMS) and the  
integrated parallel acquisition technique (iPAT) are applied 
to further reduce the measurement time [14].

Method
Diffusion encoding and phase-insensitive preparation
In diffusion imaging, physiological fluctuation and even 
tiny amounts of motion during the application of diffu-
sion-sensitizing gradients introduce spatially varying and 
unknown phases to the spins in the transversal plane.  
If TSE-based sequences are used to sample the signals,  
the CPMG condition is not fulfilled and hence the echo  

amplitudes in the echo train attenuate rapidly. This results 
in image artifacts, e.g., severe inhomogeneity and signal 
loss in regions affected by the motion.

To address this problem, a phase-insensitive prepara-
tion module is applied between the diffusion preparation 
and the following refocusing pulses as shown in the  
sequence diagram in Figure 1.

EPI readout
To accelerate the conventional BLADE sequence, EPI-like 
readout gradients and blips are played out on both  
readout and phase encoding directions, producing  
radial-like k-space lines which are placed into separate 
blades, as shown in Figure 1. The readout is repeated 
throughout the whole echo train, producing all k-space 
lines for each blade. These blades cover k-space  
completely.

SMS and iPAT
SMS and iPAT is implemented to speed up the acquisition. 
To reduce the g-factor penalty, blipped-controlled aliasing 
[15] is used.

The time to acquire the necessary SMS calibration  
data is kept to a minimum by applying a quick separate 
TSE-based reference scan for the first blade. For other 
blades, the calibration data are interpolated from the  
acquired data. 

This reference scan is also compatible with in-plane 
GRAPPA. In-plane GRAPPA makes it possible to acquire a 
wider blade, which can speed up the acquisition and can 
increase the robustness against motion.

Results of internal volunteer test
Figure 2 shows images of b = 0 s/mm2, 1000 s/mm2, and 
an ADC acquired with the TGSE BLADE DWI sequence on  
a MAGNETOM Vida with a 20-channel head-neck coil. With 
the application of SMS, in-plane GRAPPA, and TGSE read-
out, distortion-free diffusion-weighted images covering  
the whole brain can be acquired in a reasonable time.

2A 2B 2C

2    b = 0 s/mm2, 1000 s/mm2, and ADC from the TGSE BLADE diffusion sequence with a PE acceleration of 2 and a slice acceleration factor of 2. 
Other parameters are TE = 55 ms, TR = 4000 ms, FOV = 220 × 220 mm2, matrix size = 176 × 176, and TA= 3:12 min.
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Figure 3 shows a comparison between RESOLVE DWI and 
TGSE BLADE DWI of b = 1000 s/mm2. Residual geometric 
distortions and signal pile-ups (arrows) are seen in the  
RESOLVE diffusion images and are less noticeable in the 
BLADE diffusion images.

Clinical applications
The application of EPI-based DWI is well established for 
many body regions. However, its ability to diagnose  
lesions could be compromised in regions with strong local 
susceptibility variations caused by magnetic field inhomo-
geneities. Several studies on the performance of TGSE 
BLADE DWI in these challenging regions were performed 
during the evaluation phase of this sequence, indicating 
that this sequence could be a promising solution for those 
challenging regions [16–20].

Cholesteatoma
Cholesteatoma is a benign, gradually expanding, and  
destructive epithelial lesion of the temporal bone that  
results in the erosion of adjacent bony structures and can 
lead to various complications [5].

Although CT imaging has traditionally been the method  
of choice, MRI with DWI is becoming more and more  
important in the evaluation of cholesteatoma, due to its  
superior soft tissue contrast. To evaluate the performance 
of RESOLVE and TGSE BLADE in this application, Sheng  
et al. performed a study to compare image quality qua-
litatively and quantitatively between TSGE BLADE and  
RESOLVE on a MAGNETOM Prisma with a 64-channel head-
neck coil [16]. 42 patients with surgically confirmed cho-
lesteatoma in the middle ear were enrolled in this study. 

The results indicate that TGSE BLADE DWI significantly 
improved the image quality of cholesteatoma imaging by 
reducing B0 inhomogeneity related artifacts and blurring. 
The authors found that TGSE BLADE DWI is more valuable 
than RESOLVE DWI for diagnosing small (2 mm) cholestea-
toma lesions. As shown in Figure 4, axial TGSE BLADE DWI 
could completely and clearly show a small lesion (1.9 mm 
in width) located in the left tympanic cavity with less geo-
metric distortion than was observed using RESOLVE DWI.

Although the study also found that the signal-to-noise 
ratio (SNR) of TGSE BLADE DWI is lower than RESOLVE, this 
is anticipated because the same acquisition time is used 
while the SNR efficiency of TGSE BLADE DWI is lower, since 
it has to compensate for the non-CMPG condition.

3A 3B 3    Example of the b = 1000 s/mm2 
trace-weighted images acquired with 
a product RESOLVE sequence (3A) 
and TGSE BLADE diffusion sequence 
(3B) at 3T.  
Common parameters:  
Matrix = 160 × 160,  
FOV 220 × 220 mm2,  
slice thickness = 4 mm,  
in-plane Grappa factor = 2.  
RESOLVE: TR = 5240 ms,  
TE = 58 ms, TA = 1:57 min;  
TGSE BLADE: TR = 5500 ms,  
TE = 44 ms, TA = 3:50 min.

4A 4B 4    A 44-year-old male with a small 
cholesteatoma (1.9 mm width) in  
the left tympanic cavity (white 
arrow). (4A) Axial TGSE BLADE DWI  
(b = 1000 s/mm2) clearly shows a 
markedly high signal intensity for the 
small cholesteatoma (white arrows) 
without artifacts. (4B) Axial RESOLVE 
DWI (b = 1000 s/mm2) shows the  
high signal intensity of a small lesion 
(white arrow) with light geometric 
distortion, and the bilateral middle 
ear mastoid process with a few 
artifacts (red arrow).
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Orbital tumor
DWI is also an essential MR sequence for diagnosing orbital 
diseases. Geometric fidelity is important for depicting  
small lesions in orbital DWI. Moreover, accurately charac-
terizing the extent of invasion of orbital tumors is essential 
for clinical treatment planning or even prognosis of the  
orbital tumors. 

Fu et al. performed a study that qualitatively and  
quan titatively compared the image quality and diagnostic  
performance of TGSE BLADE DWI and RESOLVE on a  
MAGNETOM Skyra with a 20-channel head-neck coil [17].  

43 patients with suspected orbital tumors were enrolled  
in this study. 

TGSE BLADE DWI significantly outperformed RESOLVE 
on scores for geometric distortions, susceptibility artifacts, 
lesion conspicuity, and overall image quality. Three cases 
are shown in Figure 5.

Pediatric
In a preliminary study of 53 patients (10.4 ± 7.9 years),  
Hu et al. compared the diagnostic image quality of TGSE 
BLADE DWI versus ssEPI DWI in pediatric patients* on a 

5    Coronal T2-weighted images (5A, D, G), TGSE BLADE DWI b = 1000 s/mm2 images (5B, E, H), and RESOLVE b = 1000 s/mm2 images (5C, F, I). 
Patient 1 (5A–C), 62-year-old male, left orbital lymphoma; Patient 2 (5D–F), 50-year-old male, left orbital fibroma; Patient 3 (5G–I), 61-year-old 
female, left orbital hemangioma.

T2W TGSE BLADE DWI RESOLVE

5A 5B 5C

5G 5H 5I

5D 5E 5F
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MAGNETOM Prisma with a 20-channel head-neck coil or  
a 64-channel head-neck coil [18]. The results show the  
feasibility of TGSE BLADE DWI in pediatric patients and  
children at 3T. Since there are fewer geometric distortions 
and signal pile-ups, it could be a viable first-choice alterna-
tive for ssEPI DWI in areas around air–tissue interfaces or  
in the presence of shunts/orthodontia.

Figure 6 shows a representative example from a 
5-year-old boy with a right frontal lobe craniotomy for epi-
leptic focus resection. Distortion and pile-ups can be seen 
in the ssEPI data in the anterior part of the resected area 
(solid arrows), but are not visible in the TGSE BLADE image.  
ADC maps highlight postsurgical contusion tissue along  
the resection margins and within the extra-axial spaces 
(hollow arrow). The TGSE BLADE ADC map (6D) appears 
less grainy centrally than the ssEPI ADC map (6C, square 
highlighted region).

Figure 7 shows an example from a 10-year-old girl  
with braces. TGSE BLADE images demonstrate reduced  
susceptibility-related artifacts compared to ssEPI.

Sinonasal lesions
Application of EPI-based DWI has been limited in the sino-
nasal regions, which contain many bone and air-tissue  
interfaces.

Geng et al. investigated the feasibility of TGSE BLADE 
DWI for assessing sinonasal lesions and compared the  
quality of TGSE BLADE with RESOLVE both qualitatively  
and quantitatively [19]. The study included 36 patients and 
was performed on a MAGNETOM Prisma with a 64-channel 
head-neck coil. The results show that TGSE BLADE can  
produce better image quality than RESOLVE in sinonasal 
lesions by reducing susceptibility artifacts and geometric 
distortion.

* MR scanning has not been established as safe for imaging fetuses and infants less than two years of age. The responsible physician must evaluate the benefits of the 
MR examination compared to those of other imaging procedures.

6A 6B 6C 6D

6    Images from a 5-year-old boy with right frontal lobe craniotomy for epileptic focus resection. DWI trace-weighted images and ADC maps are 
shown for ssEPI (6A, C) and TGSE BLADE (6B, D).

7A 7B 7C 7D

7    Images from a 10-year-old girl with braces. DWI trace-weighted images and ADC maps shown for ssEPI (7A, C) and TGSE BLADE (7B, D).
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Figure 8 shows an example of a 73-year-old woman with  
a schwannoma. The RESOLVE images have increased  
artifacts and distortion at the edge of the lesion (arrow), 
while TGSE BLADE has fewer artifacts.

Cerebellopontine angle tumors
The cerebellopontine angle (CPA) is the area bound by  
the pons and anterior aspect of the cerebellum medially, 
the petrous temporal bone laterally, and the tentorium  
superiorly. The complex anatomical structures of CPA pose 
a unique challenge to EPI-based DWI. 

Fu et al. compared the clinical utility of TGSE BLADE 
DWI with RESOLVE DWI and ssEPI DWI for visualizing ana-
tomical structures of CPA and depicting CPA tumors [20]. 
Eight volunteers and 36 patients with CPA tumors were  
enrolled. The results show that, compared with RESOLVE 
and ssEPI, TGSE BLADE minimized geometric distortions 

and ghosting artifacts and demonstrated an improved abil-
ity for depicting CPA tumors with better lesion conspicuity.

Figure 9 shows the images from a 50-year-old female 
patient with an acoustic neuroma located in the left  
internal auditory canal (IAC). Compared with the lesion  
depicted by the T2W image and contrast-enhanced T1W 
image (long white arrows, 9A, B), the lesion was visualized 
clearly in the trace-weighted image from TGSE BLADE  
DWI and ADC map without geometric distortion (long 
white arrows, 9C, D). Moderate and severe distortion can 
be observed on RESOLVE and ssEPI images (9E–H), respec-
tively (long red arrows), which impacted demonstration of  
this small lesion. Moreover, signal pile-ups (short arrows) 
in the bone-air interfaces in TGSE BLADE were absent (9C), 
but were present both in RESOLVE (9E) and ssEPI (9G).  
The visualization of anatomical structures (triangular ar-
rows) in TGSE BLADE (9C) was superior to RESOLVE (9E) 
and ssEPI (9G).

8A

8D

8B

8E

8C

8F

8    A schwannoma in a 73-year-old woman. (8A): Axial T2W imaging, (8D): contrast-enhanced T1W imaging, (8B, E): TGSE BLADE, and  
(8C, F): RESOLVE showed a mass that mainly involved the left nasal cavity. The image quality of (8B) TGSE BLADE b = 1000 s/mm2 and  
(8E) ADC maps was significantly higher than that of (8C) RESOLVE b = 1000s/mm2 and (8F) ADC maps.
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9C

9D

9E

9F

9G

9H

9    A 50-year-old female with an acoustic neuroma located in the left internal auditory canal (IAC). (9A) T2W image; (9B) contrast-enhanced T1W 
image; (9C, E, G) trace-weighted images of b = 1000 s/mm2 of TGSE BLADE, RESOLVE and ssEPI; (9D, F, H) the corresponding ADC images.

Discussion
EPI-based sequences remain the clinical workhorse and  
default method for DWI in many applications. However, 
their image quality could be compromised and the feasibili-
ty of diagnosis could be challenged in regions or situations 
where strong B0 inhomogeneities are present.

The TGSE BLADE DWI sequence samples a train of spin 
echoes and gradient echoes, and can generate distortion- 
free DWI images. Several studies have compared the image 
quality and diagnostic performance of TGSE BLADE DWI 
and EPI-based DWI, e.g. for cholesteatoma, orbital tumors, 
sinonasal lesions, and cerebellopontine angle tumors. The 
results show that TGSE BLADE DWI yields superior diag-
nostic quality to EPI-based methods in these challenging 
applications. 

However, TGSE BLADE DWI sequences also have some 
limitations.

While the SNR efficiency of TGSE BLADE Diffusion is 
lower than that of EPI-based DWI sequences, because it has 
to compensate for the non-CPMG-condition, acceleration 
techniques like SMS and iPAT can reduce the additional 
scan time needed to achieve similar SNR.

The scan time can also be influenced by changing  
the EPI factor, but can also impact T2* and off-resonance 
effects. A factor of 3 to 5 is recommended as a good com-
promise between speed and undesired effects.

Conclusion
TGSE BLADE DWI is not sensitive to B0 inho mogeneities 
while keeping a reasonable scan time. It is therefore a 
promising alternative to EPI DWI for detecting pathologies 
in regions with strong B0 inhomogeneities.
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