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3D Cube FLAIR plus HyperSense compressed
sensing is superior to 2D T2WI FLAIR scanning
regarding image quality, spatial resolution,
detection rate for cortical microinfarcts
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Abstract

3-dimention (3D) Cube isotropic volumetric magnetic resonance imaging (MRI) facilitates comprehensive recognition of mioroinfag
while it takes long scanning time. HyperSense compressed sensing is an emerging technique for accelerating MRI acquisition
to reduce scanning time, while its application along with 3D Cube MRI for microinfarcts is seldom reported. Therefore, this study
aimed to investigate the efficiency of 3D Cube FLAIR plus HyperSense compressed sensing technique versus conventional
2-dimention (2D) FLAIR scanning in the detection of cortical microinfarcts (CMIs).

Totally 59 patients with cerebrovascular disease were enrolled then scanned by 3D Cube FLAIR plus HyperSense compressed
sensing and 2D T2WI FLAIR sequences. The image quality scores, signal-to-noise ratio (SNR) for gray matter (GM), SNR for white
matter (WM), their contrast-to-noise ratio (WM-to-GM CNR), detected number of CMIs were evaluated.

3D Cube FLAIR plus HyperSense showed a dramatically increased scores of uniformity, artifact, degree of lesion displacement,
and overall image quality compared to 2D T2WI FLAIR. Meanwhile, it exhibited similar SNRwm and SNRgm, but a higher
WM-to-GM contrast-to-noise ratio compared with 2D T2WI FLAIR. Furthermore, the scanning time of 3D Cube FLAIR plus
HyperSense and 2D T2WI FLAIR were both set as 2.5 minutes. Encouragingly, 244 CMIs were detected by 3D Cube FLAIR plus
HyperSense, which was higher compared to 2D T2WI FLAIR (106 detected CMIs).

3D Cube FLAIR plus HyperSense compressed sensing is superior to 2D T2WI FLAIR scanning regarding image quality, spatial
resolution, detection rate for CMIs; meanwhile, it does not increase the scanning time. These findings may contribute to early
detection and treatment of stroke.

Abbreviations: 2D = 2-dimention, 3D = 3-dimention, ARC = auto-calibrating reconstruction for cartesian, CMls = cortical
microinfarcts, CNR = contrast-to-noise ratio, ETL = echo train length, FA = flip angles, FSE = fast spin echo sequence, GM = gray
matter, MRI = magnetic resonance imaging, SNR = signal-to-noise ratio, WM = white matter.

Keywords: 2D T2WI FLAIR, 3D Cube FLAIR, cortical microinfarcts, HyperSense compressed sensing, magnetic resonance

imaging

1. Introduction

Stroke is a serious disease with high incidence, disability, mor-
tality rates that threatens human health, which brings about
potentially serious socioeconomic burdens and attracts increas-
ing attentions globally.!! Recently, stroke management such
as stroke workflow standardization, thrombolytic therapy,
post-stroke rehabilitation, etc has been improved to a certain
degree, which facilitates a better prognosis of stroke patients!>;
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however, the prevention and early identification of stroke risk
is still a critical issue that affects stroke development and out-
comes.>® Cortical infarcts are reported to be relatively preva-
lent in stroke patients, which contributes to increased disease
risk, poststroke complications, and decreased cognitive dys-
function.”$! Furthermore, along with the advancement of
technology, the recognition of cortical microinfarcts (CMIs)
is accessible, which correlates with delayed cognitive recovery
and worse overall prognosis of cerebrovascular diseases such as
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stroke.’'! Therefore, early and accurate identification of CMIs
may be in favor of the management of cerebrovascular diseases
including stroke.

Magnetic resonance imaging (MRI) plays an irreplaceable
role in routine brain examination because of its excellent soft
tissue contrast and multi-sequence, multi-parameter, and multi-
modal imaging; benefiting from which, MRI also plays an
important role in identifying cerebrovascular diseases and brain
space occupying lesions.!"?l Regarding microinfarcts recognition,
conventional 2-dimention (2D) MRI is unable to display the
microinfarcts precisely and comprehensively; so, 3-dimention
(3D) Cube isotropic volumetric MRI technology is introduced,
but its scanning time is much longer compared to conventional
2D MRI imaging, which has not been widely applied in clinical
practice.!'314]

HyperSense compressed sensing is an emerging technique for
accelerating MRI acquisition, it evacuates sampling scheme of
the frequency domain and pseudo-random sampling scheme of
the time domain, then utilizes non-linear iterative reconstruction
technique to recover imaging data efficiently, to heavily decrease
the scanning time; furthermore, it co-works with auto-calibrat-
ing reconstruction for cartesian (ARC), then high-frequency
noise is filtered out to ensure high image quality.!'>'*! In a word,
HyperSense compressed sensing reduces scanning time without
affecting signal-to-noise ratio (SNR) and overcomes the short-
age of 3D Cube MRI, while its application along with 3D Cube
MRI for microinfarcts such as CMIs is seldom reported.

Therefore, the present study aimed to investigate the effi-
ciency of 3D Cube FLAIR plus HyperSense compressed sensing
technique versus conventional 2D FLAIR scanning in the detec-
tion of CMIs.

2. Methods
2.1. Subjects

A total of 59 patients with cerebrovascular disease who were
admitted to our hospital from January to September 2019 were
included in the study. There were 33 males and 26 females with
a median age of 72.1years (range 59-89years). The study was
approved by the Ethical Committee of our hospital, and written
informed consent was obtained from each subject before the
study. Patients who could not tolerate MRI were excluded.

2.2. Data acquisition

Magnetic resonance images were acquired using a 3.0 Tesla MR
scanner (Discovery 750W 3.0T, GE Healthcare, Milwaukee)
with a 32-channel head coil (GE Healthcare). The imaging
parameters for coronal 3D Cube FLAIR plus HyperSense
sequence were: reverse order, field of view = 220x198mm,
matrix size = 256 x256, slice thickness = 0.9mm, slice interval:
0mm, number of slice = 152, repetition time = 6302ms, echo
time = 97.7ms, bandwidth = 150kHz, number of excitations =
1, acceleration factor = Asset2 + HS2, scan time = 2.5 minutes.
The imaging parameters for coronal 2D T2WI FLAIR sequence
were: reverse order, field of view=220x 198 mm, matrix size =
256 x256, slice thickness = 5.0mm, slice interval: 1.0mm, num-
ber of slice = 24, repetition time = 9000ms, echo time = 138.4ms,
bandwidth = 31.2kHz, number of excitations = 1, acceleration
factor = Asset2, scan time = 2.5 minutes.

2.3. Assessments

After completing the scanning, all the images of coronal 3D
Cube FLAIR plus HyperSense and coronal conventional 2D
T2WI FLAIR sequences were transferred to an AW4.6 worksta-
tion. Subjective image quality evaluation was performed blinded
by 2 radiologists with 10years of experience using a 5-point
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scale to evaluate image uniformity, presence/absence of artifacts,
the degree of small lesion displacement, and overall image qual-
ity, where higher score represented better quality, among which
0 indicated worse quality while 5. Objective image quality eval-
uation also was performed by 2 radiologists with 10 years of
experience. The region of interests sized 10 mm? were drawn
within gray matter (GM), white matter (WM), and background
noise regions on the 3D Cube FLAIR plus HyperSense and the
2D T2WI FLAIR images at the same level. Three region of inter-
ests were drawn in each area and averages were calculated. The
SNR for WM and GM, and their contrast-to-noise ratio (CNR)
were calculated according to the following formula: SNR = SI/
SDnoise, CNR = (SNRwm-SNRgm)/SDnoise, where Slwm and
SIgm represents WM and GM signal intensity, respectively, and
SDnoise represents the standard deviation of the signal inten-
sity of background noise."'” In addition, the number of CMIs
detected by 3D Cube FLAIR plus HyperSense and the 2D T2WI
FLAIR sequences were counted.

2.4. Statistical analysis

SPSS 17.0 (IBM) and GraphPad 7.01 (GraphPad) were used for
statistical analysis and graph making, respectively. Data were
presented as the mean = standard deviation, and compared by
paired t test. A kappa test was used to analyze the consistency in
evaluations performed by 2 radiologists. P < .05 was considered
as significant and marked as * in the images.

3. Results

3.1. Subjective evaluation

Generally, 3D Cube FLAIR plus HyperSense showed a dramat-
ically higher overall image quality score compared to 2D T2WI
FLAIR (Fig. 1). In subscales, 3D Cube FLAIR plus HyperSense
also exhibited increased scores of uniformity, artifact, and degree
of lesion displacement compared to 2D T2WI FLAIR (Fig. 1).
Besides, the kappa value of image scores evaluated by 2 experi-
enced radiologists was 0.892, which indicated good consistency.

3.2. Objective evaluation

3D Cube FLAIR plus HyperSense disclosed similar SNRwm and
SNRgm compared to 2D T2WI FLAIR. However, encouragingly,
3D Cube FLAIR plus HyperSense achieved a higher WM-to-GM
CNR compared with 2D T2WI FLAIR (Fig. 2). Furthermore,
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Figure 1. Scores of image quality. Scores of overall image quality, uniformity,
artifact, and degree of small lesion displacement between 3D Cube FLAIR
plus HyperSense and 2D T2WI FLAIR. 2D = 2-dimention, 3D = 3-dimention.
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Figure 2. SNR and CNR. SNRwm, SNRgm, and WM-to-GM CNR between
3D Cube FLAIR plus HyperSense and 2D T2WI FLAIR. 2D = 2-dimention,
3D = 3-dimention, CNR = contrast-to-noise ratio, GM = gray matter, SNR =
signal-to-noise ratio, WM = white matter.

the scanning time of 3D Cube FLAIR plus HyperSense and 2D
T2WI FLAIR were both set as 2.5 minutes, indicating similar
time cost.

3.3. CMils detection

A total of 244 CMIs were detected by 3D Cube FLAIR
plus HyperSense, which was higher compared to 2D T2WI
FLAIR (106 detected CMIs), indicating 3D Cube FLAIR
plus HyperSense was more sensitive in identifying CMIs. For
instance: CMI was detected by 3D Cube FLAIR plus HyperSense
(Fig. 3A), while was not identified by 2D T2WI FLAIR (Fig. 3B)
in a patient; similarly, CMI was detected by 3D Cube FLAIR
plus HyperSense (Fig. 3C), while was not identified by 2D T2WI
FLAIR (Fig. 3D) in another patient.

3.4. Subgroup analyses

In females, scores of uniformity, artifact, degree of lesion dis-
placement, and overall image quality were increased in 3D
Cube FLAIR plus HyperSense group compared to 2D T2WI
FLAIR group; meanwhile SNRwm and WM-to-GM CNR
were elevated, while SNRgm was similar in 3D Cube FLAIR
plus HyperSense group compared to 2D T2WI FLAIR group
(Figure S1A-B, Supplemental Digital Content, http:/links.Ilww.
com/MD/G637). As in males, similar treads were observed as
those in females, expect for that SNRwm was of no difference
between 3D Cube FLAIR plus HyperSense group and 2D T2WI
FLAIR group (Figure S1C-D, Supplemental Digital Content,
http:/links.lww.com/MD/G637).

4. Discussion

CMIs are common findings in patients with stroke, and have
attracted increasing attention. CMIs are closely related to
dementia and cognitive decline. Studies have shown that CMIs
contribute to cognitive impairment, gait disturbance and falls,
abnormal movements, decline in executive and attention func-
tions, slowing of information processing, depression, reduced
speech fluency, deficits of delay recall, which ultimately affect
the quality of life of patients. If cortical CMIs located in the
frontal lobe can damage the pathway that connect the frontal
lobe with cortical area, this pathway is considered to be related
to executive and cognitive functions.'s21 At present, CMIs
are classified in 2 subtypes, 1 type of CMIs presents as acute
cognitive impairment with acute onset, and is accompanied by
sensory, movement disorders, and ataxia syndrome. Another
type of CMIs presents as progressive cognitive impairment with
slow onset, speech and memory impairment, and even person-
ality and mood changes can occur gradually, eventually leading
to vascular dementia, which is often accompanied by skeletal
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muscle and sphincter dysfunction, and seriously affects patients’
quality of life. And the above clinical symptoms are related to
the location and number of cortical infarcts.?!! Therefore, early
identification of the number and location of microinfarcts is
particularly important for early diagnosis and treatment to slow
disease progression.

MRI performed using conventional sequences, such as the 2D
T2WI FLAIR sequences mentioned in this study, are the most
important sequences used in brain imaging, which have the fol-
lowing advantages: fast imaging speed: fast spin echo sequence
(FSE) with an echo train length (ETL) can greatly shorten
scanning time in comparison with the spin echo sequence;
RELATIVELY high SNR. However, there are several disadvan-
tages of 2D T2WI FLAIR imaging: image blurring and low con-
trast ratio: a long ETL is associated with a decrease in contrast
ratio because the later echoes are weaker, which are used to fill
the periphery of the K space, directly resulting in image blur-
ring, and lower contrast ratio??); higher specific absorption rate:
unlike the spin echo sequence, the FSE sequence uses successive
180° rephasing pulses to rephase the phases, multiple echoes
are produced, which results in higher specific absorption rate;
low spatial resolution: considering the scanning time, the size of
phase-encoding matrix cannot be increased, and higher resolu-
tion cannot be achieved. In addition, due to the limits of hard-
ware and interlayer interference, 2D slice thickness is difficult to
reduce, if the slice thickness is excessively reduced, performance
of gradients that used for slice selection needs to be greatly
improved, and some MRI scanners do not meet the require-
ments. Furthermore, improved performance of slice select gradi-
ent will be subject to lower SNR and increase the appearance of
peripheral nerve stimulations in patients. Therefore, the limits of
2D slice thickness may easily cause missed diagnosis of micro-
infarcts, especially the lesions with the maximum diameter that
less than the slice thickness; significant artifacts: 2D imaging
is prone to artifacts caused by CSF and vascular pulsation and
phase errors.

Cube isotropic volumetric imaging technology is a new 3D
FSE sequence with an extended echo train that has been devel-
oped in recent years. 3D FSE sequence with an extended echo
train uses variable flip angles (FA) to extend the useable dura-
tion of an echo train, and minimize the blurring caused by
long ETL for conventional 2D FSE sequence. At the beginning
of the echo chain, the FA decreases rapidly, and the remaining
longitudinal magnetization vector is decreased in the phase
encoding direction. In the subsequent stage, the decreased lon-
gitudinal magnetization vector is flipped into the transverse
plane by slowly increasing FA, which provide higher signal
for the use of longer ETL.1?>?4 In addition, Cube is volumet-
ric scanning, which can avoid the limits of 2D slice thickness.
In our study, images were acquired with an isotropic voxel
size of 0.9x0.9x0.9cm, and the spatial resolution is greatly
improved. However, the increase in resolution also increases
the scanning time. Cube sequence is compatible with a vari-
ous acceleration technique, such as ARC, Cube sequence with
ARC lead to the acceleration in both phase encoding direction
and slice-selection direction. However, increased acceleration
factor can cause reduction in SNR. Therefore, to ensure image
quality, the scanning times of 3D FSE-Cube imaging is still lon-
ger than 2D imaging. Compressed sensing technique is a new
imaging acceleration method can solve the above contradic-
tion. HyperSense is a compressed sensing technique uses sparse
sampling scheme in the frequency domain and pseudo-random
sampling scheme in the time domain and uses non-linear iter-
ative reconstruction technique to effectively recover imaging
data, which can greatly reduce the scanning time. HyperSense
can be compatible with ARC, high-frequency noise is filtered
out to ensure high image quality.">! In our study, the scan-
ning time of 3D Cube FLAIR plus HyperSense sequence was
2.5minutes, which is equal to the conventional 2D T2WI
FLAIR sequence. 3D Cube FLAIR plus HyperSense sequence
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Figure 3. Detected CMIs. CMI was detected by 3D Cube FLAIR plus HyperSense (A), while was not identified by 2D T2WI FLAIR (B) in a patient. Similarly, CMI
was detected by 3D Cube FLAIR plus HyperSense (C), while was not identified by 2D T2WI FLAIR (D) in another patient. These indicated 3D Cube FLAIR plus
HyperSense was more sensitive to detect CMIs. 2D = 2-dimention, 3D = 3-dimention, CMI = cortical microinfarct.

with an isotropic voxel size of 0.9x0.9x0.9cm can reduce
the missed diagnosis of CMI. Therefore, 3D Cube FLAIR plus
HyperSense sequences have been replaced conventional 2D
T2WI FLAIR sequences, and serve as routine MR sequences
in our hospital.

There were some limitations in our study. Firstly, the sample
size was relatively small, which reduced the statistical power,
thus further larger sample-sized study could be performed to
validate the findings. Secondly, only patients with cerebrovascu-
lar diseases were included in the current study, thus the findings
could not be extended to other patients, which needed further
exploration. Thirdly, inevitable patient movement during the
examination might cause motion artifacts, thereby increasing
unavoidable error. Fourthly, whether false positives and/or arti-
facts occurred between the 2 techniques in normal patients was
not performed, which needed further exploration.

5. Conclusion

In summary, 3D Cube FLAIR plus HyperSense compressed sens-
ing is superior to 2D T2WI FLAIR scanning regarding image
quality, spatial resolution, detection rate for CMIs; meanwhile,
it does not increase the scanning time.
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