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Background: Fat suppression is an important technique in magnetic resonance imaging (MRI). Comprehensive and quanti-
tative assessment of the influence of fat suppression (FS) on T1-weighted imaging of intracranial vessel wall
imaging is needed. In this study, we compared the three-dimensional (3D) variable-flip-angle turbo-spin-echo
(CUBE) T1-weighted sequence with and without FS to investigate the differences between the 2 sequences in
imaging of the middle cerebral artery (MCA) vessel walls.

Material/Methods: A 3D CUBE T1-weighted sequence with and without FS by 3.0T MRI was used to obtain intracranial vessel wall
images of 105 MCA stenosis patients. The image signal intensity, signal-to-noise ratio, and contrast-to-noise
ratio were calculated and compared. Two observers evaluated the image quality of the 2 sequences twice, and
interobserver and intraobserver consistency were determined. Differences between the 2 sequences in the area
of lumen and plaque were compared.

Results: The signal intensity, signal-to-noise ratio, and contrast-to-noise ratio of the 3D CUBE T1-weighted sequence with-
out FS were higher, whereas the noise level was lower. In terms of subjective scores, the 3D CUBE T1-weighted
sequence without FS performed better. No significant difference was observed in the measurement of the vas-
cular lumen area between the 2 sequences, although there were statistically significant differences in the mea-
surement of plaque area (i.e., the measurement obtained with 3D CUBE T1-weighted sequence without FS was
larger).

Conclusions: 3D CUBE T1-weighted sequence without FS performed better for MCA vessel walls imaging than 3D CUBE
T1-weighted sequence with FS.
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Background

Intracranial atherosclerotic disease (ICAD) is one of the most
common causes of intracranial arterial stenosis [1,2]. The mid-
dle cerebral artery (MCA) is an important branch of the intra-
cranial carotid artery and is susceptible to ICAD, leading to
lumen stenosis of the MCA and corresponding clinical symp-
toms. Therefore, it is clinically important to evaluate MCA ste-
nosis caused by ICAD.

With the development of imaging technology, an increasing
number of diagnostic imaging methods have been used to
evaluate vascular stenosis caused by atherosclerotic diseas-
es, and high-resolution vessel wall magnetic resonance imag-
ing (HR VW-MRI) is considered one of the most reliable meth-
ods for detecting atherosclerotic plaques in vivo. HR VW-MRI
is an MRI technique which is capable of displaying vascular lu-
men and vessel wall lesions using two-dimensional (2D) and
three-dimensional (3D) imaging sequences and directly dis-
play and quantitatively measure the shape, structure, and le-
sion of the intracranial artery wall and lumen [3].

Currently, T1-weighted, T2-weighted, and proton density-
weighted sequences are commonly used as scanning sequences
for HR VW-MRI. The T1-weighted sequence is one of the most
commonly used sequences for assessing intracranial arterial
vessel walls. The 3D T1-weighted sequence can fully display
the location, spatial distribution, size, shape, vascular remod-
eling, and signal characteristics of intracranial arterial plaques.
Importantly, 3D imaging can cover a larger imaging area and
even the whole brain in a similar scanning time as 2D imaging.
Furthermore, 3D imaging can achieve isotropic resolution and
visualize the morphology and distribution characteristics of in-
tracranial arterial lesions from multiple perspectives through
multi-planner reformation or curved planner reformation [4].

The generally accepted scanning standard is high-resolution
cerebrospinal fluid suppression and blood suppression [4,5].
Some previous studies have applied the T1-fat suppression (FS)
sequence in intracranial vascular wall imaging [6-9], where-
as others have not [10-13], and it remains unclear whether
the use of FS has an influence on HR VW-MRI of MCA [14].
Although it is generally known that FS reduces the signal-to-
noise ratio (SNR) of MRI, there is no evidence that clearly dem-
onstrates it. Therefore, it is necessary to perform a compre-
hensive and quantitative assessment of the influence of FS
on theT1-weighted sequence of MCA vessel wall imaging. We
hypothesized that the 3D variable-flip-angle turbo-spin-echo
(CUBE) T1-weighted sequence without FS would perform bet-
ter in terms of MCA imaging. In the current study, we com-
pared image quality and relevant scanning results of 3D CUBE
T1-weighted sequence with and without FS using subjective
evaluation and objective indexes. The overall aim of this study
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was to compare the performances of these 2 sequences of
MCA vessel wall imaging.

Material and Methods

Patients

The study procedures and informed consent were reviewed by
the Ethics Committee of our college. All patients who partici-
pated in this study provided written informed consent before
undergoing non-invasive HR VW-MRI examination.

A prospective study conducted in this study from March 2019
to July 2019, in which 129 MCA stenosis patients were enrolled.
Clinical data (age, sex, neurological clinical symptoms, and clin-
ical history) were recorded for all patients. Patients were diag-
nosed with MCA stenosis by neurologists according to the ath-
erosclerotic intracranial arterial stenosis diagnostic criteria [15].

The exclusion criteria were: (1) contraindications to MRI, (2)
MCA dissection or Moyamoya disease, (3) generation of motion
artifacts during MRI examination that affected the diagnosis,
and (4) implantation of a stent in the head or carotid artery.

Scanning protocol

A 3.0-T MRI scanner (GE Discovery MR750; GE Healthcare,
Global Diagnostic Imaging, WI, USA) performed HR VW-MRI
of the MCA, with an 8-channel head coil. All subjects were
scanned using the same parameters (Table 1). We used the
FS technique of frequency-selective fat saturation (FatSat).

A 3D time-of-flight (TOF) MRA image from each patient was
used as the positioning image for scanning the 3D CUBE T1-
weighted sequence with and without FS. The imaging range
included the MCA M1 segment. In patients with MCA stenosis,
MRA results were used to assess MCA stenosis and the select
responsible vessels to be scanned. All source data obtained
after scanning were uploaded to a GE workstation (Advantage
Workstation 4.6, GE Healthcare), and 2 observers conducted
further image analysis and comparisons.

Imaging processing and objective evaluation

To select the regions of interest (ROI; mm?): we imported the
source images of the 3D CUBE T1-weighted sequence with and
without FS into the workstation in “comparison mode” and en-
sured that the ROIs of the 2 sequences were at the same lev-
el. To more accurately evaluate image noise, we drew an area
equal to 250 mm? within the brain white matter (ROl ) and ob-
tained its standard deviation as the noise of the image [16]. In
patients with MCA stenosis, the vessel wall at the narrowest
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Table 1. Vessel wall imaging protocol with a GE Discovery 3.0T MRI scanner.

Parameter 3D TOF MRA

Scan duration (minutes) 3: 57

3D CUBE T1 with FS 3D CUBE T1 without FS

Locs per slab, total number of locations (slices) generated from a slab; 3D — three dimensional; TR — repetition time; TE — echo
time; SNR — signal-to-noise-ratio; FOV — field of view; NEX — number of excitations; TOF — time of flight; MRA — magnetic resonance

angiography; FS — fat suppression.

vascular cross-section of MCA was used to draw the ROI,, and
the lumen and plaque of interest were drawn separately (ROI,
and RO, mm?) (Figure 1). All cases were reviewed in ran-
dom order. The GE workstation automatically calculated the
signal intensity (including the vascular cross-section S,, brain
white matter S, vessel lumen S, plaque SPQ) and noise stan-
dard deviation (c,) of each ROI. SNR=5/5,, contrast-to-noise-
ratio (CNR)=(SNR,-SNR,, or  or PQ)/GN.

Subjective imaging assessment

Subjective evaluation of the images was performed on the GE
workstation. First, the 2 observers evaluated all images inde-
pendently according to predetermined scoring criteria. The 2
observers were blinded to the other sequencing images when
analyzing the images. After 4 weeks, the 2 observers assessed
the image quality again. Parameter information of the imag-
es and clinical information were removed before the assess-
ment, and the assessment order was randomized. The image
quality score was divided into the following 5 components:
noise, lumen visualization, vascular wall visualization, con-
trast resolution between the vessel wall and surrounding struc-
tures, plaque visualization, and contrast resolution between
the plaque and vessel wall. A 5-point scale was defined as 1
(very poor), 2 (poor), 3 (adequate), 4 (good), and 5 (excellent).

Statistical analysis

All statistical analyses were performed using MedCalc 19.0.7
(MedCalc Software bvba, Ostend, Belgium). Continuous vari-
ables are described as mean+standard deviation, and classified
variables are expressed as count (percentage). The Kolmogorov-
Smirnov test was used to determine whether the continuous
variables were normally distributed. The intraclass correlation

coefficient (ICC) was used to quantify the intraobserver and
interobserver reproducibility. An ICC value >0.75 was used to
indicate a high level of reproducibility, 0.40< 1CC <0.75 de-
noted moderate reproducibility, and ICC <0.4 denoted low re-
producibility. The Wilcoxon signed-rank test was used to ver-
ify the differences in measurement and enumeration data. All
statistical methods used P<0.05 as the threshold for determin-
ing statistically significant differences.

Results

In this study, 122 of 129 patients with MCA stenosis complet-
ed the examination (7 patients were unable to complete the
MRI examination due to physical condition). Assessment of the
original data revealed that a total of 17 participants could not
complete the diagnosis because of poor image quality caused
by motion artifacts. Finally, a total of 105 patients with MCA
stenosis were included in this study. Of the 105 patients, 68
were men (64.76%) and 37 women (35.24%), with an average
age of 61.9 years (range, 31-74 years). The clinical histories
of the patients included hypertension (68 cases, 64.76%), di-
abetes (38 cases, 36.19%), hyperlipidemia (52 cases, 49.52%),
and smoking (49 cases, 46.67%).

Results of objective measurement of images

Compared with 3D CUBE T1-weighted sequence with FS, 3D
CUBE T1-weighted sequence without FS had higher signal in-
tensity and a higher SNR of brain white matter, vascular cross-
section, lumen, and plaque, and they had a higher CNR of vas-
cular cross-section, lumen, and plaque. In addition, the noise
level of the 3D CUBE T1-weighted sequence without FS was
lower. The differences were statistically significant (Table 2).
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sequence with fat suppression. Two ROIs for signal intensity measurements are separately depicted as circles in the lumen
(circle 1) and brain white matter (circle 2) on images A and C. An ROI for signal intensity measurement is depicted as a circle
(circle 1) in the plaque on images B and D.

There was no significant difference in the vascular cross-sec-
tion (T1 vs. T1-FS: 15.9744.67 vs. 15.67+4.90 mm?, P>0.05)
and lumen area (T1 vs. T1-FS: 3.43+2.35 vs. 3.34+2.36 mm?;
P>0.05) between the 2 sequences in patients with MCA steno-
sis, whereas there was a difference in the measurement of the
plaque area (T1 vs. T1-FS: 7.67+3.3 vs. 7.25+3.28 mm?, P<0.05).

Results of subjective evaluation of images

The subjective scores indicated no significant difference be-
tween the 2 sequences in the display scores of the vascular lu-
men. However, the noise score was significantly higher in the
3D CUBE T1-weighted sequence without FS. For other scores,
the 3D CUBE T1-weighted sequence without FS scores were
slightly higher than the 3D CUBE T1-weighted sequence with
FS scores (Table 3). There was a high level of consistency be-
tween the 2 observers in subjective scores (Table 4).
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Table 2. Comparison of signal characteristics between the two sequences.

3D CUBE T1 without FS 3D CUBE T1 with FS

Signal characteristics

MCA stenosis patients (o 34.72+2.82 39.66+3.93 0.000

N-105) s 1049.99:1680 | 803.25:96.95 0000
""""" s, 52300413950 42802¢11379 0000
""""" s, 2519849852 1925746926 0000
""""" Se 63552412070  52284:10302 0000
""""" SNR, 30374396 2029+256 0000
""""" SNR,  1429#302  1089:18 0015
""""" SNR. e8ss11 494232 0005
""""" SNR,,  1791¥285  1321¢170 0002
""""" CNR,  1638%509 9398239 0002
""""" CNR. 2388s521  1523#237 0000
""""" CNR, 1247537  704x277 0016

MCA — middle cerebral artery; FS — fat suppression; S — signal intensity; SNR — signal-to-noise-ratio; CNR — contrast-to-noise-ratio;
N — noise; B — brain white matter; V — vascular cross-section; L — lumen; PQ — plaque.

Table 3. Comparison of image quality between two sequences datasets as scored by two readers.

Characteristics Reader 1, 1 Reader 2, 1+ Reader 1, 2™ Reader 2, 2™

MCA stenosis
patients

3
CUBET1 CUBET1
without with

CUBET1 CUBET1
without 714

CUBET1 CUBETI1
without with

CUBET1 CUBET1

(n=105) without  with

Vessel wall 4.70+ 437+ 4.68+ 4.26+ 471+ 4.39+ 4.67+ 4.26+
visualization ~ 0.57 071 %00 536 066 90 37 067 %90 539 068 000
Lumen 484+ 481+ 488+  4.83+ 486+  4.80% 483+ 482+
visualization ~ 0.41 045 9280 519 046 107 o33 042 Y0 o4y 046 0401
Vessel
wall and

. 468+  4.15% 467+  4.20% 470+ 416+ 468+ 423+
surounding o oot g3 0000 g4 071 %090 o556 042 900 540 oy5 0000
tissue
resolution
Plaque 465+ 433 458+ 440+ 466+ 438+ 459+ 440+
visualization ~ 0.60 071 %990 556 071 9% 54 075 290 45, 071 09%
Plaqueand ) o, 4254 456+ 435+ 459+ 427+ 457+ 437+
\r/::slilt;';i“ 0.64 070 %90 554 075 %93 o077 063 290 55 057 0033

MCA — middle cerebral artery; FS — fat suppression.

Discussion T1 sequences in depicting the MCA. Although expert consen-

sus has recommended that fat suppression is not necessary

To the best of our knowledge, no previous studies have re-
ported the effect of FS on 3D CUBE T1 sequence in vessel wall
imaging in detail. The present study assessed the influence of
the use of fat suppression on the image quality of 3D CUBE

for intracranial vessel wall imaging [14], it is still important
to perform a comprehensive and quantitative assessment of
the influence of fat suppression on the image. In the present
study, we compared a 3D CUBE T1-weighted sequence with
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Table 4. ICC values of intraobserver, and interobserver reproducibility for two sequences.

3D CUBE T1 without
FS-ICC (95% CI)

3D CUBE T1 with
FS-ICC (95%Cl)

3D CUBE T1 without 3D CUBE T1 with

FS-ICC (95% CI)

Characteristic

FS-ICC (95% CI)

i st nd st nd
MCA stenosis Reader 1 Reader 2 Reader 1 Reader 2 ! 2 ! 2
patients 15t ys, 2n 15t ys, 2né 15t ys, 2nd 1t ys. ond Reader 1 Reader 1 Reader Reader 1
(n=105) ’ ’ ’ ’ vs. 2 vs. 2 1vs. 2 vs. 2
Noise 0.97 0.97 0.98 0.94 0.76 0.78 0.79 0.78

(0.98-0.99) (0.95-0.98) (0.98-0.99) (0.91-0.95) (0.57-0.80) (0.61-0.81) (0.72-0.85) (0.71-0.83)

Vessel wall 0.96 0.98 0.96 0.99 0.74 0.75 0.78 0.76
visualization (0.94-0.98) (0.97-0.98) (0.94-0.98) (0.98-0.99) (0.56-0.80) (0.57-0.82 (0.59-0.82) (0.51-0.79)
Lumen 0.98 0.94 0.99 0.98 0.77 0.78 0.79 0.78
visualization (0.97-0.98) (0.92-0.96) (0.99-0.99  (0.97-0.98) (0.65-0.82) (0.68-0.84) (0.66-0.81) (0.63-0.80)
ers:’::rm?:ga”d 0.99 0.99 0.99 0.99 0.75 0.75 0.75 0.76
tissue resolution (0.98-0.99)  (0.99-0.99) (0.99-0.99 (0.99-0.99) (0.59-0.81) (0.62-0.83) (0.60-0.73) (0.69-0.77)
Plaque 0.98 0.98 0.98 0.98 0.82 0.81 0.76 0.78
visualization (0.97-0.98) (0.97-0.98) (0.97-0.98) (0.97-0.98) (0.73-0.87) (0.71-0.85) (0.65-0.84) (0.68-0.87)
5?;12?;23 0.98 0.97 0.98 0.94 0.81 0.74 0.76 0.73
resolution (0.98-0.99) (0.97-0.98) (0.97-0.98) (0.90-0.95) (0.71-0.87) (0.57-0.77) (0.61-0.82) (0.57-0.77)

MCA — middle cerebral artery; ICC — intraclass correlation coefficient; Cl — confidence interval; FS — fat suppression.

and without FS for imaging the MCA vessel walls. Based on
the signal intensity measurements, as well as qualitative eval-
uation by 2 observers, our results indicate that the 3D CUBE
T1-weighted sequence without FS visualizes the intracranial
vessel walls better than when using FS.

HR VW-MRI of the carotid artery requires the use of FS tech-
nique because the adjacent tissues of the carotid arteries con-
tain fat, which displays a high signal on the T1-weighted se-
quence. When the high signal of fat is suppressed, the carotid
artery wall can be displayed more clearly [17]. Some previous
studies have used FS technique in HR VW MRI of intracranial
arterial; those experiments might have referred to the tech-
niques of carotid vessel wall imaging. However, the intracra-
nial arterial blood vessel has no fat content and is very differ-
ent from the cervical internal carotid artery and other large
arteries [18,19]. For intracranial scanning, MCA is not affect-
ed by clivus bone marrow [20].

Common FS techniques consist of the following various mo-
dalities: short tau inversion recovery, spectral attenuated in-
version recovery, FatSat, water-selective excitation, and Dixon
technique [21], and each is based on a different physical phe-
nomenon. In this study, we used FatSat technique to suppress
the fat signal. This technique takes advantage of the differ-
ence in the precession frequency of water and fat to selective-
ly apply presaturation pulses to fat, with the goal of fat sup-
pression. It is widely used in clinical practice and is one of the
most commonly used methods of fat inhibition by high-field
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magnetic resonance [22]. We selected the FatSat technique for
FS mainly because it is suitable for almost all MRI sequences
and only slightly increases the scanning time.

Both the SNR and CNR of the source images of the 3D CUBE
T1-weighted sequence with FS are lower because the appli-
cation of FS technology increases imaging noise. The M1 seg-
ment of MCA is 3.0-5.0 mm in diameter on average, and is
located along the cerebral sulcus, traveling tortuously [23].
To accurately evaluate the MCA vessel wall, plaque charac-
teristics, and the signal characteristics of both, higher resolu-
tion and the relative SNR are required [24,25]. The increase
in noise and decrease in signal intensity, SNR, and CNR af-
fected the evaluation of image quality and vascular wall de-
tails, leading to a difference in scores between the 2 observ-
ers for the 2 sequence images, except for the visualization of
the vascular lumen.

From the subjective evaluation, the 2 sequences showed no
significant difference in the inhibition of blood flow, and the
boundary between the vascular lumen and vessel wall could
be distinguished. Therefore, there was no statistically signif-
icant difference in the measurement of vascular lumen area
between the 2 sequences. However, from the perspective of
plaque and vessel wall visualization, the increase in noise and
the decrease in signal intensity affected the detailed observa-
tion of MCA vessel wall imaging, including the resolution of the
plague and vessel wall and the resolution of the vessel wall
and surrounding tissues. Because the 3D CUBE T1-weighted
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sequence without FS has a high SNR, high CNR, and low noise,
it can better display the plaque and distinguish the bound-
ary between the plaque and the vessel wall. Accordingly, the
differences were noted in the measurements of plaque area
by the 2 observers.

In this study, although the subjective score of blood vessel wall
and the surrounding tissue comparison of the 3D CUBE T1-
FS sequence was slightly lower, there was no significant dif-
ference in the cross-sectional area between the 2 objectively
measured blood vessels. This may be because vascular sec-
tions are relatively easy to measure as compared with plaques,
which offsets the disadvantage of local vascular walls being
indistinguishable from surrounding tissues.

There are some limitations to our study. Currently, the most
widely accepted scanning scheme for HR VW-MRI is multi-se-
quence scanning using the T1-weighted sequence, T2-weighted
sequence, and proton density-weighted sequence, as well as
the T1-enhanced sequence. In the current study, only the T1
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