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Background: Fresh ischemic lesions (FILs) can occur in both the brain’s gray matter (GM) and white
matter (WM), with each location signifying a different prognosis for patients. This study aims to investigate
the application of ultra-high b value diffusion-weighted imaging (DWI) in distinguishing FILs in these two
areas via a comparative study with routine and high b value DWI.

Methods: Multiple b value DWT (b=0, 500, 1,000, 2,000, 4,000, 6,000, 8,000, 10,000 s/mm’) was performed
on 47 patients with suspected acute ischemic stroke (AIS). Apparent diffusion coefficient (ADC) maps,
including ADC;syy, ADC, 449, ADC,; 99, ADC4 99, ADCy 00, ADCg 0, and ADC g, were calculated, and the
mean ADC value of the FILs in the GM and WM on each map was obtained by referring to the structural
magnetic resonance imaging (MRI). ADC value differences of the FILs in the GM and WM were compared
using Mann-Whitney U tests, and receiver operating characteristic (ROC) curves evaluated the diagnostic
efficiency of each ADC value in distinguishing FILs in the two areas.

Results: In the enrolled 34 patients, 145 FILs were identified, of which 42 involved the GM, 87 the
WM, and 16 both the GM and WM. A total of 161 regions were delineated, 58 in the GM and 103 in the
WM. The values of FILs in the WM on ADC, 4y, ADC, 449, ADCy 09, ADCg 0, and ADC, 9 maps were
significantly lower than those in the GM (P=0.007, P<0.001, P<0.001, P<0.001 and P<0.001, respectively),
while no significant differences were found on ADCj, and ADC, 4, maps (P=0.427 and P=0.225,
respectively). ROC curves demonstrated that the area under the curve (AUC) paralleled the increasing b
value, ascending from ADC;,, to ADC,4 (0.538, 0.558, 0.629, 0.766, 0.827, 0.859, 0.872, in that order).
Conclusions: Ultra-high b value DWI is extremely sensitive to the slight diffusion difference between
FILs in the GM and the WM. Its sensitivity parallels the increasing b value, indicating its clinical advantage
in identifying the microstructure of FILs.

Keywords: Ultra-high b value diffusion-weighted imaging (ultra-high b value DWI); acute ischemic stroke (AIS);
fresh ischemic lesion (FIL); gray matter (GM); white matter (WM)
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Introduction

As a significant cause of human mortality and disability,
stroke is often induced by ischemia, with ischemic stroke
imposing substantial social and economic burden worldwide
(1,2).

Of the diagnostic means to assess acute ischemic stroke
(AIS), diffusion magnetic resonance imaging (dMRI),
accompanied by diffusion models such as the mono-
exponential model, bi-exponential model, diffusion kurtosis
model, and neurite orientation dispersion and density
imaging, is widely used to evaluate acute cerebral ischemic
lesions (3-8). In clinical practice, diffusion-weighted
imaging (DWI) is the most frequently used diffusion
technique, which can noninvasively reflect the diffusion
of water molecules in tissues by providing an apparent
diffusion coefficient (ADC) map. The latter is typically
calculated with the mono-exponential model, which
usually needs two b value (0 and 1,000 s/mm’) images of
the brain (9). Recently, high b value and ultra-high b value
DWTI are more frequently applied due to the popularity
of 3.0- and even 7.0-Tesla MR systems (6,7,10-12). With
the increased intensity of the diffusion gradient, such as
80 mT/m and 200 T/m/s used in the MAGNETOM
Prisma, the application of the diffusion gradient can be
completed within a much shorter timeframe, thereby
greatly reducing the echo time (TE) and increasing the
signal-to-noise ratio, as shown in Figure S1. At present, the
b value of DWI can be as high as 10,000 s/mm’, making it
more powerful in differentiating the diffusion subtleties of
water molecules in different tissues (13-15).

Fresh ischemic lesion (FIL) can occur in both the gray
matter (GM) and the white matter (WM) of the brain, and
each location may signify varied severity of the clinical
manifestations as well as a different prognosis for patients
(16,17). It is important to accurately identify the location
in GM or WM for FIL because GM and WM in the
brain have considerably different perfusion properties
and neurochemical responses to ischemia (18,19). In
patients who survived a brief period of cardiac arrest,
laminar necrosis in the cerebral cortex and severe ischemic
changes in the basal ganglia were present, while there
were only minor changes in the WM (20). Additionally,
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recent research suggests that thresholds in AIS diagnosis
should be varied for acute infarction in both the GM and
the WM to provide a more accurate estimation of acute
ischemic core (21). Other research has found that GM
has a higher infarction threshold for cerebral blood flow
(CBF), cerebral blood volume (CBV), and ADC than WM
in patients within 24 hours of ischemic stroke onset (22).
Therefore, accurate identification of FIL in the GM or
WM may have potential clinical significance for treatments
and prognosis of AIS patients. However, on structural MRI
and conventional DWI scans, the difference in intensity
between FILs in GM and WM is not always obvious. In
these cases, it becomes difficult to determine the location
of lesions, thus greatly reducing the diagnostic accuracy for
GM and WM location.

Previous studies have reported that with the increase of
b value, the mean DWT intensity over a region of interest
(ROI) declines much more slowly in WM than in GM,
indicating that the diffusion of water molecules is much
more restricted in WM than in GM (23). Another study
found that the mean ADC value was significantly greater
in GM than that in WM (24). In other words, there is an
inherent contrast in DWI intensity between normal GM
and WM. Additionally, the ADC, (, value was also greater
in GM proportions of acute ischemic cores than that in
WM proportions, although not reaching significance (22).
Therefore, in diagnosing FILs in the GM and WM, we
speculate that the diffusion difference in water molecules
of FILs in these two regions may also induce distinct signal
intensity in a scenario involving ultra-high b value DWIL.
To date, however, few studies focus on the differentiation of
FILs in the GM and WM, let alone the application of the
ultra-high b value DWI to the distinction.

It is generally accepted that different b values of DWI
have a varied potential for disease diagnosis (5-7,12,25).
Therefore, it is important to compare the diagnostic
efficacy and reliability of different ADC values to design
optimal scan protocols. In the current study, multiple
b value DWI, including routine, high and ultra-high b
values, was employed to evaluate the role of ultra-high b
value DWTI in distinguishing FILs in the GM and the WM
and its diagnostic efficiency compared to routine and high

b value DWI.
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Methods
Inclusion and exclusion criteria for patients

The study was conducted following the Declaration of
Helsinki (as revised in 2013). The ethics committee board
approved the study of Fujian Medical University Union
Hospital, and informed consent was taken from all the
patients. Enrolled patients and FILs were subject to the
following inclusion criteria: (I) a group of random patients
suspected of having FILs within the acute (0 hour-3 days)
or subacute (3 days—2 weeks) stage, based on the time
from symptom onset to MRI examination; (II) the patients
underwent structural MRI and 8 b value DWT of the brain
with the same scanner; (III) the lesions were FILs, which
were defined as ischemic lesions with high intensity on
DWI of all b values; (IV) the FIL was categorically located
in the GM or the WM, and for lesions involving both the
GM and WM, a part of the GM or WM portion should be
clearly identified. The exclusion criteria were as follows:
(I) patients without any FILs or with FILs solely in the
cerebellum or brainstem; (II) patients with motion artifacts
or poor image quality; (III) FILs located in the cerebellum,
pons, and medulla were excluded if a patient contained FILs
in both the cerebrum and cerebellum or brainstem.
Between May 2018 and June 2019, in a random series,
47 patients with suspected AIS underwent structural MRI
and 8 b value DWI of the brain. Among them, 10 patients
were excluded due to the absence of FILs (n=6) or the
presence of FILs solely in the cerebellum or brainstem (n=4),
and 3 patients were excluded due to poor image quality
or motion artifact. Thirty-four patients (19 males and 15
females; mean age: 67.06£12.61 years within the range of
35-88 years) were enrolled in the current study, with 8
patients in the acute stage (38.50+13.93 hours) and 26 in
the subacute stage (142.15£72.42 hours). The National
Institutes of Health stroke scale (NIHSS) admission score
for these patients was 5.03+4.32. Signs and symptoms of
the enrolled patients included weakness of the body on one
side, problems in speaking, dizziness, and loss of vision.

Brain MR imaging

MRI examinations of the whole brain were conducted on
a 3.0-T MRI system (MAGNETOM Prisma, Siemens
Healthcare, Erlangen, Germany) with a 64-channel receive-
only head coil. The structural MRI and multi-b-value DWI
were performed during the same examination.

The structural MRI sequences were: T2-weighted fast
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spin echo in the transverse planes [repetition time (TR)/TE,
6,000 ms/99 ms; acquisition matrix, 320x320; field of view
(FOV), 23 cm x 23 c¢cm; number of excitation (NEX), 1; slice
thickness, 5 mm; gap, 1 mm]; fluid-attenuated inversion
recovery (FLAIR) in the transverse plane (TR/TE,
9,000 ms/81 ms; inversion time, 2,500 ms; acquisition
matrix, 320x224; FOV, 23 cm x 23 cm; NEX, 1; slice
thickness, 5 mm; gap, 1 mm); and sagittal T1-MPRAGE
(TR/TE, 2,300 ms/2.32 ms; inversion time, 900 ms;
acquisition matrix, 256x256; FOV, 24 ¢cm x 24 cm; NEX,
1; acquisition voxel size: 0.9375x0.9375%0.9 mm’). Sagittal
T1-MPRAGE images were also registered to the b0 image
using the Image Registration tool in DiffusionKit and
subsequently reconstructed as transverse images used as
structural references for ROI delineation.

A single-shot echo planer imaging sequence was used
for the multi-b-value DWI imaging with the following
parameters: TR/TE, 3,800 ms/74 ms; slice thickness,
S mm, gap, 1 mm; FOV, 23 cm x 23 cm; phase FOV, 1.00;
acquisition matrix, 128x128, reconstruction matrix, 256x256;
GRAPPA, 2; slice acceleration factor, 2; and pixel bandwidth,
2055 Hz/pixel. The sequence was performed with
8 b values (0, 500, 1,000, 2,000, 4,000, 6,000, 8,000 and
10,000 s/mm’) in a 4-Scan-Trace mode, which uses four
diffusion gradient directions for each b value. The number of
scan averages for b=0 to 10,000 s/mm’ were 1, 1, 1, 2, 3, 3, 4
and 6, respectively. The total scan time was 5 min 28 s.

MR DWI analysis

All diffusion-weighted images underwent motion
correction by co-registering DWI images to b0 images
with the DiffusionKit (https://diffusionkit.readthedocs.
io/en/latest/#). ADC maps of b values ADC;yy, ADC, 9,
ADC,; 409, ADCy 00, ADCg 000, ADCy 900 and ADC 000
were calculated by fitting the b0 image and DWI images
of other b values into the mono-exponential equation:
Sy/Sy = exp (-b x ADC) (11), where S, is the diffusion-
weighted signal intensity for the b value, and S, is the signal
intensity obtained with b=0.

Quantitative image analysis

For accurately delineating and determining the location of
the FILs, a strict screening process was adopted. In brief,
two radiologists (Dr. RJ and YS, with 8 and 5 years of
experience, respectively) evaluated all FILs independently
using Image] software (Version 1.490, National Institutes
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of Health). The structural MRI images were carefully
reviewed to determine the location of the FILs. For FILs
involving GM or WM, the ROI was delineated over the
whole lesion on each DWI map. For FILs involving both
the GM and WM, a part of the GM or WM portion should
be clearly identified, and ROIs for the GM or WM portion
were delineated separately. The FILs evaluated by the two
radiologists were compared.

Further discussion was arranged for any inconsistent FIL
assessments. If a consensus was reached after discussion and
the inclusion criteria were met, the FILs were included in
the subsequent analysis; otherwise, the FILs were excluded.
ROIs over included FILs were further used to calculate
the mean ADC values, including ADCj,y, ADC, 44,
ADC, g9, ADC,4 00, ADCy 09, ADCs 0, and ADC 0. The
final location results for ROIs after discussion served as a
reference standard to assess diagnostic accuracy.

Statistical analysis

Statistical analyses were performed with IBM SPSS 20.0
software (IBM Corp, Chicago, IL, USA) and MedCalc
11.4.2.0 (http://www.medcalc.be/). The intraclass
correlation coefficient (ICC) was also used to assess
the data consistency of repeated measures of the same
parameter. ICC values <0.50 were considered poor,
0.50-0.75 moderate, 0.75-0.90 good, and >0.90 excellent
(11). Bland-Altman plots were created to investigate
systematic bias. Mann-Whitney U tests were performed
to compare the differences in ADCjy, ADC, 49, ADC, 00,
ADC,4 400, ADC 99, ADCg 9, and ADC g values between
FILs in the GM and the WM because most of the ADC
values did not pass Tests of Normality. Receiver operating
characteristic (ROC) analyses were further performed to
determine the diagnostic efficiency of each ADC value, the
optimal thresholds, diagnostic sensitivity, and specificity for
differentiating the FILs in the GM and the WM. The Z test
was adopted to compare the area under the curves (AUCs)
of the ADC maps. P<0.05 indicated a statistically significant
difference.

Results
FILs

The two radiologists found 183 measurable FILs in the 34
patients, with 123 consistent lesions and 60 inconsistent
ones. After discussion, 22 lesions were excluded due to
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undetermined GM or WM location, and another 16 were
excluded for being located in the cerebellum, pons, or
medulla. The screening process and measurement of the
FILs by the two radiologists are described in detail in
available online: https://cdn.amegroups.cn/static/public/
qims-20-1241-1.pdf. Of the 145 FILs, 42 lesions involved
the GM, 87 the WM, and 16 GM and WM. A total of 161
ROIs were delineated, including 58 ROIs in the GM or
GM nuclei (113.302223.24 cm” in the area for Dr. R] and
77.04£101.68 cm’ for Dr. YS) and 103 in the WM
(72.56+124.12 cm’ in the area for Dr. R and 63.32+102.46 cm’
for Dr. YS), as shown in Figure 1.

Inter-observer consistency in measure

The consistency of repeated measures of the two
radiologists was first evaluated. The ICC for inter-observer
consistency was 0.953-0.975 for the ROIs in the GM and
0.951-0.973 for those in the WM, indicating excellent inter-
observer reproducibility (7able I). The Bland Altman plot
showed no obvious systematic bias between the measures of
the two radiologists (Figure 2). Due to Dr. R]J’s seniority and
rich clinical experiences, the measurement data from Dr. R]
were further used for subsequent statistical analysis.

ADC differences between FILs in the WM and the GM

The median values and interquartile ranges of the ADC
values of FILs in the GM and the WM are summarized
in Table 2. Mann-Whitney U tests demonstrated that the
ADC, 400, ADC, g9, ADC4 990, ADCy g9, and ADCy g values
of FILs in the WM were significantly lower than those in
the GM (P=0.007 for ADC, y, and P<0.001 for the rest); in
contrast, no significant differences between the two areas
were found in the ADC;y, and ADC, 4, values (P=0.427 and
P=0.225, respectively) of FILs.

Comparison of diagnostic efficiency of different ADC
values

ROC curves were then constructed (Figure 3). The AUCs
of ADCs, ADC; g9, ADC, 90, ADC;4 09, ADCy 900, ADC09
and ADC,, were 0.538, 0.558, 0.629, 0.766, 0.827, 0.859
and 0.872, respectively, indicating that the diagnostic
efficiency of ADC improved with the increasing b value.
The optimal thresholds, sensitivity, and specificity of each
ADC value for differentiating FILs in the two areas are
shown in Table 3. Of all the ADC values, ADC,, achieved
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Patients with suspicious acute ischemic stroke
(n=47)

Excluded patients (n=13)

- Without any fresh infarction (n=6)

A

- With fresh infarctions merely in cerebellum or

Enrolled patients (n=34)

brainstem (n=4)
- Motion artifact or poor image quality (n=3)

!

Fresh ischemic lesions (n=183)

Excluded FILs (n=38)

]

- Undetermined GM/WM location (n=22)

Enrolled FILs (n=145)

- Located in cerebellum or brainstem (n=16)

v v

v

FILs in GM FILs involving both
(n=42) GM and WM (n=16)

FILs in WM
(n=87)

Y v

ROlIs over GM FIL

(n=58) (n=103)

ROlIs over WM FIL

Figure 1 Screening process for the enrolled patients and FILs. FIL,

region of interest.

Table 1 Inter-observer reproducibility in measurement of FILs

Region Metrics  ICC, 95% ClI for inter-observer

FILs in GM (n=58) ADCyqo 0.953, 0.922-0.972
ADC; 40 0.973, 0.954-0.984
ADC, 000 0.975, 0.958-0.985
ADC, 400 0.974, 0.956-0.984
ADCq 400 0.969, 0.949-0.982
ADCg 400 0.965, 0.942-0.979
ADCyg 000 0.959, 0.932-0.976

FILs in WM (n=103) ADCgyo 0.972, 0.959-0.981
ADC; 44 0.967, 0.952-0.978
ADC; 40 0.972, 0.958-0.981
ADC, 400 0.973, 0.961-0.982
ADCq 400 0.964, 0.947-0.975
ADCg 400 0.959, 0.941-0.972
ADCy000 0.951, 0.928-0.966

FIL, fresh ischemic lesion; ICC, intraclass correlation coefficient;
Cl, confidence interval; ADC, apparent diffusion coefficient; GM,
gray matter; WM, white matter.
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fresh ischemic lesion; GM, gray matter; WM, white matter; ROI,

the highest diagnostic efficiency, with a sensitivity of
86.21%, a specificity of 77.67%, and an AUC of 0.872 at a
cut-off value of 2.048x10™* mm?/s. The AUC of ADC;
was significantly higher than those of ADC of routine b
values (ADC;sy: Z=8.147, P<0.001 and ADC, y: Z=7.781,
P<0.001), high-b values (ADC, : Z=7.347, P<0.001 and
ADC, 0 Z=5.529, P<0.001), and even the other two ultra-
high b values (ADC; 000 Z=4.424, P<0.001 and ADCq gy
Z=2.735, P=0.006). Two examples demonstrating the ADC
difference between FILs in the GM and that in the WM by
ultra-high-b-value DWT are shown in Figure 4.

Discussion

The current study found that ADC, 440, ADC, 499, ADCg 00,
ADCy o9, and ADC,g g values of FILs in the WM
were significantly lower than those in the GM without
significant differences between these two areas in ADCy,
and ADC, y, values were evident. Of interest, the study
found that compared with high b value DWI, ultra-high
b value DWI had a higher precision in delineating the
diffusion difference of water molecules in the fresh GM
and WM ischemia, signifying its potential clinical value
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Figure 2 Bland-Altman plots for inter-observer reliability of all ADC values. The center solid lines represent MD. Upper and lower dotted
lines represent the LOA, defined as the MD = 1.96 x SD of the difference in measurement between the two radiologists. The unit of ADC
is mm?/s. ADC, apparent diffusion coefficient; MD, mean difference; LOA, limit of agreement; SD, standard deviation; GM, gray matter;

WM, white matter.

Table 2 ADC differences between FILs in WM and GM

ADC value FILs in GM (n=58) FILs in WM (n=103) Z P value
ADCys 6.981 (5.930-7.709) 6.762 (5.732-7.832) -0.794 0.427

ADC; g0 6.339 (5.593-6.967) 6.120 (5.065-6.962) -1.213 0.225

ADC; 00 5.244 (4.741-5.671) 4.676 (3.990-5.537) -2.708 0.007*
ADC, 00 4.082 (3.657-4.590) 3.277 (2.890-3.810) -5.595 <0.001*
ADCg 00 3.312 (2.995-3.745) 2.583 (2.284-2.967) -6.872 <0.001*
ADCq 00 2.783 (2.524-3.211) 2.124 (1.896-2.413) -7.551 <0.001*
ADC 4,000 2.397 (2.169-2.732) 1.817 (1.647-2.025) -7.826 <0.001*

* indicates P<0.05. The unit of ADC is 10 mm?®s. ADC, apparent diffusion coefficient; FIL, fresh ischemic lesion; GM, gray matter; WM,

white matter.

in identifying the location of ischemic lesions. The use of
high b value DWI, particularly ultra-high b value DWI,
helps to identify the GM and WM location of FILs as an
important finding as well-documented differences in the
neurochemical response to ischemia of the WM compared
to GM compartments of the brain (18,19). In addition,
the differing cellular constituents in GM and WM are
associated with differing levels of CBF and metabolism (26);
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hence, it would seem likely that each compartment might
have a differing vulnerability to ischemia. Indeed, it has been
shown in patients who survived a brief period of cardiac
arrest that laminar necrosis in the cerebral cortex and severe
ischemic changes in the basal ganglia were present, while
there were only minor changes in the WM (20). Therefore,
ischemic lesions located in the GM may have a different
prognosis than those in WM, and consequently, FILs in the
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GM and WM should be treated separately.

A recent study found that spatial features of ischemic
lesions provide useful information that should be
integrated to improve lesion outcome prediction using
machine learning models (27). Another study compared
the difference in the diffusion kurtosis imaging (DKI)

FILs in GM vs. WM

1.0 g
0.8 1
> 0.6 1
=
.“5
c
@
047 —— ADCspo
— ADCw,onn
. ADCz,mm
— ADCA.ooo
0.2 ADCg 000
= ADCB,DDU
~ ADCg000
Reference
0.0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 3 ROC curves of different ADC values in distinguishing
FILs in the GM and WM. The AUCs of ADC, 5, ADCg 0,
ADCq 400, ADC, 900, ADC; 000, ADC, 9 and ADCs,0 were 0.872,
0.859, 0.827, 0.766, 0.629, 0.558 and 0.538, respectively, indicating
that the diagnostic efficiency of ADC declined with the decreasing
b value. ROC, receiver operating characteristic; ADC, apparent
diffusion coefficient; FIL, fresh ischemic lesion; GM, gray matter;
WM, white matter; AUC, area under the curve.

parameter values of acute ischemic lesions in different
locations, some in the GM and some in the WM, including
the periventricular WM, corpus callosum, cerebellum, basal
ganglia and thalamus, brainstem and gray-white matter
junctions (16). The authors reported significant differences
in the mean kurtosis among most of the locations, indicating
that DKI can identify the heterogeneity difference of
lesions in the GM and WM. In contrast, no significant
difference was found between most locations in ADC, mean
diffusivity, axial diffusivity, or radial diffusivity. In this study,
we differentiated FILs in the GM and WM anatomically,
with those located in the GM nucleus also incorporated into
the GM group. This anatomic classification better reveals
the reality of AIS. As expected, we found subtle differences
in the diffusion of water molecules in fresh GM and WM
ischemic lesions. The greater residual DWI signal intensity
of FILs in WM may be first attributed to the inherent
contrast between GM and WM. As previously reported (23),
with the increase of b values, the mean DWI signal intensity
over an ROI declined much more slowly in WM than
in GM, indicating that the diffusion of water molecules
in WM is much more restricted than in GM. This
phenomenon is due to the absence of transmembrane of
water molecules across myelin sheaths. In addition, cortex
ischemia usually induces swelling of the cortex due to the
accumulation of water, which may alleviate the restricted
diffusion of the water molecules, resulting in a relatively
high ADC compared with FILs in WM. This slight
difference in restricted water diffusion may have a potential
impact on the functional recovery of AIS patients.

We further found that parallel with the increasing
b value, the ability of the corresponding ADC value to
identify FILs in the GM and WM gradually improved.

Table 3 Diagnostic efficiency of different ADC values in discriminating FILs in WM and GM

ADC Cut-off value AUC Sensitivity Specificity
ADCgyo 6.581 0.538 67.2% 47.6%
ADC; g0 6.192 0.558 60.3% 55.3%
ADC; 00 4.742 0.629 75.9% 51.5%
ADC, 000 3.769 0.766 70.7% 72.8%
ADCq 00 2.927 0.827 81.0% 73.8%
ADCq 00 2.439 0.859 84.5% 80.6%
ADC; 4,000 2.048 0.872 86.2% 77.7%

The ‘cut-off value’ indicates the optimal threshold in the current study or sample size. The unit of ADC is 10 mm?®/s. ADC, apparent
diffusion coefficient; FIL, fresh ischemic lesion; GM, gray matter; WM, white matter; AUC, area under the curve.
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Figure 4 Two representative patients demonstrating the ADC difference between FILs in the GM and that in the WM. Structural MRI
(T1WI and T2flair), multiple-b-value DWI and ADC images of a 63-year-old male patient (patient A) and an 83-year-old male patient
(patient B) show FILs involving both the GM and the WM were detected in the left temporal lobe and left frontal lobe, respectively. Ultra-
high b value DWI (b=10,000 s/mm”) clearly distinguished the FIL in the swelling GM portion (the region of lower intensity) and the WM
portion (the region of higher intensity), and the ADC difference of these two FIL regions increased as the b value was elevated. ADC,
apparent diffusion coefficient; FIL, fresh ischemic lesion; GM, gray matter; WM, white matter; MRI, magnetic resonance imaging; DWI,

diffusion-weighted imaging; T1WI, T1-weighted imaging.

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2021;11(11):4583-4593 | https://dx.doi.org/10.21037/qims-20-1241



Quantitative Imaging in Medicine and Surgery, Vol 11, No 11 November 2021 4591

When the b value rose to 10,000 s/mm’, an optimal
differential diagnosis performance was achieved, with an
AUC of 0.872. The sensitivity (86.21%) and specificity
(77.67%) were optimized when the cut-off value was set
as 2.048x10™ mm?/s. As the b value rises, the T2 weighted
intensity gradually decreases, while the diffusion-weighted
intensity and the ability of DWI to identify the diffusion
difference also increase. Therefore, with ultra-high b values,
DWI can effectively distinguish the very subtle differences
in water diffusion so that FILs in the GM and WM can be
clearly identified. In contrast, although the intensity of FILs
in the GM is different from that in the WM on high b value
DWI, the intensity difference of the two lesions is obscure
and cannot be easily observed by the naked eye. Therefore,
ultra-high b value DWI is superior in differentiating FILs
in the GM and WM, providing potential clinical value in
symptom determination and prognosis prediction.

"This study contains several limitations. Firstly, the number
of patients and FILs enrolled in the study was limited, with
relatively few FILs involving the GM. Secondly, ischemic
lesions in the GM or WM are likely to signify different
prognoses for AIS patients; however, longitudinal MRI
data, only found for 14.71% (5/34) of patients in this study,
were insufficient for making comparisons. Additionally,
most of the post-treatment functional performance data
such as motor recovery, memory, or higher cognition were
not available to confirm the relation between GM/WM
location and prognoses. However, the two representative
patients shown in Figure S2 seem to demonstrate that FILs
in WM may have a better prognosis than those in GM
nuclei. Finally, although we adopted a strict screening and
discussion process to make the subjective data reliable, the
subjective determination of the GM/WM locations for FILs
was another limitation. Therefore, the potential clinical
significance of identifying fresh GM or WM ischemia still

requires further research efforts.

Conclusions

Ultra-high b value DWI is highly sensitive to the subtle
diffusion difference present in FILs in the GM and those
in the WM, with its sensitivity paralleling the increasing b
value, indicating its clinical superiority in identifying the
microstructure of FILs.
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Figure S1 DWI sequence parameters on three different MR scanners. With the same voxel size, the TE were 51 ms for DWI, 4y and 69 ms
for DWIj 4000 on MAGNETOM Prisma. In contrast, the TE was 144 ms for DWI, 450 on MAGNETOM Spectra and 135 ms for DWT, 0
on MAGNETOM Amira, which were much longer than that on MAGNETOM Prisma. As expected, the scanner, MAGNETOM Prisma,
produced the DWI images with the highest signal-to-noise ratio. Therefore, the TE is really greatly reduced on MAGNETOM Prisma.

DWI, diffusion-weighted imaging; MR, magnetic resonance; TE, echo time.
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Figure S2 Two representative patients with post-treatment MRI. Patient A had two lesions located in WM and GM, respectively, whereas
patient B had only one lesion located in GM. According to the MRI from these two patients, it seems that FIL in WM had a better
prognosis than that in GM. MRI, magnetic resonance imaging; WM, white matter; GM, gray matter; T2-FSE, T2-fast spin echo; DWI,
diffusion-weighted imaging; T2WI, T2-weighted imaging.
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