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Abstract

Background: Precise detection and classification of intracortical (IC) lesions in multiple sclerosis (MS) patients are very important
for understanding their role in disease progression and determining their effects on the clinical presentations of the disease.
Objectives: This study aimed to evaluate the efficacy of phase-sensitive inversion recovery (PSIR) in delineation of cortical lesions
in MS patients.

Patients and Methods: This cross-sectional, single-center study was performed among 38 patients with the mean age of 31 years,
who were recruited from December 2018 to August 2020. All MS patients underwent magnetic resonance imaging (MRI), using a
1.5-Tesla scanner. Two expert neuroradiologists interpreted the fluid-attenuated inversion recovery (FLAIR), T2-weighted turbo spin
echo (T2W-TSE), and PSIR images. The lesions were classified as purely IC, mixed gray/white matter (WM) [leukocortical (LC)], and
juxtacortical (JC). The number of lesions in each region was compared between the FLAIR, T2W-TSE, and PSIR sequences.

Results: The number of cortical lesions (IC and LC) was significantly higher in PSIR compared to T2W-TSE and Fluid attenuated
inversion recovery (FLAIR) (P < 0.001), while the number of JC lesions was lower; in other words, the mean number of plaques was
higher in T2W-TSE and FLAIR as compared to PSIR.

Conclusion: The PSIR sequence significantly improved the delineation of cortical lesions and could be useful in monitoring cortical

injuries and disease progression in MS patients.
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1. Background

Magnetic resonance imaging (MRI) is perhaps the sin-
gle most important imaging modality for the diagnosis of
multiple sclerosis (MS). MRI, which is widely used to moni-
tor the disease activity, plays an importantrole in establish-
ing the clinical diagnosis of MS. The gray matter (GM) le-
sions are common findings in the neuropathological stud-
ies of MS (1, 2). However, they are not easily delineated in
conventional MR sequences because of their small size and
lack of contrast between cortical lesions (CLs) and the sur-
rounding GM.

Although routine MRI using T2-weighted (T2W) and
fluid-attenuated inversion recovery (FLAIR) sequences may
demonstrate CLs, these sequences are considerably less
sensitive for the detection of CLs as compared to white mat-
ter (WM) plaques (3, 4). Overall, the limited detection of

CLs influences our understanding of the impact of corti-
cal plaques on the clinical presentations of MS patients,
such as cognitive impairment, sensory loss (i.e., paresthe-
sia), ataxia, tremors, and affective disorders (5-7).

Multiple MRI sequences have been developed at var-
ious field strengths to improve the visualization of CLs.
FLAIR sequence is commonly used to assess WM lesions,
especially those located in the brain. Although FLAIR is a
T2W-based sequence, because it has the ability to suppress
the cerebrospinal fluid (CSF) signals, it is preferred to T2W-
turbo spin echo (TSE) for delineation of periventricular MS
plaques; however, this modality fails to accurately visual-
ize CLs (4). Besides, double inversion recovery (DIR) is the
mostwidely applied sequence for manifestation of cortical
plaques (2). In 2001, DIR was the first reported sequence to
identify CLs along with MRI. This sequence suppresses both
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WM and CSF signals, leading to the improved conspicuity
of demyelinating plaques in both WM and GM regions of
the brain compared to T2W-TSE and FLAIR images (8).

Many studies have suggested a relationship between
CLs delineated on DIR and the physical and cognitive im-
pairments of MS patients and found cortical plaques to be
clinically relevant(9,10). However, the DIR sequence is gen-
erally prone to image artifacts, such as flow, which may
affect the visualization of subtle intracortical (IC) lesions.
It also shows regional variations in the GM signal inten-
sity, possibly leading to the false-positive detection of le-
sions. Besides, DIR does not visualize the lesion borders
precisely, and its low signal-to-noise ratio (SNR) further ob-
scures small lesions (10).

Recently, phase-sensitive inversion recovery (PSIR),a T1-
weighted sequence with a higher SNR and GM/WM con-
trast, hasbeen shown to improve the detection and classifi-
cation of CLs using DIR in MS patients (1-3). This technique
hasbeen used for the diagnosis of cervical cord MS plaques
(11), although it has been recently applied for MS patients,
as well. Overall, PSIR allows for a better classification of le-
sions into purely IC and subcortical types (WM lesions) (2).

2. Objectives

The present study aimed to compare the efficacy of
T2W-TSE, FLAIR, and PSIR MR sequences in identifying CLs
in MS patients. The number of lesions in each sequence
was determined to show which sequence identified more
lesions in the patients.

3. Patients and Methods

3.1. Study Population

This cross-sectional study was conducted on 38 pa-
tients with a confirmed diagnosis of relapsing-remitting
MS (RR-MS), who underwent brain MRI from December
2018 to August 2020. The inclusion criteria were age above
18 years and a definite diagnosis of RR-MS, as defined by
the McDonald criteria (2017) (12). Patients with MRI con-
traindications were not included. On the other hand, the
exclusion criteria were as follows: (1) other major medi-
cal, neurological, or neuropsychiatric disorders in the pa-
tient’s medical history; and (2) incomplete MRI exam, de-
fined as the absence of one or several sequences. The study
protocol was approved by the local ethics review board,
and all subjects provided a written informed consent form
before the study. The patients’ characteristics are summa-
rized in Table 1.

3.2. Imaging Protocol

The patients were scanned on a 1.5-T MRI scanner (MAG-
NETOM Symphony, Siemens, Erlangen, Germany) with a
six-channel head coil. The PSIR images were obtained for
each patient in every session as part of our routine MRI
sequences, which also included conventional T2W-TSE and
FLAIR. The relevant sequence parameters are presented in
Table 2.

3.3. Image Analysis

Two independent neuroradiologists separately as-
sessed all MR images. The number of plaques was deter-
mined in each sequence and compared blindly among
sequences. The plaques were defined as hyperintense in
T2W and FLAIR and as hypointense in PSIR. The number of
plaques was also determined in terms of IC, leukocortical
(LC), and juxtacortical (JC) regions. The IC lesions were
confined to the GM, while lesions that involved both the
cortex and the adjacent WM were identified as LC lesions.
Finally, the JC lesions were WM lesions involving the
subcortical U-fibers.

3.4. Statistical Analysis

The plaque countin different sequences is expressed as
mean = SD. Although this parameter does not have a dec-
imal, we expressed it with a decimal for a better compari-
son between the groups [25 - 75 interquartile range (IQR)].
The plaque number was compared between the three dif-
ferent protocols by Friedman test. Also, a pairwise compar-
ison between the groups was carried out using Wilcoxon
signed-rank test, based on Bonferroni correction. More-
over, for nominal variables, the three groups were com-
pared by Cochran’s Q test. For pairwise comparisons, Mc-
Nemar's test was performed based on the Bonferroni cor-
rection. A P-value of 0.05 was considered to be significant
for comparisons using Friedman test, Cochran’s Q test,and
other tests. For corrected P-values in Bonferroni correc-
tion, since we aimed to perform three post-hoc compar-
isons (T2 vs. FLAIR, T2 vs. PSIR, and FLAIR vs. PSIR), the sig-
nificance level was set at 0.017 (0.05/3).

Because two neuroradiologists assessed all of the pa-
tients, and the results were reported separately, the inter-
rater reliability was not a major issue. Also, for intra-rater
reliability, we asked the two neuroradiologists to blindly
assess 15 patients after two weeks. Next, we calculated the
intra-rater reliability by measuring the intraclass correla-
tion coefficient (ICC) and Kappa's coefficient separately. All
indices showed acceptable values (all above 0.75). SPSS ver-
sion18(released in 2009, PASW Statistics for Windows, SPSS
Inc., Chicago, IL, USA) was used for data analysis. P-values
less than 0.05 were considered statistically significant.
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Table 1. The Demographic and Clinical Characteristics of Relapsing-Remitting Multiple Sclerosis (RRMS) Patients

Variables Values

Female/male 31/7

Mean age (range) (y) 31(18-48)

Mean disease duration (y) 87+ 48

Median EDSS score (range) 3.5(1-6.5)

Abbreviation: EDSS, Expanded Disability Status Scale.

Table 2. The Acquisition Parameters for the MRI Sequences Based on the MS Protocol

Sequence Plane TR (ms) TE (ms) TI (ms) FA Image FOV (mm) Section thickness Scan time
matrix (mm) (min: sec)

PSIR Axial 2320 10 400 150 320 X 320 240 3 4:15

FLAIR Axial 8510 150 2400 150 320 X 320 240 3 3:32

T2W-TSE Axial 4000 130 150 320 X 320 240 3 2:30

Abbreviations: PSIR, phase-sensitive inversion recovery; TSE, turbo spin echo; FLAIR, fluid-attenuated inversion recovery; TR, repetition time; TE, echo time; TI, inversion

time; FA, flip angle; FOV, field of view.

4. Results

Thirty-eight RR-MS patients were included in this study.
The mean age of the patients was 31 years (range: 18 - 48
years), and the median Expanded Disability Status Scale
(EDSS) score was 3.5 (range: 1- 6.5). The mean plaque num-
ber was compared between the three MRI sequences for
each radiologist. Besides, the sum of lesions and the mean
of results reported by the two neuroradiologists were com-
pared between the sequences (Table 3).

The mean number of plaques in the IC region based
on PSIR was higher than that found on FLAIR and T2W-
TSE for both neuroradiologists (P < 0.001); a similar pat-
tern was seen in the LC region (P < 0.001). However, the
mean number of plaques in the JC region on T2W-TSE and
FLAIR was higher than PSIR for both neuroradiologists (P
< 0.001). Considering the mean count, the two neurora-
diologists reported similar findings. Also, considering the
sum of plaques in the three regions, the highest mean was
reported for PSIR, followed by T2W-TSE and FLAIR, respec-
tively; this pattern was similar for both neuroradiologists.

Besides the mean number of plaques, we performed
pairwise comparisons of sequences in each anatomic site
to determine the number of patients with a higher, simi-
lar, or lower number of plaques. For example, based on the
data reported by the first radiologist, T2W-TSE and FLAIR
were compared in the LC region. We found that three pa-
tients had more lesions on FLAIR than T2W-TSE; six patients
had more lesions on T2W-TSE than FLAIR; and seven pa-
tients had an equal number of lesions in both sequences
(22 cases without plaques in both T2W-TSE and FLAIR). A
similar analysis was performed for the pairwise compar-
ison of all anatomic sites for both neuroradiologists; the
results are presented in Table 4. In each pairwise compar-
ison regarding the number and percentage of plaques, a
significant P-value shows which sequence can show more
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plaques using a patient-based approach (Table 4).

In both IC and LC regions, most patients showed more
plaques in PSIR compared to FLAIR and T2W-TSE, while in
the JC region, most patients had more plaques in T2W-
TSE and FLAIR compared to PSIR (Figure 1); similar find-
ings were reported by both neuroradiologists. Using an-
other approach, we considered the presence or absence of
plaques and performed comparisons, as presented in Ta-
bles1and 2. The patterns of statistical significance are sim-
ilar to those presented in Table 5 and Figure 2.

5. Discussion

The present study aimed to assess the application of
PSIR sequence compared to conventional sequences, in-
cluding T2W-TSE and FLAIR, for the detection of CLs in MS
patients. Based on the results, PSIR was superior to conven-
tional sequences in the detection of cortical MS lesions in
the IC and LC regions. Previous studies have shown that al-
most one-third of MS patients have at least one plaque or a
lesion in the cortex, which may not be detected in conven-
tional sequences (13).

Occasionally, IC plaques can be seen in the early stages
of MS, although they usually occur in the advanced stages
of the disease. They are found in patients with severe brain
damage and can increase clinical disability (14). As CLs can
adversely affect neurological and cognitive activities, their
diagnosis plays an important role in the patients’ progno-
sis (15). It seems that a better delineation of the GM/WM
border on PSIR sequences allows for a more precise classi-
fication of lesions into purely IC, LC, and JC.

Considering the inherent features of the PSIR se-
quence, image production is dependent on phase of the
protons In this image, the tissue, nulled by the inversion
time, is displayed as intermediate gray, while all other tis-
sues have a lower or higher signal intensity, depending
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Table 3. Comparison of Plaque Number in Different MRI Sequences of Similar Anatomic Regions Reported by the Two Radiologists

Variables Median [25._ 5t pean + 5D Range Pvalue
percentile] Three T2W-TSEvs.  T2W-TSE vs. FLAIR vs.
groups FLAIR PSIR PSIR
First radiologist
IC < 0.001 032 0.002 0.002
T2W-TSE o[o0-0] 0 0
FLAIR 0[0-0] 0.03 £ 0.16 0-1
PSIR 0[o-1] 0.63 157 0-9
LC < 0.001 0.71 < 0.001 < 0.001
T2W-TSE 0[o-1] 0.39 £ 0.59 0-2
FLAIR 0[0-1] 0.34 +0.58 0-2
PSIR 1[0-2.25] 145+ 1.84 0-7
JC < 0.001 0.004 < 0.001 0.047
T2W-TSE 2[0-3] 229 +2.63 0-10
FLAIR 1[0-3] 179 +2.24 0-9
PSIR 1[0-2] 132 +154 0-7
Second radiologist
IC < 0.001 0.18 0.001 0.001
T2W-TSE 0[0-0] 0.03 £ 0.16 0-1
FLAIR 0[0-0] 0.1+ 039 0-2
PSIR 0[o0-1] 0.61£1.52 0-9
LC < 0.001 0.13 < 0.001 < 0.001
T2W-TSE 0[0-1] 0.50 £ 0.73 0-3
FLAIR 0[o-1] 032+ 057 0-2
PSIR 1[0-2.25] 192 +234 0-9
JC < 0.001 0.21 < 0.001 0.004
T2W-TSE 2[0-3.25] 2.47 +2.97 0-12
FLAIR 1[0-2.25] 218 £2.97 0-13
PSIR 1[0-2] 126 +1.72 0-8
Sum of the three regions reported by the first < 0.001 0.004 < 0.023 < 0.001
radiologist
T2W-TSE 2[1-3.25] 2.68 £3.05 0-12
FLAIR 15([1-3] 216 +233 0-10
PSIR 2[1-5] 339 + 417 0-21
Sum of the three regions reported by the second < 0.001 0.008 0.001 < 0.001
radiologist
T2W-TSE 2[1-4] 3.00 +3.46 0-14
FLAIR 2[0-3.25] 2,611+ 314 0-13
PSIR 2.5(1-5] 3.79 & 4.45 0-19
Mean of results reported by the two radiologists
IC < 0.001 0.18 < 0.001 < 0.001
T2W-TSE o[o-0] 0.01+0.08 0-05
FLAIR o[o-0] 0.07 £ 0.26 0-15
PSIR 0[0-1] 0.62 +1.23 0-6
Mean of results reported by the two radiologists
LC < 0.001 0.20 < 0.001 < 0.001
T2W-TSE 0.25[0-1] 0.45+0.58 0-25
FLAIR 0[0-0.5] 033+ 0.51 0-2
PSIR 1[0-2.625] 1.68 £ 2.06 0-8
Mean of results reported by the two radiologists
JC < 0.001 0.01 < 0.001 0.006
T2W-TSE 1.5[0-3] 238 +£277 0-11
FLAIR 1.5[0.375-2.625] 1.99 £ 2.58 0-11
PSIR 1[0-2] 129 +1.57 0-6.5

Abbreviations: PSIR, phase-sensitive inversion recovery; FLAIR, fluid-attenuated inversion recovery; TSE, turbo spin echo; IC, intracortical lesion; LC, leukocortical lesion;
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Figure 1. Several patients with relapsing-remitting multiple sclerosis (RRMS) showing focal lesions in the cortical grey matter. A, B& C, Intracortical (IC); and D, E & F, Leuko-
cortical (LC) plaques were counted on PSIR (A,D) (black head arrows), but were not identified on FLAIR (B,E) and T2TSE (C,F). G, H & 1, The juxtacortical (JC) lesions were observed

better on, T2TSE (I) (white head-arrow) and FLAIR (H) than PSIR (G) (black head-arrow). PSIR, phase-sensitive inversion recovery; FLAIR, fluid-attenuated inversion recovery; TSE,
turbo spin echo.
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Table 4. Pairwise Comparison of Sequences in Patients with a Higher Number of Plaques in Each Anatomic Region

Variables/T2W-TSE vs. FLAIR No. (%) P T2W-TSE vs. PSIR No. (%) P FLAIR vs. PSIR No. (%) P
First radiologist

IC 0.32 < 0.001 < 0.001
FLAIR > T2W-TSE 1(2.6) PSIR > T2W-TSE 12 (31.6) PSIR > FLAIR 12 (31.6)

FLAIR =T2W-TSE> 0 0 PSIR =T2W-TSE > 0 0 PSIR=FLAIR > 0 0
FLAIR < T2W-TSE 0 PSIR < T2W-TSE 0 PSIR < FLAIR 0
FLAIR = T2W-TSE = 0 37(97.4) PSIR =T2W-TSE =0 26(68.4) PSIR=FLAIR=0 26(68.4)

LC 0.51 < 0.001 < 0.001
FLAIR > T2W-TSE 3(7.9) PSIR > T2W-TSE 19 (50) PSIR > FLAIR 19 (50)
FLAIR = T2ZW-TSE > 0 7(18.4) PSIR = T2W-TSE > 0 4(10.5) PSIR = FLAIR > 0 4(10.5)

FLAIR < T2W-TSE 6(15.8) PSIR < T2W-TSE 0 PSIR < FLAIR 1(2.6)
FLAIR =T2W-TSE=0 22(57.9) PSIR=T2W-TSE=0 15(39.5) PSIR=FLAIR=0 14 (36.8)

]C 0.01 <0.001 0.04
FLAIR > T2W-TSE 4(10.5) PSIR > T2W-TSE 1(2.6) PSIR > FLAIR 5(13.2)
FLAIR = T2W-TSE> 0 9(23.7) PSIR =T2W-TSE> 0 6(15.8) PSIR =FLAIR > 0 9(23.7)

FLAIR < T2W-TSE 15(39.5) PSIR < T2W-TSE 20 (52.6) PSIR < FLAIR 14 (36.8)
FLAIR = T2W-TSE = 0 10(263) PSIR = T2W-TSE = 0 11(28.9) PSIR =FLAIR =0 10(263)
Second radiologist

IC 0.16 < 0.001 < 0.001
FLAIR > T2W-TSE 2(53) PSIR > T2W-TSE 13(34.2) PSIR > FLAIR 12(31.6)

FLAIR =T2W-TSE> 0 1(2.6) PSIR =T2W-TSE> 0 0 PSIR=FLAIR > 0 1(2.6)
FLAIR < T2W-TSE 0 PSIR < T2W-TSE 0 PSIR < FLAIR 0
FLAIR = T2W-TSE = 0 35(92.1) PSIR = T2W-TSE = 0 25(65.8) PSIR = FLAIR = 0 25(65.8)

LC 0.17 < 0.001 < 0.001
FLAIR > T2W-TSE 4(10.5) PSIR > T2W-TSE 22(57.9) PSIR > FLAIR 25(65.8)

FLAIR =T2W-TSE> 0 5(13.2) PSIR=T2W-TSE> 0 4(10.5) PSIR=FLAIR > 0 1(2.6)
FLAIR < T2W-TSE 9(15.8) PSIR < T2W-TSE 1(2.6) PSIR < FLAIR 2(53)
FLAIR = T2W-TSE = 0 20(52.6) PSIR = T2W-TSE = 0 11(28.9) PSIR = FLAIR = 0 10(26.3)

JC 0.28 < 0.001 0.002
FLAIR > T2W-TSE 8 (21.1) PSIR > T2W-TSE 1(2.6) PSIR > FLAIR 4(10.5)

FLAIR = T2W-TSE > 0 8 (211) PSIR = T2W-TSE > 0 6 (15.8) PSIR = FLAIR > 0O 4(10.5)
FLAIR < T2W-TSE 13(34.2) PSIR < T2W-TSE 21(55.3) PSIR < FLAIR 19 (50)
FLAIR = T2W-TSE = 0 9(23.7) PSIR = T2W-TSE = 0 10 (26.3) PSIR = FLAIR = 0 11(28.9)

Abbreviations: PSIR, phase-sensitive inversion recovery; FLAIR, fluid-attenuated inversion recovery; TSE, turbo spin echo; IC, intracortical lesion; LC, leukocortical lesion;
JC, juxtacortical lesion.

on their T1 relaxation time relative to Tl relaxation time
of the nulled tissue; therefore, its grayscale criteria have
a larger amplitude (16). The phase-sensitive reconstruc-
tion improves the GM/WM contrast and differentiation. Be-
sides, it makes the CSFappear hypointense, as it produces a
large negative magnetization field (16). According to a per-
vious study, CLs can appear hyperintense on T2W-TSE and

FLAIR images. Also, blood and CSF flow artifacts appear hy-
perintense in such images, and the false positive probabil-
ity increases; conversely, these lesions appear hypointense
in PSIR sequences (4).

Our study showed that the total number of MS IC and
LC plaques was significantly higher in PSIR compared to
T2W-TSE and FLAIR sequences. This finding is similar to the
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Table 5. Evaluation of the Presence or Absence of Plaques *

Variables/T2W-TSE vs. FLAIR No.(%)  OverallP P T2W-TSE vs. PSIR No. (%) P FLAIR vs. PSIR No. (%) P
First radiologist

IC < 0.001 032 < 0.001 0.001

Both yes 0 Both yes [¢] Both yes 1(2.6)
FLAIR yes, T2W-TSE no 1(2.6) PSIR yes, T2W-TSE no 12(31.6) PSIR yes, FLAIR no 11(28.9)
FLAIR no, T2W-TSE yes 0 PSIR no, T2W-TSE yes 0 PSIR no, FLAIR yes 0

Both no 37(97.4) Both no 26(68.4) Both no 26(68.4)

LC < 0.001 0.73 0.002 0.002
Both yes 8(21.1) Both yes 13(34.2) Both yes 10 (26.3)
FLAIR yes, T2W-TSE no 3(7.9) PSIR yes, T2W-TSE no 10 (26.3) PSIR yes, FLAIR no 13(34.2)

FLAIR no, T2W-TSE yes 5(13.2) PSIR no, T2W-TSE yes 0 PSIR no, FLAIR yes 1(2.6)
Both no 22(57.9) Both no 15(39.5) Both no 14 (36.8)

JC 037 0.9 0.5 0.63
Both yes 26(68.4) Both yes 25(65.8) Both yes 24 (63.2)

FLAIR yes, T2W-TSE no 1(2.6) PSIR yes, T2W-TSE no (0] PSIR yes, FLAIR no 1(2.6)
FLAIR no, T2ZW-TSE yes 1(2.6) PSIR no, T2W-TSE yes 2(53) PSIR no, FLAIR yes 3(7.9)
Both no 0(26.3) Both no 11(28.9) Both no 10 (26.3)
Second radiologist

IC < 0.001 0.5 < 0.001 0.002

Both yes 1(2.6) Both yes 1(2.6) Both yes 3(7.9)
FLAIR yes, T2W-TSE no 2(53) PSIR yes, T2W-TSE no 12(31.6) PSIR yes, FLAIR no 10 (26.3)
FLAIR no, T2ZW-TSE yes 0 PSIR no, T2W-TSE yes 0 PSIR no, FLAIR yes 0

Both no 35(92.1) Both no 25(65.8) Both no 25(65.8)

LC < 0.001 0.23 0.003 < 0.001

Both yes 7(18.4) Both yes 14 (36.8) Both yes 8(21.1)
FLAIR yes, T2W-TSE no 3(7.9) PSIR yes, T2W-TSE no 12 (31.6) PSIR yes, FLAIR no 18 (47.4)
FLAIR no, T2W-TSE yes 8(211) PSIR no, T2W-TSE yes 1(2.6) PSIR no, FLAIR yes 2(53)

Both no 20(52.6) Both no 11(28.9) Both no 10(26.3)

JC 0.005 0.9 0.016 0.03

Both yes 26(68.4) Both yes 21(55.3) Both yes 21(55.3)
FLAIR yes, T2W-TSE no 1(2.6) PSIR yes, T2W-TSE no 0 PSIR yes, FLAIR no 0
FLAIR no, T2W-TSE yes 2(53) PSIR no, T2W-TSE yes 7(18.4) PSIR no, FLAIR yes 6(15.8)

Both no 9(23.7) Both no 10 (26.3) Both no 11(28.9)

Abbreviations: PSIR, phase-sensitive inversion recovery; FLAIR, fluid-attenuated inversion recovery; TSE, turbo spin echo; IC, intracortical lesion; LC, leukocortical lesion;

JC, juxtacortical lesion.
an,

results of a study conducted by Nelson et al. (3), which com-
pared the number of lesions detected by PSIR, FLAIR, and
DIR sequences. Moreover, in a study by Sethi et al. (2), the
implementation of PSIR sequence significantly increased
the number of additional plaques in the IC region. In an-
other study by Favaretto et al. (17), the PSIR sequence could
identify lesions four times more than DIR, especially ICand
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yes" in table means "show/showes plaque" and "no" in table means "don’t show/doesn’t show plaque".

LC lesions. Another study by Harel et al. (1) verified that
PSIR improves the detection and classification of CLs as
compared to DIR; this study showed that CLs affected the
physical and cognitive disabilities of patients with MS.

In the present study, PSIR showed significantly more
MS lesions in the IC and LC regions compared to T2W-TSE
and FLAIR sequences. The mean number of lesions in these
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Figure 2. A, Comparison of PSIR with T2W-TSE: the distribution of patients in subgroups based on the presence of plaque in one sequence and its absence from another
sequence (based on the radiologist’s observation and location); B, Comparison of PSIR with FLAIR: the distribution of patients in subgroups based on the presence of plaque in
one sequence and its absence from another sequence (based on the radiologist’s observation and location). PSIR, phase-sensitive inversion recovery; FLAIR, fluid-attenuated

inversion recovery; TSE, turbo spin echo; IC, intracortical lesion; LC, leukocortical lesion.

two regions was greater in PSIR as compared to FLAIR and
T2W-TSE, and the difference was statistically significant (P
< 0.001). Besides, a higher number of lesions was found in
the JC region by T2W-TSE compared to PSIR and FLAIR (P <
0.001). This finding is consistent with the results reported
by Wattjes et al. (18), which also indicated more lesions in
the JC region using FLAIR images; it should be noted that
many lesions in the JC region are WM lesions rather than
CLs, which are easily detected by FLAIR and T2W-TSE.

According to previous studies, the use of both DIR and
PSIR sequences can improve the detection of MS CLs (4). In
this regard, Sethi et al. (19) showed that the higher CNR,
provided by the PSIR sequence, led to the improved detec-

tion and anatomic classification of GM lesions compared
to other sequences, such as DIR. The cortical GM/WM junc-
tion is typically missed on conventional images used to dis-
tinguish between IC lesions and those extending into the
WM (considered as LC lesions). On the other hand, the PSIR
sequence creates a high contrast between the lesion and
the adjunct MG, leading to the delineation of the lesion size
and boundaries.

The diagnosis of MS according to the McDonald crite-
ria is based on the lesion dissemination in time and space
(in anatomic sites, including the ]JC, periventricular, in-
fratentorial, IC, and spinal cord regions). In other words,
at least two lesions in two anatomic sites fulfill the criteria
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for dissemination in space (12). Therefore, even a patient
who shows, for example, 10 plaques in the periventricular
area, does not fulfill the criteria for dissemination in space,
while two plaques located in two different locations (men-
tioned above) fulfill these criteria. Therefore, although the
number of plaques is important in MS diagnosis, finding
plaquesin different anatomic sites is even more important
(i.e., finding only one plaque in different anatomic sites is
more important than finding multiple plaques in the same
location).

When comparing different MRI sequences for the de-
tection of CLs in a group of suspected MS patients, it is
even more important to compare the frequency of patients
with at least one cortical plaque rather than merely com-
pare the mean number of plaques between two sequences.
Therefore, we compared the sequences regarding the pres-
ence or absence of plaques, in addition to the mean num-
ber of plaques; the results are presented in Table 5. For
both radiologists, the percentage of patients who showed
at least one plaques in PSIR and did not show plaque in
T2W-TSE was higher (at least equal to 26.3%) than the pa-
tients who did no show plaque in PSIR and showed at least
one plaques in T2W-TSE in both IC and LC regions. There-
fore, compared to T2W-TSE, PSIR could potentially increase
the MS diagnosis in more than 25% of the patients; how-
ever, such a conclusion cannot be made solely based on the
comparison of the mean plaque counts.

Similarly, when we compared the presence of plaques
(at least one) in PSIR and FLAIR in the IC and LC regions,
we observed similar findings; in the PSIR sequence, at least
26.3% of the patients showed plaques, while they did not
show any plaques in FLAIR; this finding could not be ob-
tained based on the mean plaque comparison. It shows
that PSIR, compared to T2W-TSE and FLAIR, can signifi-
cantly improve the MS diagnosis in a group of suspected
MS patients when evaluating the cortical regions.

The present study had some limitations. First, the sam-
ple size was small in this study. Second, most of our pa-
tients were diagnosed with RR-MS; it should be noted that
in this subgroup of MS patients, the probability of CL is
lower than that of primary progressive and secondary pro-
gressive MS subtypes. Third, we did not evaluate the rela-
tionship between the CL burden and the clinical course of
the disease. We suggest using a 3D PSIR for the improved
detection of CLs and also improved disease prediction, as
lesions in the GM can lead to clinical disabilities.

In conclusion, a larger number of IC and LC lesions can
be detected using PSIR compared to FLAIR and T2W-TSE se-
quences. Since the precise detection of IC lesions is impor-
tant in monitoring cortical injuries and disease progres-
sion in MS patients over a long-term follow-up, we recom-
mend adding PSIR sequence into the routine MR protocol
for MS patients, especially those who are suspected of cog-
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nitive impairments.
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