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Applying MAP-MRI to Identify the
WHO Grade and Main Genetic
Features of Adult-type Diffuse
Gliomas: A Comparison of Three
Diffusion-weighted MRI Models
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Rationale and Objectives: Currently, there is no noninvasive method to effectively judge the genotype of diffuse gliomas. We explored
the association between mean apparent propagator-MRI (MAP-MRI) and WHO grade 2/3, IDH 1/2 mutations, and chromosome 1p/19q
combined deletion genotypes in adult-type diffuse gliomas and compared it with the diagnostic efﬁciency of diffusion tensor imaging (DTI)
and diffusional kurtosis imaging (DKI).
Materials and Methods: We prospectively recruited 67 participantshistopathologically diagnosed with adult-type diffuse gliomas. Routine MRI, DKI, and DSI were performed before surgery. The extreme and average partial diffusion indexes of solid tumors were measured.
A comprehensive assessment of statistically signiﬁcant diffusion parameters was performed after Bonferroni correction, including ROC
curves, correct classiﬁcation percentage (CCP), integrated discrimination improvement (IDI), net reclassiﬁcation improvement (NRI), and
k-fold cross validation.
Results: For differentiating WHO grade 2/3, q-space inverse variance (QIV), mean kurtosis (MK), non-Gaussianity (NG), and return to the
origin probability (RTOP) were different (p’ < .05), with the mean QIV exhibiting the best diagnostic efﬁcacy and stability (AUC = 0.973,
CCP = 0.906). We observed signiﬁcant differences in mean diffusivity (MD), mean square displacement, QIV, MK, and RTOP between the
IDH wild-type and IDH mutant groups (p’ < .001) (AUC, 0.806 0.978) and MAP-MRI showed a higher IDI than DTI and DKI (0.094 0.435,
NRI > 0, respectively). For the chromosome 1p/19q combined deletion, the minimum QIV was different between the overall (p’ < .05) and
no signiﬁcant differences in MD and MK was observed.
Conclusion: MAP-MRI effectively predicts the WHO grade 2/3, IDH 1/2 mutations, and chromosome 1p/19q combined deletion in adulttype diffuse gliomas, and it may perform better than DTI and DKT.
© 2022 The Association of University Radiologists. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abbreviations: 1p/19q synchronous deletion of the short arm of chromosome 1 and long arm of chromosome 19, CCP correct classiﬁcation
percentage, DKI diffusional kurtosis imaging, DSI diffusion spectrum magnetic resonance imaging, FA fractional anisotropy, IDH isocitrate
dehydrogenase, IDHmut/1p19qdel IDH mutant and chromosome 1p19q synchronous deletion, IDHmut/1p19qint IDH mutant and
chromosome 1p19q intact, IDHwt IDH wild-type, IDI integrated discrimination improvement, MAP-MRI mean apparent propagation
diffusion MRI, MD mean diffusivity, MK mean kurtosis, MSD mean square displacement, NG non-Gaussianity, NRI net reclassiﬁcation
improvement, QIV q-space inverse variance, ROI region of interest, RTOP return to the origin probability
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INTRODUCTION

G

liomas account for 80% of all primary central nervous system malignancies (1). Even when surgery,
concurrent radiotherapy and chemotherapy are
actively used, patients usually have a poor prognosis (2). Previous studies have clariﬁed part of the genetic basis of gliomas,
information that has helped classify gliomas and has provided
prognostic and predictive data for patients (3-5). The 2021
edition of the World Health Organization (WHO) classiﬁcation of central nervous system tumors increases the importance of the genetic features of diffuse gliomas, compared to
the 2016 edition, and may enable reclassiﬁcation of the histologic grading in certain characteristic cases (6). Advanced
knowledge of the histological and genetic characteristics of
the tumor is a fundamental and necessary step to optimize the
treatment process, because the scope of surgical resection and
subsequent concurrent radiotherapy and chemotherapy are
usually based on this information (7). Currently, histopathological analysis and genetic testing of tumor specimens are
regarded as the gold standards for glioma analysis. However,
in some cases, tumor tissues may not be effectively obtained,
or genetic testing may not be possible. Because of the heterogeneity of these tumors, a small amount of pathological material may lead to a misdiagnosis in the classiﬁcation, grading
and genetic feature detection of gliomas (8) or incorrect
results caused by the detection technology itself (9). These
factors affect the diagnosis, treatment and prognosis of this
disease. Therefore, a feasible technology or imaging method
is required that can effectively provide genotype information.
The application of diffusion models in neuro-oncology is
extensive (10). Several studies have used various diffusion
models to genotype gliomas (11-15). Some conventional
imaging features are thought to be helpful in predicting the
hereditary features of gliomas, such as MRI anatomical
imaging (11). However, the accurate manual extraction of
imaging features relies on radiologists, which may lead to
errors in prediction due to subjective bias, particularly for
some patients whose imaging features are not prominent.
Thus, an imaging method with high robustness and accuracy
is needed to predict the molecular genotype of diffuse gliomas. Diffusion tensor imaging (DTI) is a technique based on
DWI that expresses the approximate Gaussian distribution
of water molecules in tissues. Tan et al. (12) reported that
DTI distinguishes the IDH genotype of gliomas. However,
of particular concern is that the movement of water molecules in the actual tissue is affected by various factors, and
the distribution is non-Gaussian. Diffusion kurtosis imaging
(DKI) is believed to describe the non-Gaussian distribution
of water protons in the brain (16). However, to date, there
has been little agreement on whether DKI can distinguish
between the IDH 1/2 mutation and chromosome 1p/19q
combined deletion genotypes in diffuse gliomas (13,14).
Mean apparent propagator-MRI (MAP-MRI) is a newer
computational framework based on the acquisition of q-space
data for diffusion spectrum magnetic resonance imaging
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(DSI) (17-19). The technology includes DTI, which may be
used to not only evaluate the non-Gaussian distribution of
water molecules in brain tissue but also effectively measure
the probability density function of spin displacement and
quantify useful indicators of the probability density function.
These indexes reﬂect the diffusion of protons in complex
microstructures (such as diffusion conﬁnement and multiple
chambers). MAP-MRI has been reported to be superior to
DTI (20) and has been used to detect changes in diffusion
parameters caused by different grades or different genetic features of diffuse gliomas (21,22), but the old grouping method
may lead to incorrect clinical practical applications. The aim
of this study was to describe the association between MAPMRI and the histological and main genetic features of diffuse
gliomas by applying the latest WHO classiﬁcation criteria
method, including WHO grade 2/3, IDH1/2 mutations and
1p/19q combined deletion genotypes, and to further compare its diagnostic efﬁcacy with DTI and DKI.

MATERIALS AND METHODS
Participants and Clinical Data

We conducted a prospective study and recruited participants
who visited our hospital between June 2018 and September
2021. The study was conducted in accordance with the Declaration of Helsinki. The ethics committee of our hospital
approved the research protocol (Number: WZ 2022019),
and all participants signed an informed consent form before
the examination. The inclusion criteria for this study were as
follows: (1) adult-type diffuse gliomas were pathologically
diagnosed according to the 2021 WHO standards, (2) scan
sequences included conventional MRI and diffusion scans
(the diffusion imaging scans included at least one DKI or DSI
sequence due to long scan times or a poor participant status;
when the participant’s cooperation was low, the principle of
randomness was adopted) with ideal image quality, (3) surgery was performed within 3 months after the scan, and (4)
genotyping tests for tumor correlation were performed. The
exclusion criteria were participants with glioma who had
received preoperative treatment (including steroids, radiotherapy, chemotherapy, or concurrent radiotherapy and chemotherapy) and gliomas in which it was difﬁcult to draw the
region of interest (ROI). An overview of the participants
selection process is shown in Figure 1.
In a previous study, 36 participants with diffuse glioma
were included, and the study compared the differences in
MAP-MRI parameters between groups of participants with
different grades of diffuse glioma (21). In the present study,
27 participants from this previous study were included. We
classiﬁed IDH wild-type participants with histologic grade 2/
3 and TERT promoter mutation as the grade 4 group
according to the 2021 WHO criteria, Finally, three such participants were included in the study, and the remaining
hereditary features that might increase the histologic grade
will be examined in future studies. According to the IDH
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Figure 1. Participant selection ﬂowchart.

1/2 mutation and 1p/19q combined deletion genotypes, the
participants were divided into three groups: participants were
ﬁrst divided into the IDH wild type (IDHwt) group and IDH
mutant type (IDHmut) group, and then the IDHmut group
was divided into IDH mutant and 1p19q intact (IDHmut/
1p19qint) group and IDH mutant and 1p19q synchronous
deletion (IDHmut/1p19qdel) group.
MRI

All participants underwent preoperative MRI using a 3T
scanner (MAGNETOM Skyra; Siemens Healthcare, Erlangen, Germany) equipped with a 32-channel head/neck coil.
The conventional MRI sequences included axial T1weighted, axial T2-weighted, axial T2-weighted FLAIR,
axial DWI and 3D contrast-enhanced T1-weighted images
after the intravenous administration of 0.1 mmol/kg gadobutrol (Gadovist, Bayer AG, Berlin, Germany).
The DKI sequence was obtained in the axial plane using
the following parameters: TR/TE = 4200/101 ms,
FOV = 342 mm £ 342 mm, GRAPPA = 2, layer
thickness = 5.0 mm, voxel size = 2.7 £ 2.7 £ 5.0 mm3, 20
layers, b value = 0, 1000, and 2000 s/mm2, and total scanning
time = 9 min and 12 s. The DSI sequence was obtained in
the axial plane using a half q-space Cartesian grid sampling
procedure with the following parameters: TR/TE = 7000/
107 ms, FOV = 260 mm £ 260 mm, GRAPPA = 2, layer
thickness = 3.0 mm, voxel size = 2.2 £ 2.2 £ 3.0 mm3, 50
layers, b value = 0 3000 s/mm2, and total scanning
time = 15 min and 40 s. Detailed information on the parameters is provided in Supplementary Table E1.
Data Processing

The images were corrected for eddy and motion in advance
using DiffusionKit eddy tools (23). Diffusion kurtosis estimator (DKE) software (24) was used to postprocess the DKI
image to obtain the mean diffusivity (MD) map, fractional
anisotropy (FA) map of DTI and mean kurtosis (MK) map of
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DKI. MAP-MRI parameters were calculated using NeuDiLab, a software developed in-house with Python based on
the open-source tool DIPY (Diffusion Imaging in Python)
(25). The MAP-MRI parameters investigated included the
mean square displacement (MSD), non-Gaussianity (NG),
q-space inverse variance (QIV) and return to the origin probability (RTOP). Three diffusion models can account for
multiple diffusion indicators, and we selected several of these
indicators that may be more representative of diffusion characteristics for analysis. Image coregistration was performed
using 3D-Slicer. The ITK-SNAP software was used to manually delineate the tumor parenchymal area (26), and the
ROI was selected to avoid cystic degeneration, necrosis,
hemorrhage, and calciﬁcation as much as possible. If the
tumor was enhanced (contrast agent uptake was present), the
tumor-enhancing area was selected, and T2 FLAIR imaging
was used to exclude adjacent normal tissues and edema
around the tumor; if the tumor was not enhanced and the
signal in the parenchymal area was not uniform, the area
with the lowest ADC image signal in the tumor parenchyma
visible with the naked eye was selected as the ROI (Fig 2)
(11,12,15). The analysts adopted the blinding principle for
the basic information and clinical history of the participants
in this study, and two neuroradiologists (Jinlong He and
Shenghui Xie, with 12 and 11 years of experience, respectively) analyzed and measured all the images. The value of
each parameter in any substantial part of the tumor was measured ten times, and the total average value of each parameter
was calculated as the average value. The three lowest or largest values among the values for 10 parameters were chosen,
and the ROI-added area was greater than 20 mm2 to avoid
systematic errors as much as possible. Next, the average of
the three values was calculated as the extreme value of the
parameters. The intraclass correlation coefﬁcient (ICC) was
calculated using a two-way random effects model to analyze
the agreement between two neuroradiologists. Correlation
analysis was performed on the diffusion indicators with sufﬁcient consistency (ICC > 0.8), and the average value of the
parameters measured by the two radiologists was recorded as
the ﬁnal value.

Pathology

All the tissue samples were prepared as parafﬁn blocks and
analyzed at our institution’s pathology department using the
latest methodology consistent with the WHO 2021 guideline
on histopathology and immunohistochemistry (6). The
pathologist (Lixin Weng) who analyzed the images had
23 years of work experience and was blinded to the clinical
information and imaging results. A one-step method (multiplex PCR ampliﬁcation combined with next-generation
sequencing [NGS)) was used to detect the IDH1/2 mutation,
1p/19q combined deletion genotypes and TERT promoter
mutation (27,28). See the supporting materials for speciﬁc
steps.
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Figure 2. Selection method of region of interest.
(a h) The axial T2, ADC map, FLAIR, and T1-CE show the method used to select the ROI and determine the mean ADC (area of tumor
parenchymal enhancement, blue and red) and minimum ADC (area with the lowest ADC among mean ADC, blue, also black arrow). Note that
the pictures only show one layer of the images and round ROIs were chosen because this method can be replicated in most picture archiving
and communication systems (Color version of ﬁgure available online).

Statistical Analysis

The statistical software packages SPSS 24.0 (SPSS, Inc., Chicago, IL, USA), Medcalc Version 19.7.4 (MedCalc Software
Ltd, Ostend, Belgium) and R version 4.1.2 were used to analyze the data. For the data that conformed to a normal distribution and equal variances (determined by Levene’s test for
the homogeneity of variance), an independent-samples T test
was used for comparison. If the aforementioned conditions
were not met, the Mann Whitney U test was used for analysis. The Bonferroni correction was used to correct for multiple comparisons, using P’ instead of P, and receiver operating
characteristic (ROC) curves and the correct classiﬁcation percentage (CCP) (29) were determined for the parameters that
were statistically signiﬁcant (p’ < .05). For signiﬁcant diffusion parameters, we evaluated Cohen’s d. Previous studies
have suggested a correlation between the three models
(14,18,30,31), and thus we compared them by performing
Spearman’s rank correlation analysis (Supplementary Table
E6, Fig 4). Differences in efﬁcacy between the parameters
were assessed using the DeLong test, integrated discrimination improvement (IDI) and net reclassiﬁcation improvement
(NRI) (29). We aimed to more robustly evaluate the diagnostic efﬁcacy, stability, and generalizability of diffusion parameters by performing k-fold cross validation (K = 5).

and 67 participants with diffuse glioma (mean age, 50 §
12 years [standard deviation); 35 men) were included from
June 2018 to September 2021. Twenty-four of these participants had undergone only one DKI or DSI scan, and thus the
ﬁnal test set included 55 sets of images. The characteristics of
the participants are shown in Table 1.
Diffusion Parameters Quantify the Molecular Type of
Diffuse Glioma

Twenty-ﬁve enhancements in 25 IDHwt tumors, nine
enhancements in 17 IDHmut/1p19qint tumors, and 18
enhancements in 25 IDHmut/1p19qdel tumors were identiﬁed. The interobserver reproducibility of all the diffusion
parameters was good (ICC, 0.857 0.993) (Online Supplemental Data).
In the correlation comparison of the three diffusion model
parameters, a positive correlation was found between MD,
MSD, and QIV with correlation coefﬁcients ranging from
0.485 to 0.902. A positive correlation was found between
MK, NG, and RTOP with correlation coefﬁcients ranging
from 0.522 to 0.863. A negative correlation was found
between MD, MSD, and QIV and MK, NG, and RTOP
with correlation coefﬁcients ranging from 0.362 to 0.987.
No signiﬁcant correlation was found between FA and the
other parameters (p < .05) (Online Supplemental Data).

RESULTS
Participant Distribution

WHO 2 and WHO 3

During the study period, 291 participants with suspected glioma were evaluated. Finally, 224 participants were excluded,

In grade 2/3 adult-type diffuse gliomas, the average and
minimum QIV values of the grade 3 group were
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TABLE 1. Participant Demographics

All (%)
Sex (male/female)#
Age (mean § SD, years)#
2021 WHO grade
2
3
4
Participants with images*
2
3
4

All Adult-Type Diffuse
Glioma Subtypes

IDHwt

IDHmut/1p19qint

IDHmut/1p19qdel

p

67
35/32
50§12

25(37.3)
13/12
55§13

17(25.4)
8/9
48§10

25(37.3)
14/11
46§11

.852
.010

22
20
25

—
—
25

11
6
0

11
14
—

15
17
23

—
—
23

7
6
0

8
11
-

1p/19q, synchronous deletion of the short arm of chromosome 1 and long arm of chromosome 19; IDH, isocitrate dehydrogenase; IDHmut/
1p19qdel, IDH mutant and 1p19q synchronous deletion; IDHmut/1p19qint, IDH mutant and 1p19q intact; IDHwt, IDH wild-type; WHO, World
Health Organization.
# Age and sex from the participant or their family.
* Due to long scan times or a poor participant status, diffusion imaging scans included at least one DKI or DSI sequence. When the participant’s cooperation was low, adopted the principle of random.

signiﬁcantly lower than those of the grade 2 group
(p’ < .01), and the average and maximum MK, NG, and
RTOP values were signiﬁcantly higher than those in the
grade 2 group (p’ < .05). The MD, MSD and FA values
showed nonsigniﬁcant results (p’ > .05) (Online Supplemental Data and Fig. 3 and 4). Cohen’s d values ranged
from 1.835 2.548. The average QIV had both the highest AUC and CCP (0.973 and 0.906, respectively), and
was very stable. NG may be superior to MK in predicting
the tumor grade (IDI = 0.408 and 0.266, respectively;
NRI = 0.063 and 0.031, respectively), but the instability
of diagnostic efﬁcacy is a concern.

IDHmut/1p19qint and IDHmut/1p19qdel

In all the adult-type diffuse gliomas, only the minimum QIV
value of the IDHmut/1p19qdel group was lower than that of
the IDHmut/1p19qint group (p’ < .05), and none of the
remaining diffusion parameters showed differences between
groups (p’ > .05). Cohen’s d was 1.181. However, after
excluding the effect of grade, the average QIV and RTOP
appeared able to identify the 1p/19q combined deletion
genotype (p’ < .05). The AUC and CCP of the minimum
QIV were not as high as expected (0.806 and 0.563, respectively), but high robustness (0.870 § 0.105) was observed
after ﬁvefold cross validation.

IDHwt and IDHmut

DISCUSSION

In all the adult-type diffuse gliomas, the average and minimum MD, MSD, and QIV values of the IDHwt group were
signiﬁcantly lower than those of the IDHmut group (p’ <
.001), and the average and maximum MK, NG, and RTOP
values were signiﬁcantly higher than those in the IDHmut
group (p’ < .001). The FA values showed nonsigniﬁcant
results (p’ > .05) (Online Supplemental Data and Fig 3).
Cohen’s d values ranged from 1.348 2.236. The ROC curve
and its characteristics are shown in Figure 4 and Supplementary Table E5, with values ranging from 0.834 to 0.978,
where QIV had the highest CCP. MSD, QIV and RTOP
showed a higher IDI than MD (0.189 0.435 and NRI > 0,
respectively), but seemed to produce the mean and extreme
values with the same effect (Online Supplemental Data). The
ﬁvefold cross validation results are shown in Supplementary
Table E7. The maximum RTOP value had the highest AUC
(0.911 § 0.071). The maximum NG value had the lowest
accuracy (0.653 § 0.364).

In this study, the average and extreme values of the diffusion
parameters of solid tumors were measured simultaneously,
and the diagnostic performance of three diffusion-weighted
models (including MAP-MRI, DTI, and DKI) was compared
for adult-type diffuse gliomas (AUC, 0.806 0.978; CCP,
0.563 0.909) with histological grade 2/3, IDH 1/2 mutation, and 1p/19q combined deletion genotypes. Our results
show that the multishell MAP-MRI model effectively distinguishes the histological and main genetic features of adulttype diffuse gliomas based on the latest WHO classiﬁcation
criteria, especially QIV. MD and FA are not able to be used
to discriminate histological grade 2/3, while the stability of
MK is poor. According to the present study, MD and MK do
not effectively predict the 1p/19q combined deletion genotype. These results may be facilitated by the assumption that
MAP-MRI does not rely on a priori models, unlike the
Gaussian and non-Gaussian distribution models of DTI and
DKI.
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Figure 3. Boxplot showing the distribution of the diffusion parameters for IDH wild-type, IDH mutant and 1p19q intact, IDH mutant and
1p19q synchronous deletion, and WHO grade 2/3 adult-type diffuse gliomas.
IDHmut/1p19qdel, IDH mutant and 1p19q synchronous deletion; IDHmut/1p19qint, IDH mutant and 1p19q intact; IDHwt, IDH wild-type; MD,
mean diffusivity; MK, mean kurtosis; MSD, mean square displacement; NG, non-Gaussianity; QIV, q-space inverse variance; RTOP, return to
the origin probability (Color version of ﬁgure available online).

In most studies, the rationale for standardization is to eliminate individual differences (11 13,22). We believe that the
parameters corresponding to the solid part of the tumor
depend mainly on the tumor itself rather than the damaged
white matter of the brain. In our study, no difference was
observed in the FA values among the groups, which demonstrated this hypothesis. However, some researchers have
revealed residual ﬁber bundles within tumors (32). Standardization still needs to be discussed. In addition, we do not
know whether the white matter of the contralateral hemisphere is inﬁltrated by tumor cells (33,34), or whether diffuse
imaging is affected by the spatial resolution and cannot be
used to effectively describe small changes in the solid part of a
tumor (35). Therefore, we did not correct for these parameters. Shortening the scanning time is necessary. However,
simultaneous multislice inspection may bias the extraction of
diffusion features (36), and singleshell diffusion scanning may
be less affected than multishell model. The selection of rationalized scanning parameters requires further investigation.
Our study revealed that water molecules in IDH wild-type
adult-type diffuse gliomas were more restricted than those in
IDH mutants, consistent with previous studies (11-14,22).
Combined with the ﬁndings reported by Wang et al. (21),
we postulate that MSD effectively assesses the IDH status irrespective of rank because it explicitly calculates second-order
moment tensors of the mean apparent propagator (30,31).
6

This same conclusion is maintained under the new classiﬁcation and may be related to the epigenetics, metabolism, and
redox homeostasis of tumor cells, which change the tumor
extracellular volume (14,22). IDHwt glioma has the worst
prognosis (3-5), which indirectly shows the reliability of our
conjecture. We propose that this ﬁnding might represent a
breakthrough, as previous diffusion parameters have been
inﬂuenced by the glioma grade (12-14,21), resulting in conﬂicting clinical applications.
Our study did not ﬁnd that MD is useful to identify WHO
grade 2/3 tumors, possibly because typically IDH mutant gliomas show a larger extracellular volume as a percentage of
the tumor volume than IDH wild-type gliomas (14,22),
thereby reducing the extent to which MD captures this part
of the microstructure as a quantitative parameter in the
Gaussian model. This characteristic allows the remaining
tumor biomorphology within the group to be classiﬁed as relatively uniform after the exclusion of IDH wild-type gliomas.
Numerical overlap has been described in previous studies;
thus, complete reliance on diffusion parameters for classiﬁcation or molecular type identiﬁcation is impossible (11-14,21).
We also encountered this problem in our study. However,
we found that QIV did not show obvious numerical overlap
in some of the groups. As a surrogate indicator of MSD, QIV
has a similar contrast to MSD in different tissue types (31),
and QIV is signiﬁcant and stable in predicting the 1p/19q
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Figure 4. ROC curve analysis for diffusion parameters.
IDHmut/1p19qdel, IDH mutant and 1p19q synchronous deletion; IDHmut/1p19qint, IDH mutant and 1p19q intact; IDHwt, IDH wild-type; MD,
mean diffusivity; MK, mean kurtosis; MSD, mean square displacement; NG, non-Gaussianity; QIV, q-space inverse variance; RTOP, return to
the origin probability (Color version of ﬁgure available online).

combined deletion. Reductions in RTOP are associated with
axonal damage to ﬁber bundles, accompanied by an increase
in isotropic tissue (18). After comparing the white matter of
the contralateral side (21), we surmise that this change reﬂects
diffuse tumor inﬁltration with an increased cell density in the
extracellular matrix, which has a certain correlation with
tumor heterogeneity. After eliminating the effect of the
grade, RTOP also identiﬁes the 1p/19q combined deletion,
probably because RTOP appears to reﬂect cellularity and
restrictions better than MD (18). The accuracy of the minimum QIV or maximum RTOP alone for predicting the
IDH mutation status of adult-type diffuse gliomas
(AUC = 0.97) surpassed that of ADC (DWI; AUC maximum, 0.83) (11), MD (DTI; AUC maximum, 0.93) (12) and
KA (neurite orientation dispersion and density imaging;
AUC maximum, 0.76) (14). Based on these results, QIV and
RTOP may strongly correlate with the IDH1/2 mutation
and 1p/19q combined deletion.
Oligodendroglial tumors with the 1p/19q combined deletion often show calciﬁcation on conventional images, but
we found that MK does not identify the 1p/19q combined
deletion, similar to the conclusion reported by Figini (14).

However, Hempel et al. (13), Chu et al. (15), and Gao et al.
(37) documented the opposite results, which may be caused by
the difference in b value and ROI selection. The scan time is
usually also reduced because the NG may be more sensitive to
local reference frame estimates, which may be inﬂuenced by
differences in the subject’s head orientation and motion (18).
However, in a similar study where the scan time was reduced,
NG still did not seem to perform very well (37).
Our research has some limitations. First, participants with
grade 4 IDHmut glioma were not included in this study due
to the insufﬁcient sample size, which may have resulted in
some erroneous results. However, the proportion of all our
participants with glioma was approximately the same as their
natural epidemiological rate. Therefore, we will continue to
collect relevant samples or overcome this limitation by conducting multicenter research. In addition, in future studies,
we will evaluate the direct acquisition of DTI and DKI
parameter maps through the postprocessing and analysis of
DSI. When the scan parameters are the same, the differences
between DTI, DKI and MAP-MRI can be evaluated. This
approach may effectively avoid the difference in results caused
by the use of different scanning parameters. Finally, an
7
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integrated diagnostic model should be built in the future that
includes information such as conventional clinical information and conventional image features.
In conclusion, mean apparent propagation diffusion-MRI
is useful to identify adult-type diffuse gliomas with WHO
grade 2/3, IDH 1/2 mutation, and 1p/19q combined deletion genotypes with higher diagnostic efﬁcacy and robustness
than DTI and DKI. Although it may not currently exhibit a
detection performance that exceeds that of pathology, the
noninvasiveness of imaging-based detection is still beneﬁcial
for the diagnosis and treatment of patients with glioma.
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