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A B S T R A C T

Purpose: To retrospectively explore the utilization of MR diffusion kurtosis
imaging (DKI) in predicting prognosis of the patients with high-grade gliomas.
Materials and methods: Thirty-three consecutive patients with cerebral gliomas underwent pretreatment DKI and diffusion-weighted imaging examination on a 3.0-T
MR scanner. Diffusion parameters, including conventional tensor parameters, kurtosis metrics (mean kurtosis [MK], radial kurtosis [AK], and axial kurtosis [RK]),
and minimum apparent diffusion coefficient (minADC), were obtained and normalized to the contralateral normal-appearing white matter. Correlations among each
diffusion parameter and overall survival were analyzed by a Spearman method. The diagnostic efficiency of each parameter in predicting survival for patients with
high-grade gliomas was assessed by a receiver operating characteristic curve. The favorable prognostic imaging biomarkers were further analyzed by using a Kaplan-
Meier method with log-rank test.
Results: In 33 patients, 17 patients reached overall survival> 15months (long survival group), whereas 16 showed overall survival< 15months (short survival
group). Negative correlations between kurtosis metrics (MK, AK, and RK) and overall survival were obtained by using Spearman analysis (r=−0.63, −0.57, and
−0.61, respectively, all P < 0.01), whereas minADC was positively correlated with overall survival (r=0.56, P < 0.01). The kurtosis parameters of the long
survival group were significantly lower than that of the short survival group (P < 0.001), while the minADC of the long survival group was significantly higher than
that of the short survival group (P=0.002). Among these diffusion parameters, the optimal cut-off value of MK (0.688) provided the best combination of sensitivity
(93.75%) and specificity (76.47%) for differentiation of patients with long survival from those with short survival. High kurtosis metrics and low minADC were
significant predictors of poor outcome. (P < 0.05).
Conclusion: Both kurtosis metrics and minADC have the potential to predict survival for the patients with high-grade gliomas. The preoperative kurtosis parameters,
especially MK, can be taken as a preoperative prognostic biomarker to predict prognosis in patients with high-grade gliomas.

1. Introduction

According to the 2007 WHO tumor classification of the central
nervous system, gliomas are divided into four grades depending on
their histological phenotype [1]. High-grade gliomas, including WHO
grades III (anaplastic astrocytoma) and IV (glioblastomas multiforme),
are characterized with high morbidity and low survival rates [2]. The
WHO classification of gliomas is a strong prognostic factor. Patients
exhibit the same histopathologic diagnosis and undertake a uniform
postoperative treatment; however, the response to therapy and prog-
nosis of individual patient is relatively variable. Except for pathological
diagnosis, many factors, such as age, tumor localization, and necrosis
[3,4], can result in the prognostic difference, but the most notable point
is the high tumor heterogeneity caused by different histomorphologies

and molecular features [4]. Therefore, precise analysis of heterogeneity
may contribute to evaluating the prognosis of patients with high-grade
gliomas.

Conventional diffusion imaging, including diffusion-weighted ima-
ging (DWI) and diffusion tensor imaging (DTI), have been used to re-
flect tissue microstructural changes in brain tissue [5–8]. These imaging
techniques are based on the simplified premise of the Gaussian dis-
tribution of water diffusion in biological systems. In addition, the rea-
lity, that complex intracellular and extracellular in vivo environments
cause the diffusion of water molecules to deviate considerably from this
pattern, is ignored [9]. Thus, this deviation results in an inaccurate
reflection of tissue microstructure [10,11].

Diffusional kurtosis imaging (DKI), an advanced diffusion imaging
model, has been increasingly implemented for providing more precise
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information of tissue characteristics based on quantifying non-Gaussian
behavior of water molecules in brain tissue [12]. With DKI, all the DTI
tensor parameters, such as the mean diffusivity (MD) and fractional
anisotropy (FA), can be obtained, and several kurtosis metrics, such as
mean kurtosis (MK), axial kurtosis (AK), and radial kurtosis (RK), can
be also evaluated. Given the high sensitivity and specificity of DKI in
assessing tissue microstructure [12–15], the present study aimed to (1)
investigate the utilization of kurtosis parameters in evaluating the
prognosis of patients with high-grade gliomas, and (2) further explore
whether kurtosis parameters were more accurate than conventional
diffusion parameters in evaluating prognosis.

2. Material and methods

2.1. Inclusion criteria for patients

The institutional review board approved this study and all patients
voluntarily signed informed consent. We retrospectively analyzed 36
patients who underwent DKI examination preoperatively for suspected
supratentorial gliomas between September 2014 and December 2015.

The patients enrolled in this clinical study must satisfy the following
criteria: (1) a complete MRI data containing a routine magnetic re-
sonance sequence, DWI, and DKI within 2 weeks before surgery; (2) no
other previous malignant systemic disease and intracranial surgery; (3)
histopathological diagnosis of cerebral gliomas by subsequent surgical
resection; and (4) available contact information at the time of follow-
up. We excluded two patients who were preoperatively suspected of
supratentorial gliomas but pathologically confirmed as a solitary me-
tastasis after resection and a patient who withdrew at the time of
follow-up.

According to the National Comprehensive Cancer Network (NCCN)
guidelines and the treatment protocol of our hospital, surgical removal
was undertaken in all patients. After surgery, the patients received
radiotherapy and chemotherapy.

Tissue samples obtained by surgical resection were examined his-
topathologically by an experienced neuropathologist (with 8 years of
experience in diagnosis of gliomas). Glioma grading was based on the
WHO classification system [1].

2.2. Imaging acquisition

All preoperative magnetic resonance scanning procedures were
performed on a 3.0-T MR scanner (Verio, Siemens, Germany) with an
eight-channel head coil for signal reception.

The DWI protocol was as follows: a single-shot spin-echo echoplanar
imaging sequence program with two b-values (0 and 1000 s/mm2), field
of view=256mm×256mm, acquisition matrix= 128×128, slice
number= 20, section thickness of 5mm, TE=100ms, TR=4500ms,
and average=1. The total acquisition time for the protocol was 33 s.

DKI data were acquired in an ep2d_diff sequence through the fol-
lowing protocol: axial plane with six b values (0, 500, 1000, 1500,
2000, and 2500 s/mm2), with every b value encoded with 30 diffusion
directions; field of view=256mm×256mm, acquisition ma-
trix= 128×128, slice number= 15, section thickness= 4mm, TE
=109ms, TR=3000ms, and average=2. The total acquisition time
for this protocol was 15min and 17 s.

The following acquisition parameters of plain scan and contrast-
enhanced (CE) sequences were applied: TR=4000ms, TE= 93ms,
field of view=256mm×256mm, matrix= 320×224 for plain
transverse T2-weighted turbo spin echo imaging (T2WI) sequence;
TR=250ms, TE=2.48ms, field of view=256mm×256mm, and
matrix= 256×256 for the CE transverse T1-weighted fast-spin echo
imaging (CE-T1WI) sequence. The section thickness and slice number of
the two sequences were 5mm and 20 slices, respectively.

2.3. Data processing and delineating regions of interest (ROIs)

On the basis of the DWI images, an apparent diffusion coefficient
(ADC) map was automatically generated according to the formula
ADC= (ln(Sb/S0))/b at the Siemens Syngo workstation. The DKI data
were processed using the Diffusional Kurtosis Estimator (DKE 2.6,
http://www.nitrc.org/projects/dke). Tensor parameters (MD and FA)
and kurtosis metrics (MK, AK, and RK) were obtained.

Details of the postprocessing procedure for DWI and DKI have been
reported previously [14,15]. In brief, ROIs were manually drawn on
ADC and DKI parameter maps by two neuroradiologists respectively
(each radiologist perform one set of data), who were blinded to the
patients' histopathological results, as presented in Fig. 1. Before deli-
neating the ROIs, FMRIB's diffusion toolbox (FSL 4.0, http://www.
fmrib.ox.ac.uk/fsl) was used to correct the eddy current-induced dis-
tortion and the slightly image variation. MATLAB 8.2 (Mathworks,
Natick, MA, USA) and SPM8 software (http://www.fil.ion.ucl.ac.uk/
spm/software/) were used to coregister and reslice the DKI parameter
maps and match with the original reference images.

For the ADC value, we selected the low signal areas of ADC maps
and manually placed five to ten round-shaped ROIs(area, approxi-
mately 0.3–0.5 cm2)on the ADC maps individually at the Siemens Syngo
workstation. Finally, the lowest ADC value was selected as the
minimum ADC value (minADC). For the DKI parameters, the ROIs were
delineated on the region of the above mentioned ROI which have the
lowest ADC value. Subsequently, the ROIs were copied to each DKI
parameter map to calculate the tensors and kurtosis values by using
MRIcro software (http://www.cabiatl.com/mricro/mricro/mricro.
html). The above-mentioned methods of drawing ROIs were con-
ducted carefully to avoid the necrotic and hemorrhagic tumor areas.
Meanwhile, the tensor parameters, kurtosis metrics, and minADC va-
lues in the contralateral normal-appearing white matter (NAWM) were
obtained.

2.4. Statistical analysis

SPSS Statistics 19.0 (IBM Corp. Armonk, NY, USA) and MedCalc16.7
software (MedCalc statistical software, Ostend, Belgium) were used for
statistical data analysis. Differences with P values < 0.05 were con-
sidered statistically significant. To examine the test–retest reliability of
quantitative data, two sets of measurement data analyzed by radi-
ologists were evaluated by using the intraclass correlation coefficient
(ICC).

To evaluate the potential of minADC, MD, FA, MK, AK, and RK
values in predicting patient's post-operative overall survival,

Fig. 1. Delineation of ROIs.
For the ADC value, we selected the low signal areas of ADC maps and manually
placed five to ten round-shaped ROIs(area, approximately 0.3–0.5 cm2)on the
ADC maps individually, the lowest ADC value was selected as the minimum
ADC value (minADC). For the DKI parameters, the ROIs were delineated on the
region of the above mentioned ROI which have the lowest ADC value.
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independent samples t-test was used to compare the differences of the
diffusion parameters between two groups (over 15months: long sur-
vival group, or less 15 months: short survival group). Receiver oper-
ating characteristic (ROC) curves were utilized to characterize each
parameter value for evaluating the overall survival of high-grade
gliomas. The area under the ROC curve (AUC) was calculated, and the

highest value was selected to determine the optimal cut-off value, and
then the patients were grouped again by these optimal cut-off values to
draw a Kaplan-Meier survival curves, and the differences of survival
between the two groups were obtained. Prognostic value of parameters
was performed using Cox regression analysis.

The Z test was used to compare the differences in AUC among
minADC, MD, FA, MK, AK, and RK values. The correlations among each
diffusion parameter value and overall survival were analyzed by
Spearman correlation analysis.

3. Results

3.1. Patients

A total of 33 patients with glioma included 16 females and 17 males
aged between 29 years and 67 years (mean age ± standard deviation:
52.21 ± 9.36 years). These patients included 11 WHO grade III ana-
plastic astrocytomas, and 22 WHO grade IV glioblastomas. We classi-
fied patients with high-grade glioma into two groups with respect to the
15-month survival; this classification was adopted because a previous
research shows that 15months is the median postoperative survival in
patients with high-grade glioma [2]. The patients with high-grade
gliomas were followed up by telephone in a unified time period. Overall
survival was calculated from the time of surgery to death or the date of
follow-up. The range of overall survival was 3.5–30months, with mean
time ± standard deviation of 16.7 ± 7.0months.

Table 1
DKI and DWI diffusion parameters in solid part of glioma and NAWM.

Parameter Number MK AK RK FA MD
(10−3 mm2/s)

minADC
(10−3 mm2/s)

NAWM 33 1.031 ± 0.086 0.799 ± 0.047 1.226 ± 0.143 0.382 ± 0.075 0.943 ± 0.067 0.759 ± 0.021
Grade III 11 0.631 ± 0.092 0.593 ± 0.096 0.663 ± 0.101 0.154 ± 0.042 1.314 ± 0.179 0.987 ± 0.151
Grade IV 22 0.777 ± 0.066 0.731 ± 0.073 0.790 ± 0.078 0.142 ± 0.036 1.278 ± 0.246 0.825 ± 0.122
HGGs 33 0.728 ± 0.102 0.684 ± 0.103 0.748 ± 0.104 0.146 ± 0.038 1.290 ± 0.224 0.879 ± 0.151

Note—Values are the mean ± standard deviation.
DKI: diffusion kurtosis imaging; DWI: diffusion-weighted imaging; NAWM: contralateral normal-appearing white matter; MK: mean kurtosis; RK: radial kurtosis; AK:
axial kurtosis; MD: mean diffusivity; FA: fractional anisotropy; minADC: minimum apparent diffusion coefficient; HGGs: high-grade gliomas including grade III and
grade IV.

Table 2
DKI and DWI diffusion parameters normalized to the NAWM in solid part of glioma.

Parameter Number N-MK N-AK N-RK N-FA N-MD
(10−3 mm2/s)

N-minADC
(10−3 mm2/s)

Grade III 11 0.609 ± 0.096 0.734 ± 0.133 0.535 ± 0.087 0.412 ± 0.177 1.459 ± 0.240 1.300 ± 0.207
Grade IV 22 0.760 ± 0.076 0.925 ± 0.120 0.660 ± 0.108 0.388 ± 0.101 1.342 ± 0.304 1.089 ± 0.169
HGGs 33 0.709 ± 0.109 0.862 ± 0.153 0.618 ± 0.116 0.396 ± 0.129 1.381 ± 0.286 1.159 ± 0.205

Note. Values are the mean ± standard deviation.
NAWM: contralateral normal-appearing white matter. N-MK, N-RK, N-AK, N-FA, N-MD, and N-minADC: mean kurtosis, radial kurtosis, axial kurtosis, fractional
anisotropy, mean diffusivity, and minimum apparent diffusion coefficient normalized to the contralateral normal-appearing white matter, respectively.

Table 3
ICCs of two sets of measurement data in solid part of glioma and NAWM.

Tumor MK AK RK FA MD ADC

ICC
(95%CI)

0.977
(0.953–0.989)

0.968
(0.934–0.984)

0.976
(0.952–0.988)

0.908
(0.818–0.953)

0.912
(0.828–0.956)

0.950
(0.902–0.974)

NAWM MKNAWM AKNAWM RKNAWM FANAWM MDNAWM ADCNAWM

ICC
(95%CI)

0.940
(0.884–0.969)

0.937
(0.878–0.968)

0.918
(0.840–0.958)

0.907
(0.819–0.952)

0.933
(0.870–0.965)

0.874
(0.755–0.935)

Note—CI: confidence interval;
ICCs: intraclass correlation coefficients; NAWM: contralateral normal-appearing white matter; MK: mean kurtosis; RK: radial kurtosis; AK: axial kurtosis; MD: mean
diffusivity; FA: fractional anisotropy; ADC: apparent diffusion coefficient.

Table 4
Differences in age, survival and diffusion parameters between LS group† and SS
group†.

Parameter LS group
(n=17)

SS group
(n=16)

P value

Age (years) 49.24 ± 8.07 55.19 ± 10.53 0.114✖

Survival (months) 22.27 ± 4.32 10.81 ± 3.57 < 0.001
N-MK 0.636 ± 0.088 0.788 ± 0.066 <0.001
N-AK 0.771 ± 0.119 0.958 ± 0.124 <0.001
N-RK 0.551 ± 0.083 0.690 ± 0.104 <0.001
N-FA 0.385 ± 0.093 0.407 ± 0.161 0.63✖

N-MD 1.450 ± 0.247 1.307 ± 0.314 0.15✖

N-minADC 1.262 ± 0.187 1.050 ± 0.167 0.002

Note. Values are the mean ± standard deviation.
† LS group: survival time over 15-months (long survival group), SS group:
survival time less15-months (short survival group).
✖ no significant difference .
N-MK, N-RK, N-AK, N-FA, N-MD, and N-minADC: mean kurtosis, radial kur-
tosis, axial kurtosis, fractional anisotropy, mean diffusivity, and minimum ap-
parent diffusion coefficient normalized to the contralateral normal-appearing
white matter, respectively.
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3.2. Normalization of MRI data to facilitate interpatient comparisons

The tensor parameters, kurtosis metrics, and minADC values in the
tumor and NAWM are shown in Table 1. DKI and DWI diffusion para-
meters normalized to the NAWM in solid part of glioma are shown in
Table 2. The ICC values of the two sets of measurement data, including
MD, FA, MK, AK, RK, and minADC, in the solid part of tumor and those
in the contralateral NAWM (except the ICC in NAWM of ADC was above
0.8) were above or equal to 0.9, as presented in Table 3.

Previous study shows that the MK, RK, and FA in the NAWM de-
crease with aging, whereas the MD increases [16]. To eliminate the
minor differences caused by age and tumor location, we selected nor-
malized data as the final research parameters, that is, all diffusion
parameters were normalized to the contralateral NAWM. Hereinafter,
the parameters were referred to as the N-MK, N-AK, N-RK, N-FA, N-MD
and N-minADC.

3.3. N-MK: An optimal parameter for predicting the 15-month survival of
high-grade gliomas

Among all the 33 patients with high-grade glioma, 17 reached
overall survival> 15months (long survival group), whereas 16 showed
overall survival< 15months (short survival group). Negative correla-
tions between diffusion parameters (N-MK, N-AK, and N-RK) and
overall survival were determined by using Spearman analysis
(r=−0.63, −0.57, and −0.61, respectively, all P < 0.01), whereas
N-minADC was positively correlated with overall survival (r=0.56,
P < 0.01). We found no correlation for N-FA and N-MD with overall
survival, respectively (P > 0.05).

Except for age, N-FA, and N-MD, the remaining parameters were
statistically different between the two groups (Table 4). N-MK, N-AK,
and N-RK were evidently lower in the long survival group than those in
the short survival group (P < 0.001), whereas N-minADC was higher
in the long survival group than that in the short survival group

(P=0.002).
The ROC curves of each parameter in predicting the 15-month

survival of the two groups are presented in Fig. 2. N-MK (0.923), N-AK
(0.864), N-RK (0.846), and N-minADC (0.794) achieved the highest
AUC sequentially. However, N-FA and N-MD showed lower values with
AUCs of 0.515 and 0.665, respectively. The AUC of N-MK was sig-
nificantly higher than those of N-FA and N-MD (P < 0.01).

When N-MK, N-AK, N-RK, and N-minADC were selected as the
predictive parameters of survival, their optimal cut-off values (with the
most remarkable combination of sensitivity and specificity: the max-
imal Youden index) were 0.688 (93.75% and 76.47%), 0.825 (87.50%
and 76.47%), 0.588 (81.25% and 76.47%), and 1.159 (75.00% and
64.71%), respectively. When the prognosis was compared between the
two groups divided by using the above cut-off value and the
Kaplan–Meier survival curve, the group with high N-MK, N-AK, N-RK
and low N-minADC predicted significantly poor outcome (P < 0.05)
(Fig. 3).

We used Cox regression analysis to assess the effect of the para-
meters (necrosis, two or more lobes were involved, tumor grade, N-MK
and N-minADC) on patient overall survival. The results showed that
except for N-MK and N-minADC, the remaining variables have no sta-
tistically significant effect on patient's overall survival (Table 5).

4. Discussion

Gliomas, one of the most common types of primary brain tumors,
can affect patient's brain function and be life-threatening. Despite im-
provements in surgical resection, radiotherapy, and chemotherapy, the
prognosis remains poor in patients with high-grade gliomas [2]. To our
knowledge, few groups conducted studies investigating whether pre-
operative DKI metrics can effectively evaluate prognosis of post-treat-
ment outcome in patients with high-grade gliomas [17,18]. In the
present study, our results revealed that both kurtosis parameters and
minADC have the potential to predict survival for the patients with
high-grade gliomas. Furthermore, the preoperative kurtosis parameters,
especially MK value, showed a higher sensitivity and specificity than
those of conventional diffusion parameters for evaluating prognosis,
and the patient with high kurtosis metrics and low minADC predicted
significantly poor outcome.

Gliomas, especially for high-grade gliomas, are characterized by
increased microstructural complexity and heterogeneity. Previous study
shows DWI and DTI have been utilized for the evaluation of micro-
structure and tumor cellularity [19]. However, tissue complexity, such
as cell membranes, organelles, and water compartments, cause com-
partmentalization and restrict the free displacement of water mole-
cules, which lead to a non-Gaussian diffusion of water [20]. Thus, due
to complex tissue microstructure, these imaging technologies may have
limitations for assessing the glioma heterogeneity [10,11]. DKI, as an
advanced non-Gaussian diffusion imaging technique, provides a more
accurate model of diffusion for quantifying diffusion kurtosis metrics to
account for this deficiency [20]. By data acquisition for at least two
nonzero diffusion gradient factors (b value) in> 15 nonlinear direc-
tions, the kurtosis metrics (including MK, AK and RK) and diffusion
metrics (including MD and FA) are obtained simultaneously. AK and RK
are designed to specifically address direction-dependent tissue com-
plexity. AK, parallel to the main direction of diffusion, might reflect the
axonal integrity and density of fiber bundles. RK, perpendicular to the
main direction of diffusion, might reflect the myelin integrity and ax-
onal density. The MK is defined as the average kurtosis over all diffu-
sion directions. MK is not only limited to anisotropic environment, but
also can uniquely quantify the microstructural integrity of brain tissue,
even in the presence of cross-fibers [21,22]. Previous study confirmed
that DKI, as an extension of DTI, can be generally proportional to the
heterogeneity and complexity of the microstructure [21,23]. In addi-
tion, higher grade gliomas are characterized by higher cellularity, more
nuclear atypia, higher pleomorphism and heterogeneity with vascular

Fig. 2. ROC curves of diffusion parameters in the solid tumor part for predicting
the 15-month survival of patients with high-grade gliomas.
N-MK achieved the higher AUC (0.923); however, N-FA and N-MD showed
lower values with AUCs of 0.515 and 0.665, respectively.
AUC: area under the ROC curve; N-MK, N-AK, N-RK, N-FA, N-MD, and N-
minADC: mean kurtosis, axial kurtosis, radial kurtosis, fractional anisotropy,
mean diffusivity, and minimum apparent diffusion coefficient normalized to the
contralateral normal-appearing white matter, respectively.
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hyperplasia, necrosis, hemorrhage, and endothelial proliferation.
Therefore, higher grade gliomas contain greater structural complexity
and heterogeneity [14,19,21]. Hence, increased values of kurtosis
parameters in high-grade glioma might reflect a higher degree of tissue
complexity, and these changes can be the reason why the kurtosis
metrics had correlations with overall survival and the patient with the
high kurtosis parameter values implied a significantly poor outcome.

The preoperative minADC, as a useful clinical prognostic biomarker
for survival in patients with high-grade gliomas, was reported in the

previous researches [6,7]. The minADC was selected as a prognostic
value because the area with minADC indicates the most aggressive part
of the tumor with high proliferation and cellularity [24–26]. Thus, in
the present study, we selected an area with minADC as ROIs. Our study
further revealed that the AUC of MK parameter was higher than that of
the minADC for predicting the 15-month survival. This result may be
attributed to the following reasons. On one hand, a previous study re-
vealed that tumor cellularity showed strong positive correlation with
microvascular density, while high tumor cellularity can decrease ADC
value [26]. The high microvascular density may increase the ADC, since
ADC value is calculated from the monoexponential model incorporating
both diffusion and perfusion information of the tumor tissue. On the
other hand, the diffusion of water molecules of microstructures in vivo
is much closer to non-Gaussian distribution [9]. Therefore, ADC value
obtained from DWI, which is based on the monoexponential and idea-
lized Gaussian distribution model, may not be able to accurately reflect
water molecular diffusion in such complex microenvironment. In ad-
dition, DKI can depict the non-Gaussian diffusion behavior and reflect
the deviation degree of Gaussian diffusion of water molecules move-
ment. This imaging technique is able to reveal microstructural changes
within glioma tissue, and a large diffusional kurtosis suggests a high
degree of diffusional heterogeneity and microstructural complexity
[12,14,27]. Furthermore, by using Cox regression analysis, prognostic
value of parameters (tumor localization, grade and necrosis) was dif-
ferent from previous studies [3,4], which may be account for the fact
that the sample size of the present study was not large. However, the
results may be further confirmed the accuracy of N-MK to assess the

Fig. 3. Kaplan–Meier survival curve for patient with high-grade gliomas. Figure (a–d) presents the Kaplan–Meier survival curve of N-MK, N-AK, N-RK, and N-
minADC, respectively. Patients with high kurtosis parameter values (a, b, and c) and low minADC (d) values achieve significantly poor outcomes.
N-MK, N-AK, N-RK, and N-minADC: mean kurtosis, axial kurtosis, radial kurtosis, and minimum apparent diffusion coefficient normalized to the contralateral
normal-appearing white matter, respectively.

Table 5
Survival analyses using cox regression.

Parameters n P value

Grade > 0.05
Grade III 11
Grade IV 22

Necrosis > 0.05
Yes 19
No 14

Location(two or more lobes involved) > 0.05
Yes 10
No 23

N-MK 0.01
<0.688 14
≥0.688 19

N-minADC 0.049
>1.158 16
≤1.158 17
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overall survival of patients in our data.
Our study also exhibited some limitations. First, given our study's

retrospective design, the most aggressive area of glioma may not cor-
respond with the delineated ROIs. However, previous researches re-
vealed that the ROIs with reference of intensely enhancement indicate
the solid tumor part. (The obviously enhancement area represents the
substantial part of the tumor and also indicates the active part of the
tumor growth, [14,15] we chose this area as the ROI, which can make
up for the above deficiency). Second, the sample size of the present
study was not large. Further study should expand the sample size and
confirm that DKI can reflect the heterogeneity of high-grade gliomas
and evaluate its correlation with patient prognosis comprehensively.
Finally, the study included patients with histopathology identified as
anaplastic astrocytoma and glioblastoma according to the 2007 WHO
classification instead of 2016 version.

5. Conclusions

The preoperative kurtosis metrics in patients with high-grade
gliomas, especially MK values, demonstrate a significantly higher sen-
sitivity and specificity than those of the conventional diffusion values in
evaluating tumor prognosis. The glioma patients with the high kurtosis
parameters show poor outcomes. Therefore, the kurtosis metrics, as a
preoperative prognostic biomarker, can predict prognosis in patients
with high-grade gliomas.
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