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The Diagnostic Value of Apparent Diffusion Coefficient
and ProtonMagnetic Resonance Spectroscopy in the Grading

of Pediatric Gliomas
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Objective: The aims of this retrospective study were to assess the value of
the quantitative analysis of apparent diffusion coefficient (ADC) and pro-
ton magnetic resonance spectroscopy (1H-MRS) metabolites in differenti-
ating grades of pediatric gliomas.
Patients and Methods: Two hundred and nine pathology-confirmed
pediatric gliomas (143 low-grade gliomas [LGGs] and 66 high-grade gliomas
[HGGs]) were retrospectively analyzed on preoperative diffusion-weighted
magnetic resonance imaging, of which 84 also underwent 1H-MRS. The
mean tumor ADC (ADCmean), minimum tumor ADC (ADCmin), tumor/
normal brain ADC ratio (ADC ratio), and metabolites (choline/creatine ratio
[Cho/Cr], N-acetylaspartate/creatine ratio [NAA/Cr], N-acetylaspartate/
choline ratio [NAA/Cho], presence of lactate and lipid peaks) between
LGGs and HGGs were analyzed.
Results: There were significant negative correlations between the ADC
values and glioma grade. Receiver operating characteristic analysis showed
that the cutoff ADCmean value of 1.192 � 10−3 mm2/s for the differentia-
tion between low- and high-grade pediatric gliomas provided a sensitivity,
specificity, accuracy, positive predictive value (PPV), and negative predic-
tive value (NPV) of 77.6%, 80.3%, 78.5%, 89.5% and 62.4%, respectively;
the cutoff ADCmin value of 0.973 � 10−3 mm2/s resulted in a sensitivity,
specificity, accuracy, PPV, and NPV of 86.0%, 90.9%, 87.6%, 95.3%,
and 75.0%, respectively; the cutoff ADC ratio value of 1.384 resulted in a
sensitivity, specificity, accuracy, PPV, and NPV of 73.4%, 87.9%, 78.0%,
92.9%, and 60.4%, respectively. A tendency for a positive correlation was
found between Cho/Cr and glioma grade. A negative correlation was dem-
onstrated between NAA/Cr or NAA/Cho and glioma grade. Statistical
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analysis demonstrated a threshold value of 2.601 for Cho/Cr to provide a
sensitivity, specificity, accuracy, PPV, and NPV of 81.8%, 51.7%, 71.4%,
76.3%, and 60.0%, respectively, in dividing LGGs and HGGs; a threshold
value of 0.705 for NAA/Cr to provide a sensitivity, specificity, accuracy, PPV,
andNPVof 76.4%, 75.9%, 76.2%, 85.7%, and 62.9%, respectively; a threshold
value of 0.349 for NAA/Cho to provide a sensitivity, specificity, accuracy, PPV,
and NPVof 87.3%, 86.2%, 86.9%, 92.3%, and 78.1%, respectively.
Conclusions: The ADC values and metabolites appeared to be signifi-
cantly correlated to grade in pediatric gliomas. The predictive values may
be helpful for preoperative diagnostic predictions.

Key Words: pediatric gliomas, apparent diffusion coefficient, magnetic
resonance spectroscopy, metabolism

(J Comput Assist Tomogr 2021;45: 269–276)

G liomas are the most common primary central nervous system
neoplasms in children and adolescents, accounting for approx-

imately 56% to 70% of all reported cases.1,2 According to the 2016
World Health Organization (WHO) classification criteria of central
nervous system tumors, cerebral gliomas are categorized as
low-grade gliomas (LGGs, WHO grades I and II) and high-grade
gliomas (HGGs, WHO grades III and IV). Gliomas mainly include
astrocytic tumors (grades I, II, III and IV), oligodendrogliomas
(grades II and III), and oligoastrocytomas (grades II and III).3–6

A great majority of pediatric gliomas present as benign,
slow-growing lesions classified as low-grade gliomas and rarely
undergo malignant transformation.7 Stokland et al8 found that
the outcomes of LGGs were typically good, with a 5-year overall
survival of 65% to 78%. Pediatric high-grade gliomas manifest as
malignant, diffuse, infiltrating tumors, and have a dismal progno-
sis (5-year survival of 5% for glioblastoma).9 Gliomas typically
grow in an infiltrative manner, invading the surrounding tissues;
the higher the histological grade of the glioma is, the stronger
the infiltration. It is difficult to completely excise gliomas sur-
gically, and they easily recur after operation.10 High-grade gli-
omas undergraded as LGGs consequently result in insufficient
treatment. The preoperative guideline for predicting the ten-
dency of the glioma based on grading has clinical significance
for shaping appropriate therapeutic strategies and for assessing
the likely prognosis.11,12

Distinguishing LGGs from HGGs is often difficult using
conventional magnetic resonance imaging (MRI) because the en-
hancement is not reliable for determining glioma grade and its ac-
curacy is only 55% to 83%. It is also often related to the clinical
radiologist's personal experience.13,14 Advanced multiparametric
magnetic resonance (MR) techniques provide important additional
information and have been reported to increase diagnostic accuracy
by including the biological, physiological, histopathological, and
metabolic features of the tumors. Diffusion-weighted imaging
(DWI) and proton magnetic resonance spectroscopy (1H-MRS)
allow the assessment of tissue characteristics, such as the micro-
scopic water diffusion and the metabolic tissue composition of
the tumors, respectively.15,16 These are very important parameters
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in grading brain gliomas and could, therefore, further improve the
diagnostic accuracy of conventional MRI.

The aims of this study were to investigate the role of apparent
diffusion coefficient (ADC) values and metabolite ratios in differ-
entiating low-grade from high-grade pediatric gliomas in terms of
sensitivity, specificity, accuracy, positive predictive value (PPV),
negative predictive value (NPV), and area under the curve (AUC)
to determine whether DWI and MRS can be useful for predicting
the grade of pediatric gliomas.
PATIENTS AND METHODS

Study Population
Initially, the records of 439 pediatric patients with primary

brain gliomas, who presented to our hospital between September
2008 and August 2017, were searched in this study. The inclusion
criteria were as follows: the diagnosis of gliomas in all cases were
proven by histological and immunohistochemical examinations,
and tumor grading was based on the revised 2016WHO criteria.5,17

All patients underwent preoperative brain MRI, including conven-
tional contrast-enhanced MR imaging, DWI, and/or 1H-MRS.
The following were the exclusion criteria: a clinical history of other
concurrent brain diseases, oncologic treatment before performing
MR images, insufficient quality forMR images due to severe image
FIGURE 1. Flowchart shows the screening process.
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artifacts, mixed histology grading (grade II-III). The flowchart for
the screening of the study population is shown in Figure 1.

Finally, a population of 209 patients (130 boys and 79 girls;
age range: 1 month to 14 years; mean ± SD age: 4.75 ± 3.16 years)
was enrolled in our retrospective study. Among these patients, 143
patients were pathologically diagnosed as having low-grade glio-
mas (WHO grade I, n = 115; WHO grade II, n = 28) and 66 pa-
tients as having high-grade gliomas (WHO grade III, n = 35;
WHO grade IV, n = 31). WHO grade I: pilocytic astrocytoma
(n = 112), subependymal giant cell astrocytoma (n = 3);WHO grade
II: diffuse astrocytoma (n = 11), pilomyxoid astrocytoma (n = 14),
oligoastrocytoma (n = 2), oligodendroglioma (n = 1); WHO grade
III: anaplastic astrocytoma (n = 31), anaplastic oligoastrocytoma
(n = 3), anaplastic oligodendroglioma (n = 1);WHO grade IV: dif-
fuse midline glioma (n = 9), glioblastoma (n = 22).

Image Analysis
The MRI examinations were performed with either a 1.5-T

MR or 3-T MR scanner (GE Signa), using an eight-channel
phased array head coil. The conventional MR imaging sequences,
including T1-weighted images (T1WI), were obtained with a rep-
etition time/echo time (TR/TE) of 2200 ms/24 ms. The
T2WI-fluid attenuated inversion recovery images were acquired
with a TR/TE of 8000 ms/150 ms. Axial diffusion-weighted se-
quences were acquired in the axial plane before the injection of
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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contrast material with a TR/TE of 5000 ms/70 ms.
Diffusion-weighted imaging was performed with effective b values
of 0 s/mm2 and 1000 s/mm2. Axial contrast-enhanced T1WI were
acquired in three orthogonal directions after intravenous administra-
tion of 0.1 mmol/kg of gadolinium contrast with gadopentetate
dimeglumine. Multivoxel water-suppressed chemical-shift imaging
was performed using a water-suppressed point-resolved spectros-
copy pulse sequence with a TR/TE of 1000 ms/144 ms.

All regions of interest (ROIs) were placed manually in the
darkest region on ADC maps (Figs. 2A, 3A), corresponding to
the tumor solid components, but excluding cystic, necrotic, and
hemorrhagic areas. Meanwhile, circular shapes corresponding to
ROIs were drawn on the contralateral normal-appearing brain pa-
renchyma as a control. Each nonoverlapping ROI, drawn on over
three different regions, ranged from 20 to 50 mm2. The average
ADC and tumor/normal brain ADC ratios was calculated. The
spectroscopy volumes of interest (VOIs) were carefully placed
in the solid portion of the enhancing tumor region based on the
contrast-enhanced T1WI images to avoid areas of necrosis and
cysts (Figs. 2B, 3B).Metabolite peakswere assigned as follows: cho-
line (Cho), 3.22 ppm; creatine (Cr), 3.02 ppm; N-acetylaspartate
(NAA), 2.02 ppm; lactate (Lac), 1.33 ppm; lipid (Lip), 0.9 and
1.3 ppm. Sometimes, lactate and lipid peaks are difficult to
FIGURE 2. A 7-year-old girl with pilocytic astrocytoma (WHO grade I) in
values. B andC, Spectrum analysis from the enhancing tumor area shows
NAA/Cho ratios. D, Hematoxylin-eosin staining (�400) of pilocytic astro
Rosenthal fibers.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
differentiate because of overlap; however, when using a TE of
144 ms, the lactate peak inverts the resonance below the baseline
and can be easily distinguished from lipid signals.18–20 The me-
tabolite ratios of Cho/Cr, NAA/Cr, and NAA/Cho were automati-
cally calculated using software (Figs. 2C, 3C). The data were
measured and analyzed by 2 experienced pediatric neuroradiolo-
gists blinded to the pathologic diagnosis.

Statistical analysis was performed using SPSS Statistics Ver-
sion 21.0 (SPSS Institute, Chicago, IL). The mean ± standard de-
viation (mean ± SD) values of the ADC values (ADCmean,
ADCmin, and ADC ratio) and metabolite ratios (Cho/Cr, NAA/
Cr, and NAA/Cho) were calculated. The independent-samples
t-test was used to compare the ADC values and metabolite ratios
between LGGs and HGGs. Comparisons of the probability of
the appearance of lactate and lipid peaks between LGGs and
HGGs were analyzed with the χ2 test. To assess the relationship
between the ADC values, metabolite ratios, and glioma grade,
we used Spearman correlation analyses. Receiver operating char-
acteristic (ROC) curve analysis was used to describe and compare
the diagnostic performance of the ADC values and metabolite
ratios. The threshold values based on the maximum Youden in-
dex (sensitivity + specificity − 1) and the resulting sensitivity,
specificity, accuracy, PPV, and NPV of the ADC values and
the left basal ganglia region. A, Axial ADC map reveals high ADC
slightly increasedCho/Cr ratio, and slightly decreasedNAA/Cr and
cytoma demonstrates astrocytic cells with loose myxoid matrix and
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FIGURE 3. A 4-year-old girl with glioblastoma (WHO grade IV) in the right frontal lobe. A, Axial ADC map reveals low ADC values. B and C,
Spectrum analysis from the enhancing tumor area shows markedly increased Cho/Cr ratio, and markedly decreased NAA/Cr and NAA/Cho
ratios. D, Hematoxylin-eosin staining (�400) of glioblastomadisplays pleomorphic tumor cells with prominent nuclear atypia and karyokinesis
in high density, as well as several multinucleated cells.
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metabolite ratios were calculated. A P value less than 0.05 was
considered statistically significant.

RESULTS

Comparison of the ADC Values Between
Low-Grade and High-Grade Gliomas

The descriptive statistics comparing the ADC values be-
tween LGGs and HGGs are shown in Table 1. The ADCmean,
ADCmin, andADC ratio of HGGswere significantly lower than those
of LGGs (1.133 ± 0.104 � 10−3 mm2/s vs 1.367 ± 0.195 � 10
−3 mm2/s, P < 0.001; 0.921 ± 0.081 � 10−3 mm2/s vs
1.114 ± 0.126 � 10−3 mm2/s, P < 0.001; 1.294 ± 0.104 vs
1.577 ± 0.245, P < 0.001, respectively). No significant differences
were found in the mean ADC values of the contralateral
normal-appearing brain parenchyma between LGGs and HGGs
(0.869 ± 0.033 � 10−3 mm2/s vs 0.875 ± 0.031 � 10−3 mm2/s,
P = 0.189).

Comparison of the Metabolites Between
Low-Grade and High-Grade Gliomas

Table 2 summarizes the differences in metabolite ratios be-
tween LGGs and HGGs. Cho/Cr ratio was significantly higher
272 www.jcat.org
in HGGs than in LGGs (2.724 ± 1.382 vs 1.971 ± 0.742,
P = 0.010). In contrast, both the NAA/Cr and NAA/Cho ratios
were significantly lower in HGGs than in LGGs (0.626 ± 0.351
vs 1.084 ± 0.504, P < 0.001; and 0.258 ± 0.130 vs
0.612 ± 0.399, P < 0.001, respectively). Table 3 summarizes the
differences in the probability of the presence of the lactate and
lipid peaks between LGGs and HGGs, with a majority occurring
in HGGs.

Spearman Correlation Analysis of ADC Values,
Metabolite Ratios, and Glioma Grade

Spearman correlation analysis revealed negative associations
of ADCmean, ADCmin, and ADC ratio with glioma grade
(r = −0.542, P < 0.001; r = −0.647, P < 0.001; r = −0.538,
P < 0.001, respectively). There was a positive association of
Cho/Cr with glioma grade (r = 0.245,P = 0.025). In contrast, there
were negative associations of NAA/Cr and NAA/Chowith glioma
grade (r = −0.493, P < 0.001; r = −0.668, P < 0.001, respectively).

Diagnostic Performance of ADC and Metabolite
Ratios for Glioma Grading

The abilities of the ADC values (Fig. 4) andmetabolite ratios
(Fig. 5) to differentiate glioma grades were calculated using ROC
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Comparison of the ADC Values Between Low-Grade
and High-Grade Gliomas

Low-Grade Group
(n = 143)

High-Grade
Group (n = 66) P

ADCmean
(�10−3 mm2/s)

1.367 ± 0.195 1.133 ± 0.104 <0.001

ADCmin
(�10−3 mm2/s)

1.114 ± 0.126 0.921 ± 0.081 <0.001

ADC ratio 1.577 ± 0.245 1.294 ± 0.104 <0.001

TABLE 3. Comparison of the Presence of Lactate and Lipid
Peaks Between Low-Grade and High-Grade Gliomas [Number
of Cases (%)]

Presence
Low-Grade

Group (n = 55)
High-Grade

Group (n = 29) P

Lactate Yes 4/55 (7.3%) 7/29 (24.1%) 0.029
No 51/55 (92.7%) 22/29 (75.9%)

Lipid Yes 6/55 (10.9%) 9/29 (31.0%) 0.022
No 49/55 (89.1%) 20/29 (69.0%)
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analysis. An ADCmean value threshold of 1.192 � 10−3 mm2/s
differentiated LGGs from HGGs with 77.6% sensitivity, 80.3%
specificity and 78.5% accuracy (AUC = 0.836, PPV = 89.5%,
NPV = 62.4%); an ADCmin value threshold of 0.973 � 10−3 mm2/s
had 86.0% sensitivity, 90.9% specificity and 87.6% accuracy
(AUC = 0.902, PPV = 95.3%, NPV = 75.0%); an ADC ratio
threshold of 1.384 had 73.4% sensitivity, 87.9% specificity and
78.0% accuracy (AUC = 0.834, PPV = 92.9%, NPV = 60.4%).
The ROC analysis demonstrated that a threshold value of 2.601
for Cho/Cr had 81.8% sensitivity and 51.7% specificity
(AUC = 0.649, PPV = 76.3%, NPV = 60.0%), a threshold value
of 0.705 for NAA/Cr had 76.4% sensitivity and 75.9% specificity
(AUC = 0.799, PPV = 85.7%, NPV = 62.9%), and a threshold
value of 0.349 for NAA/Cho had 87.3% sensitivity and 86.2%
specificity (AUC = 0.906, PPV = 92.3%, NPV = 78.1%) for dif-
ferentiating LGGs and HGGs. The accuracy was 71.4% for Cho/
Cr and 76.2% for NAA/Cr and 86.9% for NAA/Cho, respectively.
The ROC results of the ADC values and metabolite ratios for dif-
ferentiating LGGs and HGGs are given in Table 4.
DISCUSSION
Conventional MRI technology can provide details of the tu-

mors' anatomy, but it is always difficult and unreliable for
predicting the grade of cerebral gliomas. Conventional MRI also
cannot quantitatively capture tumor biology at molecular/cellular
levels. Diffusion-weighted imaging is a noninvasive technique that
provides diffusion information based on the Brownian movement
of water molecules within the human brain tissue. The magnitude
of restricted-water diffusion can be quantified by measuring the
ADC. Current reports mostly concern the various methods of
measuring mean tumor ADC (ADCmean), minimum tumor
ADC (ADCmin), normalized tumor ADC (nADC), ADC histo-
grams, and tumor/normal brain ADC ratio (ADC ratio) in the di-
agnosis of pediatric brain tumors.21,22

TheADC values correlates wellwith tumor cellularity for pe-
diatric brain tumor grades, and lower ADC values show higher tu-
mor grades.15,23 The DWI and ADC values have been used to
predict the tendency of glioma grades. Arvinda et al24 examined
TABLE 2. Comparison of 1H-MRS Metabolite Ratios Between
Low-Grade and High-Grade Gliomas

Low-Grade
Group (n = 55)

High-Grade
Group (n = 29) P

Cho/Cr 1.971 ± 0.742 2.724 ± 1.382 0.010
NAA/Cr 1.084 ± 0.504 0.626 ± 0.351 <0.001
NAA/Cho 0.612 ± 0.399 0.258 ± 0.130 <0.001

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
51 patients (age range, 28–58 years; median age, 40 years) with
gliomas who underwent perfusion and diffusion MR imaging.
They concluded that relative cerebral blood volume, ADC and
ADC ratio alone or together were helpful in preoperative gliomas
grading. In addition, Kang et al25 declared that histogram analysis
based on ADCmaps of the entire tumor volume is a useful tool for
assessing glioma grade. However, other studies, such as Lam
et al,26 concluded that there was no significant difference in
ADC values between low- and high-grade gliomas. This discrep-
ancy may be related to heterogeneous tumor structures in the gli-
oma and the different methods used for measuring ADC values.
The ROIs may be used to analyze ADCs of the enhancing part
of the tumor, the entire volume of the tumor, or the darkest region
of the tumor on the ADC map in the reports, each of which pro-
vides different information about the heterogeneity and tissue
characteristics of the tumors. Provenzale et al27 considered
whether the analyses of tumor ADCs excluded areas of necrosis,
which may have resulted in the conflicting findings.

However, to date, few reports have been published to com-
pare the sensitivity, specificity, accuracy, PPV, and NPVof DWI
and protonMR spectroscopy in pediatric glioma grading.We con-
cluded that the ADCmean, ADCmin, and ADC ratio had negative
correlations with glioma grade. The main determinant of ADC
was most likely the extracellular volume fraction and the restric-
tions from intact cellular membranes that impede water mobil-
ity.28,29 Apparent diffusion coefficient has been correlated with
cell density and is considered the inverse index of tumor cellular-
ity. Higher-grade lesions representing more densely packed brain
tissue with higher cellularity, smaller extracellular space, and
larger nuclear-to-cytoplasmatic ratio might have increasingly re-
stricted diffusion.22,30

In this investigation, we retrospectively identified the thresh-
olds that distinguished LGGs from HGGs. Consistent with previ-
ous reports,27,31 we found that the diagnostic ability of ADCmin
was superior to that of ADCmean or ADC ratio in differentiating
grades of brain gliomas. The ADCmin can reduce the possible mi-
crostructural variations within the glioma tissue, corresponding to
the sites of highest tumor cellularity. Our study determined the
ADCmin values by quantitatively exploring the region with the
highest restriction within the solid components of the tumor,
which may be the most physiologically meaningful measurement.

Proton magnetic resonance spectroscopy is a noninvasive
imaging technique based on chemical shift that provides informa-
tion on metabolic tissue composition within tissues in vivo. The
MR spectroscopy has been used quite extensively for the grading
of brain gliomas in adults in numerous studies.32–34 Fudaba et al34

evaluated the roles of pulsed arterial spin-labeling, diffusion ten-
sor imaging, and MR spectroscopy for grading gliomas in 32 pa-
tients (age range, 16–82 years). They revealed that the
combination of the minimum ADC and the Cho/Cr ratio could
predict glioma grade. In our study, the HGGs had significantly
www.jcat.org 273
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FIGURE 4. A, ROC curve of the ADCmean values. B, ROC curve of the ADCmin values. C, ROC curve of the ADC ratios.
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higher Cho/Cr ratio and significantly lower NAA/Cr and NAA/
Cho ratios than the LGGs; there was a tendency toward a positive
association of Cho/Cr with glioma grade (r = 0.245, P = 0.025)
and negative associations of NAA/Cr and NAA/Cho with glioma
grade (r = −0.493, P < 0.001; r = −0.668, P < 0.001, respectively).
These results are similar to the findings of other studies. Whereas
our results showed that the low specificity of Cho/Cr, which indi-
cated that the false-positive rate was comparatively high and the
true-negative rate was correspondingly low. A possible explana-
tion is that high levels of Cho are found at birth, and the Cho/Cr
ratio decreased along with myelination in the first 2 to 3 years
of life.35,36 There was a difference in age distribution of children
younger than 3 years between LGGs (38.2%; 21 of 55 patients)
and HGGs (20.7%; 6 of 29 patients) diagnosed on MRS. More-
over, Bowen suggested that glial neoplasms can occur without el-
evated Cho/Cr ratio.37 NAA/Cr and NAA/Cho were effective in
differentiating LGGs fromHGGs, and the diagnostic performance
of the NAA/Cho ratio was slightly superior to that of the NAA/Cr
ratio. It is possible to use NAA level as a diagnostic marker, as a
lower concentration of NAA reflects a higher glioma grade. This
is connected to the decrease in neuronal density, and it suggests
that NAA-related metabolite ratios (NAA/Cr and NAA/Cho)
might reflect the degree of tumor infiltration of brain tissue.32

Our study showed that the probability of the appearance of lactate
and lipid peaks was more in HGGs than in LGGs (both P < 0.05).
As the proliferation rate of an HGG rapidly increases, it can lead
to increased levels of lactate and lipid due to regional hypoxia
and tissue necrosis. These metabolic alterations are increased
due to the higher grade of malignancy of the tumors.
FIGURE 5. A, ROC curve of the Cho/Cr ratios. B, ROC curve of the NAA
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We are aware of several limitations of our study, including
the retrospective design, the differences in the data derived from
different machines (1.5-T MR or 3.0-T MR scanner), the region
of VOIs not including the contralateral normal-appearing brain tis-
sue, and the histological heterogeneity of the tumors. However,
Wang et al38 performed the meta-analysis to assess the diagnostic
performance of MRS in differentiating HGGs from LGGs using
metabolite ratios including Cho/Cr, Cho/NAA and NAA/Cr ra-
tios, and suggested that therewas no significant difference in diag-
nostic accuracy between the 1.5-T and 3.0-T MRS. Previous
reports39–41 suggested that the ADC values were comparable in
head and neck cancers when measured using 1.5-T and 3-T scan-
ners. Their results allowed us to compare results among different
sites and among different field strengths. Furthermore, in this in-
vestigation, ADC ratios were used to exclude the differences in
signal-to-noise between examinations for better comparison. Be-
cause of the heterogeneity of gliomas, the manually chosen ROIs
on ADC mapping and VOIs on MR spectroscopy are difficult to
correspond to the representative regions of pathologic reports.
Therefore, further investigations involving location-based ap-
proaches for radiopathological correlation might extend these re-
sults. Additionally, we did not match the age and sex before
performing intergroup comparison, as a result our findings are
preliminary, and this remains to be studied with future studies.
CONCLUSIONS
Overall, quantitative ADC values and 1H-MRS metabolites

contributed noninvasively to the effective differentiation of LGGs
/Cr ratios. C, ROC curve of the NAA/Cho ratios.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 4. ROC Results of the ADC Values and Metabolite Ratios for Glioma Grading

Variables Cutoff Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) AUC

ADCmean 1.192 � 10−3 mm2/s 77.6 80.3 78.5 89.5 62.4 0.836
ADCmin 0.973 � 10−3 mm2/s 86.0 90.9 87.6 95.3 75.0 0.902
ADC ratio 1.384 73.4 87.9 78.0 92.9 60.4 0.834
Cho/Cr 2.601 81.8 51.7 71.4 76.3 60.0 0.649
NAA/Cr 0.705 76.4 75.9 76.2 85.7 62.9 0.799
NAA/Cho 0.349 87.3 86.2 86.9 92.3 78.1 0.906

J Comput Assist Tomogr • Volume 45, Number 2, March/April 2021 Diagnostic Value of ADC and 1H-MRS
from HGGs, and with ROC curve analysis, the cutoff values for
glioma grading were obtained. The ADC, NAA/Cr, and NAA/
Cho ratios have the potential to preoperatively assess the patho-
logic grades of pediatric gliomas.
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