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ABSTRACT

AIM: To assess the performance metrics of perfusion and permeability magnetic resonance imaging (MRI) parameters with optimal 
cut-offs in differentiating isocitrate dehydrogenase (IDH) genotype and tumor grade in patients with grade 2–4 gliomas.   
MATERIAL and METHODS: This retrospective study included 36 patients surgically diagnosed with grade 2–4 glioma (six grade 2, 
seven grade 3, and 23 grade 4) with known IDH genotypes (23 IDH wild-type, 13 IDH mutant) between November 2021 and August 
2023. All patients underwent preoperative perfusion and permeability MRI examinations with a 3.0 Tesla scanner. Parameters were 
calculated on colored map images. Using the intraclass correlation coefficient, intra- and inter-observer agreement was assessed. 
Following multiple testing correction, the perfusion parameters with statistically significant differences were subjected to receiver 
operating characteristic (ROC) analysis.
RESULTS: Five MRI parameters (rCBV and rCBF from perfusion; Ktrans, Ve, and Vp from permeability) showed a significant 
difference between groups in terms of IDH genotype (p<0.001). In ROC analysis, the best parameters in differentiating IDH genotype 
included rCBV and Ktrans; rCBV with a cut-off of 5.58 achieved an area under the ROC curve (AUC), sensitivity, specificity, and 
accuracy of 0.883, 95.7%, 76.9%, and 88.8%, respectively. For Ktrans, with a cut-off of 0.0727 min-1, these values were 0.893, 
100%, 69.2%, and 88.8%, respectively. In ROC analysis, these two parameters with rCBF and Ve also showed good performance 
in differentiating low- and high-grade gliomas with an AUC, sensitivity, and accuracy exceeding 0.940, 86%, and 88%, respectively.
CONCLUSION: Perfusion and permeability MRI may provide useful parameters in differentiating the IDH genotype and grade of 
gliomas.
KEYWORDS: Dynamic contrast-enhanced, Dynamic susceptibility contrast, Glioma grading, Isocitrate dehydrogenase, Magnetic 
resonance imaging

ABBREVIATIONS: DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging, DSC-MRI: Dynamic susceptibility contrast 
magnetic resonance imaging, rCBF: Relative cerebral blood flow, rCBV: Relative cerebral blood volume, AUC: Area under the 
receiver operating characteristic curve, CNS: Central nervous system, ICC: Intraclass correlation, IDH: Isocitrate dehydrogenase, 
Ktrans: Volume transfer constant, Kep: Reflux transfer rate, ROC: Receiver operating characteristic, SD: Standard deviation,          
WHO: World Health Organization, Ve: Extravascular-extracellular volume fraction, Vp: Fractional plasma volume

qr c
od

e

Corresponding author: Sabahattin YUZKAN   sabahyuzkan@gmail.com  

Sabahattin YUZKAN  : 0000-0002-3066-1737
Mehmet KARAGULLE  : 0000-0002-1631-8975
Merve SAM OZDEMIR  : 0000-0001-6977-2330

Samet MUTLU  : 0000-0001-6867-2872
Burak KOCAK  : 0000-0002-7307-396X

Received: 16.01.2024
Accepted: 19.09.2024

Published Online: 18.10.2024

Original Investigation
DOI: 10.5137/1019-5149.JTN.46251-24.3

https://orcid.org/0000-0002-3066-1737
https://orcid.org/0000-0002-1631-8975
https://orcid.org/0000-0001-6977-2330
https://orcid.org/0000-0001-6867-2872
https://orcid.org/0000-0002-7307-396X


2 2 | Turk Neurosurg, 2024

Yuzkan S. et al: Perfusion Imaging in IDH/Grade of Gliomas

█   INTRODUCTION

Gliomas are the most prevalent primary tumors of the 
central nervous system (CNS) in adults (4). Constituting 
nearly 70% of all adult brain tumors, gliomas have an 

annual incidence of six cases per 100,000 individuals (18,22). 
The newly revised (5th edition) 2021 World Health Organization 
(WHO) classification of CNS tumors categorizes gliomas 
into grades 1–4 based on their histopathological features. 
This classification system has increasingly emphasized the 
importance of molecular characteristics in glioma subtyping 
(11).

Prognostic evaluation and treatment planning of gliomas are 
strongly related to isocitrate dehydrogenase (IDH) mutation 
status and tumor grade (2,11,26). IDH mutations arise early 
in the process of carcinogenesis, and patients with IDH mu-
tations tend to have better survival rates than those with IDH 
wild-type (14,26). Thus, IDH wild-type tumors are classified as 
high-grade gliomas in the new classification without excep-
tion (11,26). Since IDH mutations are correlated with improved 
prognosis, the potential to predict IDH mutation status prior 
to surgery may add significant implications for clinical deci-
sion-making and surgical management (17,26). Conversely, 
in clinical practice, determining the IDH mutation status and 
glioma grade traditionally involves postoperative assessment 
of histopathological samples obtained through biopsy or sur-
gical excision (7). However, these invasive procedures are un-
suitable for patients who cannot undergo surgery. Therefore, 
a non-invasive method for predicting IDH genotype and tumor 
grade is urgently required.

Considering the different pathophysiological processes be-
tween glioma subtypes and the consequential alterations in 
glioma vascularity, using perfusion-based imaging techniques 
could increase the diagnostic accuracy of non-invasive char-
acterization of glioma subtypes. Hence, numerous litera-
ture studies have focused on investigating perfusion-based 
MRI using dynamic susceptibility contrast (DSC), known as 
T2*-weighted perfusion, or dynamic contrast-enhanced (DCE), 
also known as T1-weighted permeability, magnetic resonance 
imaging (MRI) to non-invasively identify the IDH mutation sta-
tus (16). Nonetheless, a consensus regarding which MRI pa-
rameters and cut-offs should be used for prediction has yet 
to be reached (16). The primary objective of the current study 
was to quantitatively investigate the diagnostic efficacy of the 
most commonly used parameters, DSC-MRI [relative cere-
bral blood volume (rCBV), relative cerebral blood flow (rCBF)] 
and DCE-MRI [volume transfer constant (Ktrans), extravascu-
lar-extracellular volume fraction (Ve), reflux transfer rate (Kep), 
fractional plasma volume (Vp)], in predicting the IDH mutation 
status and grade of gliomas.

█   MATERIAL and METHODS
Ethical Considerations

Ethical approval for the present single-center study was 
granted by the local ethics committee (protocol code: 2023-
17; decision date: 11/01/2023), and the necessity for written 
informed consent was waived due to its retrospective design. 

Study Design

The current study included patients who had received a di-
agnosis of grade 2–4 glioma with known IDH mutation status 
and undergone DSC- and DCE-MRI examinations before sur-
gery between November 2021 and August 2023.

The inclusion criteria of the study were as follows: i, patients 
aged 18 years and above; ii, definitive diagnosis of grade 
2–4 glioma; iii, known IDH mutation status according to the 
2021 WHO classification (11); and iv, no prior corticosteroid, 
chemoradiotherapy, or antiangiogenic treatment before MRI 
examination.

The following criteria determined exclusion: i, patients with a 
WHO grade 1 glioma diagnosis, since this does not include 
assessment of IDH mutation status, and ii, MRI scans that 
were not optimal for assessment for technical reasons, such 
as vascular access problems during contrast administration 
or noticeable artifacts hindering diagnostic evaluation. A few 
glioblastoma cases were selected from the database for our 
previous study (27).

MRI Acquisition Protocols

All examinations were conducted using a 3.0 Tesla MRI 
scanner (Ingenia, Philips Healthcare) along with a 32-channel 
phased-array head coil in the supine position. All MRI scans 
were performed before the neurosurgical resection or medical 
therapy.

All MRI examinations included DSC-MRI and DCE-MRI in ad-
dition to conventional MRI. First, conventional MRI protocol 
was completed, including axial spin-echo T1-weighted imag-
ing, transverse T2-weighted imaging, 3D axial T2-weighted 
fluid-attenuated inversion recovery sequence, susceptibili-
ty-weighted imaging, and diffusion-weighted imaging using 
echo-planar imaging sequences in the axial plane with b = 0 
and 1000 s/mm2. DCE-MRI was then obtained, followed by 
DSC-MRI examination. DSC-MRI was performed in compli-
ance with recommendations in the consensus statement (5).

DCE-MRI was performed with pre- and post-contrast dynamic 
gradient-echo T1-weighted sequences [i.e., turbo-field echo 
(TFE)] using the following parameters: repetition time (TR)/
echo time (TE) 3.53/1.67 ms; flip angle 8°; matrix 128 × 125; 
field of view (FOV) 220 × 220 mm; and section thickness, 
3 mm. Fifty dynamic scans were performed with a temporal 
resolution of 5 s.

DSC-MRI examinations were acquired in the axial plane using 
a field echo echo-planar imaging sequence (FE-EPI) with the 
following parameters: TR/TE, 2265/30 ms; flip angle, 75°; 
matrix, 128 × 128; FOV, 224 × 224 mm; section thickness, 3 
mm; and voxel size, 2.33 × 2.39 × 4.00 mm.

For both DCE- and DSC-MRI examinations, a contrast me-
dium (gadolinium-based) was given intravenously in a bolus 
of 0.1 mmol/kg at a rate of 5 ml/s, with a 20 ml saline flush 
administered afterwards. The DCE-MRI examination provided 
a pre-bolus of contrast to mitigate T1 effects caused by con-
trast leakage during the DSC-MRI.
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The selected perfusion imaging parameters were as follows: 
for DSC-MRI, rCBV and rCBF; for DCE-MRI, Ktrans, Ve, Kep, 
and Vp.

Image Processing and Analysis

DSC- and DCE-MRI perfusion image datasets were processed 
using the Philips IntelliSpace Portal to create colored map 
images of rCBV, rCBF, Ktrans, Ve, Kep, and Vp parameters. 

Two neuroradiologists, each with 4 years of experience, inde-
pendently reviewed all the anonymized MRI data. They were 
unaware of any clinical details or histopathological results. 
The radiologists were instructed to use the “hotspot meth-
od” by placing a circular region of interest (ROI) within the tu-
mor area that visually appeared mainly hyperperfused on the 
colored relative CBV and CBF map images. Maximum rCBV 
and rCBF values were obtained by rating these values to the 
contralateral normal-appearing centrum semiovale, which is 
found to be the most reliable reference area (27). Normalized 
rCBV and rCBF measurements were thus obtained. Absolute 
values of Ktrans, Ve, Kep, and Vp were then calculated with 
similar-sized ROIs selected on the highest permeability area of 
the tumor on the colored map images. All circular ROIs were 
manually drawn by readers and ranged from 20 to 30 mm2. By 
using conventional sequences in ROI analysis, care was tak-
en to avoid cystic, necrotic, and hemorrhagic regions, normal 

grey matter, and intratumoral non-neoplastic vascular struc-
tures that could influence the values. Samples were taken 
from the solid component in cases where tumor enhancement 
was present. Figure 1 exemplifies the ROI analysis of a case.

Recorded data encompassed normalized rCBV and rCBF, 
absolute Ktrans, Ve, Kep, and Vp values, WHO grade, and 
IDH mutation status, as well as gender and age data.

Statistical Analysis

Jamovi v2.2.5 was used to conduct statistical analysis. The 
intraclass correlation coefficient (ICC) was estimated based 
on a two-way model, single measurement, and absolute 
agreement or consistency to measure intra- and inter-reader 
reproducibility (10,13). The interpretation scale for the ICC was 
as follows: <0.5, poor; ≥0.5 and <0.75, moderate; ≥0.75 and 
<0.9, good; and ≥0.9, excellent (10). The normality of contin-
uous variables was determined using the Shapiro-Wilk test. 
Depending on the statistical data distribution and number of 
classes, the Student t-test, Mann-Whitney U test, or Krus-
kal-Wallis test (non-parametric one-way analysis of variance) 
was used to evaluate statistical differences among continuous 
variables. Post hoc analysis of the Kruskal-Wallis test results 
was performed according to Dwass-Steel-Critchlow-Fligner 
pairwise comparisons. All multiple comparisons were sub-
jected to multiplicity correction using the Bonferroni method 

Figure 1: ROI sampling of the 
regions in a 56-year-old female 
patient with a diagnosis of IDH wild-
type glioblastoma. Colored rCBV 
map image section from the mostly 
hyperperfused area (A), and from 
the contralateral normal-appearing 
centrum semiovale (B), Ktrans map 
image section from the region with 
highest permeability (C), and axial 
post-contrast T1-weighted image of 
the same section (D) containing the 
mass which demonstrating peripheral 
irregular contrast enhancement 
(arrow) surrounding central necrosis. 
Similar ROI samplings by use of 
same technique were made for the 
remaining perfusion and permeability 
parameters (not shown). ROI: Region 
of interest, rCBV: Relative cerebral 
blood volume, IDH: Isocitrate 
dehydrogenase.
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was 49.6 ± 15.6 (range 18–76). The glioma cases mostly 
comprised IDH wild-type glioblastomas (53%) and IDH mutant 
oligodendrogliomas with 1p/19q co-deletion (22%). In total, 
13 IDH mutant and 23 IDH wild-type gliomas were included. 
Table I presents detailed histopathological results, including 
IDH mutation status and WHO grade, for all cases.

Intra- and Inter-Observer Agreement Analysis

Most imaging parameters exhibited good to excellent intra- 
and inter-observer agreement. The highest intra-observer 
agreement, with an ICC of 0.993 (95% CI: 0.987–0.997), was 
observed for Ktrans. Likewise, the highest inter-observer 
agreement, with an ICC of 0.973 (95% CI: 0.949–0.986), was 
found for Ve. Table II presents a comprehensive list of ICCs for 
all perfusion parameters.

IDH Mutation Status Analysis

A corrected statistical significance threshold of 0.00833 

by dividing a p value of 0.05 by the number of comparisons. 
Receiver operating characteristic (ROC) curve analysis was 
performed for perfusion parameters with statistically signifi-
cant differences between groups of interest. The optimal di-
agnostic performance cut-off was determined using Youden’s 
index. Performance comparison was based on the area under 
the curve (AUC) of the ROC.

█   RESULTS
Baseline Characteristics

A total of 40 patients diagnosed with grade 2–4 glioma who 
underwent DSC- and DCE-MRI examinations before surgery 
were evaluated for eligibility. Four patients were excluded 
from the study, as their MRI studies were not assessable due 
to vascular access problems during contrast administration. 
Ultimately, 36 patients (22 male and 14 female) met the 
inclusion criteria. The mean age of the included patients 

Table I: Histopathological Results of 36 Glioma Cases with IDH Mutation Status

Diagnosis IDH genotype CNS WHO grade* Number of cases
Glioblastoma Wild-type Grade 4 19
Oligodendroglioma,1p/19q-codeleted Mutant Grade 2 5
Oligodendroglioma,1p/19q-codeleted Mutant Grade 3 3
Astrocytoma Mutant Grade 3 3
Diffuse midline glioma, H3 G34-mutant Wild-type Grade 4 3
Astrocytoma Mutant Grade 4 1
Astrocytoma Mutant Grade 2 1
Adult-type diffuse glioma Wild-type Grade 3 1
IDH: Isocitrate dehydrogenase, CNS: Central nervous system, WHO: World Health Organization. 
*According to 2021, 5th edition.

Table II: Intraclass Correlation Coefficient Values for All Parameters

Parameter Agreement ICC Lower 95% CI Upper 95% CI

rCBV
Intra-observer 0.944 0.859 0.974
Inter-observer 0.889 0.782 0.943

rCBF
Intra-observer 0.899 0.779 0.951
Inter-observer 0.957 0.915 0.978

Ktrans
Intra-observer 0.993 0.987 0.997
Inter-observer 0.794 0.572 0.898

Ve
Intra-observer 0.982 0.965 0.991
Inter-observer 0.973 0.949 0.986

Kep
Intra-observer 0.901 0.816 0.948
Inter-observer 0.730 0.534 0.852

Vp
Intra-observer 0.000 0.000 0.324
Inter-observer 0.000 0.000 0.324

ICC: Intraclass correlation coefficient, CI: Confidence interval, rCBV: Relative cerebral blood volume, rCBF: Relative cerebral blood flow, Ktrans: 
volume transfer constant, Ve: Extravascular-extracellular volume fraction, Kep: Reflux transfer rate, Vp: Fractional plasma volume 
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Parameters exhibiting statistical significance in the group-
based analysis were also subjected to ROC curve analysis. The 
best diagnostic performance metrics were achieved for Ktrans 
(cut-off: 0.0727 min-1), with an AUC, sensitivity, specificity, and 
accuracy of 0.893, 100%, 69.2%, and 88.8%, respectively. 
The second-best performance metrics were observed for 
rCBV (cut-off: 5.58), with values of 0.883, 95.7%, 76.9%, and 
88.8%, respectively. Optimal cut-offs for rCBF, Ve (min-1), and 
Vp (min-1) were 3.35, 0.6936, and 0.0193, respectively. Table 
IV shows a comprehensive list of performance metrics of all 
imaging parameters with optimal cut-offs, and Figure 3 shows 
their ROC curve.

[0.05/6] was applied according to the Bonferroni method 
to assess statistical differences between IDH mutant and 
IDH wild-type groups. Two perfusion parameters (rCBV and 
rCBF) and three permeability parameters (Ktrans, Ve, and Vp) 
demonstrated a statistically significant difference between the 
groups based on IDH mutation status (p=0.002 for Vp and 
p<0.001 for the remaining parameters). Table III and Figure 2 
present detailed descriptive statistics and box plots for these 
significantly different parameters. No significant difference 
in terms of Kep values was observed between the groups 
(p=0.123).

Figure 2: Box plots for statistically significantly different parameters. rCBV: Relative cerebral blood volume, rCBF: Relative cerebral 
blood flow, Ktrans: Volume transfer constant, Ve: Extravascular-extracellular volume fraction, Vp: Fractional plasma volume.
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difference was observed in terms of distinguishing grade 2 
and 3 gliomas or grade 3 and 4 gliomas.

In an additional analysis, grade 2 gliomas (low-grade) were 
compared with grade 3 and 4 gliomas (high-grade). Similar 
to previous analyses, the same five parameters (rCBV, rCBF, 
Ktrans, Ve, and Vp) demonstrated statistically significant 
differences between the two groups (p=0.003 for Vp and 
p<0.001 for the other parameters). No significant difference 
was observed for Kep values (p=0.116). The best performance 
metrics were observed for rCBV, rCBF, Ktrans, and Ve, with 
AUC values exceeding 0.940, sensitivities exceeding 86%, 
and accuracies exceeding 88%. Table V presents diagnostic 
performance metrics with the optimal cut-offs for each 
parameter. Figure 4 shows the results of the ROC curve 
analysis.

Tumor Grade Analysis

This study encompassed six cases of grade 2, seven of grade 
3, and 23 of grade 4 gliomas. These three groups were initially 
compared using the Kruskal-Wallis test. The same corrected 
threshold of 0.00833 [0.05/6] was also applied according 
to the Bonferroni method to assess statistical differences. 
Similar to IDH analysis results, two perfusion (rCBV and 
rCBF) and three permeability (Ktrans, Ve, and Vp) parameters 
exhibited statistically significant differences among the 
three groups (p=0.006 for Vp and p<0.001 for the remaining 
parameters). No significant difference was observed for Kep 
values (p=0.610). For pairwise comparisons, the corrected 
significance threshold was 0.016. In pairwise comparisons, 
these five imaging parameters demonstrated significant 
differences in terms of distinguishing grade 2 from grade 4 
gliomas (p<0.001 for all parameters). However, no significant 

Table III: Perfusion Parameters with Descriptive Statistical Results in Terms of IDH Mutation Status

Parameter IDH Mean Median SD IQR Statistic df p

rCBV
Mutant 4.457 - 5.380 -

35.000 34 < 0.001
Wild-type 13.422 - 5.869 -

rCBF
Mutant 4.102 - 3.945 - 44.500 34 < 0.001

Wild-type 9.673 - 3.903 -

Ktrans (min-1)
Mutant 0.136 - 0.226 - 32.000 34 < 0.001

Wild-type 0.620 - 0.440 -

Ve (min-1)
Mutant 0.886 - 2.075 - 40.500 34 < 0.001

Wild-type 4.611 - 11.603 -

Kep (min-1)
Mutant - 3.065 - 4.045

1.581 34 0.123
Wild-type - 2.772 - 1.949

Vp (min-1)
Mutant 0.028 - 0.029 -

57.000 34 0.002
Wild-type 0.108 - 0.100 -

IDH: Isocitrate dehydrogenase, rCBV: Relative cerebral blood volume, rCBF: Relative cerebral blood flow, Ktrans: Volume transfer constant, Ve: 
Extravascular-extracellular volume fraction, Kep: Reflux transfer rate, Vp: Fractional plasma volume, SD: Standard deviation, IQR: Interquantile 
range, df: Degree of freedom.

Table IV: Predictive Performance of Each Parameter for Differentiating IDH Mutation Status of Gliomas According to Optimal Cut-Off 
Values 

Parameter Cut-off AUC Accuracy Sensitivity Specificity Youden’s index

rCBV 5.58 0.883 88.8% 95.7% 76.9% 0.726

rCBF 3.35 0.851 88.8% 100% 69.2% 0.692

Ktrans (min-1) 0.0727 0.893 88.8% 100% 69.2% 0.692

Ve (min-1) 0.6936 0.865 86.1% 87.0% 84.6% 0.716

Vp (min-1) 0.0193 0.809 80.6% 91.3% 61.5% 0.528

IDH: Isocitrate dehydrogenase, rCBV: Relative cerebral blood volume, rCBF: Relative cerebral blood flow, Ktrans: Volume transfer constant, 
Ve: Extravascular-extracellular volume fraction, Vp: Fractional plasma volume, AUC: Area under the receiver operating characteristic curve.
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therapy and chemotherapy. However, in some cases, these 
standard-of-care options offer limited survival benefits and 
may lead to long-term toxicities, such as cognitive decline, 
which significantly impact the quality of life of patients and 
their families (3). Thus, the treatment strategies of IDH mutant 
gliomas are approaching a more tailored approach. The devel-
opment of novel and promising treatment strategies continues 
in this field, including targeting IDH mutations with mIDH in-
hibitors (ivosidenib, vorasidenib, and olutasidenib), focusing 
on DNA damage mechanisms (PARP inhibitors), DNA meth-
yltransferase inhibitors (5-azacytidine and decitabine), and 
immunotherapies (3). We believe these clinical studies, along 
with non-invasive IDH predictive studies, will soon be critical-
ly important, especially in cases where surgery is declined or 
infeasible. Therefore, we recommend the perfusion and per-
meability MRI protocol described in this text as a routine ex-
amination for patients with suspected glioma. We also believe 
this method is cost-effective because the imaging protocol 

█   DISCUSSION
In the current study, we investigated diagnostic performance 
metrics of perfusion and permeability MRI in determining IDH 
mutation status and grade in patients with grade 2–4 gliomas. 
We found that the two imaging parameters acquired from 
perfusion MRI, rCBV and rCBF, and three imaging parameters 
acquired from permeability MRI, Ktrans, Ve, and Vp, can non-
invasively and correctly distinguish the IDH mutation status 
and grade of gliomas.

The discovery of the IDH mutations represents a significant 
milestone in neuro-oncology practice, with significant impli-
cations for the classification and prognosis of gliomas (3). 
It also leads to significant advances in potential new thera-
peutic approaches for these tumors. The standard treatment 
process for IDH mutant gliomas typically starts with maximal 
safe resection. If feasible, surgery is the primary therapeutic 
intervention and is often followed by a combination of radio-

Table V: Predictive Performance of Each Parameter for Differentiating Low (Grade 2) and High Grade (Grade 3 and 4) Gliomas According 
to Optimal Cut-Off Values

Parameter Cut-off AUC Accuracy Sensitivity Specificity Youden’s index

rCBV 4.68 0.972 88.8% 86.7% 100% 0.867

rCBF 3.27 0.972 94.4% 93.3% 100% 0.933

Ktrans (min-1) 0.0561 0.947 94.4% 96.7% 83.3% 0.800

Ve (min-1) 0.3102 0.950 91.7% 90.0% 100% 0.900

Vp (min-1) 0.0234 0.886 75.0% 70.0% 100% 0.700

rCBV: Relative cerebral blood volume, rCBF: Relative cerebral blood flow, Ktrans: Volume transfer constant, Ve: Extravascular-extracellular 
volume fraction, Vp: Fractional plasma volume, AUC: Area under the receiver operating characteristic curve.

Figure 3: Receiver operating 
characteristic (ROC) analysis for 
statistically significantly different 
parameters in terms of differentiating IDH 
mutation status. 
IDH: isocitrate dehydrogenase.
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between grades 2 and 3, 3 and 4, and 2 and 4 (AUC = 0.802, 
0.801, and 0.971, respectively). In their study, Ve showed 
good accuracy in distinguishing between grades 3 and 4, 
as well as 2 and 4 (AUC = 0.874 and 0.899, respectively). In 
another perfusion MRI-based study including DSC- and DCE-
MRI, Ahn et al. assessed the association between perfusion 
metrics and IDH mutation status in patients with lower-grade 
gliomas (1). In their study, normalized rCBV values and the 
ages of individuals were lower in IDH mutant cases than those 
with IDH wild-type (p = 0.001 and p < 0.001, respectively). The 
rCBV was independently associated with the IDH genotype 
(AUC, 0.817).

Similar to our study, Hilario et al. investigated the diagnostic 
accuracy of DSC- and DCE-MRI in discriminating the grade 
and IDH genotype of grade 2–4 gliomas with 49 patients (8). In 
their study, Ktrans (p = 0.002), Vp (p=0.032), and Ve (p<0.001) 
showed a significant difference between high- and low-grade 
diffuse gliomas. The highest AUC was demonstrated by Ktrans 
(AUC = 0.838) and Ve (AUC = 0.878). The best combination 
of sensitivity (80%) and specificity (75%) was generated for 
Ve, with a cut-off of 0.075. A significant difference was also 
observed in Ktrans values (p=0.028) between IDH mutant and 
IDH wild-type gliomas. Median Ktrans values were 0.13 for 
IDH mutant and 0.26 for IDH wild-type gliomas. In summary, 
although significant variations exist in the performance 
metrics of selected parameters in the studies, it is notable that 
rCBV and Ktrans are conspicuous in most of them, as in our 
study. Given recent revisions and updates in the grade and 
molecular characteristics of gliomas, as well as the lack of 
consensus regarding which parameters and cut-offs should 
be used, we believe new studies with larger sample sizes 

leading to the subsequent detailed analysis is already routine-
ly practiced in glioma cases (1,26).

Several literature studies concern predicting and differentiat-
ing the IDH mutation status of gliomas using conventional MRI 
(12,21,23), diffusion-weighted imaging (24,25), diffusion kur-
tosis imaging (6,15), amide proton transfer imaging (9), mag-
netic resonance spectroscopy (19), diffusion tensor imaging 
(26), and q-sampling imaging (26). Thus far, numerous perfu-
sion-weighted imaging-based studies on the role of perfusion 
MRI in predicting the grade and IDH genotype of gliomas have 
also been conducted (1,8,16,20,24). However, only a few of 
them used DSC and DCE perfusion MRI simultaneously, rep-
resenting one of the main strengths of the current research. 
A recent systematic review by van Santwijk et al. provided a 
valuable insight into the use of perfusion MRI in differentiating 
the IDH genotype and grade of gliomas (16). A total of 12 stud-
ies were included in this meta-analysis; of those, eight used 
the DSC perfusion technique alone, whereas one used a DCE 
perfusion technique. However, three of the studies combined 
the DSC and DCE perfusion techniques. According to this 
meta-analysis, the data based on DSC perfusion MRI studies 
showed that the rCBV of IDH mutant gliomas was significantly 
lower than that of IDH wild-type gliomas. During the differ-
entiation of these two types of glioma, the use of 2.35 as a 
maximum rCBV threshold value yielded a sensitivity of 100%, 
specificity of 61%, and AUC of 0.82 (95% CI: 0.66–0.93).

In a recently published permeability MRI-based study, Wu et al. 
evaluated the diagnostic performance of DCE-MRI parameters 
for glioma grading in 40 treatment-naive patients (20). Ktrans 
demonstrated good to excellent accuracy in distinguishing 

Figure 4: Receiver operating 
characteristic (ROC) analysis 
for statistically significantly 
different parameters in terms 
of differentiating low- (grade 2) 
and high-grade (grade 3 and 4) 
gliomas.
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amide proton transfer-weighted (APTw) MRI. Magn Reson 
Med 78:1100-1109, 2017. https://doi.org/10.1002/mrm.26820
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should be conducted on predicting glioma subtypes and 
molecular features.

This study has the following limitations: its small sample size, 
retrospective nature, and single institution. Another limita-
tion of this study was the inclusion of gliomas with various 
subtypes and grades. Given the limited sample size, different 
IDH subtypes were not considered (i.e., IDH1 and IDH2). We 
intend to extend the analysis by including additional cases. 
ROIs were generated manually in this study. While the ICC es-
timates for the parameters indicated high reproducibility, this 
process must be automated to further enhance reproducibili-
ty, reduce reader dependency, and decrease the time required 
for clinical applications. Finally, the analysis of the perfusion 
parameters is limited to univariate statistics because multi-
variate analysis with a small number of patients might have 
risked overfitting. However, we performed the univariate anal-
ysis under appropriate multiplicity corrections in every stage 
to mitigate the risk of false discovery.

█   CONCLUSION
In conclusion, parameters acquired from perfusion and 
permeability MRI may be able to non-invasively correctly 
distinguish the IDH mutation status and grade of gliomas. Our 
results support the literature, which contains a few studies 
simultaneously including these two advanced MRI techniques. 
Further studies with larger sample sizes are warranted to 
clarify the optimal cut-offs.
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