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Abstract: Background: Gliomas are the most common primary
malignant tumors of the central nervous system, and accurate
preoperative differentiation between low-grade and high-grade
gliomas is essential for selecting appropriate treatment strategies
and predicting patient outcomes. Objective: To determine the
diagnostic accuracy of the apparent diffusion coefficient in
differentiating low-grade and high-grade gliomas, using
histopathological examination as the gold standard. Study
Design: Cross-sectional validation study. Place and Duration of
Study: Department of Radiology, KRL Hospital, Islamabad, from 4
august 2025 to 4 November 2025. Methodology: A total of 207
patients with radiologically suspected glioma. All patients
underwent diffusion-weighted MRI using a 1.5-Tesla scanner. ADC
measurements were obtained from the solid tumor component,
and gliomas were classified as high-grade when the ADC value was
<1.2 x 107® mm?/s and low-grade when the ADC value was >1.2 x
1073 mm?/s. Results: The mean age of the patients was 41.0 + 13.9
years, and 108 (52.2%) were female. Histopathology confirmed
high-grade glioma in 145 (70.0%) patients and low-grade glioma
in 62 (30.0%) patients. ADC correctly identified 102 true-positive
and 50 true-negative cases, with 12 false-positive and 43 false-
negative results. The sensitivity, specificity, positive predictive
value, negative predictive value, and overall diagnostic accuracy of
ADC were 70.3%, 80.6%, 89.5%, 53.8%, and 73.4%, respectively.
Conclusion: The apparent diffusion coefficient demonstrated
good diagnostic performance for the preoperative differentiation
of low-grade and high-grade gliomas.

Keywords: Apparent diffusion coefficient, diffusion-weighted
imaging, glioma, magnetic resonance imaging.
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INTRODUCTION

Gliomas are malignant, fast-growing, highly disabling,
and deadly tumors of the central nervous system
(CNS). Gliomas occur in U.S. adults at a rate of about
5 cases per 100,000 people or about 4.9% of all
cancer in adults [1]. These tumors develop from a
variety of glial cells (oligodendrocytes, astrocytes and
ependymal cells) and are graded by the WHO (grades
1-4) according to characteristics such as
neoangiogenesis, nuclear pleomorphism and cellular
density. Low grade gliomas (WHO grades 1 and 2)
tend to be less cellular, slower growing and have a
more favorable prognosis, while high grade gliomas
(WHO grades 3 and 4) are more cellular, have higher
mitotic activity, microvascular proliferation, and
necrosis, and have a much poorer prognosis [2]. The
treatment for low grade gliomas is usually maximal
safe resection with observation or individualised
adjuvant treatment, whereas high grade gliomas are
generally treated with aggressive multimodal
therapy including surgery, radiotherapy and
chemotherapy. Thus, correct identification of low-
and high-grade gliomas before surgery is essential for
the best possible treatment [3].

Since its debut in 1985, diffusion magnetic resonance
imaging (dMRI) has played a crucial role in
neuroimaging for understanding the structure of
brain tissue. The apparent diffusion coefficient (ADC)
value is different in normal versus abnormal regions
of the brain because of the heterogeneity of the brain
microarchitecture [4,5]. ADC reflects water molecule
diffusion in tissue and provides information on the
differences between healthy and diseased brain
regions. Generally, ADC values are higher in tissue
with high water diffusivity and low cellularity and can
be useful to distinguish tissue type [6]. A recent meta-
analysis calculated the accuracy of ADC analysis to
differentiate HGG from LGG and found a pooled
accuracy of 0.80, 0.90 for specificity, 0.92 for AUC, and
66% for the number of true positive cases [7,8].
However, a recent study by Soliman RK et al. reported
relatively low sensitivity and specificity values, and
the mean ADC of HGG was found to be significantly
lower than that of LGG, with a cut-off value of 1.23 x
10~* mm?/s, where the sensitivity and specificity
values for differentiating HGG from LGG were 70%
and 80%, respectively, and the overall diagnostic
accuracy was 73% with the histopathology as the
gold standard [7-10].

Objective

This study aims to evaluate the diagnostic reliability
of ADC values in differentiating low-grade gliomas
from high-grade gliomas using histopathological
analysis as the gold standard. Despite previous
studies demonstrating the significance of ADC in
glioma grading, current literature reveals
inconsistent evidence regarding its reliability.

METHODOLOGY

This Cross-sectional validation study was conducted
at Department of Radiology, KRL Hospital, Islamabad
from from 4 august 2025 to 4 November 2025. The
sample size was calculated using a sensitivity and
specificity sample size calculator based on a previous
reference study. The calculation was based on
sensitivity of 70%, specificity of 80%, expected
prevalence of 70%, confidence level of 95%, precision
of 10% for sensitivity, and precision of 7.5% for
specificity. The final sample size calculated was 207
patients. Consecutive sampling was done non-
probability sampling. Eligible patients that met the
selection criteria during the study period were
included up to the sample size. Patients ages 18-65
years, either male or female, with focal brain lesions
with radiological characteristics that were suggestive
of glioma and measure more than 5 mm were
included. Exclusions included pregnant or lactating
women, cardiac pacemakers, renal failure with serum
creatinine > 1.5 mg/dL, purely cystic lesions (such as
abscesses), demyelinating lesions, malignant
infiltrates, choroid plexus tumors and tumors of the
meninges of the choroid plexus, mesenchymal
tumors, non-meningothelial tumors, sellar region
tumors, pineal region tumors, or patients with known
primary malignancy suspected of having brain
metastases.

Data Collection

Patients who presented to the outpatient or
emergency department who met the inclusion
criteria were enrolled after obtaining ethical
approval. Each patient was informed about the MRI
procedure and written informed consent was
received. Data on a structured proforma were
collected for clinical history, physical examination,
BM], lesion size, duration of symptoms and relevant
demographical data. Diffusion-weighted MRI was
carried out on a 1.5-Tesla MRI scanner to determine
the diffusion restriction area where the diffusion-
weighted imaging signal is at its maximum and the
apparent diffusion coefficient value is at its minimum
in the solid tumor part. Images were analyzed on T1-
weighted, T2-weighted, and post-gadolinium to
exclude cystic area, hemorrhage, calcification,
necrosis, large areas of degeneration, and
surrounding peritumoral edema.

All relevant slices were manually segmented for
regions of interest on the solid tumor part. To
minimise partial volume artefacts, the first and last
slices were excluded. A consultant radiologist (with =
5 years of post-fellowship experience) blinded to the
histopathology result interpreted the ADC values.
Gliomas were considered high grade if ADC were less
than 1.2 x 107 mm?/s and low grade if ADC were
equal to or greater than 1.2 x 10~ mm?/s. Biopsy
specimens were taken mainly from the middle of the
tumour and sent for histopathological examination.
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Histopathology was used as the reference standard
and compared with ADC based grading. A structured
proforma was used for all findings.

Data Analysis

IBM SPSS Statistics, version 25.0 was used for
analyzing the data. Continuous variables such as age,
BMI, lesion size, ADC value and duration of the
symptoms were presented as mean * SD. Categorical
variables such as gender, glioma grade according to
ADC, glioma grade according to histopathology, true
positive/false positive, true negative/false negative
were expressed in terms of frequency and
percentage. Histopathology was used as the reference
standard to calculate the sensitivity, specificity,
positive predictive value, negative predictive value,
and diagnostic accuracy in a 2 x 2 contingency table.
The stratification was done based on age, sex, BMI,
symptom duration and lesion size. Also post-
stratification diagnostic accuracy was calculated.

RESULTS

A total of 270 patients were included in the study, the
mean age was 41.0 + 13.9 years, with a slight female
predominance (108, 52.2%) compared to males (99,
47.8%). The mean body mass index was 25.5 * 4.2
kg/m?, while the mean duration of symptoms was
28.3 + 16.6 weeks. The average lesion size was 40.3 *
16.7 mm, and the mean ADC value was 1.14 + 0.31 x
10> mm?/s. Vomiting was the most common
presenting symptom, occurring in 37 (17.9%)
patients, followed by seizures in 33 (15.9%), focal
neurological deficit and visual disturbance in 31
(15.0%) each, headache in 27 (13.0%), altered
sensorium in 25 (12.1%), and memory disturbance in
23 (11.1%) (Table 1).

Table 1. Baseline Demographic, Clinical, and
Radiological Characteristics of the Study
Population (n = 207)

Variable Value
Demographic characteristics

Age, years 41.0+£13.9
Male 99 (47.8%)
Female 108 (52.2%)
Body mass index, kg/m? 255+4.2
Clinical characteristics

Duration of symptoms, weeks 283 +16.6

Vomiting
Seizures

37 (17.9%)
33 (15.9%)
31 (15.0%)
31 (15.0%)
27 (13.0%)
25 (12.1%)
23 (11.1%)

Focal neurological deficit
Visual disturbance
Headache

Altered sensorium

Memory disturbance
Radiological characteristics

Lesion size, mm 40.3+16.7

ADC value, x10~3 mm?/s 1.14 £ 0.31
Tumor location

Insular region 35 (16.9%)
Thalamus 33 (15.9%)

Parietal lobe 28 (13.5%)

27 (13.0%)

26 (12.6%)

21 (10.1%)

19 (9.2%)

18 (8.7%)

MRI evaluation showed that marked contrast

enhancement was the most frequent imaging pattern,

observed in 59 (28.5%) patients, followed by ring

enhancement in 45 (21.7%) and heterogeneous

enhancement in 41 (19.8%). Moderate peritumoral

edema was the most common degree of edema,

occurring in 73 (35.3%) patients, while mild and

severe edema were present in 62 (30.0%) and 54

(26.1%) patients, respectively (Table 2).

Table 2. MRI Findings and Glioma Classification
Variable n (%)

59 (28.5%)
45 (21.7%)
41 (19.8%)
21 (10.1%)
21 (10.1%)
20 (9.7%)

73 (35.3%)
62 (30.0%)

Cerebellum
Corpus callosum
Temporal lobe
Occipital lobe
Frontal lobe

Marked enhancement

Ring enhancement
Heterogeneous enhancement
Mild enhancement

Patchy enhancement

No enhancement

Moderate peritumoral edema

Mild peritumoral edema

Severe peritumoral edema 54 (26.1%)
Absent peritumoral edema 18 (8.7%)
Necrosis present 70 (33.8%)
Hemorrhage present 10 (4.8%)
High-grade glioma on ADC 114
(55.1%)
Low-grade glioma on ADC 93 (44.9%)
High-grade glioma on 145
histopathology (70.0%)
Low-grade glioma on 62 (30.0%)

histopathology

Comparison of ADC classification with
histopathology demonstrated that ADC correctly
identified 102 patients with high-grade glioma (true
positives) and 50 patients with low-grade glioma
(true negatives) (Table 3).

Table 3. Diagnostic Accuracy of ADC Compared
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with Histopathology
ADC Histopa Histopatho Total
Classification thology logy Low

High Grade

Grade
High grade on 102 12 114
ADC
Low grade on 43 50 93
ADC
Total 145 62 207

The diagnostic performance analysis showed that
ADC achieved a sensitivity of 70.3% and specificity of
80.6% for differentiating high-grade from low-grade
gliomas. The positive predictive value was 89.5%,
indicating a high probability that patients classified
as high-grade by ADC truly had high-grade glioma on
histopathology (Table 4).

Table 4. Diagnostic Performance of ADC

Diagnostic Parameter Value
Sensitivity 70.3%
Specificity 80.6%
Positive predictive value 89.5%
Negative predictive value 53.8%
Diagnostic accuracy 73.4%

Patients with histopathologically confirmed high-
grade gliomas had significantly lower mean ADC
values than those with low-grade gliomas (1.00 *
0.16 vs. 1.46 + 0.18 x 1073 mm?/s, p < 0.001). High-
grade gliomas were also associated with significantly
larger lesion size (44.1 + 17.2 mmvs. 31.8 £ 10.6 mm,
p < 0.001) and a shorter duration of symptoms (25.8
+ 15.2 weeks vs. 34.2 + 18.5 weeks, p = 0.002).
Moreover, moderate or marked contrast
enhancement (87.6% vs. 29.0%, p < 0.001),
peritumoral edema (75.9% vs. 54.8%, p = 0.004), and
necrosis (43.4% vs. 11.3%, p < 0.001) (Table 5).
Table 5. Comparison of Apparent Diffusion
Coefficient Values According to Histopathological
Glioma Grade
Variable Low- High- p-
grade grade value
Glioma | Glioma

m = (@ =
62) 145)
ADC value (x103 146 =+ 1.00 * <0.00
mm?/s) 0.18 0.16 1
Lesion size (mm) 318 * 441 + <0.00
10.6 17.2 1
Duration of 342 + 258 + 0.002
symptoms 18.5 15.2
(weeks)
Moderate/Marke 18 127 <0.00
d contrast (29.0% (87.6% 1
enhancement ) )
Peritumoral 34 155 0.004
edema present (54.8%  (75.9%
) )
Necrosis present 7 63 <0.00
(11.3% (434% 1
) )
" ROC Curve
gus
02 /f”i
-

1 - Specificity

Diagonal segments are produced by tiss.

Area Under the Curve
Area  Std. Asymptotic Asymptotic 95%
Errora = Sig.b Confidence
Interval
Lower @ Upper
Bound @ Bound
174 .030 .000 115 233
The test result variable(s): ADCvaluel10mms has at
least one tie between the positive actual state
group and the negative actual state group.
Statistics may be biased.
a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

DISCUSSION

The present study aimed to assess the diagnostic
value of apparent diffusion coefficient (ADC) in
distinguishing low grade and high grade gliomas with
the reference standard of histopathology. These
findings revealed that ADC was found to be a reliable
non-invasive imaging biomarker overall in terms of
diagnostic accuracy (73.4%), sensitivity (70.3%),
specificity (80.6%), PPV (89.5%) and NPV (53.8%).
These results suggest that DW-MRI can be used to
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gather useful pre-operative information for the
grading of gliomas and can be helpful to the clinician
in the planning of the appropriate management
before histopathological diagnosis. Patients' baseline
demographic characteristics included a mean age of
41.0 £ 13.9 years and a slight female predominance
(52.2%). The mean ADC was 1.14 + 0.31 x 1073
mmz/s, and the mean lesion size was 40.3 + 16.7 mm,
which is consistent with previous studies. The mean
ADC was 1.14 x 1073 mm?/s # 0.31, and the mean
lesion size was 40.3 + 16.7 mm, which is similar to
previous studies. It is noted that there is a similarity
in these findings, and that the present study
population is similar to those already published [11].
As far as the clinical presentation was concerned,
vomiting and seizures were the most common
presenting complaints, and the most common tumor
location was the insular region and thalamus. It has
previously been consistently observed that the
symptoms of gliomas are greatly dependent on the
location of the tumor, its size, and intracranial
pressure, the most common being headache, seizures,
vomiting, and focal neurological deficits. In the
present study, the distribution of tumor locations
mirrors the heterogeneous nature of gliomas in the
brain. Magnetic resonance imaging revealed that
there was a greater likelihood of finding high-grade
tumors with marked contrast enhancement,
moderate peritumoral edema, and necrosis [12].
Histopathology detected 70.0% high-grade gliomas,
while ADC detected 55.1% high-grade gliomas. High-
grade gliomas have been shown to have higher levels
of angiogenesis, blood-brain barrier permeability,
cellular proliferation, and necrosis, resulting in the
typical MRI appearance of heterogeneous
enhancement and surrounding edema. But there
remains overlap between imaging appearances of
low-grade and high-grade lesions, even with
conventional MRI sequences alone [13].

In the present study, 102 true positive and 50 true
negative cases were found, while 12 false positive and
43 false negative cases were observed. In this
research, the sensitivity and specificity values that
were achieved are comparable with the ones that
were reported in the literature. The sensitivity of ADC
in glioma grading was previously reported to be
around 70% and the specificity around 80%, while
the pooled sensitivity of ADC was recently shown to
be close to 80% and the pooled specificity is close to
90% [14]. The slight difference between studies may
be due to variations in MRI protocols, field strength,
tumor heterogeneity, region of interest selection, and
patient characteristics. The positive predictive value
of 89.5% in the present study suggests that the most
likely explanation for these types of lesions being
identified as high-grade by ADC was that they would
likely be confirmed by histopathology [15]. The
relatively low negative predictive value (53.8%) also
indicates that, due to intratumoral necrosis, cystic

degeneration, mixed histological components, or
sampling variability, a certain proportion of high-
grade gliomas may show relatively high ADC values
[16]. Similarly, previous studies have shown that ADC
is not a sufficient marker alone to increase diagnostic
confidence but needs to be used with conventional
MRI parameters and clinical assessment [17].
Histopathology is still the most accurate method to
grade gliomas but needs invasive sampling of tissue
and can sometimes be influenced by sampling error
due to tumour heterogeneity [18]. ADC
measurement, on the other hand, is a fast, non-
invasive, repeatable, and easily available imaging
biomarker, which can assess the whole tumor before
surgery. Incorporating ADC into the routine
preoperative MRI process could potentially enhance
surgical planning, patient counselling, and decrease
diagnostic uncertainty, especially in health care
environments with limited access to advanced
molecular diagnostics [19,20].

Limitations

The present study is limited in that it was conducted
ata single center, which may limit the generalizability
of the results. While the sample size was reasonable,
larger multicenter studies are necessary to validate
further. The study focused only on ADC values
derived from the diffusion-weighted MRI and did not
involve advanced imaging modalities like perfusion
MRI, MR spectroscopy, diffusion tensor imaging or
radiomics. Only one ADC threshold was applied,
which does not completely represent the
heterogeneity of gliomas. Selection bias can also
occur when consecutive sampling is used, which is a
type of non-probability sampling. In addition, there
may have been sampling error as a result of
intratumoral heterogeneity, and molecular markers,
including IDH mutation and 1p/19q codeletion, were
not assessed.

CONCLUSION

The present study demonstrated that the apparent
diffusion coefficient is a reliable non-invasive
imaging biomarker for differentiating low-grade and
high-grade gliomas. Using histopathology as the gold
standard, ADC showed good sensitivity, specificity,
and overall diagnostic accuracy, supporting its value
in preoperative tumor grading. Incorporating ADC
into routine MRI evaluation may improve diagnostic
confidence, facilitate treatment planning, and assist
in clinical decision-making.
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