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Abstract

Background: Introduction: Gliomas are the most frequent primary intracerebral tumors

in adults & constitute 35–50% of all intracranial neoplasms. In determining a treatment

plan, tumor grade is a key consideration for minimizing the risk of unnecessary

morbidity and mortality.

Objective: To evaluate Correlation of pre-operative Myo-inositol/Creatine ratio with

histopathological grade of glioma.

Materials and method: This was a cross sectional experimental study. Total 33

patients consistent with selection criteria were enrolled in this study. Myo-inositol/

Creatine ratio was obtained from MRS. Histopathological grade of glioma was obtained

from biopsy (hematoxylin and eosin stain or HE stain) report. The obtained results

were then grouped categorically.

Result: Out of 33 patients, 22 were male and 11 were female. According to

histopathology, 14 gliomas were confirmed as high grade and 19 gliomas were confirmed

as low grade.  Spearman Rank Correlation Test showed a moderate negative

association between Myo-inositol/Creatine ratio with glioma grading with coefficient

value of r = -0.611 with a statistically significant p-value (p<0.001). We were able to

differentiate between low grade (II) and high grade (III + IV) gliomas using the Myo-

inositol/Creatine ratio. The levels of MI/Cr were higher (e”0.48) in patients with low-

grade glioma, and lower (<0.48) in patients high grade glioma

Conclusion: This study has shown a significant correlation between pre-operative

Myo-inositol/Creatine ratio with histopathological grade of glioma. It may help

neurosurgeons in taking clinical decisions about patient management and counselling.
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Introduction:

The term ‘glioma’ was coined by Virchow in 1863.
These are primary brain tumors arising from glial cells.
There are more than 100,000 cases of central nervous
system (CNS) cancer diagnosed each year worldwide
(Parkin 2000), and gliomas represent 40% of all brain
tumors (Liang et al. 2020).

According to their aggressiveness, the World Health
Organization (WHO) classifies gliomas into Grades 1

and 2 or low grade gliomas (LGG) and Grades 3 and
4 or high grade gliomas (HGG) (Ganau et al. 2015).
Grade I applies to lesions with low proliferative potential
and the possibility of cure following surgical resection
alone. Neoplasms designated grade II are generally
infiltrative in nature and, despite low-level proliferative
activity, often recur. Those showing anaplasia and
mitotic activity as grade III and tumors additionally
showing microvascular proliferation and/or necrosis
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as WHO grade IV (WHO 2007). Grade is one
component of a combination of criteria used to predict
a response to therapy and outcome.

The current ‘‘gold standard’’ for the determination of
glioma grade is by surgical biopsy/resection and
histopathological assessment. However, biopsy
approach may suffer from several sources of errors
(Jackson et al. 2001), the most significant of which is
limited number of samples thus creating potential
errors in determining glioma grade. GBMs are known
for having an extensively heterogeneous histopathology
(Louis et al. 2016) which increases the risk of retrieving
non-representative tumor samples for histological
assessments. A substantial proportion of the
assessed histological features are at risk of being
underrepresented when tissue material is limited,
including most of the grading features (Mikkelsen et
al. 2020). As a result, a high-grade tumor may be
diagnosed as low grade because the samples were
taken at a less malignant region.

Alternatively, noninvasive or minimally invasive imaging
technologies have been used to evaluate the
malignancy of brain tumors (Lu et al. 2008). Contrast-
enhanced magnetic resonance imaging (MRI), now a
standard procedure for suspected brain tumor cases,
can cover a large field of view with the advantages of
high spatial resolution and relatively low invasiveness.
However, this approach is relatively qualitative and does
not provide a quantitative index for a direct measure
of tumor grade.

In vivo magnetic resonance spectroscopy (MRS) is
one of the MR methods that start to play an important
role in determining most brain tumor types and grades.
The principle of MRS is based on metabolite detection
by measurement of the spectra of specific isotopes,
e.g., 1H, 13C or 31P. Metabolites that can be identified
on a standard brain proton MRS include N-
acetylaspartate (NAA), N-acetylaspartylglutamate
(NAAG), gamma-aminobutyric acid (GABA), aspartate
(Asp), glycine (Gly), choline (Cho), creatine (Cr),
phosphocreatine (PCr), glutamate (Glu), glutamine
(Gln), myo-inositol (mIns), taurine (Tau), lactate (Lac),
glucose (Glc), alanine (Ala), phenylalanine (Phe),
histidine (His), lipids (Lip), and acetate. Concentrations
of the metabolites are relatively steady for each specific
“healthy” tissue but they may shift due to disturbances
in metabolism during pathological states. Because of
its noninvasive and safe nature, MRS has a great
advantage in patients with brain gliomas, particularly

if there are some contraindications for surgical
procedure or significant risks due to location of tumor
in eloquent areas or comorbidities of patients (Bulik
et al. 2013).

Previous studies have shown the potential of MRS to
differentiate low grade from high grade gliomas (Law
et al. 2003). They used Cho/Cr, Cho/NAA ratios in the
determination of the glioma grade. They had observed
higher Cho/Cr and Cho/NAA in high grade compared
to low grade tumors, though threshold values of
metabolite ratios for grading of gliomas were not well
established. However, high levels for Cho with high
Cho/Cr and high Cho/NAA ratios had been observed
in some low grade gliomas. This is in concordance
with the previous report by law et al. (2003) who
reported high Cho level in low grade glioma. On the
other hand Hall et al. (2001) reported low Cho level
ratios in some GBM. This may be due to extensive
necrosis, which increases the false-positive rates and
false-negative rates in predicting low and high grade
gliomas, respectively (Soares and Law 2009).

Myo-inositol (mIns) is a simple sugar that can be
described as marker of astrocytes or glial cell marker
in the adult brain because it is synthesized by
astrocytes and participates in their osmoregulatory
system (Brand et al. 1993). It is likely that it also
contributes to the maintenance of brain volume
(Isaacks et al. 1994). With the help of MRS, mIns
can be detected as a multiplet of peaks with main
components located at 3.5 ppm of the spectrum. The
elevation in mIns detected in the MR spectra can be
found in cerebral diseases associated with marked
astrogliosis (Hattingen et al. 2008).

Creatine (Cr) is called an energy metabolism marker
that is synthesized from amino acids primarily in the
kidneys and liver and transported to the peripheral
tissues/organs by blood (Wyss and Kaddurah 2000).
It is visualized in the MR spectra mainly as the high
peak located at 3.0 ppm (Urenjak et al. 1993). Cr is a
relatively constant element of cellular energetic
metabolism of the brain and it is frequently used as a
reference metabolite for in vivo MRS, e.g., for
calculating metabolite ratios such as Cho/Cr, NAA/
Cr, mIns/Cr or Lip/Cr (Verma et al. 2016).

The aim of this study was to see if there is any
Correlation of pre-operative Myo-inositol/Creatine ratio
with histopathological grade of glioma. This additional
information provided by Magnetic Resonance
spectroscopy (MRS) can be of high interest for taking
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clinical decisions about patient management and
counselling.

Materials and Methods:

It was a cross sectional experimental study which
was carried out in the Department of Neurosurgery,
Bangabandhu Sheikh Mujib Medical University, Dhaka.
It was conducted from September 2019 to March 2021
after the approval of the scientific and ethical
committee.

The study population included all patients with glioma
diagnosed by MRI with preoperative MRS with Myo-
inositol/Creatine ratio & confirmed by histopathology
(HE stain), admitted into Department of Neurosurgery,
Bangabandhu Sheikh Mujib Medical University, Dhaka
Medical College and Hospital and National Institute
of Neuroscience and Hospital.

Purposive sampling technique was used. Patients,
who fulfilled the selection criteria were selected for
this study.Patient diagnosed as a case of gliomas on
MRI who had preoperative MRS and Gliomas
confirmed by histopathology (HE stain) were included
in this study. On the other hand, patients with
alzheimer disease and hepatic encephalopathy,
histopathology report not consistent with glioma was
excluded from our study.

Our demographic variables were age and sex, imaging
variables were myo-inositol, creatine, myo-inositol/
creatine ratio and histopathological variables were low
(Grade I and II) and high (Grade III and IV) grade glioma.

Results:

Table-I

Frequency Distribution of the Study Subjects
according to Age (n=33)

Age (years) Frequency (n) Percentage (%)

≤20 4 12.1

21-30 9 27.3

31-40 9 27.3

41-50 6 18.2

51-60 5 15.2

Mean ±SD                    35.27 ± 12.51 Years

The age distribution of 33 patients are divided into five
groups and is shown in the Table I. The age range of
patients was 8 to 59 years. The Mean ± SD were
35.27 ± 12.51 years. Most of the patients (54.6%)
were among 21-40 years of age.

The gender distribution shows (Figure 7) out of 33
patients 22 patients (66.7%) were male and 11
patients (33.3%) were female. The male female ratio
was 2:1.

Table-II

Grading of glioma (N=33)

Frequency (n) Percentage (%)

Histopathological

grading of glioma
Low Grade 19 57.5
High Grade 14 42.5

This table (Table II) shows most of the gliomas were
low grade (57.5%)

Male

67%

Female

33%

Figure 1: Pie chart showing distribution of the study

subjects according to gender.

Figure 2: Box plot of Myo-inositol/Creatine ratio in

High grade of glioma (histopathological)
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Spearman Rank Correlation Coefficient Test was done
for correlation of Myo-inositol creatine ratio with glioma
grading (Figure 10). The test showed a moderate
negative correlation. With correlation coefficient value
of r = -0.611with a significant p-value of p = <0.001

Discussion:

Gliomas account for approximately 77% of primary
malignant brain tumors and thus, they are most
frequently diagnosed primary brain tumors
(Schwartzbaum et al. 2006). Grade of glial tumor helps

to determine the choice of therapy and predict
prognosis (Bulik et al. 2013).

The current ‘‘gold standard’’ for the determination of
glioma grade is by surgical biopsy/resection and
histopathologic assessment. However, biopsy
approach may suffer from several sources of errors
(Jackson et al. 2001, Daumas-Duport et al. 1988),
the most significant of which is limited number of
samples thus creating potential errors in determining
glioma grade. Also, every surgical procedure has a
significant risk that can be expressed as mortality
and morbidity (Bulik et al. 2013). A stereotactic brain
biopsy is a careful minimally invasive procedure with
low mortality (less that 1%), its overall morbidity about
3.5% is still significant (Hall 1999).

Non-invasive grading of gliomas is still considered a
challenge (Chawla et al. 2007). Due to great advances
in advanced magnetic resonance (MR) imaging
methods, efficacy of this non-invasive diagnostic tool
is increasing (Bulik et al. 2013). However, diagnosis
of gliomas and their grading by conventional MR
imaging is sometimes dubious due to sensitivity of
glioma grading ranging from 55% to 83% (Law et al.
2003). Changes in the metabolism of tumor cells
related to malignant transformation are reflected in
changes of particular metabolite concentration in the
tumor tissue (Horska and Barker 2010). Because glial
tumors have some specific metabolite characteristics
which further differ according to grade, there is a
growing interest in MR spectroscopy that could further
increase the sensitivity of routinely used diagnostic
imaging (Bulik et al. 2013).

The clinical utility of proton MRS in glioma grading is
still being investigated (Metwally et al. 2013). The
results of glioma grading by using MRS vary widely
which, may be attributed to different methods and
metabolites overlapping between different tumor grades
(Bertholdo et al. 2013).

Previous studies have shown the potential of MRS to
differentiate low grade from high grade gliomas (Law
et al. 2003). They used Cho/ Cr, Cho/NAA ratios in
the determination of the glioma grade. They had
observed higher Cho/Cr and Cho/NAA in high grade
compared to low grade tumors, though threshold values
of metabolite ratios for grading of gliomas are not well
established. However high levels for Cho with high
Cho/Cr and high Cho/NAA ratios had been observed
in some low grade gliomas. This was in concordance

Figure 3: Box plot of Myo-inositol/Creatine ratio in

Low grade of glioma (histopathological)
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Figure 4: Scattered diagram showing correlation of
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with the previous report by law et al. (2003) who
reported high Cho level in low grade glioma. On the
other hand Hall et al. (2001) reported low Cho level
ratios in some GBM. This may be due to extensive
necrosis, which increases the false-positive rates and
false-negative rates in predicting low and high grade
gliomas, respectively (Soares and Law 2009).

In tthis study, we found significant association between
pre-operative Myo-inositol/Creatine ratio with
histopathological grade of glioma.

The mean age was 35.27 ± 12.51 years ranging from
8 – 59 years. Out of 33 patients, 22 were male and 11
were female with male to female ratio 2:1 which was
consistent with previous studies but our ratio was
slightly higher probably due to lower number of cases
( Metwally et al. 2013).

We measured Myo-inositol/Creatine ratio from 1H-
MRS. Low and high grade of glioma was confirmed
from histopathology (Winn 2011). Spearman’s Rank
Correlation Coefficient Test showed negative
association between Myo-inositol/Creatine ratio and
grade of glioma with coefficient value of r = -0.611 at
p-value (p<0.001) which is consistent with previous
studies (Castillo et al. 2000, Metwally et al. 2013).

We were able to differentiate between low grade (II)
and high grade (III + IV) gliomas using the Myo-inositol/
Creatine ratio. The levels of MI/Cr were higher (e”0.48)
in patients with low-grade glioma, and lower (<0.48)
in patients high grade glioma. This was an agreement
with a previous study which reported that MI at short
TE provided some separation between low grade
astrocytoma and anaplastic astrocytoma (Majos et
al. 2004).

However, our results disagreed with the previous
reports by Kousi et al. (2012) who used 3T 1H-MRS
in grading cerebral gliomas at short and long TE in 71
patients with untreated glioma. MI was observed to
be increased for both glioma grades, the MI/Cr ratio
was 0.85 ± 0.24 and 0.90 ± 0.35 for low and high
grade gliomas, respectively and hence that ratio did
not significantly differentiate the two tumor groups.

Kim et al. (2006) also used 3T MR-spectroscopy for
the grading of glioma in 35 patients. They found that
MI/Cr ratio increased with grade of the tumor with the
MI/Cr ratio being 0.86 ± 0.19, 1.23 ± 0.37, 1.15 ± 0.52
for grade II, grade III, and grade IV tumors, respectively.

In this study the accuracy of Myo-inositol/Creatine
ratio for predicting the glioma grade was 87.9%. Two
cases were diagnosed as high grade glioma based
on histopathology with high (e”0.48) Myo-inositol/
Creatine ratio. Another two low grade glioma had low
Myo-inositol/Creatine ratio (<0.48). This may be
explained by that the biopsy was not necessarily taken
within the area of the lesion with greatest cellularity,
so it may underestimate the tumor grade (Metwally
et al. 2013, Smith et al. 2003) or the voxel site that
was not at the same location of the biopsy site.

The limitations of this study includes short period of
time with a small sample size. Only 33 cases were
selected for statistical analysis which may bias the
results. MRI imaging was from various centers which
should be limited to a single type of machine. As both
single-voxel and multi-voxel techniques were used,
the possibility of sampling errors in tumors of
heterogeneous appearance cannot be
excluded.Chance of contamination of 1H-MRS voxel
by normal brain tissue as 1H-MRS taken by different
person in MRI room.Tissue specimen may not be
taken from that region from where voxel was taken.
So there may be chance of incorrect result by 1H-
MRS as glial tumor shows differentiation within the
tumor so one tumor may be present in different grade.

Conclusion:

This study have demonstrated that the Myo-inositol/
Creatine ratio has significant correlation with grade of
glioma with correlation coefficient value of r = -0.611with
a significant p-value of p = <0.001. This   can help a
clinician to predict the outcome of the patient before
any intervention.To make it more sensitive and specific
a multicentric trial with larger sample size should be
done.
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