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ABSTRACT

Background and objectives:

Tumors within the brain represent a serious headticern. Subtypes of brain cancers
include infra- and supra-tentorial brain tumors. idt frequently challenging to
distinguish low-grade from high-grade gliomas ambplastic from non-neoplastic
brain masses with conventional MRI, and many p&ieecessitate biopsy or further
imaging. Modern methods of magnetic resonance ingaguch magnetic resonance
spectroscopy, can increase the diagnostic precsiamagnetic resonance imaging
when identifying these types of cancers.

Magnetic resonance spectroscopy can be used tp stath metabolites and tumors,
which also enables follow-up and therapy respossessment. These metabolites can
provide insight into the type of lesions and braialignancies. Identifying molecules
and learning about their biophysical properties tare analytical uses for magnetic
resonance spectroscopy.

As a result, this method is a multi-parametric roolar imaging methodology that can
successfully complement a magnetic resonance imagesearch and identify
biochemical patterns of many characteristics andtfaof brain tumors.
Diffusion-weighted imaging (DWI) uses the minute vament of water molecules to
reveal more information about the brain. Diffusiwaighted imaging (DWI) has been
used to distinguish between brain tumors with tagt low cell numbers, as well as to

identify the type of brain tumor based on the dgnsi cells.

The study was undertaken to characterize supraftehttumors using magnetic
resonance spectroscopy & diffusion weighted imagimgddition to other magnetic

resonance imaging (conventional)
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Methodology:

The present study was conducted in the DepartnfefRamiology) Radio-diagnosis,
KLES Dr. Prabhakar Kore Hospital and Medical Resle@entre, Belgaum (Belagavi)
from January, 2023 to December, 2023. It was ayeae observational study where in
49 number of patients (cases) with supratentorainbtumors detected by magnetic
resonance (MRI) was studied.

Results:

The average age of the subjects is 53.31 yearsavgtAndard deviation of 13.66 years.
The median age is 55 years, ranging from 28 toeé8sy In terms of gender, there were
21 (42.80%) female subjects and 28 (57.14%) mdigests. This distribution suggests
a slight male predominance in the sample population

Headache emerges as the most prevalent chief compieported by 42 (85.71%)
subjects. Following closely, vomiting was noted 28 (59.18%) subjects. Other
frequently reported complaints include seizuregoreed by 23 (46.93%) subjects, and
dizziness, noted by 18 (36.73%) subjects.

As far as intracranial neoplasms go, choline (stihé most specific marker.

A rise in the levels of the metabolite choline (elmd the ratio of metabolites choline
to NAA is highly suggestive of the malignant chaeamf the tumor, which could be
graded

Metabolite specificity for meningiomas was demagistd by alanine (al), which helped
distinguish meningiomas from similar (looking) appag lesions.

When trying to distinguish between high grade gigmnand metastatic tumors without
significant alterations, intralesional ADC levele éanadequate.

It was feasible to distinguish between primary anetastatic brain cancers using

perilesional ADC levels.
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CONCLUSION:

It can be concluded that MR spectroscopy in contlinavith DWI & ADC values
calculation helps in better characterization ofedént supratentorial tumors and might
enhance MR imaging's ability to diagnose patients.

KEYWORDS:

Brain tumors, supratentorial, magnetic resonan@aging (MRI), magnetic resonance
spectroscopy (MRS), diffusion weighted imaging (DWdpparent diffusion coeffient

(ADC), gliomas, neoplasms, metabolites, choline ANAimor grading.
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INTRODUCTION

Term supratentorial region of the brain in anatomyhe area located above
the tentorium cerebelli. The area of the brainaséd beneath the tentorium cerebelli
is referred to as the infratentorial region. In trast, the supratentorial region
encompasses the cerebrum, while the infratentorégion encompasses the

cerebellum and in addition to other structures

"Intra-cranial space occupying lesion" refers ty gype of neoplasm, whether
primary or secondary, malignant or benign, or alowgh any infectious /
inflammatory mass present intracranially i.e. pnéseithin the cavity formed by
cranial bones It encompasses various other pathological caukewéirious kinds of

cystic lesion$ hemorrhagés and malformations of vascular etiologiés

To represent any neoplasm, benign or malignantai () or secondary
(2% lesions the term a tumor is used which meanslid sggregation of tissue

formed when abnormal cells attach each other coblgsi

Approximately 9% of all primary neoplasms in humans primary tumors of

the central nervous system and its covering layers.

Neoplastic lesions occurring intracranially cansarifrom either neuronal
tissue or glial tissue. Among them, those arigiogn central neurogenic origin have
more complexity. These tumors account for approtetga50% of all intracranial
space-occupying tumors and are derived from neitredial elements of the brain,

excluding microglialcell$:®

Page 1



| ntroduction

When Bailly and Cushings began their research éndicade of 1920 , field
of the central nervous system malignancies wassaically studied. In the last
thirty years, numerous studies have indicated tbath the frequency and

characteristics of intracranial neoplasms exhibgnificant variations in race and

geography’.

Correct clinical management of patients with swgadrial tumors depends
on an specific diagnosis. It becomes extremelykyrito distinguish between non-
neoplastic and neoplastic CNS lesions when a pgapisents for management of
multifocal or focal brain lesion as they can presdrowing common clinical profile
and findings. Which poses an obvious diagnostietamty for doctors and surgeons

regarding further treatment & future plan of acttén

Therefore, it becomes very crucial to differentisietween non-neoplastic
etiologies and malignant conditions since approdoh the therapy varies
significantly for each. Initial imaging techniquéss assessment of these lesions are
routine magnetic resonance (MRI) scanning and (Cojnputed tomography
scanning.

Abnormalities can be located and detected with tgeEmnsitivity using
magnetic resonance imaging (MRI). Despite of thpdrtance of magnetic resonance
imaging in the diagnosis of intracranial diseag@sacranial space occupying lesions
(ICSOL’s) may not always show up on conventional IMiRh specificity, even after
administration of intravenous contrast agents. Toastraint hampers the precision
and capacity of Magnetic Resonance images (MR)soetning between tumors and

non-neoplastic conditions, as well as between lmeaigl malignant diseases.
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Conventional imaging techniques also fail to adégjyareveal information
regarding the blood supply, cellular compositiond anetabolic information of the
tumors lesiong%1!

Morphological classification of these intracraniahass lesions using
conventional MRI alone even after contrast imagingy be difficult without the
histopathological examination of the suspectesligs Additional diagnostic tools are
necessary if the results are not clearly demonstrabsatisfactory. If there is high
clinical suspicion index for aggressive nature loé tesion the histopathological

examination can be undertak®n?3

But, a 1.7% mortality rate has been reported withpsy procedures along
with high rate of other serious complications.ekfindergoing the histopathological
examination sometimes it is not possible to comnwearly with respect to the
nature of the lesion due to lesion complexities andes of such lesions undergo
these invasive examinations in order to negat@dssibilities.

In order to avoid delaying the start of treatmerd avoiding needless biopsy,
a non-invasive imaging technique that can incretiagnostic accuracy would be
highly helpful, particularly in unclear or unusualses.

One method for figuring out a compound's molecataucture or identifying
its presence is magnetic resonance spectroscopRoBpectroscopy® The living
brain's metabolic information is obtained througR Bpectroscopy.

N-acetyl aspartate (NAA), lipids, lactate, myo-iitok glutamine, glutamate,
and choline are the main brain metabolites thae heen identified?*°

These metabolites exhibit aberrant levels in pathiohl processes when

compared to normal brain tissue.
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As a method for differentiating between cancerand aon-neoplastic brain
lesions, MR spectroscopy is intrigufid he use of magnetic resonance spectroscopy
(MR Spectroscopy) in describing, classificationd @mstinguishing neoplastic lesions
from focal non-neoplastic lesions such as bleddskes, and infective pathologies has
been the subject of numerous studies conducteclyob

Innovations in magnetic resonance spectroscopy (MR&d significant
potential for furnishing supplementary functionadametabolism related data in the
examination of intracranial tumors. These technégeen yield biomarkers pertaining
to neural integrity, the growth of cells or celeekdown, how energy is used, and
changes in the dead tissue.

To investigate tumors, grade gliomas, plan theragpyd assess treatment
response, a variety of spectroscopic techniques baen employed, such as single
(S) and multivoxel (M) MRI spectroscopy It has alsgen reported that the typical
MRS appearances of non-neoplastic intracranialgbagires like cerebral infarction,
TB, and abscess are distinct from the spectrosaicacteristics of tumors.

Consequently, MRS may be able to differentiate betwneoplastic and non-
neoplastic disease conditions. Although there tmemn few reportg>2%indicating a
need of more extensive research studies and laigecal trials to address this
important clinical issue.

But since MR spectroscopy has not been readilylaai at many centers,
only a small number of investigations have lookedsause in the identification of
intracranial tumors in India yet. The current reésbainvestigation assessed the
potential benefit of MR spectroscopy when combineith diffusion weighted
imaging for the analysis and diagnosis of intraiaspace-occupying lesions when

employed in addition to traditional magnetic resw®imaging (MRI) with the goal
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to better understand neoplastic lesions. Thishelp in integrating MR spectroscopy

& diffusion weighted imaging along with regular MRiIxamination for better

diagnosis of intracranial space occupying lesions.
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Aim & Objectives

AIM & OBJECTIVES:

To characterize supra-tentorial tumors into benign and malignant using
magnetic resonance spectroscopy & (DWI) diffusion weighted imaging sequences of
magnetic resonance (MRI) imaging in addition to conventional magnetic resonance

sequences.
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Review Of Literature

REVIEW OF LITERATURE

"Intra-cranial space occupying lesion" refers toy dppe of neoplasm, whether
primary or secondary, malignant or benign, or alomgh any infectious /
inflammatory mass present intracranially i.e. pn¢ssithin the cavity formed by
cranial bones.

Intracranial space occupying lesions are massnssoxcurring within the
cranial cavity, either intra or extra-axial, whican expand in volume causing
displacement of normal intracranial structures emttlease in intracranial pressure.

These lesions can be classified as:

1. Congenital: Dermoids, Epidermoids.

2. Traumatic: Subdural & Extradural haematomas.

3. Inflammatory: Abscess, Tuberculoma, Syphiliticrgna, fungal

granulomas.

4. Parasitic: Cysticercosis, Hydratid cyst, Amoediliscess, Schistosoma japonicum
infection.

5. Neoplasms: Intra-axial, extra-axial, primarysecondary masses.

A study conducted in 1995 at Jinnah PostgraduatéiddeCentre, Karachi,
using CT scan and MRI revealed that 32.1% of th& &Bes of (SOL) Intracranial
Lesions included neoplastic etiologies with inflagiory masses. Research
undertaken also revealed that 13.7% of the cases meningiomas, 13.2% were
abscesses, and 13.2% were pituitary tumors. Authlscsreported that, ICSOLs had
lower occurrence in females as compared to malgerthe study and the peak age

group was 11-20 yeaf$.
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ANATOMY 22

The brain, an enormous collection of nerve tissusplit into the cerebrum,
cerebellum, midbrain, pons, and medulla oblonga&five regions that make up the
brain architecturally and functionally.

EMBRYOLOGY

During fetal development the ectoderm overlying ti@ochord becomes
thickened to form the neural plate which is themwerted into neural groove and
neural tube. The brain is formed by the bigger iadgrortion of the neural tube,
whereas the spinal cord is developed from the maarecaudal end.

The cranial part of the neural tube consists ddldilatations.

The first one is prosencephalon which divides imtiencephalon and
telencephalon. The thalamus is developed frondibecephalon, and the cerebral
hemispheres through the telencephalon.

Second dilatation is of the mesencephalon whicim$othe midbrain. Finally
there is rhombencephalon which gives rise to mefgmalon forming the pons &
cerebellum and myelencephalon which forms the niedul
Gross anatomy

A dura matter layer recognized as the tentoriuneloati splits the cranial
compartments into supra and infra tentorial spaces.

The supra-tentorial compartment is the larger caotngent of the two and is
occupied by cerebral hemispheres.

The cerebrum, which makes up the majority of thers structure, is split
into the left and right hemispheres. Its numerowssted ridges (called gyri),
multiple depressions (called sulci), and its fisé@reas combine to give it a surface

area of about 2.2 fn

Page 8



Review Of Literature

Fissures further divide each half of the cerebruo ivarious lobes, every
single of which performs a different role.

The four lobes that make up the brain are the detjiparietal, temporal, and
frontal.

Lateral surface of each of the hemisphere is conmeshape and has two
prominent sulci - the central sulcus (Rolandssure) and lateral sulcus (fissure of
Sylvius). The central sulcus separates the frdabes and parietal lobes. Frontal lobe
and temporal lobes are separated with fissure bfil&y Temporo-parieto-occipital
junction is an ill-defined area rather than a ckxaatomical demarcation.

The hemispheres have a flat medial surface. Ingatabsection, the obvious
landmark on the medial surface is the cut surfaicéhe corpus callosum, whose
components being the rostrum & genu anteriorlg Hody in the middle, and
splenium posteriorly. The corpus callosum is wedimdrcated by callosal sulcus

which is continuous with the hippocampal sulcus.

Arachnoid granulations

Venous sinuses of the
dura mater

Subarachnoid space

Choroid plexus
(CSF production)
Lateral ventricles

: ; Fourth ventricle
Third ventricle

Spinal cord

Spinal canal

Figure 1 — Ventricular System of Brain
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Frontal Lobe Parietal Lobe

Occipital

Temporal Lobe Lobe

Figure 2 — Lobar Anatomy of Brain

With a thickness of 2-5 mm and a population of o4@rbillion neurons and
240 billion neuroglia, the cortex of the brainhi® texternal most part of the cerebrum.
The thicker innermost layer is called the white tevat and it is here that
interconnecting groups of axons extend from thenakphalon's thalamus to the
cerebral cortex and from the cortex to other ar@aght-sided motor and sensory
function is regulated by the left side of the certevhile left-sided function is
regulated by the right side of the cortex. Cortegissory and motor regions are linked
to association areas that process incoming infeaomand plan a motor response.

The brain's second largest region is the cerebel@mordination, equilibrium,
body postures, and the accuracy and timing of astiare all processed by the
neurological center.

The medulla oblongata and pons are located anteéoiothe cerebellum.
Tentorium cerebelli, which divides it from the demem, covers its upper surface. The
cerebellar surface has many foliae that differ @pth at different locations, but it is
not as convoluted as the cerebrum. The cerebrédxcts composed of two types of
matter: white matter makes up its interior and gmestter makes up the outermost

layer.
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There is also grey matter in the midbrain, whicmrexts the cerebral
hemispheres above the pons. The third and fourttrickes of the brain are linked by
a small canal called the cerebral aqueduct of 8glvi

The pons is located superior to the medulla obltmganterior to the
cerebellum, and inferior to the midbrain. It is reagp of white matter fibers that join
the cerebral hemispheres. Linking the pons aboiwe e spinal cord below, the
medulla oblongata is situated at the base of tam&tem.

The brain's ventricular system is made up of ainamtg network of cavities
that are filled with cerebrospinal fluid. There aslateral ventricle with frontal,
temporal, and occipital horns in each cerebral Bphere. The interventricular
foramina of Monro serve as a conduit between trelateral ventricles and the third
ventricle. The Sylvius agueduct connects the thaatricle, which is situated midway
among the two thalami, to the fourth ventricle. Tdt®roid plexuses in the lateral
ventricles produce CSF. The third and fourth vetes also contain portions of the

choroid plexuses.

The foramen of Magendie and Luschka, which are icoatis with the spinal
subarachnoid space caudally as well as the subarackpace over the exteriors of
the cerebral hemispheres upwards, are where thed€fits into the basal cisterns
after flowing from the lateral ventricles to tharthventricle and then to the fourth
ventricle.
Brain Tumors

As mentioned previously brain tumors are the maspartant cause of
ICSOLs and constitute the majority of cases df gitudy so they will be discussed

briefly in the following paragraphs.
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A brain tumor, one of the most frequent intracrbes@ace-occupying lesions,
is a neoplasm, or abnormal growth of cells, witthie brain. Usually in the brain
parenchyma, but also in lymphatic tissue, bloodelss cranial nerves, meninges, the
skull, the pituitary, or the pineal gland, they aceeated by an aberrant and
unregulated division of cells. The cells that ameolved in the brain can be either
glial (ependymal, oligodendrocyte, or neuronal)dAidnally, brain tumors may have
metastasized, especially in older individuals.

Because they are invasive and infiltrative withue restricted volume of the
cranial space, brain tumors are inherently hazardmd may even be potentially
fatal. Nonetheless, certain brain tumors, suchi@@mas, do not always result in
death. Brain tumors may be benign or malignant. Tdwation, type, stage of
development, and size of the tumor are just a féwhe numerous factors that
influence its level of danger.

Since the skull protects the brain, early braindumetection is only possible
with the use of diagnostic tools, especially imagiools. Typically, a tumor is only
detected when it has progressed to the point wiliteie causing inexplicable
symptoms.

Of all primary CNS tumors, 85% to 90% are brain ¢usn The average annual
occurrence of primary aggressive CNS tumors ini84 is 6.36 per 100,000 persons
annually, with an estimated mortality of 4.22 p80,000 persons annually, according
to information accessible in the Surveillance, Epiiblogy, and End Results (SEER)
database for the year 2007. In the year 2008, twasean estimated 238,000 fresh
cases of malignant brain tumors along with variGiS tumors discovered across the

globe, and 175,000 fatalities had been repdited.
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In the year 2012, there were 22,910 cases repartddl. 3,700 fatalities in the
USA due to brain and other nervous system turfidnsaplastic
astrocytoma, glioblastoma and the glial cell tummake up about 38% of primary
brain tumors. On the contrary hand, about 27% oimany brain tumors
are mesenchymal tumors and meningiofias.

Additionally fewer cases of primary brain tumors e arcontributed
by schwannomas, oligodendrogliomas, ependymal tsppatuitary tumors, medullo-
blastomas, central nervous system (CNS) lymphomdsstrocytomas (low grade).
Variations with respect to race

Variations exist across various ethnic populatioriag in a single nation, and
reports of a three-fold variation in occurrence agmamations have been made. The
greatest numbers seem to be found in industrialiegithns, yet this could just be the

result of improved identification procedurés.

Variations with respect to gender

Men are diagnosed with brain tumors at a rate ®fL1indicating that men are
more likely than females to have one. In comparismmmen, females are slightly
more probable to develop meningiomas and pituiaignomas?
Variations with respect to age group

Preadolescent children are more likely to have gyast fossa tumors, while
supratentorial tumors are more common in adolescamd adults. Younger adults are
more likely than older adults to develop low-gragimmas, such as astrocytomas.
High-grade gliomas typically appear in the 4th thr &ecade of life or later. Examples
of these include glioblastoma multiforme and ansipta astrocytoma.

When it comes to childhood cancers, brain tumoestla most common solid tumor
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in children second only to leukaemia. Primary CN$®plasms affect 3.6 out of every
100,000 children in a single yer.

Among all CNS malignancies, gliomas make up ovef670rhe most
prevalent and aggressive histopathological subgrmpng these is glioblastoma
multiforme (WHO - World Health Organization, Gralde).

Regarding those suffering from gliomas, the liketid of survival remains
poor besides in instances of the World Health Omgaion Class | pilocytic
astrocytomas. Individuals with glioblastoma, in tgadarly, not often live greater
than five years following discovery (no more thape&cent do so), and the adverse
outcomes tend to be related to elderly status.dfitian, although these kinds of
cases are extremely uncommon, it could be thatngi®are closely associated with

several types of inherited disease conditfons.

During the span of the previous 20 years, pattefneimors of the central
nervous system in men and women were assesse¢eigdncer databases based on
the population in India: the city of Mumbai, Del@hennai, Bangalore & Bhopal.
Among CNS malignancies, the mean age-adjustedofatecidence ranged between
2.53 (the city of Chennai registry) from 4.14 (Dethgistry) per 100,000/year for
men and 1.46 (Bhopal registry) to 2.66 (Delhi reg)sfor females. All databases,
with one notable exception of New Delhi, indicateésang pattern in the occurrence
percentages of malignancies related to the nersgstem in men and women. There
was no statistically significant difference in ticidence between the Delhi and
Bhopal registry.

In overall Bangaluru , Chennai and Mumbai registribere was a statistically

noteworthy rise among the age-adjusted incidendesraf CNS malignancies
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reaching in excess of 3% for men and women. Thisageh unveiled a rising pattern
in nervous system cancers among both genders aarosst all registries throughout
the entire observation peridd.

There exist multiple studies linking various fastorelated to lifestyle and the
environment, such as work-related hazards, nutritiand carcinogens in the
environment, with an increased risk of glioma. Hoere medical irradiation used for
therapy is the sole variable that has been denaiadtto be directly associated with
an increased risk of glionfa.

In particular, kids who received radiotherapy foeating the diagnosis of
(ALL) leukemia had a significantly greater likelibd of brain tumors and
neuroectodermal malignancies, often ten years &ftBation.

Multiple investigations have found an important gection between the TP53
gene's G:C -> AT shifts and the promoter methgrabf the 06-methylguanine-DNA
methyltransferase (MGMT) gene in gliomas. This ®#g that O6-methylguanine
DNA adducts, that can be generated by either emiageor exogenous alkylating
agents, might play a role in the formation of glas?

CLASSIFICATION

The WHO classification of CNS tumors constitutesthes basis for this
categorization. The WHO methodology aims to prewadcellular categorization that
is both prognostically and globally relevant byemating and relating structure,
cellular genetics, molecular biology, and immunatagindicators.

A number of factors led to the abandonment of eadittempts to create a
TNM-based categorization system: the size of tmeotu(T) is not as significant as
tumor histopathology and the location; lymph nodablvement (N) is meaningless

because there do not exist lymphatics in the beoairspinal cord; and metastatic
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dissemination (M) is scarce because the majoritinaividuals with central nervous
system neoplasms fail to survive for lengthy pesitmigrow metastatic cancer.
Rather, grade is established by the World Healtiya@ization's classification

system for CNS cancers, which relies upon the tisiistopathological featuré.

Following represents the histology classes:
Grade | WHO
Distinct tumors, limited proliferative capacity tons, with the chance of recovery

after surgery to remove them are all consideretigidhis.

Grade Il WHO

Compared to class | cancers, tumors in this greegaur with greater frequency
after local treatment, and but exhibit less pradifon and invasion.

A few tumor forms have the potential to advancemore advanced stages of

cancer.

Grade 1l WHO

This group comprises tumors that exhibit elevameels of mitotic activity
and nucleus atypia, two histopathological indicatof aggressiveness. These lesions
exhibit anaplastic histopathology with the ability infiltrate. Typically, aggressive
adjuvant therapy is employed in their treatment.
Grade IV WHO

This category encompasses lesions with high mitattevity, a propensity for
necrosis, and a history of rapid advancement beforand during surgery, which
frequently results in grave consequences. Aggresadjuvant therapy is frequently

used to treat these lesions.
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The WHO's listing of CNS tumors is shown in belchumor categories and

categories that are specific to the peripheral mgs\systems are excludéd.

WHO grades for CNS tumor§

TUMOR TYPES WHO
GRADES

ASTROCYTIC TUMORS
SUBEPENDYMAL GIANT CELL ASTROCYTOMA I
PILOCTIC ASTROCYTOMA I
PILOMYXOID ASTROCYTOMA Il
DIFFUSE ASTROCYTOMA Il
PLEOMORPHIC XANTHOASTROCYTOMA Il
ANAPLASTIC ASTROCYTOMA 1]

GLIOBLASTOMA v
GIANT CELL GLIOBLASTOMA v
GLIOSARCOMA v

OLIGODENDROGLIAL TUMORS
OLIGODENDROGLIOMA Il
ANAPLASTIC OLIGODENDROGLIOMA 1]
OLIGOASTROCYTIC TUMORS’
OLIGOASTROCYTOMA Il
ANAPLASTIC OLIGOASTROCYTOMA 1]

EPENDYMAL TUMORS

SUBEPENDYMOMA I
MYXOPAPILLARY EPENDYMOMA I
EPENDYMOMA I
ANAPLASTIC EPENDYMOMA m

CHOROID PLEXUS TUMORS

CHOROID PLEXUS PAPILLOMMA I
CHOROID PLEXUS ATYPICAL PAPILLOMA Il
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CHOROID PLEXUS CARCINOMA 1]

OTHER NEROEPITHELIAL TUMORS

ANGIOCENTRIC GLIOMA I
CHOROID GLIOMA OF THIRD VENTRICLE Il

NEURONAL AND MIXED NEURONAL GLIAL TUMORS

GANGLIOCYTOMA I
GANGLIOGLIOMA I
ANAPLASTIC GANGLIOMA 1]
DESMOPLASTIC INFANTILE ASTROCYTOMA AND I
GANGLIOGLIOMA
DNET I
CENTRAL NEUROCYTOMA Il
EXTRAVENTRICULAR NEUROCYTOMA' Il
CEREBELLAR LIPONEUROCYTOMA Il
PARAGANGLIOMA OF SPINAL CORD I
PAPPILARY GLIONEURONAL TUMOR I
ROSETTE FORMING GLIONEURONAL TUMOIR OF I
FORTH VENTRCLE

PINEAL TUMORS

PINEOCYTOMA
PINEAL PARENCHYMAL TUMOR OF INTERMEDIATE

DIFFERENTIATION & Il
PINEOBLASTOMA v
PAPILLARY TUMOR OF PINEAL REGION & Il
EMBRONAL TUMORS

MEDULLOBLASTOMA v
CNS PNET v
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ATYPICAL TERATOMA / RHABDOID TUMOR A\
TUMORS OF CRANIAL AND PARASPINAL NERVES

SCHWANNOMA I
NEUROFIBROMA I
ANAPLASTIC/MALIGNANT MENINGIOMA [, 1 &1l
MALIGNANT PERIPHERAL NERVEW SHEATH TUMOR | I, Il & IV
MENINGEAL TUMORS
MENINGIOMA I
ATYPICAL MENINGIOMA Il
MALIGNANT / ANAPLASDTIC MENINGOMA 1]
HEMANGIOPERICYTOMA Il
ANAPLASTIC HEMANGIOPERICYTOMA 1]
HEMANGIOBLASTOMA I
TUMORS OF SELLAR REGION
CRANIOPHARYNGIOMA
GRANULAR CELL TUMOR OF NEUROHYPOPHYSIS I
PITUICYTOMA I
SPINDLE CELL ONCOCYTOMA OF THE I
ADENOHYPOPHYSIS I

The WHO classification of brain tumors has beenelyicaccepted for more
than 25 years since the first edition was publishet®79. The fourth version of the
WHO classification was released in 2007 after iews to the previous one.
Pathophysiologi#

Brain malignancies can present neurological symptoma variety of ways.
Certain neuronal circuits that traverse the cefetwetex may sustain damage from
tiny tumors in strategic sites. Normal operationynige disrupted by tumors that
infiltrate, permeate, or alter healthy parenchymater. High intracranial tension can

result from the emergence of cerebral tumors asdcated swelling since the brain
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can only occupy a certain volume within the skiithe presence of tumors close to
the third and fourth ventricles might block the calation of CSF and cause
hydrocephalus with obstruction. Moreover, tumorsiseathe development of new
blood vessels, which compromises the regular blaradh barrier.
The combined impacts of hydrocephalus, swellingl anmor growth may increase
tension inside the skull and decrease cortical dldtow. An increase in
compartmental pressure (ICP) can result in tisdiggdacement or prolapse across the
magnum foramen, via the tentorium (transtentodalleneath the falx cerebri
(subfalcine). More subtle medical history may hekéid to slow-growing tumors.
When these tumors are found, they are typicallyrraoas. The majority of initial
brain tumors do not spread, but when they do, lextnsion of the primary
tumor usually happens before metastasis

Beyond the nervous system, brain tumors that hawerg and progressed
from primary tumors may be the first sign of caneesuggest a possible relapse. On
the other hand, symptoms and indicators of neurcdbgnetastases are analogous to
those of the primary brain tumors. Several cran&ive impairments may be the

initial symptom of leptomeningeal invasion.

History
The best way to comprehend the medical manifesistaf various brain
tumors is to look at how complaints and signs cohteethe structure of the brdin
Headache, changed psychological state, nausea,nmovealisorder, deficits,
vomiting, and disturbances in posture are amongspexific signs that may be
experienced. Additional symptoms of CNS tumors udel difficulties with speech,

localized sensory defects, vision alterations, &wchl convulsions. Though most
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symptoms appear over time, there are times thgtappear unexpectedly, such as an
intraventricular tumor abruptly blocks a third vecle or whenever hemorrhage starts
within the tumor.

Brain tumors need to be distinguished from otheacspoccupying lesions
such infections, vascular malformations, and strokéich may appear with an
identical medical picture, regardless of whetheythre §, metastatic, cancerous, or
noncancerou®
1° brain tumors and cerebral metastases can appue#arsi in terms of individual
appearance in cases of cerebral neoplasms. Tha @fighe symptoms—a rise in
intracranial tension, compression of vital gray white matter, movement of
intracranial contents, or subsequent cerebral im@e-determines how it appears.

Intracranial tumors may cause a focal or genemlizgairment depending on
where they are located, although there may nonpespecific symptoms or they may
even erroneously localize.

A deviation or mass effect of sixth cranial nerneanthe base may cause
diplopia. Pineal tumors may cause Parinaud syndrameémpaired upward sight.
Tumors of the frontal lobes can cause anosmia.

Tumors located in the occipital lobe can specificldad to the development
of homonymous hemianopia or partial visual fieldides.

Imaging in the diagnosis of ISOL

There are several conditions that can cause foe@bral disease, such as
primary neoplasms, metastatic tumors, abscessbacse infarcts. Differentiating
between malignancies and non-malignant imitatorsrigial since everyone has a

distinct course of therapy.
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When evaluating individuals who have brain tusporadiological
investigations are essential two of the main & naftgn used ways of imaging in
healthcare are CT scan and MRI scan.

The diagnosis and assessment of intracranial nealigias have greatly
improved because of technological advancementhdaset modalities, the utilization
of contrast media, and the advent of additionahogs for imaging?

When a brain tumor is medically anticipated maging study is necessary to
identify the tumor's position, dimensions, and awiion to nearby structures. When
choosing the best course of treatment, which malude procedures like treatment
with chemoradiation, surgery, this knowledge ispiarportant
Magnetic resonance imaging

When assessing individuals who have a brain tunh@at is medically
suspected, a magnetic resonance imaging scan (8IRig preferred method. Due to
the multi-planar technique , superior contrast ienggality, and adaptable standards,
it can be used to guide biopsy procedures, pla@aldei treatment, evaluate treatment
response, and determine the precise position aeb$tumors.

Spin-echo T1-weighted sequence (TI WI), T2-weightsjuence (T2WI),
fluid attenuation inversion recovery sequence (FRAlNd T1 weighted sequence (in
all planes) following the injection of para-mageesubstance (Gd chelates) are the
conventional protocols that are used most frequeratioss organizatioris.

Most brain tumors have longer T1 and T2 relaxatarations, which causes
them to appear low signal on T1-weighted sequenht®/{) and high signal on T2-
weighted sequence (T2WI) in comparison to nornsaui in the brain. The majority
of tumors exhibit mixed signal strength on PD Weésghsequence. Some tumors have

a mixed morphology due to an abundance of lipidseding, tissue necrosis, and
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calcium deposits. As with CT, the addition of castragent to a conventional MRI
can help identify many tumors in the brain and lfferentiate specific tumors from
adjacent neural tissue. Gd chelates is among the mwien utilized MRI contrast
media for visualizing tumors in the nervous syst@nNS)33

A variety of new MR approaches are being investidato improve the
accuracy of diagnosis in cancer imaging, includiegore and following treatment,
even though conventional spin-echo MR sequencirggimunction with post-contrast
MR Images are unquestionably effective in identifyand delineating brain tumors.
The goal of these methods is to provide enhancettasi intensities and enhance the
quality of images as well as information gathermger traditional MR spin-echo
imaging. These include gradient echo pulse imagdiast, spin echo (FSE) imaging,
inversion recovery (IR) imaging, short tau inversi@covery (STIR) imaging, and
echo-planar (EPI) imaging. But without a histop&tlgacal investigation of the
suspicious tissue, a diagnosis made only on this lofisnorphologic and anatomic
observations is frequently deemed questionabley,Hamninvasive methods which

can offer greater detection accuracy than radiologagery are obviously need&d.

MR Spectroscopy

An intriguing non-invasive method of using magnetsonance imaging to
access numerous chemicals from bodily tissues llsdcaViR spectroscopy. The
disorders are then diagnosed, observed, and t#sponse to therapy is seen using the
metabolite data. While nucleus of 1H, 19F, 31P,,18@ 23Na can also be used for
MRS, the majority of nuclei used in clinical praetitoday are 1H and 31P. While

MR spectro and MRI use similar basic principles $mnal gathering, they differ in
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processing, displaying, and interpreting the d#&ather than visuals, a graph is
produced that compares maximum amplitudes to quoreting frequencies.
Source of signal

Fat & water proton signals predominate in the g&syproton signal, which is
used to create MRIimagery. The weak signal of @rotlerived from additional
metabolites makes them unhelpful for imaging.

Similar to MRI the goal of MRS is to identify miteumolecules. The majority
of clinically significant compounds resonate withire fat and kD frequencies.

Suppressing the significant signal of fat angdDHs necessary in order to
recognize these tiny compounds.
In what way are the tissue's minute metabolitestified?3*

Chemical shift forms the basis of MRS while it i tcause of artifacts in
MRI.  Protons' accompanying chemical atmosphelectr®n cloud affects their
precessional frequency. Protons isQHundergo an entirely distinct precession rate
as compared to protons in lipids, and similarlyippmsed protons within various
substrates have which also have a different premesate. Chemical shift is the
term used to describe such type of variation ircg@ssional frequencies caused by a
changed chemical microenvironment. Therefore, weg mantify the metabolites at
which they're precessing by calculating the fregyesf those protons.

Proton frequency for a particular metabolite eqaathemical shift - location
of peak in a uniform background.

The chemical shift expressed in hertz will varyading to various magnetic
field intensities because the precessional frequémrceach proton is exactly related

to the magnitude of the magnetic field surroundin@armors frequency). To avoid
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disarray, chemical shift is expressed as (ppm)spgaet million; this ppm value will
remain constant for a given metabolite at all figicbngths.

Since chemical shift is related to the outside ne#grfields, minor chemical
shifts won't be noticed at lower field strength®R®&1can be used with 0.5 T or higher,
however for better spectral discrimination andghkr ratio between signal and noise,
1.5 T or higher field magnitude is needed. Compat@dMRI, this requires a
substantially more homogeneous environment sincrugt detect smaller amounts of
metabolites having small chemical shitts.

Spins with small difference in precessional frequerwithin the same
molecule interact with each other this is knownJasoupling. The presence of
electrons surrounding the nuclei facilitates thisgess. An involved spin's resonance
frequency is altered by this spin-spin interactiof.lactate doublet near 1.3 ppm is

one example of how the J-coupling splits spikea spectroscopic mé&h

There are two broad categories into which spatahlisation methods can be

categorized:

1. Single-voxel approaches, that gather the entiretaa representing one part of
the brain

2. Multi-voxel methods (sometimes referred to as clvamshift imaging (CSI) or
MR spectroscopic imaging (MRSI)) wherein severakaar are recorded

concurrently.
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Figure 3 — Localization with single voxel spectrospy

Single-Voxel Proton MR Spectroscopy:
Medical MRS investigations employ two single-volungotons localisation
approache®
1. STEAM [S-Stimulated E-echo A-acquisition M-mode]
2. PRESS [P-Point RE- resolved SS- spectroscopy]
Magnetic field inhomogeneity’s are necessary forMRS spatial localization, just
like in MRI localization. Three orthogonal gradisnare applied sequentially in
STEAM and PRESS to choose three slices that cleiaetthe spatially localized
volume to be investigated. Three in total 90° pulsee utilized during STEAM
sequencing & the "stimulated echo" is recorded.
In PRESS, first pulse is a 90° pulse, refocusir@){] pulses are what the second and
third pulses are. In the slice-selective event,csige Radiofrequency pulses are
administered for stimulating the spins within evsliges3®

Thus, only spins that are excited and observaldenéhin the defined

three-slice sequence.
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Advantages of STEAM
« The fact that echo times (TE) smaller than 20 ma&ex practiced in this
method, STEAM provides benefits for the monitorioigproton metabolites

with short T2 relaxation, such as glutamine, gluagar& (Myo) myoinositol.

®
%

STEAM can be used to dampen the water resonanoalsig
more effectively.
% STEAM typically yields a superior slice profile due the
relative ease of generating a sharp slice profith & 90°
pulse compared to pulse of180°.
% Accessibility to large bandwidths 90° excitationlgeuis easier and consume

less power compared to their high bandwidth 18@hterparts.

The primary benefit of the PRESS sequence liessithieoretical doubling of
signal intensity compared to the STEAM sequencsulti@ag in twice the signal
recovery relative to STEAM.

PRESS is notably has low susceptibility for eddgrent effects human motion, effect

of coupling (homonuclear).

The distinctions outlined above are relatively &btresulting in similar
outcomes between STEAM and PRESS in clinical bspectroscopy. However,

PRESS is predominantly favored due to its highgmali noise ratios (SN Ratié).

Size of the voxels:

Spectroscopy via single-voxel typically involvestandard voxel size of 2.0 x 2.0 x
2.0 cm, with resulting voxel volume approximatelgré®.

Minimum voxel size: approximately 1.5 x 1.5 x 1rf ¢-3.38 cr).

Multi-voxel MRSI, standard voxel size ~ 1-2&minimum ~ 0.5 cm¥%
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Multi-Voxel Proton MR Spectroscopy

Chemical shift imaging (CSD), also known as magnetesonance
spectroscopic imaging (MRSI), is a technique thathgrs spectral data from a
volume made up of several voxels. Magnetic resamapectroscopic imaging (MR
Sl) and chemical shift imaging (CSI) are two commmames for multivoxel MRS.
This is due to the fact that it entails the conmerof metabolite signal intensities,
fractions of peak regions, or max resonance arnei@simagery. After that, these
representations are superimposed on anatomic nmagesbnance imaging (MR)
images to reveal information about the dispersiometabolites, either quantitatively
or qualitatively, within the targeted brain region.

A useful method for mapping the spatial distribaotiof metabolites in a
particular (VOI) volume of interest is two- / thrdanensional MRSI.

Volume determined pulse sequencing for the CSlimalitime method, which
specifies a bigger slice, are either STEAM or PRESISe sequences. Phase encoded

in one, two, or even three dimensions is emplogette¢ate spatial localizatich.

Newer Techniques

The methods used to "speed up" MRI scans are dftensame ones
employed in fast MRSI procedures; for example, m@shbased on the utilization
of multiple spin echoes ("turbo"-MRSI, equivaleatfast-spin-echo MRI)

» Echo-planar methods (also known as EPSI, or etlar spectroscopic
imaging)
» Parallel imaging methods, such as sensitivitysded (SENSE)-MRSI or

SPIRAL-MRSI
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Which kind of protocol—multi or single -voxel?

Whether it is worthwhile to investigate the spatatribution of metabolites,
for example, will determine this. The spectrum acg will differ based on the
position within the tumor from which the voxel isllected, as many brain tumors
show heterogeneity.

Furthermore, it's possible that the precise pasitbthe metabolic anomaly
was unknown prior to the scan, which would suppleet multi-voxel method. When
considering spatial coverage, multi-voxel will cistently seem to be preferabfe.
Wide coverage MRSI is ineffective at shorter TEndee certain brain regions—such
as the posterior fossa, frontal lobes, anteriorp@a regions, and when a patient
exhibits metallic artefacts—are not suitable caat#d for multi-voxel spectroscopy.

Because MRSI requires a longer scan time, it mightt be an option for
patients who are unstable or have less time. Whiaiher method performs well when
head motion is noticeable, MRSI is likewise martjnanore sensitive to head motion
than SV-MRS.
Steps to obtain a spectta
1. Positioning of the patient
2. The receiver coil's whole observed volume iotad for magnetic field uniformity.
The initial value for localized shimming is provileby global shimming.
3. Obtaining MRI images for the localizing: To inseoxels, images are acquired in
the coronal, saggital and axial planes. If thegudathas not moved, MR imagery that
have been taken during regular imaging can be Ls$efudentifying the location.
4. Choosing the necessary variables and measurefoeMRS

Two crucial parameters are TE and TR. Longer TRiltgsn an improved

signal to noise ratio. TEs of 20—30 ms, 135-145and,270 ms are often utilized.
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The only significant metabolites that show peakimagier TEs of greater than
135 ms are choline, lactate, NAA and creatine. Adater TEs, glutamate, lipid,
glutamine, inositol, GABA and peak expression isibited. At higher TEs, there is
significantly less noise. Shorter T2 metabolite&e Iglutamate, glutamine, and

inositol, are treated with shorter TEs.

5. Selection of VOI

SVS or CSl is used depending upon the clinical &gen

6. Shimming locally
Here, the magnetic field homogeneity over the chastume of interest is optimized.
More spectral resolution, narrower metabolite peaks high signal-to-noise ratio are

all indicators of good local shim.

7. The Suppression of Water
Metabolite peaks become visible when the water peakippressed. Chemical shift

selective spectroscopy, or CHESS, is the method tassuppress water peaks.

8. Data gathering from MRS

Single-voxel spectroscopy typically takes three dfia@ minutes, whereas data
collection for CSI can take up to twelve minutdhe quality of the spectral "quality”
is largely dependent on how well prescan operationsk, which adjust various
aspects of scanner functionality prior to data emilbn. These steps involve
optimizing flip angles for water suppression pujsesodifying scanner center
frequency to coincide with water resonance, fingrig transmitter and receiver
gains, and adjusting field homogeneity (also kn@sri'shimming"). A spectrum that

is hard to understand can result from any oneedélprocesses failing.
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Many of these tasks were previously completed key dperator manually;

however, these days, the scanner typically compl#iese tasks automatically.

9. Processing of the data and displaying it
After processing, the data is converted into speatrd spectral maps. The
software sets the zero point of the spectrum imtiel to the trimethylsilane

frequency.

10.Interpriting
The number of spins that contribute to a metabslppeak directly relates to the area

under its peak. Age and location affect each mditatsabsolute values.

Lack of a vertical scal&

There is no Y-axis (vertical) scale shown in the $MBpectra display. Little control
over the vertical scale is provided by many sofewgrograms, which often
automatically scale the data so that the greatesk mccupies the visible region.
This may cause ambiguity when comparing variouseigxrom the same patient,

particularly if there are concurrent increasesemrdases in all metabolites.

A peak is characterized by:

J the resonant frequency (V)
J the height of the peak (h) (amplitude)
J the peak width at half height (b)

(Full Width Half Maximum, FWHM)
J the area contained in it (integral)

»>

Figure 4 — Characteristics of spectroscopy peak
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The metabolites are detected in the spectra becafusige following
properties:

» They consist of protons (H)

* They exist at concentrations > 0.5 mmol/L

» They oscillate at different frequencies alonghiezontal chemical shift axis.

» The hydrogen signal from water is nulled

Common Metabolites Which Are Studied By Using MRe&poscopy?® 36 37

NAA

Within the typical adult brain spectrum, it is tlaegest signal. At 2.01 pm, the acetyl
group of N-acetyl aspartate resonates, and at En04N-acetyl aspartyl glutamate
(NAAG) contributes. Aspartate and acetyl-CoA amngformed into NAA in brain
mitochondria. NAA is widely accepted as a neuranatker and is backed by several
lines of research. Research on conditions thatkaosvn to cause loss of neurons
and/or axons (such as brain tumors, multiple ssler@lagues, or infarcts) has
consistently shown lower levels of NAA. NAA measuents could be helpful in

evaluating the CNS's neuronal integrity.

Choline

The phosphocholine (PC), glycerophosphocholine (GBAd a trace amount of free
choline comprise the trimethylamine (-N(CH3)3) gveuhat contribute to the choline
signal (Cho, 3.20 pm). These substances haveeaimoboth the formation and

breakdown of cellular membranes, and their levedshagher in disease conditions
where there is a higher turnover of membranes, asdumors. Other circumstances
that lead to a rise in Choline encompassing aatiemyelination, which is mostly

caused by breakdown of myelin phospholipids to G@P®flammation.
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Creatine
A composite peak made up of creatine and phospéaticee which are involved in
energy metabolism through the creatine kinase imraeind produce ATP, is known
as the creatine methyl resonance (Cr, 3.03 ppneeddnd resonance from creatine's
CH2 is also visible at 3.91 ppm in a number of s@@ecThe equilibrium between PCr
and Cr maintains the stability of size of Cr peak the face of bioenergetic
irregularities observed in many pathologies. Theb#ity holds true for all ages.
Consequently, the Cr resonance functions as aestiatigirnal reference. Alterations in
the numerator metabolite are commonly interpretedlanges in metabolite ratios
with creatine as the denominator.

As an example, decline in the NAA to Creatine raicommonly understood

to indicate a drop in NAA levels.

Lactate :

Due to the relatively small amount of lactate ia brain in normal conditions,
the lactate methyl resonance seen at 1.31 ppmeildman cerebral cortex is below
identification in the majority of studies. Occasatlg, a slight lactate signal can be
seen in the ventricles' cerebrospinal fluid (CSHn pathological circumstances,
lactate is frequently elevated. When the Krebs eyisl unable to continue the
utilization of glucose, a lack of blood oxygen (frdiypoxia or ischemia) will result
in a rise in lactate. When the lactate resonangedperly shimming, it appears as a
pair of frequencies with peaks separated by 7 Hzould be challenging to discern
lactate from spatial contamination resulting froipid signals in the scalp or from

overlapping lipid resonances coming from the blajntself.
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The myo-inositol

Myo-inositol (ml) at 3.5-3.6 ppm is one of the siger signals in the short
echo time spectrum. A pentose sugar, ml is a coemgoof the intracellular second
messenger system that is triggered by inositohagphate. Decreases in hepatic
encephalopathy and increases in demyelinating dissrand Alzheimer's dementia
have been noted. A leading theory is that heigitteni represents greater numbers
of glial cells, which are known to express higharoants of mi than neurons. The

precise pathological implications of changes inigninknown.

Glutamate And Glutamine

While the multiplets for 3CH2 and 4CH2 are usudkyected between 2.1 and
2.4 ppm, the 2CH protons of both Glu and GIn retmah about 3.7 ppm. Important
functions in brain metabolism are played by glut@n(GIn) and glutamate (Glu).
The most commonly found amino acid in the brain @sdnain neurotransmitter is
glutamate. Since GIn and Glu nearly entirely cert a field strength of 1.5 T, they
are typically referred to as a composite peak @it are exceedingly challenging to

distinguish.

Lipids®

Resonance is observed in lipids around 0.8 ang@dn®, which could conceal
lactate. Mobile lipids are markers of high-gradendus, including primary brain
tumors and their metastases, and are typically rebdein necrosis. Due to
contaminants from fat under the skin and fat derifrem the skull's marrow, lipids

may also be detected in the spectra.
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Gamma aminobutyrate GABA is a neurotransmitter thiibits function and
is a type of amino acid. GABA resonances sharesatgteal of overlap with signals
from other, more prevalent metabolites, particylaneatine. Reduced or aberrant
GABA concentrations have been discovered via H MB&arch in a number of
neuropsychiatric conditions, such as drug addi¢ctggnificant depression, anxiety
disorders, and epilepsy. Reduced or aberrant GABAcentrations have been
discovered via H MRS research in a number of neaydmatric conditions, such as

drug addiction, significant depression, anxietyodiers, and epilepsy.

Glycine

Widely dispersed across the nervous system's inglyis an amino acid that
serves as an antioxidant and an inhibitory neunstratter. Patients with
hyperglycinemia and tumors have elevated glycimelte Since the glycine resonance
for in vivo MRS studies overlaps with that of mywssitol (at 3.55 ppm), it is not
possible to definitively observe glycine during gbo echo lengths. However,
because of the reduction of inositol, its existenwy be confirmed at longer echo

times.

Valine

Valine, an indispensable amino acid crucial fort@iro synthesis, manifests in
spectra as two doublets from its methyl protonsesehresonances overlap with
leucine and isoleucine in the 0.95-1.05 ppm ra@nditions like branched-chain
ketonuria and hypervalinemia can lead to heighterahe levels, which have also

been linked to occurrences of abscesses of bragmglayma.
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Alanine

During MRS analysis of intracranial tumors, alanamerges as a significant
metabolite to examine. Positioned at 1.47 ppmgciissidered a non-essential amino
acid, potentially overshadowed by fats and ladgtateadings. Elevated alanine levels

have been specifically observed in meningiomas.

Macromolecules

Lipids are examples of macromolecules that are eigible at brief echo
times. In a number of diseases, including multgderosis (MS) and brain tumors,
the presence of pathologically changed macromatscal mobile lipids may offer

helpful extra diagnostic data.

Regional Variations In The Metabolifés
NAA: In comparison to the cortical subcortical jtioa, the hippocampus contains
less NAA. Compared to other brain regions, thelmeltem has a lower concentration

of NAA.

Cr: As opposed to white matter, gray matter haatgreamounts of creatine.

Cho: As opposed to gray matter, white matter hslighatly greater amount of choline.
Generally speaking, the pons contains greater mbdhan the other regions of the
brain.
Differences in brain spectra with years of age

Early Development of the Brain in Children: Cho amdl are high at birth,
while NAA is low. During the first few years of &f there is a gradual shift towards
adult values. The first year of life is when thegdest changes happen, with

subsequent changes happening more slowly. Addltioneertain areas—Ilike the
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white matter of the frontal lobe—may develop mdmwy than others. According to
a study, the gray matter's NAA/Cho ratio peakedavbeh the ages of 10 and 12 years
old, after which it began to gradually decline. Tééerly Brain: Only in the parietal
region does NAA slightly decline with age, while &€land Cr show little rise in

frontal regions.

MRS at different field strengtfs

Higher magnetic field strengths result in supeniorvivo MRS because SNR
and chemical shift dispersion increase roughlydihewith increasing field strength.
The optimal time for high field MRS to be conducisediuring short echo times, like
35 msec or less, as the apparent T2 relaxationstimhenetabolites decrease as the
magnetic field increases. MRS at 1.5 T can be cetaglfairly successfully at TE 280
msec; at 3.0 T, 140 msec is the suggested echotdirtake into account for lengthy
TE scans.

After receiving gadolinium contrast, is it possibte perform MRS?
It is reasonably possible to perform MRS post-Gechlise Gd-chelates have not much
or any discernible impact on the MRS signal. Atulag steady-state concentrations
of substances, Gd only slightly broadens the linfgeenwit comes to metabolites
because it remains within the vasculature in thenabbrain. Gd most likely resides
in the extravascular, extracellular space evennimaacing brain lesions, and since
most metabolites are located in the intracellulpace, it does not appear to

significantly alter metabolite T1 or T2 relaxatith.
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Common artifacts (and other problems) in MRS
* Inadequate field homogeniety

* Inadequate water suppression

* Inadequate lipid suppression

* Effects of head motion

» Absence of vertical scale

* Incorrect voxel placement

* Incorrect choice of protocol

* Lesion too small / unfavourable location

* Out of voxel magnetization

» Chemical shift displacement effects

MRI spectroscopy is a powerful technique to idgngi&rly changes compared
to standard MRI morphologic methods because, in emaos health processes,
biochemical modifications occur before morphologi@riations in tissues.
Generally speaking, when compared to normal brasu¢, brain gliomas tend to
show higher Cho and lower NAA peaks. The relative/Cr and Cho/NAA ratios
also show a significant increase from low- to hgghde gliomas, in accordance with
tumor grading.

The distinction between (a) infections and tumows,| (b) radiation-
related necrosis and recurrence of tumor, (c) s#Mand primary malignant
tumors, and (d) and high grade gliomas are soméefmost significant clinical
applications of magnetic resonance spectroscopgsétapplications can be made
either alone or in conjunction with diffusion ancerfusion weighted imaging

techniques.
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Assessing the therapeutic impact through prelinyinassessments and
follow-up investigations to find changes causedtieatments and direct treatment

is yet another significant practical applicationMiRI spectroscopy?®

Clinical Applications Of MR Spectroscopy

Early investigations on brain were done using 31®3\land even though 31P
MRS is very useful in the study of muscle and chiandrial diseases, most of the
diagnostic and research work nowadays is dongguBinMRS. This is because of
three reasons. First, the hardware required foMRIS is the same as that for
conventional MRl and 'H MRS can be used on mostroercial 1.5T scanners,

without the need of any modifications or specgalipments.

Second, as the sensitivity of MR is greater fortgme than phosphorous, 'H MRS
has a higher spatial resolution and smaller vokioan be sampled as compared to

phosphorous MR spectroscopy.

Thirdly, the information available from the changesNAA, which can be
easily measured by 'HIMRS, provides specific béltal evidence of neuronal
injury, this information cannot be obtained by ngsiany other MR imaging

modality?3°

The initial accounts of magnetic resonance spewts of unaltered tissue
samples date back to 1973. Moon and RicHémuised P-31 MRS to study unaltered
red blood cells, and Hoult et ‘dl.used the same technique to study the removed
muscles on the legs of a rodent in 1974. from tina¢, MRS is currently used on
practically each organ in the human body, such fes liver, kidneys, and

prostate, heart, brain, and extremity.
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Water-suppressed and section-selective proton MRRBsson human brain,
leg muscle, liver, and heart were examined by BaMnet al*? with aid of 1.5-T
MR scanner.

A major focus of brain imaging has been detectind eharacterization of
intracranial neoplasm<:**-4%Conventional MR imaging has tremendously increased
the sensitivity by which tumors can be detected kotalized, but the gains in
specificity have not been as high as gains in igeihgs

In their examination of eighteen individuals affiid with glial brain tumors,
Barbarella G, et d analyzed the in vivo single voxel 'H MRS of thesmbrs by
correlation alongside tissue histology as well mwitro MRS. Utilizing localized
single-voxel "H MRS, "necrosis, blood vessels pesétion, cellularity of the
neoplastic lesion, histological nuclear atypia ainé proportion of Ki-67 positive
cells in the total cell populations were assesgedimited number of 'H MRS
parameters were discovered to be associated wethuthor's histological features.
Specifically, there was a correlation between thi&Kcell proliferation index and
the Cho/Cr metabolite ratio that was extracted ftbentumor tissue.

MR spectroscopy is abnormal at presentation inlypes00% of primary brain
tumors?°-50

Reduced or absent NAA, elevated Cho, and occa$joelvated Lac and lipid
peaks are all seen in the H-MRS of active braindismAs neurons are destroyed
and replaced by neoplastic cells, decreased NARdisative of neuronal loss. Most
likely, a changed metabolism is connected to aed#se in creatine. An increase in
choline is indicative of a higher cellularity andembrane turnover. Raised Cho:Cr
ratios are common in adult brain tumors, while dased NAA:Choline and

NAA:Creatine ratios are frequently observed in nalrbrain tissué’->2
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N-acetyl-aspartate and creatine/phosphocreatineuaimare typically lower
than detectable levels in most tumors, but chatimietaining compounds are typically
more, according to a 1989 stiélpn the noninvasive differentiation of brain tumors
with localized in vivo "H-MRS." Every tumor has &tinct spectrum from the normal
brain parenchyma. The varying quantities of amicas lipids, lactic acid, and
carbohydrates were the primary cause of the repiblguvariances observed in the
spectra acquired from various tumors.

In adult brain tumors and radiation necrosis arBaacetyl aspartate levels are
lower, and choline concentrations are higher in thajority of solid brain
neoplasms? In a related investigation, all first scans ussiggle-voxel "H-MRS"
showed elevated Cho and decreased NAA levels ighfiren with brain tumors.
One of the most trustworthy indicators of malignani pre-treatment "H-MRS"
scans is the total Cho péak Malignant juvenile brain tumors have shown samil
outcomes, with an increase in the Cho: NAA ratid andecrease in the NAA: Cr

ratio, as well as a drop in the levels of NAA anda@d an increase in CRg%’

A prospective trigf with 16 normal volunteers and twenty-three indixits
with brain mass lesions used H-MRS. The averag& peaht ratios of NAA/Cho
and NAA/Cr in the tumors were much lower than thos¢he tissues from normal
people, while Cho/Cr was significantly higher.

Every glioma and meningioma had an increased ChumeéYous malignant
primary brain tumors have high lactate levels, Whiaried depending on the kind of
tumor. H-MRS is a potent tool for safe, noninvadigsue chemical investigation in
vivo, and it may one day be used to classify turhmtology and evaluate the

effectiveness of tumor therapy, according to thectugsion.
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The discovery of metabolic alterations linked totur growth, tumor grading,
responses to therapy, and therapeutic side effectyy be possible with
MRI spectroscopy?®

Imaging characteristics of high-grade and low-grad&ocytomas are often
different. All astrocytomas have low NAA levels,tlvigrade-IV tumors having the
lowest values. On the other hand, choline leveksoiid astrocytomas are consistently
greater, especially in higher grade cases. A greddgree of aggressiveness and
necrosis are typically indicated by an elevateell®¥ lactate.

According to a few publications, there may be aalation between a higher
degree of neoplasia and increased choline wheratéacts present. Elevated
concentrations of lactate are frequently seen gh fyrade tumors like glioblastoma
multiforme® A higher than normal level of lactate could bégmf tumor hypoxia.
Additionally, compared to low-grade gliomas, theolde concentrations in high-

grade gliomas is substantially gredter.

The standardized choline value didn't prove uséfuldifferentiating the
severity of the tumor as necrotic lesions of highdg had reduced choline values.
This was discovered in a stidyf brain tumor metabolism using 'H-MRS and FDG
PET in 50 patients. Solid high-grade gliomas haghéi normalized choline values
than solid low-grade gliomas. When solid anaplatimors were contrasted with
chronic radiation necrosis, choline concentratiese also shown to be lower.

It has also been reported that some of the meiastaors to the brain could
indicate resonances of lipd

Astrocytomas with high grade could indicate lipi®st likely due to the
presence of necrosis. The measured lipid, laciaid macromolecule levels increase

with grade of tumor, as the tumors progress fropoltia to necrosié®
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Ninety-five percent of the tumors from 33 childweith posterior fossa tumors
were properly identified by a computer-based mettinad included MRI, MRS, and
clinical data to predict the tumor histold4$°> Thus, 'H-MRS has been applied not
only to tumor identification but also to noninvasily grade and classify brain tumors.’
In contrast to low-grade astrocytomas, anaplasiicoeaytomas and glioblastomas
have decreased myoinositol levels, according tauaysthat correlated the two
variables®®

Preul MC et & discovered an effective patient classificationlizitig a
multivariate pattern recognition analysis of peaksresponding to choline, creatine,
N-acetylasparate, lactate, lipid, and alanine iotlar investigation that used two-
dimensional 1-H MRSI. Because meningiomas wereottlg lesions having alanine,
they were distinguished from other lesions by the@tabolite levels in each class. In
most cases, grade 2 gliomas showed low levels dfatla and lipid, some N-
acetylaspartate, and some creatine. Grade 3 glish@sed lower amounts of lactate
and lipid, less N-acetylaspartate and creatine hégiter levels of choline.

'H MRS NAA and Cr levels are very low in meningicsnand schwannomas
as they are non-neuronal in origin. However, NAAl &r may be present if there is
contamination by adjacent parenchyma. Elevated irdhohas been reported in
meningiomas particularly in recurrent meningiomaesence of Alanine and
Glutaminé®°are highly suggestive of meningioma.

Lymphomas have a "H MRS appearance" comparable dtastases and
primary high-grade astrocytomas. MR spectroscopgais a significant decrease in

creatine and NAA and a considerable rise in chadime lipids/® 72
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MR spectroscopy is particularlypfel in evaluating how well lymphomas
respond to treatment, as these tumors exhibit gitdghid and choline declines after
successful treatment.

Choline, creatine, lactate, and lipid levels vargroughout cerebral
parenchymal metastaseS. Because there is typically no neuronal tissue in
metastases, NAA is typically low or non-existentiem it is present, it represents a
partial volume average from nearby normal braisuis. The elevated levels of
choline resulting from accelerated membrane turnaxe lactate resulting from rapid
tumor growth and necrosis are the hallmark findim§s'H MR spectroscopy” in
metastases. Lipids are present in certain braiasteges as well. Because of necrosis,
lipids can also be observed in high-grade astroogsd*

Using in vivo MR spectroscopy (MRS) to identify i@s-specific metabolite
patterns that could aid in improved tissue charaetion through imaging. Poptani
H, et al® assessed 34 individuals with cystic cerebral nesisns on MR imaging.
Grading cystic gliomas according to the NAA/Chaaatas not feasible.

A small number of low-grade gliomas displayed lestalthough lipid/lactate
was present in high-grade gliomas. Renewals fraitate, alanine, and acetate were
observed in brain abscess patients. The findinggesied that cerebral cystic mass
lesions could be more accurately described by coimipiMR imaging and in vivo
MRS.

Cho YD et al’® tried to differentiate schwannomas and meningityasing
'H MRS, they found that NAA was decreased in bdtthe tumors due to their non-
neuronal origin. Elevated ml was seen in schwarasom

Investigations have shown that all types of upperodigestive tract

squamous-cell malignancies have an increased Chafior H MRS has additionally
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been used to describe extracranial head and neckncersd’
Although ocular tumors have been studied using HMRIS challenging to acquire a
sufficient MR spectrum because of the nearby basei¢. Melanin is represented by
a strong peak found in ocular melanotic melanomia$.@2 ppm. Using MR
spectroscopy, thyroid malignancies reveal resorsmn@e amino acids such as
valine (at 0.70 parts per million) and glutamate2(d9 parts per million).

Areas of maximum spectroscopic abnormalities cateelwith areas of maximum
histopathologic abnormality, thus making MRS a hélfpol to guide biopsie®

The accuracy of stereotactic biopsy targeting hagnbshown to be
significantly improved by CSlI-directed stereotactimopsy, particularly when
metabolite maps were employed during the selectidnopsy target$®

Merely relying on magnetic resonance imaging (M®&)dtfferentiate tumor
development from non-neoplastic therapy responsg as radiation necrosis, might
be challenging.

High choline levels indicate a recurring tumor, l@hradiation exposure
typically shows low levels of NAA, creatine, andotihe on spectroscopy. Raised
lipids and lactate can be additionally visible twe spectrum if radiation necrosis is
present.

The tumor response to radiation therapy has alsm lmetected spatially
targeted with H MRS, and it has been shown thaatedevels dramatically drop 48
hours after radiation therafsy

In a study evaluating the use of H-MRS in adultirotumors and how to
distinguish them from similar-looking space-occumgytumors, it was discovered that

patients with meningioma and high- and low-gradengas had substantially larger
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Cho/Cr ratios when compared to the control groumilevtheir NAA/Cr and
Cho/NAA ratios were reduced from their usual levels

On the other hand, the Cho/Cr ratios did not dennates statistically
significant differences in non-neoplastic tumors, Bwas concluded that in doubtful
intracranial space-occupying lesions with similarrphological imaging patterns MR
Spectroscopy was useful to arrive at a more defendiagnosis.

Often with conventional MRI, even with contrastc@nplete diagnosis of an
intracranial space occupying lesion is not possiBléarge intracranial abscess often
mimics a necrotic high-grade glioma and vice veHance though sensitive, MRI can
prove to be nonspecific. According to an investmattrends from in vivo "H MR
spectroscopy allow for differentiated detectioncefebral abscesses from necrotic or
cystic lesions since the former contain merelydectesonances while the latter only
comprise, acetate, amino acid, lactate and unkrreaonance®’

The H MRS patterns of the cystic component of digeintracranial tumors
were examined by Kim SH, et l.and associates in order to distinguish those
lesions. From the cystic components of varioushratecystic tumors in 39 patients,
40 'H MR spectra were examined. 35 instances (&6 &8 the cases) yielded
sufficient '"H MR spectroscopic data.

The lactate peak was detected in high-grade glipnvage merely a lactate
resonance was seen in most other gliomas and mstast

Some neoplasms have both lactate and lipid sigsals) as metastases and
malignant gliomas. Absesses were found to inclumlgimg combinations of lactate,
acetate, succinate, valine, alanine, and/or leu@mimo acid combinations, as well as

unassigned resonances.
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Succinate, alanine, Lactate, acetate, and/or gresiresonances were visible
in cases of cysticercosis. Lactate signal was tig significant peak in epidermoid
cysts. The arachnoid cysts and porencephalic cigstndt exhibit any detectable
resonances.

Another stud§* employed in vivo MR spectroscopy to distinguishween
brain abscesses and cystic tumors. Cystic tumokethamino acid resonance at 0.9
ppm at in vivo H MR spectroscopy at moderate TEjctwtwas only observed in
bacterial abscesses.

241 patients with suspected neoplastic CNS lesitmtected on MR images
were studied with single voxel proton MR Spectrgsco a study by Krouwer HG,
et al® to evaluate common histologic findings in a dieeggoup of non-neoplastic
diseases in patients with in vivo MR spectroscamiofiles suggestive of a CNS
neoplasm.

Six individuals were included, none of whom hadsaue diagnosis, and five
of whom had a non-neoplastic diagnosis were dateeteospectively.

The results of MR spectroscopy that were consistétit a tumor included
decreased creatine, N-acetylaspartate, elevatetinehwith or without apparent
mobile lipid and lactate peaks.

Significant white blood cell infiltrates were foura the histologic specimens
of all five patients with tissue diagnosis. Thegéltrates included interstitial and
perivascular accumulations of macrophages, histscylymphocytes and plasma
cells in one case.

Reactive astrogliosis was also observed in mosugissamples. It was
discovered that nonneoplastic disease processt#®igentral nervous system may

cause a reactive proliferation of immune system gl tissue cellular elements
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using current in vivo MR spectroscopic techniquékis reactive proliferation is
associated with MR spectroscopic profiles thatiadistinguishable from neoplasms
in the central nervous system.

Hydatid cysts and cysticercus cysts can also Herdiitiated on the basis of
their metabolite patterns by using H' MRS. Thectipefrom hydatid fluid differ from
cysticercus cysts as they do not show creatinenegsxes. In fertile hydatid cysts,
malate and/or fumarate is also observed, whictbsemt in cysticercus cystsThe
reason why creatine is exclusively found in cystas fluid could be attributed to
both the active diffusion of the substance from sherounding host tissue and the
muscle in the cyst's bladder wall.

In addition to diagnosing non-neoplastic lesions,MRS may be able to
further characterise the etiology of infectiousidas.

A 2003 study found that metabolite patterns—speslify, the ratios of amino
acids and lactate—observed at H' MRS can also ée tesdistinguish anaerobic brain
abscesses from aerobic or sterile diies.

Diffusion weighted imagin§®%*

A particular form of magnetic resonance imagindgethidiffusion-weighted
imaging (DWI) measures the irregular motion of wateolecules within a tissue
voxel. Put simply, tissues that are highly cellutarswollen cellularly tend to have
lower diffusion coefficients. DWI is especially dskefor identifying brain ischemia
and tumors.

Unlike water, which diffuses almost freely in a tainer, cell membrane
borders are the main obstacle to water diffusiofriain tissue. The total diffusion
behaviour of a volume is a reflection of the cdilee diffusion of water across a

number of compartments: intracellular fluid, cytgh, organelles, extracellular
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fluid, interstitial fluid, intravascular lymph, dérent biological cavities, such as the
brain's ventricles, and diffusion between intrad axtracellular compartments. Each
of these will have a different contribution baseutloe tissue and pathophysiology.

It is believed that a number of factors contribtgethe decline in apparent
diffusion coefficient (ADC) values in cases of azuterebral infarction. First,
compared to the extracellular space, water preferdiffuse into the intracellular
compartment where organelles obstruct it more. Secthe extracellular space gets
narrowed as a result of the cellular enlargemeaudint on by this movement. The
low ADC levels found in high grade gliomas (gliokiama) and highly cellular
tumors (such as tiny round blue cell tumors likenphoma/PNET) are caused by
similar causes.

A single water molecule is more susceptible totsigfgradient strengths and
dephases as it diffuses farther along the sequemitieh reduces the quantity of
signal that is returned. The size at which thisn@meenon occurs is far smaller than
that of a single voxel. The b number determineseakient of this impact, or how
much diffusion dampens the signal.

MRI sequencé&8

A number of methods have been developed for produdiffusion maps.
Spin-echo echo-planar sequence (SE-EPI) is the lbdshe most commonly applied
method. Other non-EPI methods, like turbo spin-gehe accessible though; these are
especially helpful in regions close to or insidendowherein T2* effects can cause
aberration, artifacts, and signal degradation ihdelguences.

The overall gross idea behind diffusion-weightedges:
The basic principle of diffusion-weighted imagimgthe attenuation of T2*

signal according to the diffusion coefficient of tea molecules in that area. The

Page 49



Review Of Literature

amount of initial T2* signal that remains decreaséh increasing water diffusion, or
the distance that a water molecule can travel titrout the sequence. Diffusion-
weighted images of the ventricles appear black umzafor example, water in
cerebrospinal fluid (CSF) can diffuse very freelgsulting in minimal signal

retention. On the other hand, the water in therbpgrenchyma is blocked by cell
membranes, which results in only a partial reducgbthe initial T2* signal. This has
the important consequence that no matter the tssdiBusion properties, a brain
region with zero T2* signal cannot display signal isotropic diffusion-weighted

images.

Getting a T2*-weighted image without diffusion atation—also referred to
as the b=0 image—is the first step in the procediiextracting diffusion data from
the structure of the tissue. After that, the simphs of water diffusion is assessed
across three orthogonal directions (X, Y, and Z)ally in various directions. Strong
shifts are applied symmetrically on both sideshef 180-degree pulse to achieve this.
The region under the diffusion gradients, that i®tednined by the
gradient's, duration, interval between gradientsandplitude is the primary factor
determining the level of diffusion weighting. Thevélue is determined by the sum of
all of these factors; greater values indicate sfeorattenuation of signals associated
with diffusion. When the initial gradient is appliefixed molecules of water learn
about phase.

The advantages of the preceding 180-degree puésehawever, eliminated
because they have not moved and are therefore exptus the same gradient
following the 180-degree pulse (because they héipped by 180 degrees). As a
result, these immobile water molecules still haigga when the echo is produced.

On the other hand, water molecules in motion obfdiase information from the
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initial gradient. They are not in the same positas before and, therefore, do not
experience precisely the same gradient followirg) 1B0-degree pulse because they
are moving when exposed to the second gradientséCprently, they lose part of their

signal because they are not completely rephasesifarther they can travel, the less

successfully they will be rephased and the lessasitipey will hold.

Isotropic DWI and ADC map generation

The process outlined produces four sets of images: T2*-weighted image
with no diffusion weighting (b=0) and three diffusiaveighted images corresponding
to the directions X, Y, and Z, where the T2* sigmalattenuated according to the
diffusion of water in each direction. The combipatiof these images can be used to
create apparent diffusion coefficient (ADC) mapsl asotropic diffusion-weighted
images (DWI), which are directional informationdrenages by mathematical means.

Isotropic DWI maps are generated by computing thengetric mean of the
direction-specific images. Conversely, the ADC mgpralculated by dividing the
natural logarithm of the isotropic DWI by the imitiT2* signal (b=0). The isotropic
DWI images can be used to compute ADC values djreat they can be calculated

by averaging the values of each directional difinginap.

DWI IN BRAIN TUMORS: CLINICAL APPLICATIONS84-92

These include noticing lower ADC values in tumoiighva high cell content,
such as high-grade gliomas, medulloblastomas, a8 [¥mphomas. Higher tumor
grades and a worse prognosis are frequently litkkéawer ADC values. Quantitative
ADC measurements are useful in identifying pseudgps@ssion and pseudo-

response, as well as in predicting the therapeesigonse.
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A condition known as pseudo-response is noticelbviahg anti-angiogenic
therapy in which the tumor does not exhibit impmeat even though it is still alive
or is actually progressing. When contrast enhanoensenot present, DWI can be
helpful in identifying ongoing or developing tumactivity.

However, instead of actual tumor progression, psgudgression happens
when Edema linked to an inflammatory response ascdueccording to reports, ADC
values can differentiate between these two entitifs an accuracy of up to 80%.

According to the investigation done by Pavlisa let®®, Ja Lee et al® &
Ohba et al® and, there was actually no appreciable differen@pparent diffusion
coefficient inside the lesion between metastatt @mmary brain tumors. As a result,
it was not possible to differentiate between priyramd metastatic brain tumors using
intralesional ADC values. This was explained by thet that DWI was unable to

distinguish between any of the lesions due to theicreased cellularity.

Contrary to the results of this study, Chiang ét®%found that the ADC values in the
tumoral regions of metastasis were significantlghler than those in the primary
tumors.

Perilesional ADC values have been shown in a shydfaria et af®® to be a
highly sensitive means of differentiating primamain tumors from metastatic ones.
According to the explanation given, metastatic sdaek perilesional infiltration and
increase ADC values in perilesional edema, whilelgmonal infiltration of primary

high-grade tumors results in increased cellulantthe perilesional area.
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MATERIALSAND METHODS

The present study was carried out from JanuaryolBecember 31st of 2023
at the KLES Dr. Prabhakar Kore Hospital and MedRakearch Centre in Belgaum
in the Department of Radio-diagnosis.

Study design:

An observational study for an entire year was theyss design.

Sour ce of data:

Patients with supratentorial brain tumors detebieRI brain (plain/contrast) scans.
Sample size:

A total of 49 patients fulfilling the selection t@ria and willing to undergo MR
spectroscopy and DWI imaging were studied.

Study period and duration:

The current investigation was carried out from 2apmu2023 to December, 2023.

Sampling procedure: Convenient sampling

Thefollowing criteria must be met for inclusion:

* Follow-up patients with brain tumors

* All patients with incidentally discovered braumtors by CT.
* Cases with a clinical suspicion.

« Cases involving all age groups, regardless oflgen

Thefollowing criteria was used for exclusion:
» Patients having metallic medical implants (intalar metallic foreign bodies,
cardiac pacemakers, and intracranial clips of @aitdrain aneurysms that are not

compatible with magnetic resonance imaging) aréuebed.
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« Patients who are clinically unstable or unfit é&xamination

« Individuals who objected to the examination.

Ethical clearance:

Prior to the study's start, the Institutional EshiCommittee of Jawaharlal Nehru
Medical College in Belgaum granted ethical cleaeanc
Informed Consent:

Patients who met the eligibility requirements wardified of the study's goals and
design, and they were only enrolled with their sidimformed consent (Annexure ).
Sampling data

Through an interview, the study population's derapfic details, including age and
sex, were gathered. comprehensive clinical examimand complete history taking.
These results were documented using pre-made prafor{Annexure-Il).
Imaging using magnetic r esonance:

The 3.0 Tesla MRI (MAGNETOM® Spectra), made by SIENS (Erlangen,

Germany), was used for each scan.

The next the variables wer e used to conduct the evaluations.
Thickness of slice ;: 10, 5, 3 mm
Field of view (FOV) : 14 to 24 cm

Size of the matrix : 256 x 256

In order to properly position and immobilize thealgpatients were examined
in the supine position using an MRI scanner. Thadheoil that was used to acquire

the images was standard.
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Axial DWI, T1, T2, and PD images, as well as cotarad sagittal T1 images,
were used for pre-contrast scanning, with a 5 maeoe shickness.

After taking plain images in the beginning, 0.1 nitkg of the body's weight
of contrast agent, gadolinium DTPA, was injectedteA contrast was injected,
images were taken and evaluated.

As a contrast agent, Magnilek (Dimeglumine Gadopte) was
administered intravenously at a dose of 0.1 mdidy weight. Coronal, sagittal, and
axial post-contrast TWI were acquired.

Thinner sections were taken in the interest reguvenever needed. In the
event that an MRI lesion suggestive of a tumor feasid, patients underwent a MR

Spectroscopy

1H Spectroscopy by magnetic resonance:

Prior to performing spectroscopic measurementsh lgbobal and local shimming
were performed to account for static and dynamigmetic field inhomogeneities.
With an FWHM (Full width at half maximum) of 5-7 Hthe global shimming was
optimized at 15-17 Hz. Water suppression was aebiewth a gaussian pulse.

To avoid signal contamination, edematous areas, @by calvarium,
ventricles, and paranasal sinuses were avoidedertain cases, optimal shimming
and water suppression were attained. Using the STEAimulated echo acquisition
method) sequence, single (SV) and multivoxel (Maghiniques were used to perform
1H MR spectroscopy at short TE (30 ms), long TEO(2Ts), and intermediate TE
(135 ms) as appropriate. The acquisition timesefieh technique were roughly 3-6

minutes.
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According to the size of the tumor lesion and iifgée- or multi-voxel MRS is
being employed, the voxel size had been choserhlHigxperienced radiologists
who had access to all offered histopathologica,dlnical, as well as imaging data,

who was working in consultation validated and egthbd the standard of reports.
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STATISTICAL ANALYSIS & RESULTS

METHODS

Data is analysed using statistical software R werst.4.0. and Microsoft
Excel. Categorical variables given in the form oéguency tables. Continuous
variables given in Mean + SD / Median (Min, Max)yrfa Chi square test is used to
check the association of categorical variables gibups. Normality of variable is
checked by Shapiro Wilk test and QQ plot. If datioivs normal distribution,
parametric tests will be used. Otherwise, non-patemtests will be used. One way
ANOVA is used to compare the means of variablesr dvel diagnosis. Kruskal
Wallis test is used to compare the distributionvafiables over final diagnosis. P-

value less than or equal to 0.05 indicates stedilssignificance.

RESULTS:

1) Data contains measurements on 49 subjects. Thewialy table gives the

distribution of subjects according to demograptatads.

Table 1: Distribution of subjects according to dgmaphic details.

Variables Sub Category Number of subjects (%)
Mean + SD 53.31 +£13.66
Age (years)
Median (Min, Max) 55 (28, 78)
Female 21 (42.80%)
Gender
Male 28 (57.14%)
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The average age of the subjects is 53.31 years avittandard deviation of
13.66 years. The median age is 55 years, rangorg #8 to 78 years. In terms of
gender, there were 21 (42.80%) female subject28n&7.14%) male subjects. This

distribution suggests a slight male predominandeensample population.

= MALE = FEMALE

Figure 1: Distribution of subjects according to den

Page 58



Reaults

2) The following table gives the distribution of suttaccording to comorbidities.

Table 2: Distribution of subjects according to codities.

Comorbidities

Number of subjects (%)

Diabetes mellitus

1 (2.04%)

Hypertension

23 (46.93%)

Hypertension and diabetes mellitus

14 (28.57%)

None

11 (22.44%)

Among the comorbid conditions identified, hyperienswas the most prevalent,

affecting 23 (46.93%) subjects. Hypertension combimith diabetes mellitus was

present in 14 (28.57%) subjects. Diabetes melktiope was observed in only one

subject, comprising 2.04% of the sample. Notably,(22.44%) subjects reported

having no comorbidities.

60%

50%

40%

30%

Percentage

20%

10%

0%

49.93%

2.04%
| ——

28.57%

22.44%

DIABETES MELLITUS HYPERTENSION

HYPERTENSION AND NONE
DIABETES MELLITUS

COMORSBIDITIES

Figure 2: Distribution of subjects according to arbidities.
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3) The following table gives the distribution of suite according to chief

complaints.

Table 3: Distribution of subjects according to ¢liemplaints.

Chief Complaints Number of subjects (%)
Headache 42 (85.71%)
Vomiting 29 (59.18%)
Dizziness 18 (36.73%)
Seizures 23 (46.93%)

Increased Forgetfulness 1 (2.04%)

Altered Sensorium 1 (2.04%)

Right Sided Mild Weakness 2 (4.08%)

Headache emerges as the most prevalent chief compi@ported by 42 (85.71%)
subjects. Following closely, vomiting was noted 28 (59.18%) subjects. Other
frequently reported complaints include seizureppried by 23 (46.93%) subjects,
and dizziness, noted by 18 (36.73%) subjects. Aaiditly, there were isolated
instances of increased forgetfulness, altered semsp and right-sided mild

weakness, each reported by one or two subjects.

RIGHT SIDED MILD WEAKNESS D 4.08

ALTERED SENSORUM H 2.04

(%)
}_
Z INCREASED FORGETFULNESSH 2.04
S
o
= SEIZURES | 46.93
®)
LL
mm| DIZZINESS 36.73
T
(@)
VOMITING | 59.18
HEADACHE 85.71
0% 20% 40% 60% 80% 100%
Percentage

Figure 3: Distribution of subjects according toeftitomplaints.
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4) The following table gives the distribution of suitfe according to number of

lesions on MRI.

Table 4: Distribution of subjects according to n&mbf lesions on MRI.

Number of Lesions on MRI Number of subjects (%)
Multiple 5 (10.20%)
One 44 (89.79%)

The majority of subjects, comprising 44 (89.79%jeats had only one lesion

detected on their MRI scans while 5 (10.20%) subjeghibited multiple lesions.

90%
89.79
80%
70%
60%
o
o)
8 50%
c
[a)
o
o 40%
o
30%
10.20
20%
. m
0%
MULTIPLE ONE
NUMBER OF LESIONS ON MRI

Figure 4: Distribution of subjects according to raenof lesions on MRI.
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5) The following table gives the distribution of suttie according to location.

Table 5: Distribution of subjects according to lica.

Location Number of subjects (%)
Bilateral Parietal Region 2 (4.08%)
Left Anterior Temporal Region 1 (2.04%)
Left Frontal Region 5 (10.20%)
Left Frontoparietal Region 2 (4.08%)
Left High Frontal Region 1 (2.04%)
Left Medial Temporal Region 1 (2.04%)
Left Occipital Region 1 (2.04%)
Left Para-saggital Frontal 4 (8.16%)
Left Parietal Region 4 (8.16%)
Left Parieto-Occipital Region 1 (2.04%)
Left Parieto-Temporal Region 1 (2.04%)
Left Posterior Parietal Region 1 (2.04%)
Left Temporal Region 2 (4.08%)
Midline Hypothalamus 1 (2.04%)
Right Anterior Temporal 1 (2.04%)
Right Frontal Region 8 (16.32%)
Right Medial Temporal Region and Left Posterigr
Parietal Region 1(2.04%)
Right Occipital Region 2 (4.08%)
Right Para-sggital Frontal Region 1 (2.04%)
Right Parietal Region 5 (10.20%)
Right Parieto-Occipital Region 1 (2.04%)
Right Parieto-Temporal Region 1 (2.04%)
Right Temporal Region 1 (2.04%)
Bilateral Para-saggital Frontoparietal Region D4%)

Among the noted locations, the most frequentlyciéid were the right frontal region
and the left frontal region, with 8 (16.32%)subgeand 5 (10.20%) subjects,

respectively. Additionally, the right parietal regi was affected in 5 (10.20%)
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subjects. Other regions, such as the bilateralspgitial frontoparietal region, left
parasagittal frontal, and left parieto-occipitabimn, had varying percentages of
affected subjects, each accounting for 2.04% t6%. df the total sample.

6) The following table gives the distribution of sulffe according to T1 and T2

signal.

Table 6: Distribution of subjects according to Tida 2 signal.

Variables Sub Category Number of subjects (%)
Hyperintense 3 (6.12%)
Hypointense 23 (46.93%)
T1 Signal
Isointense 17 (34.69%)
Mixed Intense 6 (12.24%)
Hyperintense 26 (53.06%)
Hypointense 5 (10.20%)
T2 Signal
Isointense 3 (6.12%)
Mixed Intense 15 (30.61%)

For T1 signal intensity, hypointense signals werestrprevalent, observed in 23
(46.93%) subjects, followed by isointense signats 17 (34.69%) subjects.
Hyperintense signals were noted in 3 (6.12%) stbjechile a mixed intensity was
observed in 6 (12.24%) subjects. Conversely, iimserof T2 signal intensity,
hyperintense signals were the most common, foun2biri53.06%) subjects. Mixed
intensity signals were observed in 15 (30.61%) extbj followed by hypointense

signals in 5 (10.20%) subjects and isointense &8gna (6.12%) subjects.
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Figure 5: Distribution of subjects according to Signal.
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Figure 6: Distribution of subjects according to Signal.

Page 64



Reaults

7) The following table gives the distribution of suttie according to enhancement
pattern.

Table 7: Distribution of subjects according to emtement pattern.

Enhancement Pattern Number of subjects (%)
Heterogeneous 23 (46.93%)
Homogeneous 8 (16.32 %)

Peripherally Enhancing 16 (32.65%)

N/A 2 (4.08%)

The most prevalent enhancement pattern was hetezogs enhancement, noted in
23 (47.91%) subjects. Peripherally enhancing padterere also common, observed in
16 (33%) subjects. Other enhancement patternsdadithomogeneous enhancement
7 (14.5 %). Notably, two subjects (4.17%) were gatzed as "N/A," suggesting the

enhancement pattern was not applicable (as they plain studies without contrast).

ENHANCEMENT PATTERN

60
50
40
30
20

10

Heterogeneous Homogeneous Peripheral enhancement
enhancement enhancement

Figure 7: Distribution of lesions according to Enbament pattern.
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8) The following table gives the distribution of sutt® according to MRI
Spectroscopy findings.

Table 8: Distribution of subjects according to MBectroscopy findings.

MR Spectroscopy findings Number of subjects (%)
Increased Intralesional Choline 49 (100%)
Increased Intralesional Lactate & Lipid 24 (48.97%)
Decreased Intralesional NAA 42 (850)1
Increased intralesional Alanine 06.20% )

The findings were the presence of increased irgi@@l choline (100 %), along with
intralesional lactate & lipid elevation (48.97%)daimtralesional NAA reduction
(85.71%). Additionally, Other notable findings inde instances of increased

intralesional alanine observed in 5 (10.20%) subjec

120
100
80
60
40

20

INCREASED INCREASED LIPID AND DECREASED INCREASED
INTRALESIONAL CHOLINE LACTATE INTRALESIONAL NAA  INTRALESIONAL ALANINE

Figure 8: Distribution of lesions according to psadnant metabolite.
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The data of subjects regarding ratio of Metaboliseggested that there was an
increase in choline to creatine ratios. The meara I@HO/CR ratio is 3.83 = 1.71,
with a median of 3.6 and a range from 1.4 to 7igil8rly, the mean peri CHO/CR
ratio is 2.25 + 1.69, with a median of 2.2 andregeafrom 0.4 to 6.4.

9) The following table gives the distribution of sutt according to diffusion

restriction.

Table 9: Distribution of subjects according to dgffon restriction.

Diffusion Restriction Number of subjects (%)
Absent 5 (10.20%)
Present 44 (89.79%)

The majority of subjects, accounting for 44 (89.79@bjects exhibited diffusion

restriction.
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Figure 9: Distribution of subjects according tdfasion restriction.
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10)The following table gives the distribution of sutiig according to final diagnosis.

Table 10: Distribution of subjects according tcafidiagnosis.

Final Diagnosis Number of subjects (%)
Malignant lesions 43 (87.75 %)
Benign lesions 06 (12.24 %)
Final Diagnosis Number of subjects (%)
High Grade Glioma 23 (46.93%)
Low Grade Glioma 13 (26.53%)
Meningioma 6 (12.24%)
Metastasis 7 (14.28%)

The most prevalent diagnosis among the subjeatsalgynant lesions 43 (87.75 %)
[high-grade glioma, identified in 23 (46.93%) sudtge Low-grade glioma was the
second most common diagnosis, observed in 13 (26.58bjects. Metastasis was
diagnosed in 7 (14.28%) subjects] and benign [nggoma] was diagnosed in 6
(12.24%) subjects.
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Figure 10: Distribution of subjects according taeli diagnosis.
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11)The following table gives the comparison of dempbia details over diagnosis.

Table 11: Comparison of demographic details ovaguosis.

) Sub High Grade | Low Grade o _
Variables _ _ Meningioma | Metastasis | p-value
Category Glioma Glioma
Mean + SD
Age _ 57.61 £ 13.27 42.23 +13.27) 54.6 £9.21 | 58.86 + 5.84
Median 0.0043*
(years) _ 58 (30, 78) | 39(28,65) | 58 (42,63) | 57 (52, 68)
(Min, Max)
Female 7(30.43%) 6(46.15% 3(50%) 5(71.43%)
Gender 0.2339%¢
Male 16(69.57%) 7(53.85%) 3(50%) 2(28.57%)

Abbreviation: A — One-way ANOVA, MC — Chi squast v@th Monte Carlo

simulation, * indicates statistical significance.

From one way ANOVA, it is observed that, thereigngicant difference in mean age

over final diagnosis. Further from Tukey's HSD,ist observed that, there is a

significant difference observed between Metastass Low-Grade Glioma (p-value

= 0.0278), as well as between Low Grade Gliomatdigth-Grade Glioma (p-value =
0.0039).

From Chi square test, it is observed that, theraadssignificant difference in the

distribution of gender over final diagnosis.
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Figure 11: Mean plot of age over final diagnosis.
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12)The following table gives the comparison of comditiés over diagnosis.

Table 12: Comparison of comorbidities over diagsosi

High Grade | Low Grade

Comorbidities ) ) Meningioma | Metastasis| p-value
Glioma Glioma
Diabetes mellitus 1(4.35%) 0 0 0

Hypertension 12(52.17% 6(46.15%) 3(50%) 2(28.57%)
Hypertension and diabetes 0.7711M¢

_ 7(30.43%) 2(15.38%) 2(33.33% 3(42.86%0)

mellitus
None 3(13.04%) 5(38.46% 1(16.66%)  2(28.5720)

Abbreviation: MC — Chi square test with Monte Caslmulation.

From Chi square test, it is observed that, theraadssignificant difference in the

distribution of comorbidities over final diagnosis.

13)The following table gives the comparison of numbérlesions on MRI over
diagnosis.

Table 13: Comparison of number of lesions on MRdradiagnosis.

Number of Lesions | High Grade | Low Grade o _
) ) Meningioma | Metastasis| p-value
on MRI Glioma Glioma
Multiple 0 0 0 5(71.43% <
One 23(100%) 13(100%) 6(100%) 2(28.57%D.00MC*

Abbreviation: MC — Chi square test with Monte Caslmulation, * indicates

statistical significance.

For high-grade glioma, low-grade glioma, and meming, all subjects had a single
lesion detected on their MRI scans, with 23 (108M¥)jects, 13 (100%) subjects, and
6 (100%) subjects, respectively. In contrast, amamdjviduals diagnosed with
metastasis, the majority had multiple lesions onl géans, with 5 (71.43%) subjects.
From Chi square test, it is observed that, theresigmificant difference in the

distribution of number of lesions on MRI over firdhhgnosis.
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Figure 12: Distribution of number of lesions on Mider diagnosis.
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14)The following table gives the comparison of T1 didsignal intensity over

diagnosis.

Table 14: Comparison of T1 and T2 signal intensitgr diagnosis.

Low
_ High Grade . :
Variables | Sub Category Gl Grade Meningioma | Metastasis| p-value
ioma
Glioma
Hyperintense 1(4.35%) 1(7.69% 0 1(14.29%%)
Hypointense | 10(43.48%) 6(46.15%) 3(50%) 4(57.14%)
T1 Signal 0.7848"¢
Isointense 7(30.43%)| 5(38.46%) 3(50%) 2(28.57%)
Mixed Intense| 5(21.74%) 1(7.69% 0 0
Hyperintense | 10(43.48%) 10(76.92%) 3(50%) 3(42.86%
Hypointense 1(4.35%) 2(15.38%)  2(33.33%) 0
T2 Signal 0.1064"¢
Isointense 2(8.7%) 0 1(16.66% 0
Mixed Intense| 10(43.48% 1(7.69% 0 4(57.14P6)

Abbreviation: MC — Chi square test with Monte Caslmulation.

From Chi square test, it is observed that, theraadssignificant difference in the

distribution of T1 and T2 signal intensities ovieral diagnosis.
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15) The following table gives the comparison of Diffus Restriction over diagnosis.

Table 15: Comparison of Diffusion Restriction odegnosis.

Diffusion High Grade | Low Grade o _
o _ ) Meningioma | Metastasis| p-value
Restriction Glioma Glioma
Absent 0 0 5(83.33%) 0
< 0.00Mc*
Present 23(100%) 13(100%) 1(16.66%) 7(100%0)

Abbreviation: MC — Chi square test with Monte Caslmulation, * indicates

statistical significance.

For high-grade glioma and low-grade glioma, all jsats exhibited diffusion

restriction, with 23 (100%) subjects and 13 (10@Ubjects, respectively. In contrast,

among individuals diagnosed with meningioma, thejonitg had no diffusion

restriction observed on their imaging scans, wit(B83.33%) showing its absence.

Similarly, for metastasis, all subjects demonsttatiffusion restriction, with 7

(100%) subjects. From Chi square test, it is olegbrthat, there is significant

difference in the distribution of diffusion restian over final diagnosis.
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Figure 13: Distribution of diffusion restriction ewdiagnosis.
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16)The following table gives the comparison of Inteidmal CHO/CR Ratio over

diagnosis.

Table 16: Comparison of Intralesional CHO/CR Ratrer diagnosis.

Intralesional CHO/CR Ratio p-value
Final diagnosis

Mean + SD Median (Min, Max)

High Grade Glioma 5.18 £1.15 4.9 (3.6, 7.6)
Low Grade Glioma 2.49+0.3 2.6 (1.9, 2.9) < 0.00%*
Metastasis 1.86 +0.3 1.9(1.4,2.2)

Abbreviation: K — Kruskal Wallis test, * indicateatistical significance.

From Kruskal Wallis test, it is observed that, thés significant difference in the
distribution of Intralesional CHO/CR Ratio overdindiagnosis. Further, from Dunn
test, it is observed that, there is significanfedénce in the Intralesional CHO/CR
Ratio between Low Grade Glioma and High-Grade Glidptvalue < 0.001) as well
as between Metastasis and High-Grade Glioma (pevald.001).
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Figure 14: Mean plot of Intralesional CHO/CR Raticer final diagnosis.
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17)The following table gives the comparison of Perdaal CHO/CR Ratio over
diagnosis.

Table 17: Comparison of Perilesional CHO/CR Ratieraliagnosis.

Perilesional CHO/CR Ratio
Final diagnosis Median (Min, p-value
Mean + SD
Max)
High Grade Glioma 3.54+1.26 2.9(1.9,6.4)
Low Grade Glioma 0.8 £0.46 0.7 (0.4, 2.2) < 0.00%*
Metastasis 0.71+£0.16 0.7 (0.5, 0.9)

Abbreviation: K — Kruskal Wallis test, * indicatetatistical significance.

From Kruskal Wallis test, it is observed that, thés significant difference in the
distribution of Perilesional CHO/CR Ratio over firdhagnosis. Further, from Dunn
test, it is observed that, there is significanfed#nce in the Perilesional CHO/CR
Ratio between Low Grade Glioma and High-Grade Glidptvalue < 0.001) as well

as between Metastasis and High-Grade Glioma (pevald.001).
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Figure 15: Mean plot of Perilesional CHO/CR Ratiiofinal diagnosis.
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18)The following table gives the comparison of Inteabmal ADC Values over

diagnosis.

Table 18: Comparison of Intralesional ADC Valuegiodiagnosis.

_ _ _ Intralesional ADC Values
Final diagnosis : : p-value
Mean + SD Median (Min, Max)
High Grade Glioma 0.88+0.31 1.01 (0.11, 1.49)
Low Grade Glioma 1.45+ 0.06 1.45 (1.31, 1.53) < 0.00%*
Metastasis 0.85+0.2 0.87 (0.61, 1.1)

Abbreviation: K — Kruskal Wallis test, * indicatetatistical significance.

From Kruskal Wallis test, it is observed that, thés significant difference in the
distribution of Intralesional ADC Values over findlagnosis. Further, from Dunn
test, it is observed that, there is significantedtdnce in the Intralesional ADC Values
between Low Grade Glioma and High-Grade Gliomadlue < 0.001) as well as

between Metastasis and Low-Grade Glioma (p-valu€®gl).
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Figure 16: Mean plot of Intralesional ADC Valueso¥inal diagnosis.
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19)The following table gives the comparison of Perdaal ADC Values over

diagnosis.

Table 19: Comparison of Perilesional ADC Valuesraliagnosis.

_ _ ) Perilesional ADC Values
Final diagnosis : : p-value
Mean + SD Median (Min, Max)
High Grade Glioma 0.87+0.26 0.93 (0.1, 1.13)
< 0.00K*
Low Grade Glioma 0.93+0.27 0.99 (0.09, 1.24)
Metastasis 1.44+0.13 1.43 (1.31, 1.61)

Abbreviation: K — Kruskal Wallis test, * indicatetatistical significance.

From Kruskal Wallis test, it is observed that, thés significant difference in the
distribution of Perilesional ADC Values over firdihgnosis. Further, from Dunn test,
it is observed that, there is significant differenia the Perilesional ADC Values
between Metastasis and Low-Grade Glioma (p-value081) as well as between

Metastasis and High-Grade Glioma (p-value = 0.0035).
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Figure 17: Mean plot of Perilesional ADC Values iofieal diagnosis.
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20) Statistical analysis with regards to comparisotwben MRI diagnosis and final
diagnosis

A) It was observed from the collected data from 4&sakat with respect to the final
diagnosis of meningioma there were 6 true positivaso false positive &
negative cases and 36 true negative cases. Fofovaalculations are

demonstrated below:

FINAL DIAGNOSIS OF MENINGIOMA

POSITIVE NEGATIVE
TEST RESULT POSITIVE 6 (TP) 0 (FP)
NEGATIVE 0 (FN) 36 (TN)

SENSITIVITY = TP/TP + FN = 100 %
SPECIFICITY =TN/ TN + FP = 100 %
POSITIVE PREDICTIVE VALUE =TP /TP + FP = 100 %
NEGATIVE PREDICTIVE VALUE = TN/ FN + TN = 100 %

= TRUE POSITIVE = FALSE POSITIVE FALSE NEGATIVE TRUE NEGATIVE

Figure 18: Distribution of meningioma cases ovealffidiagnosis.
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B) It was observed from the collected data from 4&sdkat with respect to the final
diagnosis of high-grade glioma, there were 21 positives, 02 false positive, 03
false negative cases and 15 true negative casdmwhkg calculations are

demonstrated below:

FINAL DIAGNOSIS OF HIGH-GRADE GLIOMA

POSITIVE NEGATIVE
TESTRESULT| posimive 21 (TP) 02 (FP)
NEGATIVE 03 (FN) 16 (TN)

SENSITIVITY = TP/TP + FN =87.5 %

SPECIFICITY =TN/ TN + FP = 88.8 %

POSITIVE PREDICTIVE VALUE =TP /TP + FP =91.3 %
NEGATIVE PREDICTIVE VALUE = TN/ FN + TN = 84.21 %

= TRUE POSITIVES = FALSE POSITIVE = FALSE NEGATIVE TRUE NEGATIVE

Figure 19: Distribution of high grade glioma caegsr final diagnosis.
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C) It was observed from the collected data from 4&sdlat with respect to the final
histopathological diagnosis of meningioma thereen®d true positives, 03 false
positive, 02 false negative cases and 27 true ivegatases. Following

calculations are demonstrated below:

FINAL DIAGNOSIS OF LOW GRADE GLIOMA
POSITIVE NEGATIVE
TEST RESULT POSITIVE 10 (TP) 03 (FP)
NEGATIVE 02 (FN) 27 (TN)

SENSITIVITY = TP/TP + FN =83.3 %

SPECIFICITY =TN/ TN + FP =90.0 %

POSITIVE PREDICTIVE VALUE =TP /TP + FP =76.9 %
NEGATIVE PREDICTIVE VALUE = TN/ FN + TN = 93.1 %

A\

= TRUE POSITIVE = FALSE POSITIVE = FALSE NEGATIVE TRUE NEGATIVE

Figure 20: Distribution of low-grade glioma casegofinal diagnosis.
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21) Comparison between DWI imaging (Intralesional &ilesional ADC value) Vs
MRI Spectroscopy (Intralesional & Perilesional GhelCreatine ratio)

Following the analysis of the data measurementgl®subjects, the following pie
diagram gives the various observations that werdentesed on Diffusion Weighted

Imaging & magnetic resonance spectroscopic analysis

amE
—

= PERILESIONAL ADC VALUES = INTRALESIONAL ADC VALUES

= PERILESIONAL CHO/CR RATIO INTRALESIONAL CHO/CR RATIO

Figure 21: Parameters assessed for comparison ée@M/| and MRI Spectroscopy
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Reaults

Intralesional Perilesional Intralesional ADC  Perilesional ADC
Cho/Cr ratio Cho/Cr Ratio Values Values

Parameters

High Grade
Glioma Vs Low

Grade Glioma

High Grade
Glioma Vs

Metastasis

Low Grade
Glioma Vs

Metastasis

Figure 22: Various points of differentiation furhed by ADC values and MRI

Spectroscopy

Based on the observations made in the above-meuwti@ile a consensus can
be reached that though both the imaging modalpieside detailed information
about the lesions in the study the diffusion weeghtmaging and the subsequent
ADC value measurement in the intralesional andlgsdnal regions provides better

overall assessment of the brain lesions includieggrrading of the lesions.
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Discussion

DISCUSSION
Without any uncertainty, the most critical diagmostechnique for assessing
intracranial space-occupying lesions involves mégmesonance imaging, which has
previously proven to be more effective to computetbmography.
The primary imaging need for evaluating brain tusn@ still standard magnetic
resonance imaging (MRI). It provides fundamentatailie regarding the structural
features of these tumors, including mass effectharcement, edema and

inflammation®’

MRI is an exceptionally accurate technology for @umdiagnosis and
localisation because to its multiplanar samplind antstanding contrast resolution
across various tissues. But increases in spegificitve not kept pace with the

sensitivity advancements.

We can now see parenchymal architecture and furaltty as well as detect
processes associated with disease more clearl)kghin recent developments in
magnetic resonance imaging (MRI) such as diffusieighted imaging, perfusion

imaging, and MR spectroscopy.

Water molecules' random Brownian motion that ocevitkin a tissue voxel is
measured by diffusion-weighted imaging (DWI), ai@at of magnetic resonance
imaging. In tissues exhibiting a high density efl€ or cellular swelling, diffusion
coefficients are often lower. Characterizing tumarsl cerebral ischemia are two

conditions where diffusion plays a crucial role.
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A novel and developing imaging technique called nedig resonance
spectroscopy allows us to examine tissues in treoen detail and provides a
window into the brain's metabolism in vivo. It sigmpents the data provided by
magnetic resonance imaging and aids in determirpnggnosis and treatment
effectiveness. Numerous studies have been donararstill being done to determine
the possible applications of MRS in neuroradiology.

In contrast to MRI, which offers detailed structudata, MRS offers a
qualitative assessment of the brain's many compoumbdese compounds exhibit
characteristics of energy / metabolic processesyaheintegrity, cell membrane
growth or disintegration, and necrotic transformatf brain or tumor tissu&.

Since histology is the highest-quality method famgthosing brain tumors,
MRS restricts the use of invasive diagnostic teghes like brain biopsies®
We found that supratentorial brain tumors can btecéfely diagnosed and
characterized with the use of DWI & MR Spectroscopy

According to our investigation, a standard 3.0 Tgn&dic resonance imaging
equipment can create an excellent spectrum inraafabunt of time without giving
the individual any discomfort.

It additionally has the ability to attain a fantassignal to noise ratio in the
brains of humans.

42.8% percent of those cases included in this stuehe female, and 57.14 %
were male.

Most individuals with supratentorial brain tumorsiavpresented were in the

age range of 28 to 78.
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Headache emerges as the most prevalent chief cmmpteported by 42
(85.71%) subjects. Following closely, vomiting wasted in 29 (59.18%) subjects.
Other frequently reported complaints include seigurreported by 23 (46.93%)
subjects, and dizziness, noted by 18 (36.73%) stshjeAdditionally, there were
isolated instances of increased forgetfulnessremlteensorium, and right-sided mild
weakness, each reported by one or two subjects filitimgs of Grand S et at®
were consistent with these observations.

We found the predominant cause of supratentoriainbtumors to be high
grade glioma 23 (46.93%) subjects followed by laaeg glioma observed in 13
(26.53%) subjects.

Additionally, meningioma was diagnosed in 6 (12.24%bjects. Metastasis
was diagnosed in 7 (14.28%) subjects.

The level of choline was higher in every tumor. Blaell proliferation and
membrane turnover are thought to be the causeleoélevated Cho that has been
seen in the majority of brain tumors in prior rese. The Cho/Naa ratio was raised
since all neoplasms had reduced NAA.

NAA is neuronal marker and its levels are reducedlli neoplasms as they do
not contain any neural tissue. Within those neaptathe level of NAA depends on
variations in the degree of necrosis and the makétipe cell$®*

Spectroscopy revealed that all of them displayaging degrees of elevated
CHO peak and CHO/Cr ratios, with a noteworthy fieen both high-grade and low-
grade tumors, and no discernible distinction betwlein tumors that were primary

and those that had metastasized.
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This supported the findings of Martinez-Bisal, G&f4 and Shokr¥/, which
showed that a lesion's CHO/NAA ratio could onlytidiguish between low- and high-
grade primary tumors.

While there was no discernible variation in lipatlate levels between
primary and metastatic brain tumors, there wasbstantial difference between low-
grade and high-grade tumors.

This also confirmed the findings of Van der Gt&&fwhich showed that the
presence of lactate peaks was usually indicativaggressive tumors, supporting
increased anaerobic metabolism and cellular negrasd that the pathophysiology of
primary and metastatic brain tumors is similar.

It is thought that lactate is produced in tumotscalhen anaerobic glycolysis
occurs and the tricarboxylic acid cycle activitycliges.

Lactate can be detected in high grade tumors buiméw grade tumors
because of the high mitotic activity and necrobmsytexhibit. As a result, the degree
of malignancy and the presence of lactate seeneteelated. Fulham J. et &f. A
lactate peak was not observed in low grade tumomur investigation, but it was
present in 75 % of high-grade tumors.

The fact that intralesional voxels in primary tusehowed variable CHO/Cr
ratios that increased in proportion to the tumgrade is an additional noteworthy
finding from this study. Consequently, the abildly CHO/Cr ratios to predict tumor
grade has been shown to be reliable. Additiondligre was a noticeable difference
between the two distinct groups when comparingdH©®/Cr ratios of high-grade and
low-grade tumors. A robust correlation has beeedet!, per Chen et &P* and Faria
et al.%, between the raised CHO/Cr ratios in high-gradégmancies relative to low-

grade malignancies and the expression of prolifegatells.
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In addition, the results indicated a rise in theilpsional CHO/Cr ratio in
high-grade primary tumors, which differed signifitig from metastatic brain tumors
in terms of this ratio. As per Opstad et ‘P & Faria et al.?%, primary high-grade
tumors have been reported to have neoplastic celfdtrating the tumor
microenvironment. This finding is consistent wittose findings. Thus, in accordance
with Shokry, perilesional edema exhibited spectpsc malignant alterations in the

form of a higher CHO/Cr ratio in primary tumors thia metastatic one¥.

Meningiomas are the only neoplasms in which alarf/la) resonances are
seers® % None of the other lesions demonstrated alaninkspea

The results did not demonstrate a statisticallynifizant difference in
intralesional ADC values between high grade primang metastatic brain tumors,
indicating that intralesional ADC values alone warsufficient to distinguish high
grade primary tumors from metastatic brain tumaédshough this result disagreed
with Chiang et at®, which discovered that ADC values in the tumoedions of
metastasis were significantly higher than primamars, it matched Pavlisa et%.
Ja Lee et d, and Ohba et &F, who attributed this result to the increase ifutatity
of all these lesions to the point that DWI could differentiate.

A notable discovery revealed that intralesional amppt diffusion
coefficient values of lower-grade primary tumorsrev@igher than those for higher
grade tumors. The apparent diffusion coefficiambers between the two groups
differed significantly, with low grade cancers hayil.45 + 0.06 x 18 and high-
grade tumors having 0.88 = 0.31mmOur study's ability to use ADC values to
distinguish between low- and high-grade tumors thias consistent with the findings
of Ohba et af®, who also observed that ADC values can be usegtade primary

tumors.
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Additionally, we found that primary higher gradestumors and metastatic
brain tumors differed significantly in their peslienal ADC levels, with the former
having higher values.

In metastasis (vasogenic edema), perilesional ABIdes around tumor areas
were higher (1.44 + 0.13 x 10-3), indicating noilesional infiltration, than in high
grade primary tumors (0.87 £ 0.26 x 10-3), indiegtperi lesion infiltration.

This suggests that the ADC levels will be very g@resin this regard and that
the current study may be capable to differentiatevben metastatic lesions and
primary brain tumors.

This was in line of findings given by Faifaand associates where they linked
these to 4 higher grade tumors infiltrating the perilesioraea and increasing
cellularity there. Metastatic cases on the othedhdo not exhibit this infiltration and
raise in perilesional edema the ADC values.

The ADC values retrieved from the primary tumoregion possessed the
smallest numbers among the research's malignamrsum

Abdel Monem Nooman Darwiesh Et.AY conducted a research study which
showed that the intra-lesional ADC values are ns¢ful in the differentiation
between primary and metastatic tumors while pedied ADC values can
differentiate between primary & metastatic braimaus which was in part similar to
findings in this study.

In the same study they also found that intraledidnBS values (CHO/Cr
ratio) were able to grade the tumor and differeatisetween high- and low-grade
tumors, while Perilesional MRS values (CHO/Cr ratiould be able to differentiate
primary tumors from metastasis which was foundaweatate with the findings of this

study.
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CONCLUSION

Magnetic resonance spectroscopy is a newer norsivevanodality which
provides biochemical information about differergsties that cannot be obtained by
conventional MRI alone even after contrast admiat&in.

It complements MRI and is particularly useful whigre MRI findings are
inconclusive. It characterizes lesions based orabudite patterns and ratios.

Choline, N-acetyl aspartate, creatine, lactateniaég amino acids and
myoinositol are the major metabolites studied.

In this study magnetic resonance spectroscopy \efsfuh in characterising
the neoplastic lesions.

Among the subjects 43 subjects (87.75%) had mailigrhesions and 6
(12.24%) subjects had benign lesions

Choline is considered the most specific markenticranial neoplasm.

Increase in Choline levels and Choline/NAA ratios gery suggestive of the
malignant nature of the neoplasm, its grading asdfollow-up to evaluate the
response of the treatment.

Intralesional CHO/CR Ratio can help to differerdgidietween Low Grade
Glioma and High-Grade Glioma as well as betweenabtasis and High-Grade
Glioma.

Perilesional CHO/CR Ratio can help to differentifietween Low Grade
Glioma and High-Grade Glioma as well as betweenabtasis and High-Grade
Glioma.

Intralesional lipid-lactate levels can help to difintiate between between low

grade and high-grade tumors.
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Conclusion

Metabolites like amino acids helped to differesiditom similar appearing

lesions and alanine was specific for meningiomas.

Hence, it can be concluded that 'H MRS helps inebetharacterization of

different supratentorial lesions.

From the current study it can be understood thatDlVl with ADC values
calculation could improve the diagnostic efficaéyMR imaging.

Intralesional ADC Values can help to differentidtetween Low Grade
Glioma and High-Grade Glioma as well as betweenaktasis and Low-Grade
Glioma while Perilesional ADC Values can help téfedentiate between Metastasis
and Low-Grade Glioma as well as between MetastagiHigh-Grade Glioma.

Intralesional ADC values are not useful in the afifintiation between high
grade gliomas and metastatic tumors.

Thus, in this study the diffusion weighted imagiamgd the subsequent ADC
value measurement in the intralesional and peoitediregions provides better overall

assessment of the brain lesions including the geadi the lesions.
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Summary

SUMMARY
A combined total of forty-eight individuals went through DWI and magnetic
resonance (MRS) spectroscopy after having supratentorial brain tumors identified
by magnetic resonance imaging (MRI) (plain/contrast) examinations.
Maximum number were between 28 to 78 Yrs.

Male patients constituted the most of the patients (57.14%).

Headache, vomiting & seizures were the most frequent presenting complaints.

The most prevalent diagnosis among the subjects is malignant lesions 43 (87.75%)
and benign was diagnosed in 6 (12.24%) subjects.

Among the patients, 46.93% had diagnosis of high-grade glioma, while 26.53 %
exhibited low-grade glioma. Metastasis was noted in 14.28% and meningioma
was identified in 12.24% of the patients.

When comparing gliomas, alarger Cho/Cr proportion was observed.

As opposed to low grade gliomas high grade gliomas exhibited a substantially
greater Cho/Cr raétio.

As opposed to low grade gliomas, high grade gliomas aso contained more lipid-
lactate.

From the current study it can be understood that the DWI with ADC vaues
calculation could improve the diagnostic efficacy

Alanine peak was found in meningiomas.

So, the additiona information provided by magnetic resonance spectroscopy and
DWI imaging was particularly advantageous and added to the data collected via
conventional an MRI scan helping in characterization of supratentorial brain

tumors.
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Limitations

LIMITATIONS

MRI brain is an expensive investigation as compared to CT scan

MRI brain is atime-consuming investigation in case of emergencies

Limited sample size has alimited externa applicability

Future multi-centric studies involving a large sample size and the use of
randomized sampling techniques could increase the validity of the results and can
further help in generating clinical and radiological evidence for making

recommendations in the day-to-day practice.
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Annexures

ANNEXURES - |
INFORMED CONSENT FORM
“MAGNETIC RESONANCE SPECTROSCOPY AND DIFFUSION WEIG HTED
IMAGING CHARACTERIZATION OF SUPRATENTORIAL BRAIN TU  MORS:

A ONE YEAR HOSPITAL BASED CROSS SECTIONAL STUDY”

Name of Student/Principal Investigator: REG. NO. B$121003

Name of Guide/Co Investigators: Dr

Objective: To characterize supratentorial tumors into benigd analignant using
magnetic resonance spectroscopy & diffusion wemjhimaging (DWI) imaging
sequences of magnetic resonance imaging in additiorconventional magnetic
resonance sequences.

Introduction: Intracranial tumors are a significant health prabléBrain tumors are
subdivided into supra-tentorial & infra-tentoriatain tumors. Differentiation of low
grade from high grade glioma, neoplastic from neppiastic brain masses by using
conventional MRI is frequently difficult, and mamases require biopsy or follow-up
imaging. Gadolinium enhancement is useful in ew#duaof brain tumors. Recent MR
imaging techniques, such as MR spectroscopy, cathefuimprove the diagnostic
accuracy of MR imaging in the diagnosis of such dusn Magnetic resonance
spectroscopy is a technique that allows the stuidgome metabolites in the brain or
neoplasms that point to the nature of these lesgmasling of brain tumors, and follow-
up and to evaluate the response of these lesiortse&ment. Magnetic resonance
spectroscopy is an analytical method used to ifyentblecules and to determine their

biophysical characteristics. Thus, this technigseai multi-parametrical molecular
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imaging method that can complete MRI study enabtimg detection of biochemical

patterns of different features and aspects of biamor. Diffusion-weighted imaging

(DWI1) helps us to obtain additional information abdhe brain from the microscopic
movement of water molecules. DWI has been usecttect the nature of brain tumors
according to their cellularity and to differentidietween high cellular and low cellular
brain tumors.

Explanation of procedure:

I request you to Kkindly participate in the studytled study “MAGNETIC
RESONANCE SPECTROSCOPY AND DIFFUSION WEIGHTED IMAGI NG
CHARACTERIZATION OF SUPRATENTORIAL BRAIN TUMORS: A ONE
YEAR HOSPITAL BASED CROSS SECTIONAL STUDY” at Dr. Prabhakar Kore
Charitable Hospital and Medical Research Centrdgd®en" is being conducted by
REG. NO. BS0121003, Post Graduate in Radio- DiagnaisJ. N. Medical College
Belgaum, Karnataka, under the guidance of Dr , Department of
Radio-Diagnosis, J. N. Medical College, Belgaum.

We request you to participate in this study as a@ueligible to be included. During the
study you will be asked questions regarding yoasent and past medical history and
you will be required to answer to the best of ykmowledge. You will also be crucially
examined as per the protocol drawn as and whernreestudy will be conducted over
a period of one year. Once the patient signs tHernmed consent history and
examination will be recorded as per proforma.

Magnetic resonance imaging (MRI) uses a large ntagnd radio waves to look at
structures inside your body. You will have to undke an MRI scan which is done in a

closed environment. During the scan, you lie oaldetthat slides inside a tunnel-shaped
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machine. Doing the scan can take a long time, and npust stay still. The scan is

painless. The MRI machine makes a lot of noise.

If you agree to participate in the study, pleasaiih the details pertaining to the study.

Benefits:

Results will help to get extra details of supratveial tumors with the use of MR

spectroscopy and DWI sequences when done in adddioonventional MRI sequences

and will also help in differentiation of these turednto benign and malignant.

Withdrawal from participation in the study: Participation in this study is voluntary.
You will be free to decide whether to participatethis study or continue participation
once enrolled. In case you decide to withdraw ymarticipation, you are free to do so.
However, please convey the decision to the prindipaestigator.

Possible benefits from participating in the study: You will/will not have nor get any
benefits by participating in this study. The datthgred will help the population at
large.

Possible risks from participating in the study: There are no risks involved in
participating in this study.

Privacy and confidentiality: The information collected from you will be coded, t
prevent any person from identifying you. Your itdgnwill never be revealed. The data
collected from you will be kept confidential andlypiprocessed or aggregated data will
be used for publication.

Financial incentives: You will not receive any payment for participatim this study.
Authorization for publication of aggregated data: Results obtained after processing
of the aggregated data will be published for sdienpurposes and or presented to

scientific groups. However, your identity will nrevbe revealed.
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QUESTION:

any enquiries in the future or in case of reseasthted injury illness, you

may contact the following persons.

REG. NO. BS0121003

Dr

Dr. Harsha Hegade

Post-Graduate,
Department of
Radio-Diagnosis.
J.N.Medical College,

Belagavi

Professor, Department of
Radio-Diagnosis
J.N.Medical College,

Guide,

Belagavi

Professor
Chairman,
J.N. Medical College
Institutional Ethical
Committee For Human

Subjects Research, Belaga

Vi

Legal rights: By signing this consent form, we are not waving afhyour legal rights.
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CONSENT STATEMENT

I am making a voluntary decision to participate the study “Magnetic

Resonance Spectroscopy & Diffusion Weighted ImagingCharacterization Of

Supra-tentorial Brain Tumors: A One Year Hospital Based Cross Sectional

Study”. My signature below indicates that | have decidegadicipate and | have read

the information provided above or the informationyided above has been read to me

in the language that | understand best. | wasngilie opportunity to ask questions and

that they have been answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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PARENTAL CONSENT TO PARTICIPATE IN RESEARCH STUDY:

1.

Participant’'s Name

“l understand that my child is participating in tlseudy, which includes MRI
BRAIN".

. | confirm that | have read and understood the imf@tion in the patient

information sheet. Procedure is explained to mdatail along with information

about the advantages and disadvantages of takingrpée study. | have been
given the opportunity to discuss all aspects of thal, to ask questions and
hereby consent my child’s participation in the stwditlined above.

| understand that the decision to take part in #gtigdy is completely voluntary
and | am aware that | can choose to withdraw fréw@ $tudy at any point of
time.

| consent to the photographing or recording of pmecedure to be performed
including appropriate portions of my child’s bodfgr medical, scientific or

educational purposes provided my child’s identgynbt revealed in the pictures
or by the descriptive texts accompanying them.

| understand that there is no significant risk ilweal in the test that would be
done in this study.

No guarantee or assurance has given by anyone #setoesults that may be
obtained.

My signature on this form signifies that | have hmigly decided to participate

my child after understanding the above information”

Parent’s Name

Name and signature of witness

Name and signature of interviewer

Signature

Date:

Place
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TITLE:

WEIGHTED

ANNEXURES - I

PROFORMA FOR DATA COLLECTION

MAGNETIC RESONANCE SPECTROSCOPY AND DIFFUS ION

IMAGING CHARACTERIZATION OF SUPRATENTORIAL

BRAIN TUMORS: A ONE YEAR HOSPITAL BASED CROSS SECTI ONAL

STUDY”

HISTORY:

NAME:

GENDER

REFFERING DOCTOR:

PRESENTING COMPLAINTS:

AGE:

SYMPTOM

PRESEN
T

ABSEN

IF PRESNT
THEN
DURATIO
N

NUMBER OF
EPISODES IF
APPLICABL

E

HEADACHE

DIZZINESS

SEIZURES

VOMITING

NECK STIFFNESS

NEUROLOGICAL
DEFICITS

9)

OTHERS

PAST HISTORY:

a)

b) DIABETES MELLITUS

C)

HYPERTENSION

TUBERCULOSIS
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FAMILY HISTORY:

BRIEF PHYSICAL EXAMNIATION:

WAS ANY PREVIOUS IMAGING:

FINDINGS OF PREVIOUS SCAN:

PRESENT MRI FINDINGS:

NO OF LESIONS:

SIDE REGION INVOLVED

(RIGHT/LEFT/MIDLINE/BILATERAL) (FRONTAL, PARIETAL,
TEMPORAL &
OCCIPITAL )

SITE

SIGNAL INTENSITY:

SEQUENCE | HYPOINTENSE | HYPERINTENSE | ISOINTENSE | MIXED
INTENSE

T1

T2

ENHANCEMENT:

INTENSITY PATTERN

ENHANCEMENT

MRI SPECTROSCOPY FINDINGS:

METABOLITE
DETECTED:
CHOLINE
CREATINE
LIPID
LACTATE
NAA
ALANINE

~oooop

METABOLITE RATIO:
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DIFFUSION WEIGHTED IMAGING:

DIFFUSION PRESENT ABSENT
RESTRICTION
MRI DIAGNOSIS:
LOCATION ADC VALUES

INTRALESIONAL

PERILESIONAL
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ANNEXURE IIl: IMAGES / FIGURES
PHOTOGRAPHS OF CASES

Case A

A CASE OF A 57YRS OLD FEMALE WITH T2 WEIGHTED, T1 W EIGHTED
IMAGES REPRESENTING A LESION IN THE RIGHT PARASAGGI TAL
FRONTAL REGION WITH EVIDENCE OF DIFFUSION RESTRICTI ON ON b

1000 DWI SEQUENCE AND ADC MAPS WITH POST CONTRAST
ENHANCEMENT

T2WEIGHTED IMAGE T1WEIGHTED IMAGE

/;.
-

~
"

B 1000 DWI ADC MAPS

T1FS PC
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Case B

A CASE OF A 39 YRS OLD MALE WITH T2 AND T1 WEIGHTED IMAGES
SHOWING A LESION IN THE LESION LEFT FRONTAL REGION WITH

EVIDENCE OF DIFFUSION RESTRICTION ON b1000 DWI SEQUENCE AND
ADC MAPS WITH POST CONTRAST ENHANCEMENT

b 1000 DWI

T1FS PC
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CASE C

A CASE OF A 54 YRS OLD FEMALE COMPLANING OF HEADCAH E,
DIZZINESS, SEIZURES AND VOMITING WITH T2 AND T1 WEI GHTED
IMAGES SHOWING A LESION IN THE RIGHT FRONTO-PARIETA L
REGION WITH EVIDENCE OF DIFFUSION RESTRICTION ON bl 000 DWI
SEQUENCE AND ADC MAPS WITH POST CONTRAST ENHANCEMEN T

T2 WEIGHTED IMAGE T1 WEIGHTED IMAGE

b 1000 DWI ADC MAPS

T1FSPC
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SPECTROSCOPY IMAGE PLATES
CASE IMAGES-1

IMAGE 1: MRI AXIAL CONTRAST ENHANCED T1 WEIGHTED IM AGE
SHOWS A WELL DEFINED INTRA-AXIAL PERIPHERALLY ENHAN CING
LESION IN THE RIGHT FRONTOPARIETAL REGION WITH ADJA CENT

EDEMA AND MASS EFFECT ON THE |IPSILATERAL LATERAL
VENTRICLE

IMAGE 2: MRS SHOWING LESION IN THE RIGHT FRONTOPARI ETAL
REGION SHOWING HIGHLY ELEVATED CHOLINE WITH PROMINE NT

LIPID AND LACTATE PEAK CHARACTERISTIC OF HIGH GRADE
NEOPLASM
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CASE IMAGES-2

IMAGE 3: MRI SHOWING LOW GRADE GLIOMA - CORONAL T2
WEIGHTED IMAGE SHOWING AN ILL DEFINED T2 HYPERINTEN  SITY

IMAGE 4: MRS SHOWING LOW GRADE GLIOMA — MR SPECTROS COPY
OF THE LESION IN THE LEFT TEMPORAL REGION SHOWED EL EVATED

CHOLINE WITH REDUCED NAA PEAK
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CASE IMAGES-3

IMAGE 5: MRI SHOWING METASTASIS — CORONAL CONTRAST
ENHANCED T1 WEIGHTED IMAGES SHOW MULTIPLE WELL DEFI NED
INTRA — AXIAL HETEROGEENOUSLY ENHANCING MASS LESION S

IMAGE 6: MRS SHOWING METASTASIS — MR SPECTROSCOPY OF THE
LESION IN THE LEFT PARIETAL REGION SHOWS HIGHLY ELE VATED

CHOLINE WITH SUPRESSION OF NAA
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ANNEXURE - IV
KEY TO MASTER CHART

DESCRIPTION ABBREVATION
MALE M
FEMALE F
HYPERTENSION HTN
DIABETES MELLITUS DM
HEADACHE HA
VOMITING VO
DIZZINESS DZ
SEIZURES SZ
ALTERED SENSORIUM ALS
MILD RIGHT SIDED WEAKNESS MRSW
INCREASED FORGETFULNESS IF
MULTIPLE ML
RIGHT ANTERIOR TEMPORAL RAT
RIGHT FRONTAL REGION RFR
LEFT TEMPORAL REGION LTR
BILATERAL PARIETAL REGION BPR
LEFT PARIETAL REGION LPR
LEFT POSTERIOR PARIETAL REGION LPPR
RIGHT PARIETO-TEMPORAL REGION RPTR
LEFT PARIETO-OCCIPITAL REGION LPOR
RIGHT PARIETAL REGION RPR
LEFT PARASAGGITAL FRONTAL LPF
LEFT FRONTAL REGION LFR
LEFT FRONTOPARIETAL REGION LFPR
RIGHT PARASGGITAL FRONTAL REGION RPFR
LEFT PARIETO-TEMPORAL REGION LPTR
LEFT MEDIAL TEMPORAL REGION LMTR
RIGHT OCCIPITAL REGION ROR
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BILATERAL PARASAGGITAL BPFPR
FRONTOPARIETAL REGION

LEFT HIGH FRONTAL REGION LHFR
RIGHT PARIETO-OCCIPITAL REGION RPOR
LEFT OCCIPITAL REGION LOR
MIDLINE HYPOTHALAMUS MH
LEFT ANTERIOR TEMPORAL REGION LATR
RIGHT TEMPORAL REGION RTR
RIGHT MEDIAL TEMPORAL REGION RMTR
HYPOINTENSE HYPO
HYPERINTENSE HYPER
MIXED INTENSITY MXI
PERIPHERALLY ENHANCING PER
HOMOGENEOUSLY ENHANCING HO
HETEROGENEOUSLY ENHANCING HET
INTRALESIONAL INT
PERILESIONAL PRL
DECREASED REDU
INCREASED ICR
CHOLINE CHOL
LIPID-LACTATE LC
NAA N ACETYL ASPARTATE
ALANINE ALN
CREATINE CR
HIGH GRADE GLIOMA HGG
LOW GRADE GLIOMA LGG
MENINGIOMA MENIN
METASTASIS MTS
PRESENT PRE
ABSENT ABS
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1 48 F NONE HA & VO ONE RAT 1SO HYPER HO INT CHOL & ALN ISICR INTRA ICR CHOL / CR RATIOS ABS N/A N/A MENIN MENIN

2 57 F NONE HA, SZ & VO ONE RFR HYPER MXI HET INT CHOL & INTLCISICR& INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 1.4 & PERI CHO/CR RATIO 0.6 PRE 110X 10° 1.31X 10° MTS N/A
3 35 M HTN sz ONE RFR HYPO HYPER PER INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS,INTRA CHO/CR RATIO 1.9 & PERI CHO/CR RATIO 0.8 PRE 1.31X 10-3 0.98X 102 LGL LGL
4 26 M NONE SZ & MRSW ONE LTR 1SO HYPER HO INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.2 & PERI CHO/CR RATIO 0.6 PRE 1.42 X 10-3 0.91X 10* LGL LGL
5 52 F NONE VO& ALS ML BPR HYPO HYPER HO INT CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 1.6 & PERI CHO/CRRATIO05| PRE 1.02 X 10° 159 X 10° MTS N/A
6 65 F HTN HA & SZ ONE LPR 1SO HYPO PER INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.6 & PERI CHO/CR RATIO 0.5 PRE 153X 10-3 0.93X 102 LGL LGL
7 57 F HTN & DM HA & IF ONE RFR HYPO MXI PER INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 4.1 & PERI CHO/CR RATIO 2.8 PRE 0.81X 102 0.93X 102 HGL HGL
8 65 F HTN & DM sz ML LPPR 1SO MXI HET INT CHOL & LCISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.0 & PERI CHO/CR RATIO 0.8 PRE 1.00X 10° 1.61X 10° MTS N/A
9 68 M HTN sz ONE RPTR 1SO HYPO HET INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 4.9 & PERI CHO/CR RATIO 2.8 PRE 1.01 X 10° 0.95X 102 HGL HGL
10 58 M HTN HA SZ & MRSW ONE LPOR HYPO MXI PER INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 5.3 & PERI CHO/CR RATIO 5.4 PRE 1.10X 10-3 1.01x 102 HGL HGL
11 49 M | HYPERTENSIVE HA & SZ ONE RPR 1SO MXI PER INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 5.8 & PERI CHO/CR RATIO 2.9 PRE 0.92X 102 113X 10° HGL LGL
12 58 M HTN HA & VO ONE RFR HYPER HYPER HO INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 6.1 & PERI CHO/CR RATIO 2.5 PRE 1.08 X 10 0.99X 10* HGL HGL
13 34 F HTN HA & DZ ONE LPF HYPO HYPER HET INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.3 & PERI CHO/CR RATIO 0.9 PRE 143X 10° 0.90X 102 LGL LGL
14 34 M NONE HA, SZ & VO ONE RFR ISO | ISOINTENSE N/A INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 4.2 & PERI CHO/CR RATIO 3.6 PRE 1.06 X 10° 0.99X 102 HGL HGL
15 30 F NONE VO & Z ONE LFR HYPO HYPER HET INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.8 & PERI CHO/CR RATIO 0.7 PRE 1.46 X 10° 1.02 X 10° LGL LGL
16 70 F DM HA, SZ & VO ONE LFPR HYPO HYPER PER INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 6.3 & PERI CHO/CR RATIO 2.2 PRE 1.02 X 10° 0.81X 102 HGL HGL
17 62 F HTN HA,DZ & VO ONE LPR 1SO MXI PER INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 5.4 & PERI CHO/CR RATIO 2.8 PRE 1.02 X 10° 0.91X 102 HGL HGL
18 65 F HTN HA & DZ ONE LFR HYPO HYPER PER INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 7.3 & PERI CHO/CR RATIO 6.4 PRE 10X 103 0.81X 102 HGL HGL
19 30 M NONE HA ONE RFR 1SO HYPER HET INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.7 & PERI CHO/CR RATIO 2.2 PRE 1.39% 10° 0.80X 102 LGL HGL
20 74 M HTN VO & Z ONE RPFR HYPO HYPER PER INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 4.6 & PERI CHO/CR RATIO 4.9 PRE 1.01 X 10° 0.97 X 102 HGL HGL
21 46 M HTN & DM HA & SZ ONE LPR HYPO HYPER PER INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 3.9 & PERI CHO/CR RATIO 3.4 PRE 1.06 X 10 0.99X 10° HGL HGL
22 39 M NONE HA & VO ONE LFR MXI MXI HET INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.9 & PERI CHO/CR RATIO 0.9 PRE 1.47 X 10° 1.06 X 10° LGL LGL
23 54 M HTN HA & VO ONE LPF HYPO HYPER HET INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 6.0 & PERI CHO/CR RATIO 2.8 PRE 111X 10° 0.82X 102 HGL HGL
24 55 M HTN & DM HA & DZ ONE LPTR MXI MXI HET INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 3.6 & PERI CHO/CR RATIO 3.7 PRE 1.03X 10° 1.02 X 10° HGL HGL
25 47 M NONE HA & VO ONE LPR HYPO HYPER HET INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 4.5 & PERI CHO/CR RATIO 4.6 PRE 1.05X 10° 0.94X 102 HGL HGL
26 49 M HTN & DM HA, DZ, SZ & VO ONE RPR MXI MXI HET INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 6.3 & PERI CHO/CR RATIO 2.3 PRE 0.7X 10° 0.81X 102 HGL HGL
27 28 M NONE HA & VO ONE RPR HYPER HYPO HET INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.6 & PERI CHO/CR RATIO 0.4 PRE 145X 10° 1.03X 10° LGL HGL
28 78 M HTN & DM HA, SZ & VO ONE LMTR 1SO MXI HET INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 6.5 & PERI CHO/CR RATIO 3.9 PRE 0.66 X 10° 0.90X 102 HGL HGL
29 a1 M HTN HA,DZ & VO ONE LFPR MXI MXI PER INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 4.4 & PERI CHO/CR RATIO 2.7 PRE 0.74 X 102 1.01 X 10° HGL HGL
30 65 F HTN & DM HA & SZ ONE LPF HYPO HYPER HET INT & PRL CHOL & INT LCISICR & INT NAA ISREDU | INTRA ICR CHOL /NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 3.6 & PERI CHO/CR RATIO 5.5 PRE 0.64 X 102 1.03X 10° HGL HGL




31 62 HTN & DM HA & VO ONE RFR 1ISO HYPER HET INT CHOL & ALN ISICR INTRA ICR CHOL / NAA & CHOL / CR RATIOS ABS N/A N/A MENIN MENIN
32 28 HTN HA & DZ ONE RFR HYPO HYPER HET INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.6 & PERI CHO/CR RATIO 0.4 PRE 151X 10° 1.01X 10-3 LGL LGL
33 54 HTN & DM HA,DZ,SZ & VO ONE RPR 1ISO MXI HO INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.2 & PERI CHO/CR RATIO 0.9 PRE 071X 10° 153X 10° MTS N/A
34 42 HTN HA & DZ ONE RPR HYPO HYPER HET INT CHOL & LCISICR INTRA ICR CHOL / NAA & CHOL / CR RATIOS PRE 0.95 X 10° 0.97 X 10° MENIN MENIN
35 58 HTN & DM HA,DZ & VO ONE ROR 1ISO 1SO HET INT CHOL & ALN ISICR INTRA ICR CHOL / NAA & CHOL / CR RATIOS ABS N/A N/A MENIN MENIN
36 56 HTN HA,SZ & VO ML BPR HYPO MXI N/A INT CHOL & LCISICR ICRCHOL /NAA & CHOL / CRRATIOS, INTRA CHO/CR RATIO 1.9 & PERI CHO/CR RATIO 0.7 PRE 0.62 X 10° 1.43X 10° MTS N/A
37 60 HTN HA & VO ML BPFPR HYPO HYPER PER INT CHOL ISICR & INT NAA ISREDU ICRCHOL / NAA & CHOL / CRRATIOS, INTRA CHO/CR RATIO 1.7 & PERI CHO/CR RATIO 0.6 PRE 0.61 X 10° 1.33X 10° MTS N/A
38 63 HTN HA & DZ ONE LHFR HYPO HYPO HO INT CHOL & ALNISICR INTRA ICR CHOL / NAA & CHOL / CR RATIOS ABS N/A N/A MENIN MENIN
39 65 HTN & DM HA,DZ & VO ONE LPF HYPO HYPER PER INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.3 & PERI CHO/CR RATIO 0.7 PRE 1.48 X 10° 1.09 X 10° LGL LGL
40 76 HTN & DM HA,DZ & VO ONE LFR MXI MXI PER INT & PRL CHOL & INTLCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CRRATIOS, INTRA CHO/CR RATIO 3.8 & PERI CHO/CR RATIO 2.6 PRE 1.49 X 10° 0.91 X 10° HGL HGL
41 52 NONE HA,SZ & VO ONE RPOR 1ISO MXI HET INT & PRL CHOL & INTLCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 4.7 & PERI CHO/CR RATIO 3.7 PRE 1.09 X 10° 0.93 X 10° HGL HGL
42 44 HTN HA,SZ & VO ONE LTR HYPO HYPER PER INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.8 & PERI CHO/CR RATIO 0.9 PRE 1.40 X 10° 0.99X 10° LGL LGL
43 78 HTN HA & VO ONE LFR HYPO HYPER HET INT & PRL CHOL & INTLCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CRRATIOS, INTRA CHO/CR RATIO 5.4 & PERI CHO/CR RATIO 2.5 PRE 0.69 X 10° 0.93 X 10° HGL HGL
44 55 HTN HA,SZ & VO ONE LOR 1ISO HYPER HET INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.1 & PERI CHO/CR RATIO 0.5 PRE 151X 10° 1.24X 10° LGL LGL
45 50 HTN & DM HA,DZ & SZ ONE MH 1ISO HYPER HO INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.6 & PERI CHO/CR RATIO 0.9 PRE 1.44X 10° 0.97 X 10° LGL HGL
46 30 HTN HA & DZ ONE LATR MXI HYPER HET INT & PRL CHOL & INTLCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 7.6 & PERI CHO/CR RATIO 5.5 PRE 1.10X 10° 0.97 X 10° HGL HGL
47 59 HTN HA & DZ ONE RTR 1ISO ISOINTENSE HET INT & PRL CHOL & INTLCISICR & INT NAA ISREDU | INTRA ICR CHOL / NAA & CHOL / CRRATIOS, INTRA CHO/CR RATIO 4.9 & PERI CHO/CR RATIO 1.9 PRE 0.67 X 10° 1.09 X 10° HGL LGL
48 68 HTN & DM HA,DZ,SZ & VO ML RMTR & LPPR HYPO HYPER PER INT & PRL CHOL ISICR & INT NAA ISREDU INTRA ICR CHOL / NAA & CHOL / CR RATIOS, INTRA CHO/CR RATIO 2.2 & PERI CHO/CR RATIO 0.9 PRE 0.87 X 10° 1.31X 10° MTS N/A
49 50 HTN HA,DZ & VO ONE ROR HYPO HYPO HO INT CHOL & ALN ISICR INTRA ICR CHOL / NAA & CHOL / CR RATIOS ABS N/A N/A MENIN MENIN




