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ABSTRACT

BACKGROUND: Ring enhancing intracranial lesions are common and are
considered as a diagnostic dilemma. Although MRI has been established asshe m
reliable diagnostic methods, it had limited role in quantitative and functional
assessment. ASL and MRS can also help in differentiating the high-goaths from

low grade tumours. Further classify ring enhancing lesions, will help in mbette
diagnosis, classification, grading and treatment. Hence, the present stasly w
conducted to analyse ring enhanced lesions on MR scan by using such advanced

diagnostic techniques and classify the tumours.

METHODOLOGY: Cross-sectional observational study for a period of one year by
including 35 patients detected with single or multiple ring enhancing lesions df MR
Brain Scan, who are referred to Radiodiagnosis for ASL perfusion and MR

Spectroscopy.

RESULTS: Average age of our patients was 63.8+9.4 years. There was no significant
correlation observed between the demographic details and the incidence of lesions
either on MRS or on ASL. Headache in 60% study samples was the common
symptoms. Hypodense lesions were higher with the proportion of 48.6% (17) on T1
morphology. 82.9% (29) patients hyperdense in T2. Diffusion was restricted among
71.4% patients. Choline and NAA peak were the most common finding observed with
the incidence of 7 (20%), followed by lipid lactate among 6 (17.1%) of the patients
included in our study. 8 (22.9%) each of the patients were diagnosed with
tuberculoma and high-grade Glioma were the most common findings. Cerebral flow

was significantly higher among the neoplastic lesions compared to non-neoplastic
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significantly greater among primary neoplastic lesions than the metagtaions.
Average nCBFL and nCBFPE were significantly higher among neoplastic lesions

than non- neoplastic lesions.

CONCLUSION: Multiple ring enhancing lesions are seen on MRI brain and contrast
studies which can suggestive multiple diagnosis in lacing neoplastic aet®lagie
well as being aetiologies. Hence ASL is one of the reliable diagnostic tools for
differentiating neoplastic and non-neoplastic lesions, and from differemiati
neoplastic primary lesions from metastasis. Further added MR spectrosdppyirhe
conformation of the diagnosis. A combination of the 3 help in getting closer to the
accurate diagnosis thereby reducing the need off biopsies, helping to start early

treatment.

KEY WORDS: Ring enhancing lesions, MRS, MRI, ASL
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I ntroduction

INTRODUCTION

Ring enhancing intracranial lesions are common and are considered as a
diagnostic dilemma. This A ring-enhancing lesion in brain imaging is a'so a common
feature on the Indian subcontinent. These lesions might present as a solitary or
multiple on a brain MRI and are characterised by a contrast enhancing halo with a

non-enhancing centre. !

It is difficult to distinguish neoplastic lesions such as gliomas, lymphoma or
metastasis from non-neoplastic lesions like tuberculosis, neurocysticercosis, fungal
infections, demyelinating lesions, sarcoidosis, Bechet disease, radiation

encephalopathy and other vascular causes on conventional MRI. 23

Although MRI has been established as the most reliable diagnostic methods, it
had limited role in quantitative and functional assessment of lesions thus making it
less reliable in differentiating the tumour like lesions. As the size, shape, wall
thickness of ring-enhancing lesions, the extent of surrounding edema has to be
considered in anaysing the lesions, advanced imaging techniques gives the better

imaging than the conventional methods.?

Hence, the advanced MR techniques are required to study such lesions further.
Arterial spin labelling is one such advanced, non-invasive methods that provides
absolute quantification of cerebral blood flow in the absence of contrast that helps in
estimating tumour neo-genesis which in turn helps in tumour grading, biopsy and

surgical planning. 34
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MR spectroscopy is another methos used for the evaluation of brain tumours,
that detects tumour metabolism. Almost all brain tumours have decreased N-acetyl
aspartate (NAA) signals and increased levels of Choline (Cho) which causes increase

in Cho/NAA ratio.>®

Other common metabolic changes like increase in lactate levels due to
anaerobic glycolysis or increase in lipid levels due to necrosis can be detected on MR

spectroscopy which helpsin the diagnosis of tumours and other causes.’

ASL and MRS can also help in differentiating the high-grade forms from low
grade tumours. As these techniques can further classify ring enhancing lesions, this
study will help in better diagnosis, classification, grading and treatment, which will be
helping in the overal patient care and diagnosis. Hence, the present study was
conducted to analyse ring enhanced lesions on MR scan by using such advanced

diagnostic techniques and classify the tumours.
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Aim & Objectives

AlM AND OBJECTIVES

* To detect Ring enhancing lesions on MRI Scan and further use advanced MR
techniques like Arterial Spin labeling (ASL) and MR Spectroscopy to differentiate
them into Benign and Malignant lesions (High grade versus low grade, primary
versus metastatic)

» To further characterize these rings enhancing lesion into neuro infections, abscess,

demyelinating lesions and other lesions.
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REVIEW OF LITERATURE

HISTORICAL DEVELOPMENTS IN MRI

The nuclear magnetic resonance (NMR) phenomenon was first described
experimentally by both Bloch and Purcell in 1946, for which they were both awarded

the Nobel Prize for Physics in 1952.

The technique has rapidly evolved since then, following the introduction of
wide-bore superconducting magnets, approximately 30 years ago, allowing
development of clinical applications. The first clinical magnetic resonancges
were produced in Nottingham and Aberdeen in 1980, and magnetic resonance

imaging (MRI) is now a widely available, powerful clinical todl.

BRIEF INTRODUCTION ABOUT MRI

Magnetic resonance imaging (MRI) uses the body's natural magnetic properties
to produce detailed images from any part of the body. For imaging purposes, the
hydrogen nucleus which has a single proton is used because of its abundance in water

and fatto11

MRI scanners come in different field strengths, usually between 0.5 and 1.5
tesla. Different tissues such as fat and water have different redaxanes and can be
identified separately. By using a “fat suppression” pulse sequence, for exathel
signal from fat will be removed, leaving only the signal from any abnormalities|

within it.12
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RING ENHANCING LESIONS ON MRI

Cerebral ring-enhancing lesions are defined as an area of hypodensity in
computed tomography or hypo-intensity in magnetic resonance imaging [MRI] of the

brain tissue surrounded by a rim of enhancing tissue after contrast injection.

Presentation of diseases varies depending on the site, extent of brain
involvement and the etiology. It is always important to correlate clinicatpms
and any previous imaging as the same imaging appearance can suggest vastly

different etiologies with variation in disease presentatién.

Differential for peripheral oring enhancing cerebral lesiongncludes:

* Cerebral abscess

¢ Tuberculoma

+ Neurocysticercosis

+ Metastasis
+ Glioblastoma

+ Subacute infardhaemorrhageontusion

« Demyelination(incomplete ring

« Tumefactive demyelinating lesiqgincomplete ring)

+ Radiation necrosis

» Postoperative change
e Lymphoma- in an immunocompromised patient
* Leukemia

« Thrombosed aneurysm

* Necrotizing leukoencephalopathy after methotrexate

+ Bald concentric sclerosis
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No single feature is pathognomonic, although a cystic lesion that markedly

restricts centrally on DWI should be considered an abscess until proven atberwi

Many features of the lesion, as well as clinical presentation and patient
demographics, need to be taken together to help narrow the differential uHel|efs

of thumb include:

Enhancing wall characteristics as in;

» Thick and nodular which favours neoplasm
» Thin and regular favouring the abscess
* Incomplete ring often opened toward the cortex favours demyelination

* Intermediate to low T2 signal capsule indicating the abscess

Restricted diffusion of enhancing wall favours GBM or demyelination

Surrounding oedema

» Extensive oedema relative to lesion size which will be depicting abscess

* Increased perfusion favours neoplasm or metastases or primary cerebral

malignancy.

Central fluid content:

* Restricted diffusion favours abscess

*« An absence of diffusion restriction favours a tumour with a central necrotic

component which is the classic features of metastases.

Number of lesions: Similar sized rounded lesions at grey-white matter junction

favours metastases or abscesses irregular mass with adjacent secasiang |
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embedded in the same region of 'oedema’ favours GBhll (<1-2 cm) lesions with

thin walls, especially if other calcific foci are present, suggest nest@mercosis*®

Differential diagnosis of the various lesion in brain on MRI*6

Tuberculoma: Tuberculoma is granulation tissue that occurs following central
nervous system (CNS) tuberculosis infection. It differs to the much less ocomm
tuberculosis abscess that is a true collection of pus. It can occur with or without

tuberculous meningitis.

The lesion is usually T1 hypointense and T2 hypointense/isointense. However,

T2 hyperintensity may be noted when there is central liquified caseatiterial.

Enhancement pattern is usually ring-shaped but a mass like enhancing pattern may
sometimes be seen. The presence of concomitant basal cistern leptomeningeal
enhancement suggests meningitis with a high probability of CNS tuberculodie as t

underlying aetiology.

Fungal Abscess Rare cause of cerebral ring-enhancing lesion. It usually occurs in
immunocompromised individuals such as those prescribed immunosuppressive
therapies or having undergone organ transplantation. On MRI, the lesions are usually
T1 hypointense and T2 hyperintense with no suppression on FLAIR sequence.
Pyogenic abscesses are likely to be solitary and rarely involve the basgliaga
Characteristic feature in fungal abscess is restricted diffusion ofatiseess. In

pyogenic abscess, the cavity shows marked restricted diffddfon.

Cerebral Toxoplasmosis Parasitic infection in the brain with Toxoplasma gondii.
The lesion appears T1 hypointense and T2 hyperintense. The abscess wak df@pear

hypointense. In immunocompetent, infection is often asymptomatic. On MRI,
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cerebral toxoplasmosis usually appears as multiple small abscesses @ytvenge
junction, basal ganglia, and thalami. They are usually T1 isointense to hypsénte
with variable T2 signal. No definite restricted diffusion within the edxss cavity is

seen. Ring enhancement is often seen on contrast injection. The characterist
“eccentric target sign” is highly specific for cerebral toxoplasmosis $only present

in 30% of cases. The lesion has an inner eccentric enhancing core surrounded by a
hypointense zone and an outer peripherally enhancing rim, overall giving an éccentr

mural nodule appearance.

NeurocysticercosisCaused by CNS infection with the pork tapeworm Taenia solium.
The disease is endemic in certain parts of Asia, Africa, and Ameflib@ most
common presentation in endemic areas is seizure. Other presentatiodepeitid on

the site of involvement in the brain. Neurocysticercosis develops over four stages.

Vesicular stage: The membrane of the parasite is intact and the pasasite i

viable.

Colloidal vesicular stage: The parasite dies and the membrane becomes leaky.

Significant adjacent oedema around different parasitic lesions.

Granular nodular stage: Extent of oedema decreases.

Nodular calcified stage: Calcified with no more adjacent oedema.

MRI features of neurocysticercosis are essentially thin-walled ringrexihg
lesions. The lesions can be distributed at the subarachnoid space, brain parenchyma
especially grey-white junction, and the ventricles of the brain. At the eddges
enhancing nodules may be seen within the ring-enhancing lesions. However, the most

typical appearance of neurocysticercosis is multiple calcified nodulél o
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significant oedema in the final nodular calcified stage. Hypointensitgén on T2-
weighted sequence due to underlying calcification. Differing from dystrophic
calcification of brain, persistent ring enhancement can be noted despiticaélm

of the lesion

Glioblastoma: High-grade astrocytoma and is the most common primary brain
tumour in adults. It can be classified as primary or secondary: arising &dow-
grade astrocytoma. Most primary glioblastomas are isocitrate dehydrogeridse w
type whereas secondary glioblastoma is more likely to have isocitrate efeythse—
mutant status.

Up to 90% of glioblastomas are primary and more commonly seen in elderly
patients. The tumour arises in cerebral white matter and has a high tendesprgad
across the corpus callosum. Similar to most brain tumours, it is T1 hypoingerse
T2 hyperintense, but the irregular ring enhancement is a feature of glioblastftera
associated with a thick enhancing rim. Prognosis of the disease is ggnvergilipoor

due to its fast growth and aggressive behaviour.

Brain Metastasis More common intracranial malignancy than primary malignant
brain tumour. Common tumours that metastasise to the brain include those of lung
cancer, malignant melanoma, renal cell carcinoma, breast cancer, amectal

carcinoma.13 Brain metastasis can be solitary or multiple.

Most metastatic lesions are T1 hypointense and T2 hyperintense except for
malignant melanoma, in which the intrinsic melanin pigment will causelaatéon in
T1 relaxation time with a consequent T1 hyperintense appearance. When b tum

is complicated with haemorrhage, T1 hyperintensity of the lesion will bednote
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Enhancement can be uniform or ring-shaped and the wall of ring-enhancing

lesions is often thick and irregular.

Differentiation between metastases and primary glioblastoma mayffimeidi
because the latter may also present with multiple enhancing foci. Fortasdasthey
tend to involve the grey-white junction and rarely spread along the corpus callosum
unlike those of glioblastoma.

Moreover, if multiple enhancing tumours are not connected by a single patch
of T2/FLAIR abnormality, they are more likely due to metastases. If thmesa
characteristic is seen in glioblastoma, it is termed multicengtioblastoma and
considered a rare entity since it means there are multiple synchronous sjiorbéa

within the brain.

MR spectroscopymay be useful talistinguish the two disease®y investigation of

the region of T2 hyperintensity around the ring of enhancement. In metastases, t
region of adjacent T2 hyperintensity often represents vasogenic oedema andithere
not be any increased choline-to-creatinine ratio. In glioblastoma, the T2
hyperintensity might represent non-enhancing tumour infiltration and will be

evidenced by increased choline-to-creatinine ratio at those region

Primary Central Nervous System Lymphoma No systemic lymphomatous
involvement when the disease is diagnosed. Otherwise, it is just classiied a

secondary intracranial involvement of lymphoma.

The presentation again depends on the location and size of the lesions. One
special characteristic of primary CNS lymphoma is a predilection for sempiarial
white matter. Similar to glioblastoma, it has a tendency to spread saathhescorpus

callosum.

Page 10



Review of literature

On CT, it appears as a homogenous hyperdense lesion with diffuse contrast
enhancement. On MRI, primary CNS lymphoma is typically T1 hypointense &@nd T

hypointense/isointense with restricted diffusion.

The T2 hypointensity of primary CNS lymphoma makes it a special
characteristic as most intracranial masses are T2 hyperintensemunocompetent
patients, primary CNS lymphoma usually demonstrates homogenous enhancement
with diffuse restricted diffusion. In immunocompromised patients, the enhagmie
pattern is more heterogeneous and the lesion will more likely demonstrate ring
enhancement. Central necrosis of tumour tends to occur in immunocompromised
patients, so focal T2 hyperintensity may be evident within the lesions. Aacterstic
of MR spectroscopy in primary CNS lymphoma is markedly elevated cholineto-

creatinine ratio.

POST-RADIATION CAUSE : Pseudo-progression and Cerebral Radiation Necrosis
Brain tumours such as glioblastoma and brain metastases often requia¢ioradi
therapy. This often imposes diagnostic challenges as post-radiation changes to the
tumour may simulate the appearance of residual or recurrent tumour. Pseudo-

progression and cerebral radiation necrosis are both sequelae of radiation

Occurs in the first 3 months following completion of brain radiation but can
occur up to 6 months post-treatment. It appears as an enlarging irregular ring-
enhancing lesion mimicking disease progression whereas it actually refsrese
change related to underlying cell death. The border of the lesion with pseudo

progression might have a “Swiss cheese” or “soap bubble” appearance.
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A few advanced MR sequences may contribute to diagnosis of pseudo
progression. On MR perfusion scan, pseudo progression will show reduced cerebral
blood volume whereas tumour usually has increased cerebral blood volume. MR
spectroscopy of pseudo progression often shows reduced metabolites and increased
lactate peak. Stability or shrinkage of the lesion through interval follow-umiinga

can also confirm that the lesion is related to post-radiation changes.

Cerebral radiation necrosis refers to a more long-term effect of radiat
therapy, usually beyond 6 months to years after treatment. The masst @ffée
lesion will be lost, unlike pseudo progression. On the other hand, the enhancing
features, and findings on MR spectroscopy and MR perfusion are similar to dfiose

pseudo progression.

EMYELINATING CAUSE : Multiple Sclerosis One of the most common
demyelinating diseases is multiple sclerosis. The disease has sewesahtation
patterns. Involvement can be at the cerebrum, cerebellum, brain stenal cranies
especially optic nerves, and spinal cord.

In general, multiple sclerosis is predominantly seen in women, with algem
to-male ratio up to 2:1.21 MRI is the important imaging modality in the radiokigic
diagnosis of multiple sclerosis. Diseased regions typically show foci of T1
hypointensity and T2/FLAIR hyperintensity, with a predilection for thdasaseptal
interface. They can slowly progress with longitudinal extension perpendicukiet

lateral ventricles, giving the typical “Dawson’s fingers” appearance.

Post-contrast and DWI sequences are useful to detect active lesions/plaque.
Sometimes these active lesions may be quite large and mimic a mass lesive. A

demyelinating lesions can be distinguished from other malignant causes by tied spe
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ring-enhancing pattern seen in the demyelinating disease known as “open ring
enhancement”,22 which means there is incomplete ring enhancement. The enhancing
edge represents an active demyelinating process in those regions. This sagjmer

specific for demyelination as the underlying cause.

VASCULAR CAUSE: Haematoma Hypertensive intracranial haemorrhage is the
most common cause of intracranial haemorrhage. It typically affects g ganglia,
thalami, cerebellum, and pons. When the haematoma enters a subacute phase or earl
chronic phase, thin peripheral enhancement around the haematoma is often evident
and may mimic tumour mass lesion. Imaging characteristics of subacute toagmna

include T1 and T2 hyperintensity of the lesion.

Also, the peripheral ring enhancement should be thin. Perilesional vasogenic
oedema is usually not very significant. A haemosiderin rim that is compleiéan
seen on T2- weighted image and blooming artefact is noted on DWI sequence.
Interval follow-up scan can exclude malignant lesions that will progresizen § MR
perfusion is available, the cerebral blood flow will decrease in case of stédac

haematoméa?14-16

Magnetic resonance spectroscopy

In vivo magnetic resonance spectroscopy (MRS) of the human brain has
developed rapidly since its first observation in the 1980s.
 Early studies in both humans and animals focused or*fdenucleus which
allowed the measurement of energy metabolites such as phosphocreatine and
ATP, as well as inorganic phosphate and phosphoesters.
» With the development of improved techniques for spatial localization and water

suppression, proton MRS became more prevalent in the 1990s because of its
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higher sensitivity and greater convenience as it can be performed without
hardware modification on most MRI machines, unlike MRS of other nuclei.

17,18

BASIC PRINCIPLE OF MRS

The identification of different chemicals in a tissue is based on the lfeatt t
protons in different molecules with different atomic numbers process at @liffer

frequencies.

This difference in frequencies are derived from the populace of electron cloud
surrounding the protons. As electrons are charged particles, they show magnetic spin
properties and when exposed to external magnetic field (BO) generatesalh sm

magnetic field (B*).1°

As a result, magnetic environment surrounding the nucleus and hence protons
are modified minimally expressed in parts per million of the externagmetc

field (BO).

Consequently, the resonance frequency of the nucleus, which is directly
proportional to the magnetic field it experiences, shifts. This phenomenon is kreown a

chemical shift and forms the basis of MR spectrosctpgy.

COMPOUNDS DETECTED BY MRS

1. N acetyl aspartate (NAA): NAA is the largest signal in the normal adult brain
spectrum. NAA is one of the most abundant amino acids in the central nervous
system. It has been speculated to be a source of acetyl groups for lipid sgnthes
a regulator of protein synthesis, a storage form of acetyl-CoA or aspaatate,

breakdown product of NAAG or an osmolyte. NAA does appear to be a
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good surrogate marker of neuronal health but it might sometimes change
independent of neuron cell density or function. Central neurocytoma, an
uncommon neuronal tumor, have been reported to exhibit detectable NAA peak,

although with decreased NAA/C¥:2t

. Choline (Cho): The “choline” signal (“Cho,” 3.20 ppm) is a composite peak
consisting of contributions from the trimethylamine groups of
glycerophosphocholine (GPC), phosphocholine (PC) and a small amount of
free choline itself. In pathological demyelination, we can observe elevated
choline or even due to inflammatory conditions of the brain. Low brain Cho
has been observed in hepatic encephalopathy and there is also some evidence to

suggest that dietary intake of choline can modulate cerebral Cho févéls.

. Lactate: The lactate resonance is usually not detectable in the brain under
normal conditions. However, lactate is often detected by MRS in pathological
conditions such as acute hypoxic or ischemic injury or in brain tumours or

mitochondrial diseases. Also, it produces doublet p&ak.

. Alanine: Alanine peak is produced by transamination of pyruvate in hypoxic
tissues showing increased glycolysis to prevent further increase indacta
Amongst the brain tumors, meningiomas show a distinct alanine peak with
variable sensitivity. Alanine in meningiomas has been postulated to be al parti
oxidation of glutamine. Alanine peak is also elevated in central neurocytoma

and PNET#4

. Acetate and succinate:Raised acetate and succinate levels reflect anaerobic
fermentation of pyruvate generated from glycolysis where it undergoes

carboxylation to form acetate and succinate. Although these peaks might be
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slightly raised in brain tumors, clinically the presence of markedlgemi
acetate and succinate peaks in the MR spectra is useful for identifying brain

abscesses that mimic brain tumors on conventional MR.

. Myo-inositol: Glial cells in vitro have been shown to contain higher levels of
ml than neurons, reduced in hepatic encephalopathy, increased in Alzheimer’s

dementia and other demyelinating disordé¢s.

. Creatine: In the clinical MR spectroscopy Cr peak is utilized as internal
reference standard for characterizing other peaks as its level is high and
relatively comparable in different tissue types of brain. Glial tumours shiow

40% reduction in Cr levels. Even meningotheliomatous meningiomas which
shows approximately 20% reduction in total creatine. Total creatine content is
significantly low in non-neuroectodermal tumors such as brain metastases

compared to neuroectodermal tumgdgg2-2’

. Glutamate: Most abundant and dominant neuro-transmitter. Elevated in MS

plaques?

. Membrane lipids: Rise of lipids detected in various cellular processes such as
necrosis, growth arrest, inflammation, malignancy and apoptosis. Membrane
lipids are usually not recognized on standard MRS unless imaged at very short

echo time?8

10.Taurine: Taurine shows two triplet peaks. It is an inhibitory neurotransmitter

that activates GABA-A receptors or strychnine-sensitive glycine recgept
Increased taurine is seen in PNET, medulloblastoma, pituitary micnoaak

and metastatic renal cell carcinoma. High levels in medulloblastomaspoint
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towards morphogenetic  similari

ties between medulloblastoma

and

retinoblastomas as retina contains one of the highest levels of taurine owing to

the presence of its high affinity trans

port syst&t.2°

11.Other uncommon components:All the common and uncommon components

found on MRS are tabulated belgW.

Table 1: Compounds detected by MRS in the human brai?’

Compounds normally present

Compounds which may be detected
under pathological or other abnormal
conditions

Largesignalsat long TE

Long TE

N-Acetylaspartate (NAA)

Lactate (Lac)

Creatine (Cr) and phosphocreatine (PCr

B-Hydroxy-butyrate, acetone

Cholines (Cho):

Succinate, pyruvate

Glycerophosphocholine (GPC) Alanine
Phosphocholine (PC), free choline (Cho) Glycine
Largesignalsat short TE Short TE
Glutamate (Glu) Lipids

Glutamine (GIn)

Macromolecules

myaoInositol (ml)

Phenylalanine

Galactitol

Small signals (short or long TE)

Exogenous compounds (short or long

N-Acetylaspartylglutamate (NAAG), asparta

ite Propan-1,2-diol Mannitol

Taurine, betainescyllanositol, ethanolaming

Ethanol Methyl sulfonyl methane
(MSM)

Threonine
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Glucose, glycogen

Purine nucleotides

Histidine

Small signalsthat can be detected with the
use of spectral editing techniques

y-Amino-butyric acid (GABA)

Homocarnosine

Glutathione

Threonine

Vitamin C (ascorbic acid)
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Few evidences of spectra of various brain tumours

Figure 1: The above image illustrates théMRS spectra acquired at intermediate TE
(135ms) shows elevated choline at 3.2 and a decreased NAA peak at 2.02, presence of

an inverted lactate peak at 1.3 indicates anaerobic metabolism.

Presence of elevated myo-inositol (ml) at 3.56 is observed here. Such aspectr
correlates well with the possibility mentioned above as less aggressiabdatistm on
MRS corresponds to a moderate to low grade (WHO) tumour with elevation of mi

correlating to possibility of an oligodendroglia tumor.
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Figure 2: The above image illustrates théMRS spectra acquired at intermediate TE
(135ms) shows a spectra with an elevated choline at 3.2 and a decreased NA# peak
2.02. A prominent lipid peak at 1.3 in the presence of choline in a tumor indicates a

possibility of lymphoma?°
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Figure 3: The above image illustrates théMRS spectra acquired at intermediate TE
(135ms) in a follow up case of glioblastoma multiformis showing a prominent lipid
peak at 1.3 ppm. No other significant peak is seen. Such a spectra in a poptrthera
scenario remains quite specific and help in differentiating an areal@tian necrosis

from tumor recurrencé&

LIMITATIONS OF MRS

MR spectroscopy is a technique with elegant physical principles and clinical
extrapolations yet it suffers with certain inherent limitations. Phygjiglal and non-
physiological motion in human body causes an increased line width, overall frequency

shifts, reduced peak areas, and decreased quality of water suppressianinTtugs
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lead to signal degradation and diminution and a resulting noisy spectrum which

remains inappropriate for clinical interpretation.

Parallel imaging techniques with motion correction/compensation would go a

long way to overcome the problem.

Field in-homogeneities due to intrinsic means the patient related faators a
extrinsic, hardware related factors are reflected in the spectavertapping peaks.

This causes poor peak identification and quantification.

The issue can be addressed by better active and passive shimming and by
improving the overall field strength of the basic magnet. Truncation artifarctsnc

wiggles remain a major problem both in routine sequences as well as MRS.

This causes baseline undulations to increase to an extent of masking the peak.

Better receiver systems in RF antennae however can improve upon thisibmitat

Micro-metabolites and metabolites with very short signal decay time are
difficult to pick up on clinically available scanners and mandate very highd fi

strength magnets and gradient systems for deteétieh.

ARTERIAL SPIN LABELING MRI 33

The goal of ASL MRI perfusion is to produce a “flow labeled image or tag
image” and a “control image” in which the static tissue signals are iciEnbut the

magnetization of the inflowing blood is differerié:3

« In this technique, arterial blood water is magnetically tagged before itstite

tissue of interest. This is performed with a radiofrequency (RF) pulse that
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inverts or saturates the water protons in flowing blood supplying the imaged
region®

By adding a delay between labeling and image acquisition, called inversion
delay (TI) in pulsed ASL (PASL) or post-labeling delay (PLD) in continuous
ASL (CASL), labeled blood is allowed to reach the capillaries whegvies

rise to perfusion signaf

The magnetic tracer decays with the longitudinal relaxation rate T1 laed t
relaxation time for water in blood or tissues is about 1- 2 s, thus only small
amounts of arterial spin-labeled water accumulate in the brain.

ASL signal-to-noise ratio (SNR) is inherently low, because the signal fiem t
labeled inflowing blood is only 0.5%-1.5% of the full tissue sig#allhis
signal depends on many parameters, such as flow, T1 of blood and tissue, as
well as the time it takes blood to travel from the site of labeling to imaging
region3’

Subtraction of labeled images from control images eliminates statsudi
signal and the remaining signal is a relative measure of perfusion proportional
to cerebral blood flow (CBF). Multiple labeled-control image pairs are aedui
and averaged for the generation of CBF m#ps.

The temporal resolution is also inherently poor. The low SNR combined with
the poor temporal resolution results in a low contrast-to-noise ratio (CNR). A
repetition time (TR) of 2 s or more is typically used in ASL experiments
Therefore, one tag and control image pair are acquired every 4 s. A typical

acquisition lasts between 5 and 10 mih.
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Different approach;

Another approach for increasing SNR in ASL is the use of a phase array
receiver coil, which can be optimized for parallel imaging to shorten thage
acquisition time. Although there is usually reduction in SNR with paraielging, in
ASL perfusion much of this SNR cost can be regained through shortened TE along

with reduced distortion from susceptibility artifacéts.

High magnetic field strength is also beneficial for ASL, not only does image

SNR increase but T1 also lengthens, allowing more spin label to accurdtifate.

Since ASL is asubtraction technique it is highly sensitive to subject
movement. Filters have been developed to detect and discard bad subtractson pair
related to large movements or transient hardware gradient malfunctionsvelQuiee
best way to ensure a proper subtraction of labeled from control scans is to tise fas

imaging techniques, such as spiral or EPI.

TECHNIQUES FOR ASL

1. CASL: CASL uses long and continuous RF pulses (2-4 s) in combination with
a slice-selective gradient to induce a flow-driven adiabatic inversion of the
arterial magnetization in a narrow plane of spins, usually just below the

imaging plane. Major drawback is it takes longer tifftét

2. PASL: Instead of labeling blood as it flows through a plane, as used in CASL,
PASL uses short RF pulses (5 to 20 ms to saturate or invert a thick slab (10-15
cm) of blood volume, known as a tagging region, proximal to the imaging

region33:42:43
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3. PCASL: PCASL has been introduced as an intermediate means to take
advantage of CASL’s high SNR and PASL’s higher tagging efficiency. First
developed by Garcia and colleagues. Here, train of discrete RF pulses togethe
with a gradient wave applied between two consecutive RF pulses to mimic

CASL'’s flow-driven adiabatic inversion method for spin label#ig*

4. VSASL: In VS-ASL, arterial spins are labeled everywhere (including in the
volume of interest) based purely on flow velocity, therefore eliminating the
effect of the transit delay time necessary for the labeled blood to ressdian

of interest33:36

OTHER EMERGING TECHNIQUES 3
* Territorial ASL
* ASL at multiple Tis

* Perfusion based functional MRI
CLINICAL APPLICATION OF ASL

1. To identify and differentiate the physiological region hyper-perfuson:
Regional increased signal intensity may occur in both occipital lobes
corresponding to visual cortex activation. A hyper frontal pattern of regional
CBF distribution has also been described with various perfusion methods. It is
believed to be a normal finding in young and middle-aged patients and may

decrease with normal aging.
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Figure 4: Physiological hyper-perfusion in bilateral occipital cortex®

1. Age dependent variability of cerebral perfusion: ASL can demonstrate age
dependent cerebral perfusion if a quantitative measurement is used. In
paediatric patients undergoing ASL, a consistent pattern of increased SNR, as
well as globally elevated absolute CBF, has been observed compared with
adults. This is possibly because there is a pediatric higher baseline CB¥, fas

mean transit time, and increased T1 values in blood and tissue.

Pediatric CBF measurements begin at a low level in the perinatal period,
increase to a peak at 3-8 years of age and then gradually decrease to adult
levels. After approximately age 30 years, there is a gradual declineey matter
perfusion. Age-dependent decreases in perfusion signal intensity are well doedment

and must be accounted for when interpreting ASL perfusion in older paffefits.
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\/ n r Jn“\ "49
d, |

Figure 5: Statistical parametric map of significant cerebral blood flow

differences between Alzheimer’s and control patient$®

In the above image, Z axial coordinates in the Talairach space are from 20 to
67 mm, in increments of 3 mm. An AlphaSim correction was applied to thefbles

significance level P<0.05). Red = hypoperfusion, and blue = hyperperfusion, in AD.

1. White matter signal analysis: Gelderen et al and Osch et al had evidenced
that the ASL is sensitive enough to detect WM perfusion signal and perfusion
deficits. Till then ot was believed that ASL is not the better diagnostic ofaghoi

to find out the perfusion in WM?:50
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2. To determine the cerebrovascular diseaseDecreased cerebral perfusion is
the common underlying cause of all ischemic strokes and is a predictor of
recurrent stroke. The perfusion-diffusion mismatch concept is widely used in
MR imaging for ischemic acute stroke. By definition, the ischemic penumbra is
an area of reduced perfusion without restricted diffusion. Also, will be helpful
in determining the various cerebrovascular diseases based on the delayed

arterial transit effect&!

Figure 6: ASL illustrating cerebral blood flow from a patient by Zaharchu k G et al®?
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The MRI mentioned in the image is of 25-year-old woman 6 hrs following
aortic coarctation repair and inability to speak or move her right side. MRogreyn
(not shown) demonstrated no flow-related enhancement in the left middle derebra
artery (MCA). Diffusion-weighted images (DWI) confirm acute ischerstroke in
the left MCA territory. ASL CBF images show hypoperfusion in the regions Wwigjh
DWI signal, with arterial transit artifact (ATA) in the periphery.oBis contrast
normalized time-to-maximum (Tmax) maps show a severe abnormality ireghens
corresponding to the DWI lesion, with a milder abnormality in the region of ATA on
ASL. The patient received no treatment due to her recent surgery. Coredistees
from a follow-up noncontrast CT examination 3 days later reveals that thesenava
increase in the size of the lesion into the region with ATA on ASL. This is isbest
with prior reports suggesting that ATA may reflect the beneficial eff@ttcollateral

flow and that such tissue has a good prognosis.

1. Vascular malformations: Arteriovenous malformations (AVMs) are vascular
malformations with arteriovenous shunting. AVM nidus and draining veins
may appear as high signal intensity on ASL perfusion maps representing AV
shunting or rapid transit. The presence of hemorrhage or embolic material may
produce dark signal due to susceptibility artifacts. Small AVMs may be
difficult to detect with any other technique, particularly in an acuteirggtt

when hemorrhage is present.

ASL can provide evidence of AV shunting, which may be the clue for detecting
subtle lesions. Perfusion abnormalities in regions adjacent to AVMs teflemus
states of hyperemia and/or steal phenomenon. Developmental venous anomalies

(DVASs) are frequently identified in contrast brain MRI. DVAs and theirrsunding
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parenchyma may show increased CBF, CBV, MTT and TTP on DSC MRI perfusion
studies.
Increased perfusion in the brain parenchyma adjacent to the DVAs aldmecan

demonstrated on the ASL perfusion map'

7 dEE

Figure 7: Soft tissue vascular anomaly found in 13-month-old chileP

lllustrative cases of blood flow differences in major subtypes of STVA. Blood
flow measured with ASL helps distinguish vascular anomalle<C, T2, T1, and ASL
sequence blood flow maps. 1) Right intra- and periorbital haemangioma in a 6-month-
old boy. ASL flow map demonstrates major lesional hyperperfusion (blood flow =

477 mL/100 g/min). 2) Intraorbital venous malformation of a 14-month-old boy with
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low blood flow (67 mL/min/100 g). 3) Intraosseous cystic lymphangioma of a 13-

month-old girl with a low blood flow (45 mL/min/100 g).

1. Dementia and other cognitive disorders:In cognitive disorders, imaging
modalities are becoming increasingly important for differential diagnoers, f
monitoring disease progression, and as surrogate markers in treatment trials
Besides PET and SPECT, several MRI techniques, including anatomic or
volumetric imaging, BOLD fMRI, MR perfusion and diffusion tensor imaging,

are currently being used for these purpo$es.

ASL FDG ASL FDG

Figure 8: Representative images from two patients with ADcomparison of ASL

MRI and FDG PET. White arrows highlight areas of concordant hypoperfusion on

ASL MRI and hypometabolisrf
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1. Epilepsy: Epileptic foci have been studied extensively using nuclear medicine
techniques. These methods require an ictal and a subsequent interictal injection

of radiotracer.

Assessment of tissue metabolism is standard practice in epilepsy greasur
work-up with the assumption that the epileptogenic focus is abnormal tissue that has a
decreased metabolic rate and blood flow between seizures and increasdodmm
and blood flow during seizure activity. The hypoperfusion interictal pattern is
probably related to neuronal loss but the mechanism of ictal hyper perfusion is not
completely understood. It may be related to transient loss of autoregulatoryofunct
in the surrounding vasculature or to the release of excitatory neurostimulai@nsas

of increased neuronal activigy:5°
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Figure 9: Magnetic resonance imaging of 11-year-old male child obtained 13 h after
seizure onset showing no abnormality on axial T2 (a), fluid inversion reco\®ry (
postcontrast — T1 (c) while revealing hypoperfusion in left frontoparietal lobe
dynamic susceptibility contrast — cerebral blood volume ([d] black astedskamic
susceptibility contrast — cerebral blood flow ([e] white asterisk) aneériait spin

labeling ([f] red asterisky

1. CNS infections: Recent scholar articles suggest that most of the CNS
infections demonstrate ASL hypoperfusion, but they also found some
infections presented with hyperperfusion, such as herpes encephalitis. One

diagnostic dilemma in immunocompromised patients is differentiating
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toxoplasmosis from lymphoma. In the same study, the authors found that ASL

hypoperfusion was seen in toxoplasmosis while hyperperfusion was seen in

lymphoma.

Cerebral abscesses show decreased perfusion in the lesion itselfl &s wel
the surrounding edema, however the enhancing rim can demonstrate increased

perfusion signal intensity. Cortical hyperperfusion was also reportedpidural

abscesses.

This might be secondary to compression of the cortical venous outflow or

malfunction of the local cerebral regulatory mechanisms secondary to o€t
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Figure 10: A case of abscess in the left frontoparietal lobe. T2WI (A) shows internal
high signal intensity with peripheral dark signal intensity (black ajtaMDC map (B)
shows low signal intensity of the abscess content, representing restricidd f
diffusion (black arrow). Smooth rim enhancement is noted on post gadolinium T1WI
(C) (white arrow). An arterial spin labeling cerebral blood flow map @ows

hypoperfusion with minimal hyperperfused rim (white arréi).
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. Neoplasms: MR perfusion studies in the setting of CNS neoplasms are
commonly performed with a DSC technique, focusing on relative cerebral
blood volume (rCBV) which has been shown to correlate with tumor grade and
histologic findings of increased vascularity. Perfusion imaging can be ased
such to assess tumor grade, heterogeneity, and to target stereotactycsitieps

at the most malignant portion. Perfusion evaluation in treated tumors also
provides a non-invasive indicator of malignant progression or treatment
response.

Several studies demonstrated that DSC and ASL perfusion are comparable for
distinction between low grade (WHO grades | and Il) and high grade (WHO
grades lll and V) glioma.

A good correlation between ASL and DSC imaging for determination of
relative tumor blood flow (rTBF) has also been observed.

In comparison to DSC, ASL provides quantitative CBF values that are
unrelated to disruptions of the blood-brain barrier, while DSC provides
information about tumor blood volume and vessel permeability.

To evaluate tumor response after treatment.

In qualitative clinical interpretations, high grade primary brain tumorsalkg
demonstrate high perfusion on ASL maps while low grade tumors usually show
hypoperfusion.

As described earlier, hypoperfusion in tumors on ASL maps must also be
correlated with hemorrhage, cysts and/or calcifications, which may show
artificially low signal intensity.

Hyper perfusion is also observed in meningiomas, oligodendrogliomas,

hemangioblastomas and glomus tumors.
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* Metastases can demonstrate either hypo- or hyper perfusion patterns on ASL
maps3?

Fu M et al had conducted a Meta-analysis in which they had found 346 lesions
from 346 patients, 274 were high-grade gliomas (HGG) and 72 were brain solitary
metastases (BSM). The forest pooled sensitivity of 0.88 and specificity of @f.85
ASL were reported in this meta-analysis. Sensitivity analysis denaiasdtithat the
pooled estimates were reliable. No evident publication bias was obtainede Hbag
concluded that parameters derived from ASL with high accuracy in diffieterg
HGG from BSM. However, results must be interpreted with caution due to tladl sm
sample size considered. Large sample prospective studies were necessssgs®

and confirm its clinical valu&®

Similar study by Delgado AF et al also reported that Arterial spin-laigeli
derived CBF measures showed high diagnostic accuracy for discriminatingatwv-
high-grade tumors in pediatric patients with brain tumors. The relative CBwead
less variation among studies than the absolute CBF. One of their major observations
was The mean difference in aCBF showed significantly higher CBF in hrgdeg
tumors compared with low grade tumors. The mean difference for aCBF was 29.62

mL/min/100 g®!

Another clinical study by Alsaedi A et al had discussed in their reviw of
articles that the absolute tumour blood flow (TBF) values can differentiate drigde
gliomas (HGGs) from low-grade gliomas (LGGs) and grade Il from grade \otuns
However, it lacked the capacity to differentiate grade Il from gradéuithours and
grade lll from grade IV tumours. In contrast, the relative TBF (rTBF)ffecive in

differentiating HGG from LGG and in glioma grading. The maximum rTBF
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(rTBFmax) demonstrated the best results in glioma grading. These resrksalso
reflected in the sensitivity/specificity analysis in which the ArBax showed the
highest discrimination performance in glioma grading. The estimatedtesiee for

the rTBF was approximately similar between high grade gliomas and fadeg
gliomas. Also, grade Il and grade Ill tumours as they found negative observed.values
While it exhibited smaller effect size between grade 1ll and gradeS&hsitivity and
specificity analysis replicate these results as well. This methsinasuggests that
ASL is useful for glioma grading, especially when considering the rTBFmax

parametef?

Patil YP et al aimed to analyze and identify various characteristiogds of
multiple ring-enhancing lesions in the brain on conventional MRI and proton MR
spectroscopy which leads to an early diagnosis, treatment, responseresgessd
minimize the complications in such patients. They had conducted a descriptie st
consisting of 50 patients that were suspected clinically with ring-enhancing
lesions were referred to the department of Radio-diagnosis and underwent
scanning in 1.5 Tesla MRI over a period of 2 years. They observed that out of
50 patients, 19 were diagnosed as neurocysticercosis, 16 as Tuberculomas, 7 as
Intracranial Abscess, 4 as metastasis, 3 as primary brain neoplasmds,l as
tumefactive Demyelination. Neurocysticercosis was found to be the most aoram
the pathology diagnosed with Seizures being the most common complaint in patients.
Hence, they concluded that the use of MRI along with MR spectroscopy is of vital
importance and primary research tool in neuro diagnosis. The most common ring
enhancing lesions experienced in developing countries like India is NCC and

tuberculomas. Accurate diagnosis and characteristics of these lesions aamdneed
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by MR spectroscopy on a routineMRI scan by analyzing the quantity and ratio of

tissue metabolites

Seth R et al had reported a case of 4-year-old girl with ring enhancinonkesi
in brain CT, initially diagnosed as neurocysticercosis but did not respond ticidgs
therapy. A Magnetic resonance spectropscopy (MRS) revealed lipid peaks suggest
of tuberculoma which was successfully treated with antituberculosispheréhis

report highlights the role of MRS in the diagnosis of ring enhancing lestbns.

Similar evidence by Soni N et al had assessed the diagnostic performance of
arterial spin-labeling (ASL) magnetic resonance perfusion imaging terdiftiate
neoplastic from non-neoplastic brain lesions. Thirty patients were in the n&oplas
group, of which 15 had high-grade gliomas (HGGs), 15 metastases and 30 in the non-
neoplastic group had found with 12 tuberculomas, 10 neurocysticercosis, four
abscesses, two fungal granulomas and two tumefactive demyelination bafgadlon

histopathology and clinco-radiological diagnosis.

They found significantly higher nCBFL and nCBFPE values in the neoplastic
group than non-neoplastic. For predicting neoplastic lesions, we found an nCBFL
cutoff value of 1.89 and nCBFPE value of 0.76. Mean nCBFL was higher in HGGs
was 8.7t 4.16 compared to tuberculomas 1908.87 and nCBFPE was higher in
HGGs, which was 3.061.53 compared to metastases which was found to be
0.86+0.34 and tuberculomas with 0.£3.22, which had significant difference of
p<0.001. They stated that ASL perfusion may help in distinguishing neoplastic from

non-neoplastic brain lesiof3.
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Another study which had evaluated the ability of cerebral blood flow (CBF)-
guided voxel-by-voxel analysis of multivoxel proton MR spectroscopic imadiHg (
MRSI) to differentiate low-grade from high-grade gliomas was conducted by @haw
S et al. In their study, A total of 35 patients with primary gliomas (22 higidg and
13 low grade) underwent continuous arterial spin-labeling perfusion-weighted

imaging (PWI) andH-MRSI.

Different regions of the gliomas were categorized as “hypoperfused,”
“isoperfused,” and “hyperperfused” on the basis of the average CBF obtained from
contralateral healthy white mattetH-MRSI indices were computed from these
regions and compared between low- and high-grade gliomas. Using a similar
approach, they had applied a subgroup analysis to differentiate low- from high-gra
oligodendrogliomas because they show different physiologic and genetic
characteristics. They found théi-MRSI indices from the “hyperperfused” regions of
gliomas, on the basis of PWI, may be helpful in distinguishing high-grade from low-

grade gliomas including oligodendroglionfas.

Noguchi T et al had investigated the characteristics of arterial spitisigbe
magnetic resonance imaging (ASL-MRI) in central nervous system (CiN&gtion.
Among the 17 patients with non-purulent parenchymal involvement, ASL-MRI
revealed high perfusion in 8 patients (47%) and low perfusion 1 patient (6%).
Especially, four of five patients (80%) with definite or suspected herpes siwius

(HSV) infection showed high perfusion on ASL-MRI.

Seventeen of 22 patients (77%) with meningeal involvement showed high
perfusion along the cerebral sulci irrespective of the pathogens. Meanwhile, 4 of 16

lesions (25%) with abscess formation showed low perfusion and one of six patients
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(17%) with ventricular involvement had high perfusion. Hence, they concluded that
The characteristics of ASL-MRI in CNS infections were clearly dediee. ASL-MRI

could be helpful for monitoring the brain function in CNS infections noninvasi®ely.
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MATERIALSAND METHODOLOGY

The present study was conducted by including the patients showing ring
enhanced lesions on MRI Scan presenting to the department of Radio-diagnosis at

KLE’ Dr. Prabhakar Kore Hospital and MRC, Belagauvi.

Study design: Cross-sectional, observational study.

Study period: One year, $Jan 2021 to 30December 2021

Study setting: KLE’ Dr Prabhakar kore Hospital and MRC, Belagauvi.

Sample size: By applying the formula for sample size calculation,
N = z,°P(1-p)/d, where z is the constant, p is the prevalence from previous study we
obtained and d is the percentage likely difference in the prevalence. For 5%

significance level, zis 1.96, the minimum sample size is 33.

Inclusion criteria:
1. Patients aged between 18 to 90 years
2. Patients of both genders detected with single or multiple ring enhanciogsesi
of MRI Brain Scan, who are referred to Radiodiagnosis for ASL perfusion and
MR Spectroscopy.

3. Patients willing to participate in the study by giving written informedgent.

Exclusion criteria:
1. Contra indications for MRI such as metallic rods/screws/foreign
bodies/vascular clips/cardiac pacemakers and infusion pumps.

2. Patients not willing to participate in the study
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DETAILED METHODOL OGY

After obtaining the institutional ethics committee clearance, 35 patieitts w
the above-mentioned inclusion criteria were included the study. The protocol, its
advantages and disadvantages were explained. Written informed consent was taken.
The demographic details such as age, gender, presenting complaints and the past
history were noted by conducting face-to-face interview. Then all the study

population were subjected for MR spectroscopy and ASL

Procedure:

» Had been told that no need of prior fasting for MRI

* On the day of MRI, the patients were instructed to change into the appropriate
gown and to not have any metallic items with them

« Also, the list of most common metallic items was given as an exampleat@m
them understand.

* We had also explained about the humming/ buzzing sound that could to heard
by them during the procedure.

« |If the scan detected any ring enhancing lesions, the patients were subjected t
Arterial spin labeling to first detect if the lesion was malignant or genthen
the patients were subjected for MR spectroscopy to rule out other lesions due to

infectious cause.

ASL perfusion: MRI images were obtained using routine image protocols including
axial T2, T1/T2 fluid attenuated inversion recovery (FLAIR), diffusion giged

imaging (DWI) and post contrast T1.
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Whole brain three-dimensional pseudo continuous ASL was done.

In ASL sequencing, tagging pulses were applied to a slab of tissue proximally
from the imaging volume that inverts the magnetization of water molecules indbe s
Post label delay/ inversion time-waiting for labelled blood to reach the blood

parenchyma.
Imaging parenchyma was in labelled and unlabelled state.

Subtraction of labelled and control image, was eliminated static tissgeal

proportional to local CBF. Cerebral blood flow was calculated using the formula.

Preparation Module (inversion) — Continuous RF (CASL), pulsed RF (PASL),

Hybrid (pCASL).
POST PROCESSING AND DATA ANALYSIS:
After obtaining the ASL sequencing, mosaic and splitting of sequencing was done.

Colour mapping was done and ROI was placed on the areas of interest and on the

contralateral normal grey and white matter.

Cerebral blood flow was calculated by one circular areas of interest over the
lesion showing highest perfusion signal seen on the CBF maps from the non-
enhancing areas within 1cm from the lesion (edema): excluding the necrotic,

haemorrhagic and cystic areas.
One value was taken.

Normalised CBF ratios were calculated by dividing the average CBF from

lesion and PE to average CWM CBF.
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MR spectroscopy: Steps followed were;

T2/ FLAIR to identify the area of interest, position single or multiple voxel,

shim areas of interest and water suppression.

Interpretation of MR spectrum was taken from variations in the chemiaal rat
and concentrations, which alter the peak area for the endogenous metabolites,

appearance of pathological metabolites and exogenous compounds.

EQUIPMENT

TESLAMRI machine Skyra Magnetom Spectra manufactured by Siemens.

Standard scan protocol was followed for all the patients undergoing MRI.
Once the MRI was done, films were analysed, findings were noted. If the ring

enhancing lesions were observed then ASL and MR spectroscopy were done.

MRI SEQUENCING OBTAINED

Pre-contrast:

T1W - Axial, sagittal T2W — Axial, Sagittal, coronal
FLAIR — Axial DWI, ADC

Post-contrast:

T1 - Axial, Sagittal, Coronal ASL

MR spectroscopy
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RESULTS

All the obtained observations were analysed and represented as tables phsl gra

below.

Table 1: Pattern of Distribution of age

Age Number of patients In %
20-29 5 14.3%
30-39 4 11.4%
40-49 5 14.3%
50-59 7 20.0%
60-69 11 31.4%
70-79 2 5.7%

>79 1 2.9%

Average 63.8+9.4

Total 35

The incidence of patients aged between 60 to 69 years were higher with thenoeide

of 11 (31.4%) followed by 7 (20%) aged between 50 to 59 years. Five (14.3%) each

were aged between 20 to 29 years and 40 to 49 years. 4 (11.4%), 2 (5.7%) and 1

(2.9%) were aged between 30 to 39 years, 70 to 79 years and >79 years vebpecti

The average age of our study population was 63.8+9.4 years.
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Graph 1: Distribution of age of the study population
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Table 2: Pattern of Distribution of gender:

Gender Number
Male 18 (51%)
Female 17 (49%)
Total 35

We found 18 male and 17 female patients in our study.

B Male

B Female

Graph 2: Distribution of the gender
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Table 3: Pattern of distribution of symptoms

Symptoms N In %
Headache 21 60.0%
Seizures 12 34.3%
Vomiting 8 22.9%
Altered Sensorium 6 17.1%
Fever 5 14.3%

We observed that 21 (60%) of the patients presented with headache followed by
34.3% (12) with seizures. 8 (22.9%), 6 (17.1%) and 5 (14.3%) had were presented

with vomiting, altered sensorium and fever respectively.

M Headache

M Seizures

= Vomiting

M Altered Sensorium

M Fever

Graph 3: Distribution of presenting complaints
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Table 4: Pattern of distribution of T1 morphology

Morphology N In %
Isodense 14 40.0%
Hyperintense 4 11.4%
Hypointense 17 48.6%
Total 35

The above table illustrates the T1 morphology distributed among the study population
The incidence of hypodense lesions were higher with the proportion of 48.6% (17)
followed by 40% (14) with isodense and the rest 4 (11.4%) had found with

hyperdense lesions.

T1 Morphology

® |sodense ® Hyperintense = hypointense

Graph 4: Distribution of T1 imaging morphology observed
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Table 5: Pattern of distribution of T2 morphology

Morphology N In %
Isodense 4 11.4%
Hyperintense 29 82.9%
Hypointense 2 5.7%
Total 35

We found that 82.9% (29) patients had observed with hyperdense lesions followed by

4 patients with isodense and the rest 2 patients had hypodense lesions.

T2 Morphology

&2

® |sodense ® Hyperintense ® hypointense

Graph 5: Distribution of T2 morphology.
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Table 6: Pattern of distribution of diffusion restriction

Diffusion Restriction N In %
Present 25 71.4%
Absent 10 28.6%

Total 35

With the above table we can see that diffusion restriction was found among 71.4% (25)

of the study population and was absent among 28.6% (10) patients.

Diffusion Restriction

<o

= Present ® Absent

Graph 6: Distribution of diffusion restriction
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Table 7: Distribution of spectroscopy

Observation N In %

ALANINE PEAK. INCREASED AMINO ACID PEAK 1 2.9%
CHOLINE PEAK 7 20.0%
CHOLINE PEAK, LIPID LACTATE PEAK 1 2.9%
CHOLINE PEAK, REDUCED NAA, ELEVATED CHOLINE 1 2.9%
CREATININE RATIO

ELEVATED CHOLINE CREATININE RATIO 1 2.9%
LIPID LACTATE PEAK 6 17.1%
LIPID LACTATE PEAK, INCREASED TRE 3 8.6%
NAA PEAK 7 20.0%
NORMAL 1 2.9%
RAISED NAA 2 5.7%
RAISED CHOLINE, RAISED NAA 1 2.9%
REDUCED NAA, ELEVATED CHOLINE-CREATININE 1 2.9%
RATIO

REDUCED NAA, INCREASED CHOLIE, LIPID LACTATHE 1 2.9%
PEAK

REDUCED NAA, REDUCED NAA/CR RATIO 1 2.9%
REDUCED NAA/CR, LIPID LACTATE PEAK 1 2.9%

Choline and NAA peak were the most common finding observed with the incidence
of 7 (20%), followed by lipid lactate among 6 (17.1%) of the patients included in our

study.
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Mean Cho/Cr and Cho/NAA ratios were 2.87+£0.98 and 2.69+0.91 respectively.

Mean Cho/Cr levels were recorded as 3.38+0.72 and 3.92+0.63 for high grade

tumours and metastasis respectively.

REDUCED NAA/CR, LIPID LACTATE PEAK [ 1
REDUCED NAA, REDUCED NAA/CR RATIO [l 1
REDUCED NAA, INCREASED CHOLIE, LIPL.. [ 1
REDUCED NAA, ELEVATED CHOLINE-... [l 1
RAISED CHOLINE, RAISED NAA [ 1
RAISED NAA [N >
NORMAL [l 1
varreax
LIPID LACTATE PEAK, ICREASED TRE [N s
LIPID LACTATE PEAK [ ¢
ELEVATED CHOLINE CREATININE RATIO [l 1
CHOLINE PEAK, REDUCED NAA, ... o

CHOLINE PEAK, LIPID LACTATE PEAK

B
CHOLINE PEAK 7
ALANINE PEAK. INCREASED AMINO ACI... 1
0 1 2 3 4 5 6 7

Graph 7: Distribution of spectroscopy findings
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Table 8: Distribution of diagnosis

Diagnosis N %
ASTROCYTOMA 2 5.7%
BACTERIAL ABSCESS 2 5.7%
GLIOMA 2 5.7%
HIGH GRADE GLIOMA 8 22.9%
HSV ENCEPHALITIS 2 5.7%
METASTASIS (CA PROSTATE) 1 2.9%
METASTASIS (CA BREAST) 2 5.7%
METASTASIS (CA LUNG) 2 5.7%
NCC 2 5.7%
PILOCYTIC ASTROCYTOMA 1 2.9%
PML (HIV) 1 2.9%
TOXOPLASMOSIS 2 5.7%
TUBERCULOMA 8 22.9%

8 (22.9%) each of the patients were diagnosed with tuberculoma and high-grade

Glioma. There were the most common findings among the patients included in our

study.
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I
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Graph 8: Distribution of diagnosis
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Table 9: Mean values of nCBFL and nCBFPE in various lesions

Group Diagnosis (N) Ncbfl nCBFPE
Mean+SD Mean+SD
Neoplastic Primary lesions 9#15.2 2.9t1.3
Metastases 74£2.13 0.9+0.2
Non-neoplastic Tuberculoma 1.#9.37 0.6%0.31
NCC 1.5+0.42 1.2+0.1
Toxoplasmosis 1.90.35 0.84:0.11
Abscess 1.520.71 0.91+0.1
Tumefactive demyelination 0.590.9 0.61+0.57
Fungal granulomas 180.43 0.540.9

p <0.01, neoplastic versus non-neoplastic

Above are the nCBFL and nCBFPE we observed in various lesions, based on which
we found that the flow was significantly higher among the neoplastic lesions
compared to non-neoplastic. Also, we found that it was significantly greaemng

primary neoplastic lesions than the metastatic lesions.

=
o

9
8
7
6
5
4
3
2
1 I Ih L} ]
0 Tun:factive
Prim:r:’\s/ lesi Metastases Tuber:ulom NCC Toxosilsasmo Abscess  demyelinati Fuziar:]izan
on
B nCBFL Mean 9.1 7.1 1.75 1.5 1.9 1.52 0.59 13
nCBFPE Mean 2.9 0.9 0.69 1.2 0.84 0.91 0.61 0.5

M nCBFL Mean & nCBFPE Mean

Graph 9: Mean values of nCBFL and nCBFPE in various lesions
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Table 10: Mean nCBFL and nCBFPE values among neoplastic and non-

neoplastic group

ASL parameter Neoplastic group Non-neoplastic group p value
nCBFL 7.1£3.9 2.1+1.1 <0.001
nCBFPE 1.90.97 0.68t0.32 <0.001

In the table 10, we had observed that normalised cerebral blood for major lesions we
had observed, here the table 11 provides us the average nCBFL and nCBFPE.
According to the above table, the average values were significantly higher among

neoplastic lesions than non- neoplastic lesions.

12
10

8 711

6

319
4
2.1 1l9
2 I 1.1 0.97
3 & SRR
0 J_ J_ 1 +
nCBFL nCBFPE

B Neoplastic group: Mean B Neoplastic group: SD

Non-neoplastic group: Mean M Non-neoplastic group: SD

Graph 10: Mean nCBFL and nCBFPE values among neoplastic and non-

neoplastic group
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DISCUSSION

As we had discussed in the previous section, contrast magnetic resonance
imaging (MRI) had a well-established role in brain lesion evaluation loyigding
anatomical information. However, contrast MRI has a limited role in the quading
and functional assessment of lesions in brain thus making it less reliable in

differentiating tumors from tumor-like lesiof&.

Contrast enhancement depicts the blood-brain barrier (BBB) impairment, so
every lesion that shows contrast enhancement cannot be considered as a tumor and
every glioma that does not take contrast might not be low-grade glioma and vice

versa®?

Perfusion-weighted imaging (PWI) serves as a useful adjunct to conventional
MRI and also overcomes the limitations of contrast MRI by estimating tumor neo
angiogenesis, which helps in tumor grading, guiding stereotactic biopsy andasurgic

planning.

Dynamic susceptibility contrast (DSC) which is routinely used with HiVI
the clinical diagnosis which uses an exogenous gadolinium contrast agent and
provides the relative cerebral blood volume (rCBV) and relative cerebral bloed fl

(rCBF) parameters that correlate well with tumor grade and histolbgy.

Whereas the Arterial spin labeling (ASL) is another non-invasive PWI method
providing the absolute quantification of CBF in the absence of exogenous contrast,
which makes ASL a promising technique for studying perfusion in patients with
allergies, renal failure, difficult intravenous access, repetitiveofllps, pregnant

women and children.
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DSC is the most preferred tool for analysis over ASL in brain lesion
evaluation because of routine contrast administration and the rapid data aoguisit
However, in contrast-enhanced perfusion techniques, CBF quantificationeiseaff
by T1 and T2 effects of BBB disruption and susceptibility artifacts, whesk
comparatively lesser with ASL. Ata S et al shown a very strong corogldietween
ASL and DSC-MRI derived perfusion parameters for evaluation of brain tunmats a

support the possibility that ASL could be used as an alternative to DSCEMRI.

Cha Set al andTourdias T et al had explained that Gliomas are the most
common primary brain tumors and sometimes differentiation from solitalnacing
cerebral metastases can be difficult on conventional MRI. Primary tumuoesdiewn
statistically significant higher perfusion in perilesional edema (B&npared to
metastases that have been ascribed to tumor infiltration along whiternattts in

glioma’t72

We observed that 21 (60%) of the patients presented with headache followed
by 34.3% (12) with seizures. 8 (22.9%), 6 (17.1%) and 5 (14.3%) had were presented
with vomiting, altered sensorium and fever respectively. In the studydguchi T et
al they observed that the patients presented with wide variation in the
symptomatology. Initially with one or several overlapping neurological symptoms
including abnormal behaviour in 6 patients, epilepsy among 6 patients, headache and
impaired consciousness in 12, physical weakness among 5 patients, one each had loss
of appetite, general fatigue, higher brain dysfunction respectively. Seviem{sehad
an underlying iliness, including acute myelocytic leukaemia treated by b@mnesm

transplantation and so off. We could observe that the symptomatology of the brain
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disease varies with the chronicity of the disease as well as the underlyimgqutal

conditions.

The above table illustrates the T1 morphology distributed among the study
population. The incidence of hypo intense lesions were higher with the proportion of
48.6% (17) followed by 40% (14) with iso-intensend the rest 4 (11.4%) had found

with hyperintense lesions.

We found that 82.9% (29) patients had observed with hyperintense lesions
followed by 4 patients with isointense and the rest 2 patients had hypo ine=iged.
With the above table we can see that diffusion restriction was found among 71.4% (25)

of the study population and was absent among 28.6% (10) patients.

On MRI Imaging, all 36 these lesions appeared as hypo intense or isointense
mass lesions on non-contrast MRI studies. After contrast administratioe, e a
ring- or a homogeneous disk-like enhancement within the region of hypointensity.
The enhancing lesions are often of variable size and are usually surrounded by a
varying amount of perifocal vasogenic edema. Typically, the ring-enhancirantesi
were located at the junction of the gray and white matter, but in 5 casesniey
present in the sub-cortical area, deep in the brain parenchyma or may even be

superficial.

Several types of primary and secondary brain neoplasms, such as
glioblastomas, low-grade gliomas, astrocytomas, lymphomas and brairstasets
presented as multiple ring-enhancing lesions. 22.9 % were diagnosed as high-grade

gliomas, 5.7% astrocytomas, 5.7 % as low grade glioblastomas, 5.7% as metastati
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lesions from carcinoma breast, 5.7% as metastasis from carcinomas from lung,2.9%

as metastasis from carcinoma prostate and 2.9% as pilocystic astrocytoms.

Many non-neoplastic neurological disorders also presented with similar
findings on MRI brain and contrast study, out of which 22.9 % were diagnosed as
tuberculosis, 5.7 % as bacterial assesses, 5.7% as HIV encephalitis, 5.7 @Cas N

5.7% as toxoplasmosis and 2.9% as PML.

Schwartz et al.®® reviewed 221 ring-enhancing lesions seen on MRI studies
and reported that 40% were gliomas, 30% metastases, 8% abscesses and 6%
demyelinating disease. In a majority of the cases, gliomas and metdssions were
single whereas abscesses and multiple sclerosis lesions were muMgtastatic
deposits are often solid nodular lesions that may become ring-enhancing possibly
because of central necrosis. In this study, multiple cortical or subcorticgt r
enhancing lesions have also been encountered in patients with subacute bacterial

endocarditis, indwelling catheters or other implanted devices such as ceatlias.

Deep white matter ring-enhancing lesions, especially those with mbess ef
and surrounding vasogenic edema, are most often either primary brain tumors or

abscesses.

The incidence of patients aged between 60 to 69 years were higher with the
incidence of 11 (31.4%) followed by 7 (20%) aged between 50 to 59 years. Five
(14.3%) each were aged between 20 to 29 years and 40 to 49 years. 4 (11.4%), 2
(5.7%) and 1 (2.9%) were aged between 30 to 39 years, 70 to 79 years and >79 years
respectively. The average age of our study population was 63.8+9.4 years. We found

18 male and 17 female patients in our study. Similar studybguchi T et al who
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had conducted ASL for infections, also had the patients with median age of 53.5
yearst’ Seems that elder age group are most commonly associated with brain lesions

and often require MRI for the analysis.

As all the lesions, showed the same type of ring enhancement pattern on MRI
Brain and contrast, ASL perfusion study was performed, which could clagsefy
lesions based on the cerebral blood flow within the lesion and the perilesiomabede

by comparing it with the cerebral blood flow in the contralateral normal gragten

On conventional imaging, lymphoma and high-grade glioma cannot be
differentiate, but MR perfusion shows the reduced rCBV values in lymphoma

compared to malignant gliomas.

Noguchi T et al found that out of the 17 patients with non-purulent

parenchymal involvement, high perfusion was detected in eight patients f47%).

The study byNagouchi et al on ASL-MRI revealed only one of the six
patients (17%) with ventricular involvement of empyema due to unspecified kalcteri
infection. One each was found with PML due to HIV, pilocystic astrocytoma and

metastatic lesion due to Ca prostate respecti¥ely.

On analysing the cerebral blood flow (CBFL) and the perilesional flow
(CBFPE) on ASL, we found tha®.1+5.2 and 2.% 1.3 were the nCBFL and
NCBFPE in Primary lesions and Metastases respectively. nCBFL among the
Tuberculoma, NCC, Toxoplasmosis, Abscess, Tumefactive demyelinationuaigalF~
granulomas was 1.760.37, 1.5£0.42, 1.9+0.35, 1.52£0.71, 0.59:0.9 and
1.3+ 0.43 respectively. Whereas nCBFPE of the Tuberculoma, NCC, Toxoplasmosis,

Abscess, Tumefactive demyelination and Fungal granulomas wasz0.893,
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1.2+0.1,0.84£0.11, 0.9 0.1, 0.61+ 0.57 and 0.58.9. We found that the flow was
significantly higher among the neoplastic lesions compared to non-neoplada, Al
we found that it was significantly greater among primary neoplastic leshwars the

metastatic lesions.

The averagenCBFL for neoplastic and non-neoplastic lesions wastB38
and 2.1+ 1.1 with significant p value of 0.01. nCBFPE for neoplastic and non-
neoplastic lesions was 119.97 and 0.6& 0.32, also had significant difference of p

value of <0.01.

Haller S et al had been reported that in evaluation of tumors and a few on
infections, most of these studies utilized the DSC perfusion technique and very fe
used ASL-MRI”® Floriano VH et al has foundstatistically significant higher rCBV
values in neoplastic lesions than infectious lesidieriano et al found higher rCBV
in neoplastic which was 4.282.11 and in non-neoplastic lesions was found to be
0.63+0.49 with a cutoff rCBV value of 1.3 with the sensitivity of 97.8% and
specificity 92.6% for predicting malignancy. In our study we had not conducted the
guantitative analysis of the CBF but we found significant difference in the CBF
between WM and GM?* Hiremath et al has shown lower mean rCBV in TDL
(2.11£1.12) compared to mean rCBV in HGGs (3#1.65)/°> Similar to which
Erdogan et al also reported that even the capsular portion of abscesses had low flow
compared to HGG and metastases&inlike to our observationsCha S et al and
Blasel S et al had found that TDL might also have high flow mimicking the HGG in

few scenariogt77
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MR SPECTROSCOPY

As ASL could only differentiate the ring enhancing lesions on the basis of
cerebral blood flow into primary neoplasms and metastasis & into non neoplastic
lesions, further added MR spectroscopy was needed to characterize thededion

confirm the diagnosis.

NAA peak resonated at 2.0 ppm, which was decreased in any insult to brain
including malignancies. Creatinine peak was observed at 3.02 ppm. It is the roarker

aerobic energy metabolism; hence peak was constant. Peak was reducedtasizeta

Choline peak was observed at 3.2 ppm. Its peak reflected membrane turnover

and hence was increased in neoplastic aetiologies.

Lactate peak was observed and was related to the final products of aerobic
metabolism and hence its peak was observed in hypoxic ischemic tissuesseen
infective aetiologies. Lipid peaks were observed at 0.9 and 1.3 ppm and was observed
In necrosis seen in infective aetiologies as well as necrosis which redcurithin

tumours.

Increased choline and NAA ratio were seen in high grade gliomas and
metastasis. Cho resonance is most prominent in regions with high neoplaistiarce
density and is progressively lower in moderate and low-grade tumours. Synilarl
decrease in NAA was reflective of impairment of normal functioning of neurons and
axons with neoplastic tissue. Presence of creatine peaks has been takena®mdic
of low-grade tumours as below normal creatine levels have been considered to be the
features of high-grade gliomas, and metastasis, thereby increasing ehinicre

choline ratio.
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The incidence of biochemical changes among the study samples were as
below; Choline and NAA peak were the most common finding observed with the
incidence of 7 (20%), followed by lipid lactate among 6 (17.1%) of the patients
included in our study. 3 patients had found with lipid lactate peak, increaség R
were observed to be having peak NAA. 1 each were found with alkaline and amino
acid peak, choline and lipid lactate peak, choline peak with elevated choleat c
ratio and reduced NAA, Elevated choline: NAA, Raised choline and NAA, reduc
NAA with elevated choline: creatinine, reduced NA with increased chamlactate,
reduced NAA as well as NAA:CR, reduced NAA/lipid lactate peak respely. 22
patients determined to have meningeal involvement, high perfusion on ASL-M&I wa

seen in a high percentage of patients (77%) irrespective of pathogens.

PRIMARY NEOPLASMS:

Chon was higher in high-grade tumors compared with proved benign lesions
stable lesions and demyelinating lesions High-grade tumors had a lower NAA than
demyelinating lesions and stable lesions, and proved benign lesions and low-grade
tumors. Low-grade tumors had 88.4% higher Cho than the proved benign lesions
Cr did not show any significant differences among the examined groups of lesions.
Considering all possible combinations of metabolite ratios, the best discriminant
function to differentiate between the group of brain tumors (high-grade and lagdeyr
and the nonneoplastic lesions was found to include the ratios NAA/Cho, Cho, NAA,
and NAA/Cr (presented in the decreasing magnitude of correlation with the

discriminant function).
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All cases of patients with NAA/Cho of 0.61 or less had abnormally elevated
Cho; however, there was an overlap in Cho with non-neoplastic lesions (range, 0.38—
2.32).

In our group of patients with ring enhancing brain lesions evaluated for
suspected neoplasm, MRS and demonstrated a high rate of success in \correctl
classifying lesions originally diagnosed as tumors and nonneoplastic lesions on the

basis of the ratios of NAA/Cho, Chonorm, NAAnorm, and NAA/Cr.

Choline and NAA peak were the most common finding observed with the
incidence of 7 (20%), followed by lipid lactate among 6 (17.1%) of the patients

included in our study.

Mean Cho/Cr and Cho/NAA ratios were 2.87+0.98 and 2.69+0.91 respectively.
Mean Cho/Cr levels were recorded as 3.38+0.72 and 3.92+0.63 for high grade

tumours and metastasis respectively.

The NAA/Cho range of 0.54 to 0.66 was considered as a cutoff in our study,

with elevated levels of less than 0.6 were considered to be malignant.

Thus, in agreement with published data, our analyses confirmed that highly
elevated Cho-containing compounds in conjunction with a decreased NAA resonance
(resulting in decreased ratio of NAA/Cho) are parameters sensitineligative of

neoplastic tumoral growth and are helpful in differentiating tumors from otheses.

Elevated levels of Cho were detected in tumors compared with nonneoplastic
lesions. Elevated signal intensity in Cho results from increased attenuat
proliferating tumoral cells, with Cho-containing compounds including membrane

precursors and products of degradation
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Tumoral levels of NAA, presumably originating from residual brain tissue
within an infiltrating tumor were lower than in nonneoplastic lesions. Thus, in
agreement with published data, our analyses confirmed that highly elevaied C
containing compounds in conjunction with a decreased NAA resonance (resulting in
decreased ratio of NAA/Cho) are parameters sensitively indicative of astopl

tumoral growth and are helpful in differentiating tumors from other causes.

There was no significant difference in the level of Cr among the groups of
different lesions. The levels of Cr in tumors in adults have been reported to be

decreased or both increased and decreased.

In our study, high-grade tumors had a wider range of levels of Cr than low-

grade tumors.

Some of the benign lesions may show decreased NAA levels, however they
could be differentiated from malignant lesions as they did not show an elevated

choline peak.

METASTASIS:

5 cases were metastasis (males=2; females=3). Multiple lesione we
identified in all the five cases. All the cases showed high Cho /Cr and QA& /
levels. All 5 cases were hyperintense on T2 with 2 cases showing invensiBhAIR
suggestive of cystic metastasis. Primary was identified in threescan breast, lung
and prostrate. Thick, irregular type of ring enhancement was noted after stontra
administration. Our findings were similar to the study conducted\Visgth RG

et al.”®
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TUBERCULOMA:

On MRS, all the 8 tuberculoma lesions showed a lipid lactate peak, with 4
lesions showing reduced NAA peaks. The tubercular abscess also showed ligie lac

peak within it.

Lactate peak was identified at 1.3 ppm. Clear upwards peaks at 1.3 and 0.9

were defied as lipid peak,

PYOGENIC ABSCESS:

Among pyogenic abscesses 4 out of 7 cases showed an AA peak consisting of
Acetate, Glycine and Alanine with 3 of the abscesses showing increaSech#id. 1

of the abscesses also showed lactate peak at the centre.

D. Pal et al performed a study on 194 patients which showed resonance of
AAs with or without other metabolites in 80% of absces¥e®ur findings were

similar to the study conducted MsuiEY et al.&

TOXOPLASMOSIS:

2 cases of toxoplasmosis. On MRS, showed lipid lactate peak. Lactate peak
was identified at 1.3 ppm. Clear upwards peaks at 1.3 and 0.9 were defied as lipid

peak.

NCC:

2 cases of NCC showed a amino acid peak. (valine, leucine and isoleucine)
Alanine peak was seen at 1.48 ppm, with increased acetate peak at 1.92 ppm and

increased succinate peak at 2,4 ppm. A small aspartate peak at 2.6 ppm was also
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observed in one case. Cho / Cr ratio was less than 1.1 in all NCC and more than 1.2
all tuberculoma which is similar to the study performedKymar et al concluded
that presence of lipid can be used for differentiating tuberculomas from both non-

specific IG and NCC6!

PML:

In HIV related PML lesions, all 4 cases showed reduced NAA with irseda
Choline. 2 of the lesions showed lactate peak while 2 cases showed incregsed m

inositol level within the lesion at 3.5 ppm

In a study byl.. Chang et al they found patients with the highest survival had

the highest level myoinositéP.

In the present study, 8 (22.9%) each of the patients were diagnosed with
tuberculoma and high-grade Glioma. There were the most common findings among
the patients included in our study. Two each were diagnosed with toxoplasmosis,
NCC, Metastatic lesions from lungs, breast, Glioma, bacterial abseesephalitis

and astrocytoma respectively.
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CONCLUSION

Multiple ring enhancing lesions are seen on MRI brain and contrast studies
which can suggestive multiple diagnosis in lacing neoplastic agtiologies as well as

being aetiologies.

Hence ASL is one of the reliable diagnostic tools for differentiating neoplastic
and non-neoplastic lesions, and from differentiating neoplastic primary lesions from

metastasis. Further added MR spectroscopy helpsin conformation of the diagnosis.

A combination of the 3 help in getting closer to the accurate diagnosis thereby

reducing the need off biopsies, helping to start early treatment.
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SUMMARY

The present study was conducted on 36 patients, suspected cases of brain
lesion to detect Ring enhancing lesions on MRI Scan and further use advanced
MR techniques like Arterial Spin labeling (ASL) and MR Spectroscopy to
differentiate them into Benign and Malignant lesions (High grade versus low
grade, primary versus metastatic)

To further characterize these rings enhancing lesion into neuro infections,
abscess, demyelinating lesions and other lesions.

Average age of our study population was 63.8+9.4 years.

There was no significant correlation observed between the demographic
details and the incidence of lesions either on MRS or on ASL

Headache in 60% of the population was the common symptoms.

The incidence of hypodense lesions were higher with the proportion of 48.6%
(17) on T1 morphology.

82.9% (29) patients had observed with hyperdense lesions on T2 morphology.
Diffusion was restricted among 71.4% of the patients.

Choline and NAA peak were the most common finding observed with the
incidence of 7 (20%), followed by lipid lactate among 6 (17.1%) of the
patients included in our study.

8 (22.9%) each of the patients were diagnosed with tuberculoma and high-
grade Glioma were the most common findings among the patients included in

our study.
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* We found that the flow was significantly higher among the neoplastic lesions
compared to non-neoplastic. Also, we found that it was significantly greater
among primary neoplastic lesions than the metastatic lesions.

* Average nCBFL and nCBFPE were significantly higher among neoplastic

lesions than non- neoplastic lesions.
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Annexures

ANNEXURE — | — INFORMED CONSENT

TITLE OF THE STUDY: “EVALUATION OF RING ENHANCING LESIONS IN BRAIN IN

CORELATION WITH ARTERIAL SPIN LABELING AND MR SPECTROSCOPY’
INVESTIGATOR: Dr.

GUIDE : DR.

INTRODUCTION AND PURPOSE:

The purpose of this study is to detect all ring enhancing lesions on conventional MRI
Imaging and use superior advanced techniques like ASL sequencing and MR
spectroscopy for better differentiation of brain lesions,which will help in better

detection,staging,treatment and prognosis of the disease,

PROCEDURE: .

The purpose of the study will be explained and written informed consent will be
obtained from all participants.

The subjects will be selected based on inclusion and exclusion criteria.

Study will be conducted over a period of one year. Once the patient signs the informed
consent, history and examination will be recorded as per proforma.

They will be asked to changed into an examination gown and will be asked to lie down
still in supine position on the MRI table. They will also be told about the humming sound
which they will hear during the scan which is harmless..

| request you to kindly participate in the study titled study"EVALUATION OF RING
ENHANCING LESIONS IN BRAIN IN CORELATION WITH ARTERIAL SPIN LABELING AND

MR SPECTROSCOPY" at Dr. Prabhakar Kore Hospital and Medical Research Centre,
Belagavi is being conducted by
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Post graduate in Radio diagnosis at J.N, Medical
College, Belagavi, Karnataka, under the guidance of

Dept. of Radio-diagnosis, J. N. Medical College, Belagavi.

We request you to participate in this study as you are eligible to be included.
During the study, you will be asked questions regarding your present and past
medical history and you will be required to answer to the best of your knowledge.

You will also be clinically examined as per the protocol drawn.

If you agree to participate in the study, please furnish the details pertaining to the

study.

BENEFITS:

® Mo use of surgical equipment frisk associated with it

COMPLICATIONS:

= No risks or complications involved

ALTERNATIVES:

If you are not willing to take part in the study, your treatment or any other further
investigations the patient wants to undergo, in future, in KLE will not be affected

by your decision.
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HISTORY OF PRESENTING ILLNESS:

L

2.

3.

PAST HISTORY

1L

2.

3.

CLINICAL EXAMINATION:

CNS

MRI FINDINGS:

ASL SEQUENCING FINDINGS
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change my willingness to continue to take part. If you choose not to take part in

the study, you will receive the standard treatment for patients with your condition.
COSTS:

NIL (The study is to be conducted on the participants who are advised CT or
MRI with ASL Perfusion and MR Spectroscopy as an investigation by the referring
consultant and the participants will bear the charges for it.)
Payment for Participation: No incentive will be paid to you for participating in this
study.
COMPENSATION:

In the event that you become injured as a result of taking part in this study,
treatment whatever available at KLE Charitable hospital, Belagavi, will be offered
to you, No reimbursement, compensation or free medical care is given,
CONFIDENTIALITY:

All information collected about you during the course of the study will be
kept confidential to the extent permitted by the law. The code numbers will
identify you in this research record, Information from this study may be published

but your identity will be kept confidential in any publication, presentation,

QUESTIOMN:
If you have any enquiries in the future or in case of research related injury lliness

you may contact following persons:

DR.HARSHA HEGDE.

CHAIRPERSON,

INMC, IEC & SCIENTIST D,
ICMR, NATIOMAL INSTITUE
OF TRADITIONAL MEDICINE,
BELAGAWVI

Ph. No: 0831-2473777,Ext.
1529
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ANNEXURE -1l - PROFORMA

KAHER

J. N. MEDICAL COLLEGE, BELAGAVI.

DEPARTMENT OF RADIODIAGNOSIS

TITLE:“EVALUATION OF RING ENHANCING LESIONS IN BRAIN IN CORRELATION WITH
MR SPECTROSCOPY AND ARTERIAL SPIN LABELING “

RESEARCH INVESTIGATOR :

GUIDE :

PROFORMA FOR DATA COLLECTION
DATE OF INTERVIEW :

NAME OF THE PATIENT :

AGE (in years) : SEX: OP/IP NO

MOBILENUMBER :

ADDRESS : House No Galli Ward/ Village
City District PIN CODE:
MRI/CT NUMBER:

MRI SPECTROSCOPY FINDINGS

FINAL DIAGNOS515:
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ANNEXURE - 11l - MASTER CHART

T1 T2 DIFFUSION ASL rCBE- ASL rCBF - RATIO OF ASL rCBF RATIO OF ASL rCBF CBF IN NORMAL
SLNO NAME AGE|SEX SYMPTOMS MORPHOLO [ MORPHOLO [ RESTRICTIO LESION PPERILESION | LESION-CONTRALATERAL | PE-CONTRALATERAL | CONTRALATERAL SPECTROSCOPY DIAGNOSIS
GY GY N AL EDEMA WHITE MATTER WHITE MATTER WHITE MATTER
VILAS . . METASTASIS (CA
1 BHADANGE 60 | M |ALTERED SENSORIUM | Hypointense | Hyperintense + 670 80 6 70./100 80./1200 100 CHOLINE PEAK LUNG)
RAMASIDDA CHOLINE PEAK, REDUCED
2 MALAGI 51 | M |SEIZURES, HEADACHE| Hypointense | Hyperintense + 790 31 790./101 31./101 101 NAA, ELEVATED CHOLINE ASTROCYTOMA
CREATININE RATIO
SEIZURES, ALTERED . . HIGH GRADE
3 [VITHALBHOJAN| 65 [ M SENSORIUM Hypointense | Hyperintense + 810 36 713./112 36./112 112 NAA PEAK GLIOMA
MAHADEV . . HIGH GRADE
4 VADDIN 65 | M |HEADACHE, SEIZURES| Isointense Isointense + 860 39 860. / 100 39./100 100 NAA PEAK GLIOMA
KALPANA " . METASTASIS (CA
5 HUDDAR 47 F | ALTERED SENSORIUM |sointense Hyperintense + 700 9 700./ 98 9./98 98 CHOLINE PEAK BREAST)
HEADACHE, . . METASTASIS (CA
6 VIMAL NIKAM 64 | F VOMITTING Hypointense |sointense + 680 8 680./104 8./104 104 CHOLINE PEAK BREAST)
MAYADEVI HEADACHE, FEVER, . . ELEVATED CHOLINE
7 MADAR 52 | F MOTOR WEAKNESS Isointense Hyperintense + 810 33 810./110 33/110 110 CREATININE RATIO ASTROCYTOMA
. . REDUCED NAA, ELEVATED PILOCYTIC
8 ASMITA B 22 F |HEADACHE, SEIZURES| Hypointense | Hyperintense + 840 32 840./125 32./125 125 CHOLINE-CREATININE RATIO| ASTROCYTOMA
9 | AHMEDKAZI | 72 | M |ALTERED SENSORIUM | Hypointense | Hyperintense + 730 9 730100 7./100 100 CHOLINE PEAK M ETALSUT,\’?;S (CA
IBADULLA " " HIGH GRADE
10 HUDALI 52 | M |ALTERED SENSORIUM Isointense |sointense + 890 31 890./99 31./99 99 GLIOMA
HEADACHE LIPID LACTATE
11 [INDUBAI GURAV | 60 F ! Hypointense | Hyperintense _ 160 8 160./98 8./98 98 PEAK,REDUCED NAA AND TUBERCULOMA
VOMITTING
CHOLINE PEAK
" . ALANINE PEAK. INCREASED
12 BASAPPAPATIL | 49 | M SEIZURES, FEVER |sointense Hyperintense + 170 7 170./97 797 97 AMINO ACID PEAK BRAIN ABSCESS
. . HIGH GRADE
13 AKKAVVA M 80 F | ALTERED SENSORIUM | Hypointense | Hyperintense + 860 31 860./98 31./98 98 NAA PEAK GLIOMA
VISHNU SLURRED SPEECH, . . HIGH GRADE
14 KANKEKAR 71| M SEIZURES Hypointense | Hyperintense + 890 35 890./1200 35./100 100 NAA PEAK GLIOMA
. . BACTERIAL
15 [ABDUL GIRUKAR| 61 | M FEVER, SEIZURES Hyperintense | Hypointense _ 190 8 190./102 8./102 102 LIPID LACTATE PEAK ABSCESS
ANANTMURTHI HEADACHE, " . REDUCED NAA/CR, LIPID
16 GUDI 29| M VOMITTING Isointense Hypointense - 180 6 180./112 6./112 112 LACTATE PEAK TUBERCULOMA
17 CHANDEAKANT 60 | M |HEADACHE, SEIZURES| Hypointense | Hyperintense + 150 5 150./100 5./100 100 LIPID LACTATE PEAK TUBERCULOMA
. . REDUCED NAA, REDUCED HSV
18 DHANAVVA 60 F FEVER, SEIZURES Hypointense | Hyperintense + 140 6 140./100 6./100 100 NAA/CR RATIO ENCEPHALITIS
JAYAWANT . . LIPID LACTATE PEAK,
19 PATIL 51 | M |HEADACHE, SEIZURES| Hypointense | Hyperintense _ 180 7 180./94 7194 94 REDUCED NAA TOXOPLASMOSIS
" . REDUCED NAA, INCREASED
20 JINAPPA K 56 | M |HEADACHE, SEIZURES| Isointense Hyperintense _ 130 8 130./98 8./98 98 CHOLIE, LIPID LACTATE PEAK PML (HIV)
21 LALAPPA M 45 [ M HEADACHE, ALTERED Hyperintense | Hyperintense _ 190 9 190./97 9./97 97 CHOLINE PEAK, LIPID TOXOPLASMOSIS

SENSORIUM

LACTATE PEAK




MAHADEVI HEADACHE, " .
22 TAKEKAR 46 VOMITING, ATAXIA Isointense Hyperintense 160 8 160./100 8./100 100 RAISED NAA TUBERCULOMA
MALLIKARJUN HEADACHE, FEVER, . . LIPID LACTATE PEAK, MUCORMY COSIS
3 HIREMATH | & MOTOR WEAKNESs | 'Sointense | Hyperintense 190 9 190103 9/103 103 ICREASED TRE FUNGAL ABSCESS
MANJULA HEADACHE, . . RASSED CHOLINE, RAISED
24 RACHGANI 26 VOMITTING Hypointense | Hyperintense 170 9 170./102 9./102 102 NAA NCC
HEADACHE, " .
25 MANOHAR 52 VOMITTING Isointense Hyperintense 150 6 150./112 6./112 112 LIPID LACTATE PEAK TUBERCULOMA
" . HSV
26 MONICA 30 VOMITING, GIDDINESS| Isointense Hyperintense 190 9 190./100 9./100 100 NORMAL ENCEPHALITIS
VOMITING, . .
27 [SUDHA PATANGE| 52 Hypointense | Hyperintense 190 8 190./98 8./98 98 LIPID LACTATE PEAK
HEADACHE
SHEETAL HEADACHE ALTERED . .
28 RAMAOGDE 26 SENSORIUM Hyperintense | Hyperintense 170 9 170./99 9./99 99 LIPID LACTATE PEAK TUBERCULOMA
BALAPPA SEIZURESALTERED . . METASTASIS(CA
29 SANADI 60 SEBSORIUM Hypointense | Hyperintense 690 9 690./97 9./97 97 CHOLINE PEAK PROSTATE)
REKHA HEADACHE, " "
30 KELAGADE 35 VOMITTING Isointense Isointense 890 36 890./101 36./101 101 NAA PEAK GLIOMA
VIJAYLAXMI . .
31 HANDRAL 38 HEADACHE, SEIZURES| Hypointense | Hyperintense 170 8 170./112 8./112 112 RAISED NAA NCC
SANGEETA HEADACHE, " .
32 KAMDOLI 23 VOMITTING |sointense Hyperintense 107 7 107./102 7./102 102 LIPID LACTATE PEAK TUBERCULOMA
MAHAVEER . . HIGH GRADE
33 MIRAL 61 ALTERED SENSORIUM | Hyperintense | Hyperintense 870 34 870./1200 34./100 100 NAA PEAK GLIOMA
MANISHA . . HIGH GRADE
34 HANMANTACHE 42 SEIZURES, HEADACHE| Hypointense | Hyperintense 802 35 802./111 35/111 111 NAA PEAK GLIOMA
CHANNAVA HEADACHE, " .
35 | patansHeTTI | %° VOMITTING Isointense | Hyperintense




