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Figure 1

Eight bones form the skull and fourteen bones form the face

Figure 2

The inside of the skull is divided into three areas called the anterior, middle, and

posterior fossae

Figure 3

The brain is composed of three parts: the brainstem, cerebellum, and cerebrum.

The cerebrum is divided into four lobes: frontal, parietal, temporal, and occipital.

Figure 4

The surface of the cerebrum is called the cortex. The cortex contains neurons
(grey matter), which are interconnected to other brain areas by axons (white
matter). The cortex has a folded appearance. A fold is called a gyrus and the

groove between is a sulcus.

Figure 5

Coronal cross-section showing the basal ganglia.
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Figure 6

The Roman numeral, name, and main function of the twelve cranial nerves.
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Figure7

CSF is produced inside the ventricles deep within the brain. CSF fluid circulates
inside the brain and spinal cord and then outside to the subarachnoid space.
Common sites of obstruction: 1) foramen of Monro, 2) aqueduct of Sylvius, and
3) obex
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Figure 8

The common carotid artery courses up the neck and divides into the internal and
external carotid arteries. The brain’s anterior circulation is fed by the internal
carotid arteries (ICA) and the posterior circulation is fed by the vertebral arteries

(VA). The two systems connect at the Circle of Willis (green circle
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Figure 9

Top view of the Circle of Willis. The internal carotid and vertebral-basilar
systems are joined by the anterior communicating and posterior communicating

arteries.
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Figure 10

. Three quarter view of the dural covering of the brain depicts the two major dural

folds, the falx and tentorium along with the venous sinuses.
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Figure 11

. Nerve cells consist of a cell body, dendrites and axon. Neurons communicate
with each other by exchanging neurotransmitters across a tiny gap called a

synapse. Glia cells
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Figure 12

MRI scans of a benign and malignant brain tumor. Benign tumors have well
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defined edges and are more easily removed surgically. Malignant tumors have an
irregular border that invades normal tissue with finger-like projections making

surgical removal more difficult.

Figure 13 |During a needle biopsy, a hollow cannula is inserted into the tumor. Small biting
instruments remove bits of tumor for the pathologist to examine and determine the27
exact tumor cell type.

Figure 14 | Surgery involves cutting a window in the skull (craniotomy) to remove the 28
tumor.

Figure 15 |A machine rotates around the patient, aiming radiation beams at the tumor. The 29
radiation beams are shaped to match the tumor and minimize exposure to normal
brain tissue.

Figure 16 (Chemotherapy for high-grade gliomas is usually taken as a pill daily for a set 31
period of time called a cycle. The drug circulates through the bloodstream to the
brain where it crosses the blood-brain-barrier to the tumor.

Figure 17 |Normal spectra. y axis correspond to amplitude and x axis to the metabolites 34
frequency

Figure 18 |SVS. The intersection of the orthogonal planes, given by slice selection and phase | 35
gradients, results in the VOI.

Figure 19 PRESS 36

Figure 20 |[STEAM 37

Figure 21 1D MRSI (a); 2D MRSI (b); 3D MRSI (c) and conventional MRI (d) 38

Figure 22 Circular 2D k-space sampling. Only the data inside the area of k-space delimited | 39
by the circle is measured. The remaining space is filled with zero.

Figure 23 |Use of OVS to minimize unwanted signal from outside the brain 40

Figure 24 |Spectrum obtained with TE = 30ms (A) and TE = 135ms (B). Note the inverted 42
lactate peak (doublet) with long TE acquisition and the more number of sharps
resonance with short TE. Cho- choline; Cr- creatine NAA- N-acetylaspartate; Ins
dd1- myoinositol.

Figure 25 |Water signal suppressing with CHESS. Spectrum before CHESS (A) and after 43
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CHESS (B). CHESS reduces signal from water by a factor of 1000 allowing brain
metabolites to be depicted on the spectrum.

Figure 26 |Normal spectra obtained with short TE sequence. (TE= 30ms). Ins dd1- 47
myoinositol; Cho— choline; Cr- creatine; GIx-glutamate-glutamine; NAA- n-
acetylaspartate

Figure 27 |Normal spectra in newborn (left) and adult (right).Remarks: 52

Figure 28 |Changes in metabolite concentrations with age calculated by the equation of Kries| 53
et al. and the parameters of Dezortova and Hajek.

Figure 29 Histologically confirmed glioblastoma. Axial FLAIR MR images (A) show an 56
expansive lesion with high signal intensity on the right frontal lobe. H-MRS with
long TE demonstrates increase in Cho peak and decrease in NAA peak inside the
lesion (B) and in the surrounding abnormal tissue (C) representing tumor
infiltration. Lactate and lipids are also present. Color metabolite map (D) also
demonstrate abnormal Cho/Cr ratio.

Figure 30 [Ten year-old boy with intractable seizures. (A) FLAIR image show a focal high 57
signal intensity in the white matter of the centrum semiovale of the left frontal
lobe(white arrow). H-MRS with TE= 35ms (B) and TE=144 (C) demonstrate
normal Cho and NAA peaks. Color metabolite map (D) demonstrate normal
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Proton spectroscopy has been recognized as a safe and non-invasive diagnostic method
that coupled with MRI techniques, allows for the correlation of anatomical and
physiological changes in the metabolic and biochemical processes occurring in a
previously determined volume in the brain. The aim of this study was to determine the
role of non-invasive techniqgue MRS in characterization of brain tumors. Brain biopsy is
invasive method, with many complication may happened during the procedure. Patient
needs to be investigated by a noninvasive method with the same accuracy of the biopsy
result . This study was a prospective; descriptive study of 200 patients investigated with
single voxeL MR spectroscopy protocol Following routine MRI, in the period from july
2014 to july 2017 in royal care hospital in Khartoum. The data (annual incidence,
frequencies of BTs based on gender and age, anatomical location, pathologies and
geographical distribution) analyzed using EXCEL software which revealed that: : MRS
showed excellent diagnostic achievement relative to standard (histology) with accuracy
86.8%BTs increase annually by a factor of 7.2% and predominant among male with
57.1%. The involved anatomical brain sites were midbrain 35%, left brain (30%) and
right brain (24%). BTs observed among age groups of 1-10 years old for both gender
with increasing similar trend incidence following aging which peaking at 55-65 years old.
The common pathologies of brain were atrophy and infarction that represents 13.8% and
7.2% respectively and benign and malignant tumors represented (19.8%) and (34.4%)
respectively. The most endemic sectors by BTs were central and Northern of Sudan that
represented 45% and 35% respectively, then eastern and southern of Sudan that
represented 12% and 8% respectively.MRS added to conventional MRI helps in tissue
characterization of intracranial mass lesions, there by leading to an improved diagnosis of

focal brain disease.
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Chapter One

1.1 Introduction

A tumor (also called a neoplasm or lesion) is abnormal tissue that grows by
uncontrolled cell division. Normal cells grow in a controlled manner as new cells
replace old or damaged ones. For reasons not fully understood, tumor cells
reproduce uncontrollably. ( Kabitha et al 2013). Brain tumors can occur at any age,
but many types are most common in a certain age group. In adults, gliomas and
meningiomas are the most common.( Pearceet al.2012).Neuroradiology plays an
essential part in the clinical management of patients with brain tumors (Parizel
et.al 2003).Recent technological advances have opened new windows in our ability
to detect and characterize brain tumors size, site and nature (Hutter et al 2003).
These new advances include Magnetic Resonance Spectroscopy (MRS) provides a
non-invasive insight into the biochemistry of the brain tumor. It can offer
additional diagnostic information that improves the management and outcome of
patients with brain tumors (Howe et.al 2003). MR (Proton) spectroscopy has been
recognized as safe and noninvasive diagnostic method that coupled with MRI
techniques allows for correlation of anatomical and physiological changes in the
metabolic and biochemical process occurring in previously determined volume in
the brain (Kounelakis et al 2008). Diagnosis of primary and secondary brain
tumors and other focal intracranial lesions based on imaging procedures alone is
still challenging problem. Magnetic Resonant Spectroscopy gives completely
different information related to cell membrane proliferation, neuronal damage,
energy metabolism and necrotic transformation of brain or tumor tissues(Soares
and Law, 2009).MRS added to conventional MRI helps in tissue characterization
of intracranial mass lesions, leading to improvement in diagnosis and management

of focal brain diseases (Gupta et.al 2002). Proton MRS can be used to differentiate



malignant and nonmalignant lesions from normal brain tissue and can be utilized
to differentiate tumor recurrence from radiation necrosis (Magalhaes et al 2005)
Malignant tumors tend to have an increased rate of membrane turnover (increased
levels of choline) and a decreased concentration of neurons (decreased NAA).
There are significant differences in choline/creatine ratios in relation to the tumor
type with the highest values in high-grade gliomas and metastases (Fayed et.al
2005). Proton MRS may obviate the need for a brain biopsy, an invasive procedure
with associated morbidity. More importantly, the method allows for the non-
invasive monitoring of the response of residual tumor to therapy (Murphy et al
2005) MRS may be performed using any one of several nuclei (e.g., hydrogen,
nitrogen, fluorine, phosphorus, or carbon), although MRS using hydrogen nuclei
(1H MRS, proton MRS) is the predominant technique used in the brain. The
method is based on the differences in resonance frequency of protons, depending
on their molecular environment; this phenomenon is known as chemical shift. In
proton MRS, a spectrum is generated which plots resonance frequencies on the x-
axis versus amplitude (concentration) on the y-axis. Molecular compounds
identified within the brain include: N-acetyl-aspartate (NAA, a neuronal marker),
choline (a cell membrane marker), creatine and phosphocreatine (energy
metabolites), and lactate (a by-product of cerebral metabolism). Proton MRS is

helpful in the characterization of brain tumors (Magalhaes et al 2005).

1.2 Problem of the study

Brain biopsy is invasive method, with many complication may happened during the

procedure. Patient needs to be investigated by a noninvasive method with the same

accuracy of the biopsy result. MRS is a new imaging noninvasive technique used in

MRI examination and the accuracy of MRS needs to be tested for brain tumors

characterization.



1.3 Objectives of the study

1.3.1 General objective

To characterize brain tumors using magnetic resonance spectroscopy (MRS)
1.3.2 Specific objective

- To find out the accuracy of MRS in brain tumors.

- To measure the incidence of brain tumors and account for frequency

- To determine the most location of tumors in brain

- To detect the distribution of brain tumors in different geographical sectors of
Sudan

- To detect the types of brain pathologies in Sudanese population

- To correlate all the finding with patient age , gender and chemical signs

1.4 Significance of the study

This study will provide a Sudanese index (dimension) for brain tumors.

1.5 Overview of the study

The skeleton of thesis is built upon five chapters. Chapter one is consist of
introduction, problem of the study, general, specific objectives and significant of
the study. Chapter two concerns with Literature review. Chapter three is about the
methodology which includes material and method, chapter four about the result
presentation, chapter five about the discussion, conclusion, recommendation and

limitations including the references and appendixes.



Chapter Two

Literature review

2.1 Anatomy of the Brain

The brain is an amazing three-pound organ that controls all functions of the body,
interprets information from the outside world, and embodies the essence of the
mind and soul. Intelligence, creativity, emotion, and memory are a few of the many
things governed by the brain. Protected within the skull, the brain is composed of
the cerebrum, cerebellum, and brainstem. The brainstem acts as a relay center
connecting the cerebrum and cerebellum to the spinal cord .The brain receives
information through our five senses: sight, smell, touch, taste, and hearing - often
many at one time. It assembles the messages in a way that has meaning for us, and
can store that information in our memory. The brain controls our thoughts,
memory and speech, movement of the arms and legs, and the function of many
organs within our body. It also determines how we respond to stressful situations
(such as taking a test, losing a job, or suffering an illness) by regulating our heart

and breathing rate (Heimer et al 2012).
2.1.1 Nervous system

The nervous system is divided into central and peripheral systems. The central
nervous system (CNS) is composed of the brain and spinal cord. The peripheral
nervous system (PNS) is composed of spinal nerves that branch from the spinal
cord and cranial nerves that branch from the brain. The PNS includes the
autonomic nervous system, which controls vital functions such as breathing,

digestion, heart rate, and secretion of hormones (Heimer et al 2012).



2.1.2 Skull

The purpose of the bony skull is to protect the brain from injury. The skull is
formed from 8 bones that fuse together along suture lines. These bones include the
frontal, parietal (2), temporal (2), sphenoid, occipital and ethmoid (Fig. 1). The
face is formed from 14 paired bones including the maxilla, zygoma, nasal, palatine,

lacrimal, inferior nasal conchae, mandible, and vomer (Norton, Neil 2016).

e © Mayfieid Clinic

Figure 1. Eight bones form the skull and fourteen bones form the face.(Mayfield Brain
& Spine 2016)

Inside the skull are three distinct areas: anterior fossa, middle fossa, and posterior
fossa (Fig. 2). Doctors sometimes refer to a tumor’s location by these terms, e.g.,

middle fossa meningioma.

2n S s /Mayﬁeld Clinic
Figure 2. The inside of the skull is divided into three areas called the anterior, middle, and

posterior fossae. ( Mayfield Brain & Spine 2016).



Similar to cables coming out the back of a computer, all the arteries, veins and
nerves exit the base of the skull through holes, called foramina. The big hole in the

middle (foramen magnum) is where the spinal cord exits.
2.1.3 Brain

The brain is composed of the cerebrum, cerebellum, and brainstem (Fig. 3).

4
&80
& o
frontal lobe  ¢© &
! ) parletal 'm
Broca e \ny
’"”;,,.» "~ Wernicke
. R ~ area
*5,_7 temporal lobe &
‘./ ‘ ) 'Q.".cerebellum
right | left ‘ '
.homlsﬁhem by -J\M/
1 brainstem

@ Mayfield Clinic

Figure 3. The brain is composed of three parts: the brainstem, cerebellum, and cerebrum.
The cerebrum is divided into four lobes: frontal, parietal, temporal, and occipital.
(Mayfield Brain & Spine 2016)

The cerebrum is the largest part of the brain and is composed of right and left
hemispheres. It performs higher functions like interpreting touch, vision and
hearing, as well as speech, reasoning, emotions, learning, and fine control of
movement.The cerebellum is located under the cerebrum. Its function is to
coordinate  muscle  movements, maintain  posture and  balance.
The brainstem includes the midbrain, pons, and medulla. It acts as a relay center
connecting the cerebrum and cerebellum to the spinal cord. It performs many
automatic functions such as breathing, heart rate, body temperature, wake and
sleep cycles, digestion, sneezing, coughing, vomiting, and swallowing. Ten of the

twelve cranial nerves originate in the brainstem.The surface of the cerebrum has a



folded appearance called the cortex. The cortex contains about 70% of the 100
billion nerve cells. The nerve cell bodies color the cortex grey-brown giving it its
name — gray matter (Fig. 4). Beneath the cortex are long connecting fibers between

neurons, called axons, which make up the white matter.
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Figure 4. The surface of the cerebrum is called the cortex. The cortex contains neurons
(grey matter), which are interconnected to other brain areas by axons (white matter). The
cortex has a folded appearance. A fold is called a gyrus and the groove between is a sulcus.

.( Mayfield Brain & Spine 2016)

The folding of the cortex increases the brain’s surface area allowing more neurons
to fit inside the skull and enabling higher functions. Each fold is called a gyrus, and
each groove between folds is called a sulcus. There are names for the folds and

grooves that help define specific brain regions (Fehrenbach et al 2015 ).
2.1.3.1 Right brain — left brain

The right and left hemispheres of the brain are joined by a bundle of fibers called
the corpus callosum that delivers messages from one side to the other. Each
hemisphere controls the opposite side of the body. If a brain tumor is located on

the right side of the brain, your left arm or leg may be weak or paralyzed.

Not all functions of the hemispheres are shared. In general, the left hemisphere
controls speech, comprehension, arithmetic, and writing. The right hemisphere

controls creativity, spatial ability, artistic, and musical skills. The left hemisphere



Is dominant in hand use and language in about 92% of people(Fehrenbach et al
2015 ).

2.1.3.2 Lobes of the brain

The cerebral hemispheres have distinct fissures, which divide the brain into lobes.
Each hemisphere has 4 lobes: frontal, temporal, parietal, and occipital (Fig 3).
Each lobe may be divided, once again, into areas that serve very specific functions.
It’s important to understand that each lobe of the brain does not function alone.
There are very complex relationships between the lobes of the brain and between
the right and left hemispheres(Fehrenbach et al 2015).

2.1.3.2.1 Frontal lobe

Personality, behavior, emotions

Judgment, planning, problem solving

Speech: speaking and writing (Broca’s area)

Body movement (motor strip)

Intelligence, concentration, self awareness
2.1.3.2.2 Parietal lobe

Interprets language, words
Sense of touch, pain, temperature (sensory strip)
Interprets signals from vision, hearing, motor, sensory and memory
Spatial and visual perception
2.1.3.2.3 Occipital lobe

Interprets vision (color, light, movement)
2.1.3.2.4 Temporal lobe

Understanding language (Wernicke’s area)

Memory



Hearing

Sequencing and organization
Messages within the brain are carried along pathways. Messages can travel from
one gyrus to another, from one lobe to another, from one side of the brain to the
other, and to structures found deep in the brain (e.g. thalamus, hypothalamus)
(Fehrenbach et al 2015).

2.1.3.3 Deep structures:

Hypothalamus - is located in the floor of the third ventricle and is the master
control of the autonomic system. It plays a role in controlling behaviors such as
hunger, thirst, sleep, and sexual response. It also regulates body temperature, blood

pressure, emotions, and secretion of hormones.

Pituitary gland - lies in a small pocket of bone at the skull base called the sella
turcica. The pituitary gland is connected to the hypothalamus of the brain by the
pituitary stalk. Known as the “master gland,” it controls other endocrine glands in
the body. It secretes hormones that control sexual development, promote bone and

muscle growth, respond to stress, and fight disease.

Pineal gland - is located behind the third ventricle. It helps regulate the body’s
internal clock and circadian rhythms by secreting melatonin. It has some role in

sexual development(Fehrenbach et al 2015).

Thalamus - serves as a relay station for almost all information that comes and goes
to the cortex (Fig. 5). It plays a role in pain sensation, attention, alertness and

memory.
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Figure 5. Coronal cross-section showing the basal ganglia. .( Mayfield Brain & Spine 2016)

Basal ganglia - includes the caudate, putamen and globus pallidus. These nuclei

work with the cerebellum to coordinate fine motions, such as fingertip movements.

Limbic system - is the center of our emotions, learning, and memory. Included in
this system are the cingulate gyri, hypothalamus, amygdala (emotional reactions)

and hippocampus (memory) (Fehrenbach, Margaret 2015 ).
2.1.3.4 Cranial nerves

The brain communicates with the body through the spinal cord and twelve pairs of
cranial nerves (Fig. 6). Ten of the twelve pairs of cranial nerves that control
hearing, eye movement, facial sensations, taste, swallowing and movement of the
face, neck, shoulder and tongue muscles originate in the brainstem. The cranial

nerves for smell and vision originate in the cerebrum (Heimer, Lennart 2012).

10
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Figure 6. The Roman numeral, name, and main function of the twelve cranial nerves. .(
Mayfield Brain & Spine 2016)
Table 2-1 cranial nerve

Number Name Function

I Olfactory Smell

] Optic Sight

Il Oculomotor moves eye, pupil
v Trochlear moves eye

\/ Trigeminal face sensation

VI Abducens moves eye

VIl Facial moves face, salivate
VIl vestibulocochlear | hearing, balance

IX glossopharyngeal | taste, swallow

X Vagus heart rate, digestion
XI Accessory moves head

Xl Hypoglossal moves tongue

11



2.1.3.5 Meninges

The brain and spinal cord are covered and protected by three layers of tissue called
meninges. From the outermost layer inward they are: the dura mater, arachnoid

mater, and pia mater.

The dura mater is a strong, thick membrane that closely lines the inside of the
skull; its two layers, the periosteal and meningeal dura, are fused and separate only
to form venous sinuses. The dura creates little folds or compartments. There are
two special dural folds, the falx and the tentorium. The falx separates the right and
left hemispheres of the brain and the tentorium separates the cerebrum from the

cerebellum.

The arachnoid mater is a thin, web-like membrane that covers the entire brain. The
arachnoid is made of elastic tissue. The space between the dura and arachnoid

membranes is called the subdural space.

The pia mater hugs the surface of the brain following its folds and grooves. The pia
mater has many blood vessels that reach deep into the brain. The space between the
arachnoid and pia is called the subarachnoid space. It is here where the

cerebrospinal fluid bathes and cushions the brain(Heimer, Lennart 2012).
2.1.3.6 Ventricles and cerebrospinal fluid

The brain has hollow fluid-filled cavities called ventricles (Fig. 7). Inside the
ventricles is a ribbon-like structure called the choroid plexus that makes clear
colorless cerebrospinal fluid (CSF). CSF flows within and around the brain and
spinal cord to help cushion it from injury. This circulating fluid is constantly being

absorbed and replenished.

12
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Figure 7. CSF is produced inside the ventricles deep within the brain. CSF fluid circulates

inside the brain and spinal cord and then outside to the subarachnoid space. Common sites

of obstruction: 1) foramen of Monro, 2) aqueduct of Sylvius, and 3) obex.( Mayfield Brain
& Spine 2016)

There are two ventricles deep within the cerebral hemispheres called the lateral
ventricles. They both connect with the third ventricle through a separate opening
called the foramen of Monro. The third ventricle connects with the fourth ventricle
through a long narrow tube called the aqueduct of Sylvius. From the fourth
ventricle, CSF flows into the subarachnoid space where it bathes and cushions the
brain. CSF is recycled (or absorbed) by special structures in the superior sagittal

sinus called arachnoid villi.

A balance is maintained between the amount of CSF that is absorbed and the
amount that is produced. A disruption or blockage in the system can cause a build
up of CSF, which can cause enlargement of the ventricles (hydrocephalus) or cause

a collection of fluid in the spinal cord (syringomyelia) (Heimer, Lennart 2012).
2.1.3.7 Blood supply

Blood is carried to the brain by two paired arteries, the internal carotid arteries and
the vertebral arteries (Fig. 8). The internal carotid arteries supply most of the

cerebrum.
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Figure 8. The common carotid artery courses up the neck and divides into the internal and external
carotid arteries. The brain’s anterior circulation is fed by the internal carotid arteries (ICA) and
the posterior circulation is fed by the vertebral arteries (VA). The two systems connect at the Circle
of Willis (green circle). .( Mayfield Brain & Spine 2016)

The vertebral arteries supply the cerebellum, brainstem, and the underside of the
cerebrum. After passing through the skull, the right and left vertebral arteries join
together to form the basilar artery. The basilar artery and the internal carotid
arteries “communicate” with each other at the base of the brain called the Circle of
Willis (Fig. 9). The communication between the internal carotid and vertebral-
basilar systems is an important safety feature of the brain. If one of the major
vessels becomes blocked, it is possible for collateral blood flow to come across the

Circle of Willis and prevent brain damage (Heimer, Lennart 2012).
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Figure 9. Top view of the Circle of Willis. The internal carotid and vertebral-basilar systems are
joined by the anterior communicating and posterior communicating arteries. .( Mayfield Brain &
Spine 2016)
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The venous circulation of the brain is very different from that of the rest of the
body. Usually arteries and veins run together as they supply and drain specific
areas of the body. So one would think there would be a pair of vertebral veins and
internal carotid veins. However, this is not the case in the brain. The major vein
collectors are integrated into the dura to form venous sinuses (Fig. 10) - not to be
confused with the air sinuses in the face and nasal region. The venous sinuses
collect the blood from the brain and pass it to the internal jugular veins. The
superior and inferior sagittal sinuses drain the cerebrum, the cavernous sinuses
drains the anterior skull base. All sinuses eventually drain to the sigmoid sinuses,
which exit the skull and form the jugular veins. These two jugular veins are

essentially the only drainage of the brain(Fehrenbach et al 2015).
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Figure 10. Three quarter view of the dural covering of the brain depicts the two major
dural folds, the falx and tentorium along with the venous sinuses. ( Mayfield Brain & Spine
2016)

2.1.3.8 Language

In general, the left hemisphere of the brain is responsible for language and speech
and is called the "dominant™ hemisphere. The right hemisphere plays a large part in
interpreting visual information and spatial processing. In about one third of
individuals who are left-handed, speech function may be located on the right side
of the brain. Left-handed individuals may need special testing to determine if their

speech center is on the left or right side prior to any surgery in that area.
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Aphasia is a disturbance of language affecting production, comprehension, reading
or writing, due to brain injury — most commonly from stroke or trauma. The type

of aphasia depends on the brain area affected (Fehrenbach, Margaret 2015 )..
2.1.3.8.1 Broca’s area

lies in the left frontal lobe (Fig 3). If this area is damaged, one may have difficulty
moving the tongue or facial muscles to produce the sounds of speech. The
individual can still read and understand spoken language but has difficulty in
speaking and writing (i.e. forming letters and words, doesn't write within lines) —
called Broca's aphasia.

2.1.3.8.2 Wernicke's area

lies in the left temporal lobe (Fig 3). Damage to this area causes Wernicke's
aphasia. The individual may speak in long sentences that have no meaning, add
unnecessary words, and even create new words. They can make speech sounds,
however they have difficulty understanding speech and are therefore unaware of

their mistakes.
2.1.3.9 Memory

Memory is a complex process that includes three phases: encoding (deciding what
information is important), storing, and recalling. Different areas of the brain are

involved in memory depending on the type of memory.

*Short-term memory, also called working memory, occurs in the prefrontal cortex.
It stores information for about one minute and its capacity is limited to about 7
items. For example, it enables you to dial a phone number someone just told you. It
also intervenes during reading, to memorize the sentence you have just read, so

that the next one makes sense.
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*Long-term memory is processed in the hippocampus of the temporal lobe and is
activated when you want to memorize something for a longer time. This memory
has unlimited content and duration capacity. It contains personal memories as well
as facts and figures.

*Skill memory is processed in the cerebellum, which relays information to the
basal ganglia. It stores automatic learned memories like tying a shoe, playing an

instrument, or riding a bike.

2.1.3.10 Cells of the brain

The brain is made up of two types of cells: nerve cells (neurons) and glia cells.
2.1.3.10.1 Nerve cells

There are many sizes and shapes of neurons, but all consist of a cell body,
dendrites and an axon. The neuron conveys information through electrical and
chemical signals. Try to picture electrical wiring in your home. An electrical
circuit is made up of numerous wires connected in such a way that when a light
switch is turned on, a light bulb will beam. A neuron that is excited will transmit

its energy to neurons within its vicinity.

Neurons transmit their energy, or “talk”, to each other across a tiny gap called a
synapse (Fig. 11). A neuron has many arms called dendrites, which act like
antennae picking up messages from other nerve cells. These messages are passed
to the cell body, which determines if the message should be passed along.
Important messages are passed to the end of the axon where sacs containing
neurotransmitters open into the synapse. The neurotransmitter molecules cross the
synapse and fit into special receptors on the receiving nerve cell, which stimulates

that cell to pass on the message.
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Figure 11. Nerve cells consist of a cell body, dendrites and axon. Neurons communicate
with each other by exchanging neurotransmitters across a tiny gap called a synapse.Glia
cells . (Mayfield Brain & Spine 2016).

Glia (Greek word meaning glue) are the cells of the brain that provide neurons
with nourishment, protection, and structural support. There are about 10 to 50
times more glia than nerve cells and are the most common type of cells involved in

brain tumors.
1 -Astroglia

or astrocytes transport nutrients to neurons, hold neurons in place, digest parts of
dead neurons, and regulate the blood brain barrier.

2- Oligodendroglia

Cells provide insulation (myelin) to neurons.

3 -Ependymal

Cells line the ventricles and secrete cerebrospinal fluid (CSF).
4 -Microglia

Digest dead neurons and pathogens(Fehrenbach, Margaret J 2015 )..
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2.2 Brain Tumors

A brain tumor, known as an intracranial tumor, is an abnormal mass of tissue in
which cells grow and multiply uncontrollably, seemingly unchecked by the
mechanisms that control normal cells. More than 150 different brain tumors have
been documented, but the two main groups of brain tumors are termed primary and
metastatic (Kwabi-Addo et.al 2011).

Primary brain tumors include tumors that originate from the tissues of the brain or
the brain's immediate surroundings. Primary tumors are categorized as glial
(composed of glial cells) or non-glial (developed on or in the structures of the
brain, including nerves, blood vessels and glands) and benign or malignant
(Kwabi-Addo et.al 2011).

Metastatic brain tumors include tumors that arise elsewhere in the body (such as
the breast or lungs) and migrate to the brain, usually through the bloodstream.
Metastatic tumors are considered cancer and are malignant. Metastatic tumors to
the brain affect nearly one in four patients with cancer, or an estimated 150,000
people a year. Up to 40 percent of people with lung cancer will develop metastatic
brain tumors. In the past, the outcome for patients diagnosed with these tumors was
very poor, with typical survival rates of just several weeks. More sophisticated
diagnostic tools, in addition to innovative surgical and radiation approaches, have
helped survival rates expand up to years; and also allowed for an improved quality

of life for patients following diagnosis(Kwabi-Addo et.al 2011).
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Figure 12. MRI scans of a benign and malignant brain tumor. Benign tumors have well
defined edges and are more easily removed surgically. Malignant tumors have an irregular
border that invades normal tissue with finger-like projections making surgical removal more

difficult.
2.2.1 Types of Benign Brain Tumors

2.2.1.1 Chordomas are benign, slow-growing tumors that are most prevalent in
people ages 50 to 60. Their most common locations are the base of the skull and
the lower portion of the spine. Although these tumors are benign, they may invade
the adjacent bone and put pressure on nearby neural tissue. These are rare tumors,
contributing to only 0.2 percent of all primary brain tumors (Bosc, Romain et.al
2011).

2.2.1.2 Craniopharyngiomas typically are benign, but are difficult tumors to
remove because of their location near critical structures deep in the brain. They
usually arise from a portion of the pituitary gland (the structure that regulates many
hormones in the body), so nearly all patients will require some hormone

replacement therapy(Bosc et.al 2011).

2.2.1.3 Gangliocytomas, gangliomas and anaplastic gangliogliomas are rare
tumors that include neoplastic nerve cells that are relatively well-differentiated,

occurring primarily in young adults (Bosc et.al 2011).
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2.2.1.4 Glomus jugulare tumors most frequently are benign and typically are
located just under the skull base, at the top of the jugular vein. They are the most
common form of glomus tumor. However, glomus tumors, in general, contribute to

only 0.6 percent of neoplasms of the head and neck(Bosc et.al 2011).

2.2.1.5 Meningiomas are the most common benign intracranial tumors,
comprising 10 to 15 percent of all brain neoplasms, although a very small
percentage are malignant. These tumors originate from the meninges, the
membrane-like structures that surround the brain and spinal cord (Bosc et.al
2011).

2.2.1.6 Pineocytomas are generally benign lesions that arise from the pineal cells,
occurring predominantly in adults. They are most often well-defined, noninvasive,

homogeneous and slow-growing (Bosc et.al 2011).

2.2.1.7 Pituitary adenomas are the most common intracranial tumors after
gliomas, meningiomas and schwannomas. The large majority of pituitary
adenomas are benign and fairly slow-growing. Even malignant pituitary tumors
rarely spread to other parts of the body. Adenomas are by far the most common
disease affecting the pituitary. They commonly affect people in their 30s or 40s,
although they are diagnosed in children, as well. Most of these tumors can be

treated successfully (Bosc et.al 2011).

2.2.1.8 Schwannomas are common benign brain tumors in adults. They arise
along nerves, comprised of cells that normally provide the "electrical insulation”
for the nerve cells. Schwannomas often displace the remainder of the normal nerve
instead of invading it. Acoustic neuromas are the most common schwannoma,
arising from the eighth cranial nerve, or vestibular cochlear nerve, which travels
from the brain to the ear. Although these tumors are benign, they can cause serious

complications and even death if they grow and exert pressure on nerves and
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eventually on the brain. Other locations include the spine and, more rarely, along

nerves that go to the limbs (Bosc et.al 2011).
2.2.2 Types of Malignant Brain Tumors

2.2.2.1 Gliomas are the most prevalent type of adult brain tumor, accounting for
78 percent of malignant brain tumors. They arise from the supporting cells of the
brain, called the glia. These cells are subdivided into astrocytes, ependymal cells

and oligodendroglial cells (or oligos). Glial tumors include the following:

2.2.2.2 Astrocytomas are the most common glioma, accounting for about half of
all primary brain and spinal cord tumors. Astrocytomas develop from star-shaped
glial cells called astrocytes, part of the supportive tissue of the brain. They may
occur in many parts of the brain, but most commonly in the cerebrum. People of all
ages can develop astrocytomas, but they are more prevalent in adults —
particularly middle-aged men. Astrocytomas in the base of the brain are more
prevalent in children n or younger people and account for the majority of children's
brain tumors. In children, most of these tumors are considered low-grade, while in

adults, most are high-grade.

2.2.2.3 Ependymomas are derived from a neoplastic transformation of the
ependymal cells lining the ventricular system and account for two to three percent

of all brain tumors. Most are well-defined, but some are not.

2.2.2.4 Glioblastoma multiforme (GBM) is the most invasive type of glial tumor.
These tumors tend to grow rapidly, spread to other tissue and have a poor
prognosis. They may be composed of several different kinds of cells, such as
astrocytes and oligodendrocytes. GBM is more common in people ages 50 to 70

and are more prevalent in men than women.
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2.2.2.5 Medulloblastomas usually arise in the cerebellum, most frequently in
children. They are high-grade tumors, but they are usually responsive to radiation

and chemotherapy.

2.2.2.6 Oligodendrogliomas are derived from the cells that make myelin, which is

the insulation for the wiring of the brain(Bosc et.al 2011).
2.2.3 Other Types of Brain Tumors

2.2.3.1 Hemangioblastomas are slow-growing tumors, commonly located in the
cerebellum. They originate from blood vessels, can be large in size and often are
accompanied by a cyst. These tumors are most common in people ages 40 to 60

and are more prevalent in men than women (Nandigam et.al 2014).

2.2.3.2 Rhabdoid tumors are rare, highly aggressive tumors that tend to spread
throughout the central nervous system. They often appear in multiple sites in the
body, especially in the kidneys. They are more prevalent in young children, but

also can occur in adults (Nandigam et.al 2014).
2.2.4 Pediatric Brain Tumors

Brain tumors in children typically come from different tissues than those affecting
adults. Treatments that are fairly well-tolerated by the adult brain (such as radiation
therapy) may prevent normal development of a child's brain, especially in children

younger than age five (Tobin et al 2015).

According to the Pediatric Brain Tumor Foundation, approximately 4,200 children
are diagnosed with a brain tumor in the U.S. Seventy-two percent of children
diagnosed with a brain tumor are younger than age 15. In some patients the

descended cerebellar components are debulked or removed.

Some types of brain tumors are more common in children than in adults. The most

common types of pediatric tumors are medulloblastomas, low-grade astrocytomas
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(pilocytic), ependymomas, craniopharyngiomas and brainstem gliomas (Tobin et al
2015).

2.2.5 World Health Organization (WHO) Brain Tumor Grades

The World Health Organization (WHQO) has developed a grading system to
indicate a tumor's malignancy or benignity based on its histological features under

a microscope:

1- Most malignant
2- Rapid growth, aggressive
3- Widely infiltrative
4- Rapid recurrence
5- Necrosis prone
Table 2: World Health Organization (WHO) Brain Tumor Grades ( Louis et al. 2016.)

Characteristics
Grade Tumor Types
« Least malignant (benign) o Pilocytic astrocytoma
« Possibly curable via surgery alone | « Craniopharyngioma
WHO o Non-infiltrative Gangli
e Gang |ocytoma
Grade | « Long-term survival « Ganglioglioma
Low « Slow growing .
Grade « Relatively slow growing « "Diffuse" Astrocytoma
WHO o Somewhat infiltrative e Pineocytoma
Grade 11 o May recur as higher grade e Pure oligodendroglioma
« Malignant e Anaplastic astrocytoma
WHO o Infiltrative Anaplasti d
Grade 11 _ e Anaplastic ependymoma
« Tend to recur as higher grade  Anaplastic oligodendroglioma
High . qut malignant _ ¢ Gliobastoma multiforme (GBM)
Grade « Raid growth, aggressive ¢ Pineoblastoma
WHO o Widely infiltrative e Medulloblastoma
Grade IV | « Rapid recurrence « Ependymoblastoma
 Necrosis prone
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2.2.6 Incidence in Adults

The National Cancer Institute estimates that 22,910 adults (12,630 men and 10,280
women) will be diagnosed with brain and other nervous system tumors in 2012. It
also estimates that in 2012, 13,700 of these diagnoses will result in death.Between
2005 and 2009, the median age for death from cancer of the brain and other areas

of the nervous system was age 64(Horner et al 2009).
2.2.7 Brain Tumor Causes

Brain tumors are thought to arise when certain genes on the chromosomes of a cell
are damaged and no longer function properly. These genes normally regulate the
rate at which the cell divides (if it divides at all) and repair genes that fix defects of
other genes, as well as genes that should cause the cell to self-destruct if the
damage is beyond repair. In some cases, an individual may be born with partial
defects in one or more of these genes. Environmental factors may then lead to
further damage. In other cases, the environmental injury to the genes may be the
only cause. It is not known why some people in an "environment" develop brain

tumors, while others do not (Schneider and Katherine 2011).

Once a cell is dividing rapidly and internal mechanisms to check its growth are
damaged, the cell can eventually grow into a tumor. Another line of defense may
be the body's immune system, which optimally would detect the abnormal cell and
Kill it. Tumors may produce substances that block the immune system from
recognizing the abnormal tumor cells and eventually overpower all internal and

external deterrents to its growth (Schneider and Katherine 2011).

A rapidly growing tumor may need more oxygen and nutrients than can be
provided by the local blood supply intended for normal tissue. Tumors can produce

substances called angiogenesis factors that promote the growth of blood vessels.
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The new vessels that grow increase the supply of nutrients to the tumor, and,
eventually, the tumor becomes dependent on these new vessels. Research is being
done in this area, but more extensive research is necessary to translate this

knowledge into potential therapies (Schneider and Katherine 2011).
2.2.8 Symptoms

Symptoms vary depending on the location of the brain tumor, but the following
may accompany different types of brain tumor:

1- Headaches that may be more severe in the morning or awaken the patient at
night

2- Seizures or convulsions

3- Difficulty thinking, speaking or articulating

4- Personality changes

5- Weakness or paralysis in one part or one side of the body

6- Loss of balance or dizziness

7- Vision changes

8- Hearing changes

9- Facial numbness or tingling

10- Nausea or vomiting, swallowing difficulties

11- Confusion and disorientation (Siegel, Rebecca L et.al 2015)

2.2.9 Diagnosis

Sophisticated imaging techniques can pinpoint brain tumors. Diagnostic tools
include computed tomography (CT or CAT scan) and magnetic resonance imaging
(MRI). Other MRI sequences can help the surgeon plan the resection of the tumor
based on the location of the normal nerve pathways of the brain. Intraoperative
MRI also is used during surgery to guide tissue biopsies and tumor removal.

Magnetic resonance spectroscopy (MRS) is used to examine the tumor's chemical
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profile and determine the nature of the lesions seen on the MRI. Positron emission

tomography (PET scan) can help detect recurring brain tumors.

Sometimes the only way to make a definitive diagnosis of a brain tumor is through
a biopsy. The neurosurgeon performs the biopsy and the pathologist makes the
final diagnosis, determining whether the tumor appears benign or malignant, and

grading it accordingly.
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Figure 13. During a needle biopsy, a hollow cannula is inserted into the tumor. Small biting
instruments remove bits of tumor for the pathologist to examine and determine the exact
tumor cell type.

2.2.10 Brain Tumor Treatment

Brain tumors (whether primary or metastatic, benign or malignant) usually are
treated with surgery, radiation, and/or chemotherapy — alone or in various
combinations. While it is true that radiation and chemotherapy are used more often
for malignant, residual or recurrent tumors, decisions as to what treatment to use
are made on a case-by-case basis and depend on a number of factors. There are

risks and side effects associated with each type of therapy(Buckner et a 2007).

27



2.2.10.1 Surgery

It is generally accepted that complete or nearly complete surgical removal of a
brain tumor is beneficial for a patient. The neurosurgeon's challenge is to remove
as much tumor as possible, without injuring brain tissue important to the patient's
neurological function (such as the ability to speak, walk, etc.). Traditionally,
neurosurgeons open the skull through a craniotomy to insure they can access the
tumor and remove as much of it as possible. A drain (EVD) may be left in the
brain fluid cavities at the time of surgery to drain the normal brain fluid as the

brain recovers from the surgery .

Another procedure that is commonly performed, sometimes before a craniotomy, is
called a stereotactic biopsy. This smaller operation allows doctors to obtain tissue
in order to make an accurate diagnosis. Usually, a frame is attached to the patient's
head, a scan is obtained, and then the patient is taken to the operating area, where a
small hole is drilled in the skull to allow access to the abnormal area. Based on the
location of the lesion, some hospitals may do this same procedure without the use

of a frame. A small sample is obtained for examination under the microscope.

tumor

Figure 14. Surgery involves cutting a window in the skull (craniotomy) to remove the tumor.
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In the early 1990s, computerized devices called surgical navigation systems were
introduced. These systems assisted the neurosurgeon with guidance, localization
and orientation for tumors. This information reduced the risks and improved the
extent of tumor removal. In many cases, surgical navigation systems allowed
previously inoperable tumors to be excised with acceptable risks. Some of these
systems also can be used for biopsies without having to attach a frame to the skull.
One limitation of these systems is that they utilize a scan (CT or MRI) obtained
prior to surgery to guide the neurosurgeon. Thus, they cannot account for
movements of the brain that may occur intraoperatively. Investigators are
developing techniques using ultrasound and performing surgery in MRI scanners

to help update the navigation system data during surgery.
2.2.10.2 Radiation Therapy

Radiation therapy uses high-energy X-rays to Kkill cancer cells and abnormal brain
cells and to shrink tumors. Radiation therapy may be an option if the tumor cannot

be treated effectively through surgery.
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Figure 15. A machine rotates around the patient, aiming radiation beams at the tumor. The

radiation beams are shaped to match the tumor and minimize exposure to normal brain tissue.
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Standard External Beam Radiotherapy uses a variety of radiation beams to create a
conformal coverage of the tumor while limiting the dose to surrounding normal
structures. The risk of long-term radiation injury with modern delivery methods is
very low. Newer techniques of delivery aside from 3-dimensional conformal
radiotherapy (3DCRT) include intensity-modulated radiotherapy (IMRT).

Proton Beam Treatment employs a specific type of radiation in which protons, a
form of radioactivity, are directed specifically to the tumor. The advantage is that

less tissue surrounding the tumor incurs damage.

Stereotactic Radiosurgery (such as Gamma Knife, Novalis and Cyber knife) is a
technique that focuses the radiation with many different beams on the target tissue.
This treatment tends to incur less damage to tissues adjacent to the tumor.
Currently, there is no data to suggest one delivery system is superior to another in

terms of clinical outcome, and each has its advantages and disadvantages.
2.2.10.3 Chemotherapy

Chemotherapy generally is considered to be effective for specific pediatric tumors,
lymphomas and some oligodendrogliomas. While it has been proven that
chemotherapy improves overall survival in patients with the most malignant
primary brain tumors, it does so in only in about 20 percent of all patients, and
physicians cannot readily predict which patients will benefit before treatment. As
such, some physicians choose not to use chemotherapy because of the potential

side effects (lung scarring, suppression of the immune system, nausea, etc...)
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Figure 16. Chemotherapy for high-grade gliomas is usually taken as a pill daily for a set
period of time called a cycle. The drug circulates through the bloodstream to the brain where
it crosses the blood-brain-barrier to the tumor.

Chemotherapy works by inflicting cell damage that is better repaired by normal
tissue than tumor tissue. Resistance to chemotherapy might involve survival of
tumor tissue that cannot respond to the drug, or the inability of the drug to pass
from the bloodstream into the brain. A special barrier exists between the
bloodstream and the brain tissue called the blood-brain barrier. Some investigators
have tried to improve the effect of chemotherapy by disrupting this barrier or by
injecting the drug into the tumor or brain. The goal of another class of drugs is not
to kill the tumor cells but, rather, to block further tumor growth. In some cases,
growth modifiers (such as breast cancer treatment drug Tamoxifen) have been used

to attempt to stop the growth of tumors resistant to other treatments.
2.2.10.4 Visualase

Laser Thermal Ablation is a newer technique that some centers are using to treat
smaller tumors particularly in areas that may be more difficult to reach using
previous open surgery procedures. This involves placing a tiny catheter within the
lesion, possibly completing a biopsy, then using laser to thermally ablate the
lesion. This technique is only more recently used in brain tumor treatments,

therefore the long term efficacy has not been established .
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2.3 Magnetic Resonance Spectroscopy (MRYS)

Magnetic Resonance Spectroscopy (MRS) is an analytical method used in
chemistry that enables the identification and quantification of metabolites in
samples. It differs from conventional Magnetic Resonance Imaging (MRI) in that
spectra provide physiological and chemical information instead of anatomy
(Bertholdo et.al 2013).

MRS and MRI have their origin in Nuclear Magnetic Resonance (NMR). NMR
was first described in 1946 simultaneously by the Nobel Prize winners Edward
Purcell, from Harvard University, and Felix Bloch, from Stanford University. At
that time, NMR was used only by physicists for purposes of determining the
nuclear magnetic moments of nuclei. It was only in the mid 1970’°s that NMR
started to be used in vivo, after Lauterbur, Mansfield and Grannell introduced
gradient into the magnetic field enabling them to determinate the location of the
emitted signal and to reproduce it in an image. In vivo NMR was renamed MRI
because the term “nuclear” was constantly and erroneously associated with nuclear
medicine. For the same reason, NMR spectroscopy used in vivo is now named
MRS. During the 1980’s, the first MRI medical scanners became available for
clinical use. Since then, improvements have been made especially related to higher
field strengths (Bertholdo et.al 2013).

MR spectra may be obtained from different nuclei. Protons (*H) are the most used
nuclei for clinical applications in the human brain mainly because of its high
sensitivity and abundance. The proton MR spectrum is altered in almost all
neurological disorders. In some diseases proton MRS (H-MRS) changes are very
subtle and not reliable without a statistical comparison between groups of patients.

In these cases, H-MRS is usually used for research. In clinical practice, H-MRS is
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mostly used for more detailed analysis of primary and secondary brain tumors and

metabolic diseases (van der Graaf 2010).
2.3.1 Physical Basis

Many nuclei may be used to obtain MR spectra, including phosphorus (3!P),
fluorine (*°F), carbon (*3C) and sodium (¥Na). The ones mostly used for clinical
MRS are protons (H-MRS). The brain is ideally imaged with H-MRS because of
its near lack of motion (this prevents MRS from being used in the abdomen and
thorax without very sophisticated motion-reduction techniques). The hydrogen
nucleus is abundant in human tissues. H-MRS requires only standard radio-
frequency (RF) coils and a dedicated software package. For non-proton MRS, RF
coils tuned to the Larmor frequency of other nuclei, matching preamplifiers,

hybrids and broad-band power amplifier are needed (Cady and Ernest 2012).

There are different field strengths clinically used for conventional MRI, ranging
from 0.2 to 3T. Since the main objective of MRS is to detect weak signals from
metabolites, a higher strength field is required (1.5T or more). Higher field strength
units have the advantage of higher signal-to-noise ratio (SNR), better resolution
and shorter acquisition times making the technique useful in sick patients and

others that cannot hold still for long periods of time(Henning and Anke. 2008 ).

H-MRS is based on the chemical shift properties of the atom. When a tissue is
exposed to an external magnetic field, its nuclei will resonate at a frequency (f) that

is given by the Larmor equation:
f=vB0

Since the gyromagnetic ratio (y) is a constant of each nuclear species, the spin
frequency of a certain nuclei (f) depends on the external magnetic field (BO) and

the local microenvironment. The electric shell interactions of these nuclei with the
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surrounding molecules cause a change in the local magnetic field leading to a
change on the spin frequency of the atom (a phenomenon called chemical shift).
The value of this difference in resonance frequency gives information about the
molecular group carrying *H and is expressed in parts per million (ppm). The
chemical shift position of a nucleus is ideally expressed in ppm because it is
independent of the field strength (choline, for example, will be positioned at 3.22
ppm at 1.5T or 7T). The MR spectrum is represented by the x axis that corresponds
to the metabolite frequency in ppm according to the chemical shift and the y axis

that corresponds to the peak amplitude (Fig. 17).
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Fig. 17. Normal spectra. y axis correspond to amplitude and x axis to the metabolites
frequency

Some metabolites such as lactate have doublets, triplets or multiplets instead of
single peaks. These peaks are broken down into more complex peaks and are
explained by J-coupling, also named spin-spin coupling. The j-coupling
phenomenon occurs when the molecular structure of a metabolite is such that
protons are found in different atomic groups (for example CH3- and —CHZ2-).
These groups have a slightly different local magnetic fields, thus each H resonates
at a frequency characteristic of its position in the molecule resulting in a multiplet
peak (Grover et al 2015).
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2.3.2 Techniques

The H-MRS acquisition usually starts with anatomical images, which are used to
select a volume of interest (VOI), where the spectrum will be acquired. For the
spectrum acquisition, different techniques may be used including single- and multi-
voxel imaging using both long and short echo times (TE). Each technique has
advantages and disadvantages and choosing the right one for a specific purpose is

important to improve the quality of the results (Bertholdo et.al 2013).
2.3.2.1 Single-Voxel Spectroscopy

In the single voxel spectroscopy (SVS) the signal is obtained from a voxel
previously selected. This voxel is acquired from a combination of slice-selective
excitations in three dimensions in space, achieved when a RF pulse is applied
while a field gradient is switched on. It results in three orthogonal planes and their

intersection corresponds to VOI (Fig. 18).
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Fig. 18. SVS. The intersection of the orthogonal planes, given by slice selection and phase

gradients, results in the VOI.

Mainly, two techniques are used for acquisition of SVS H-MRS spectra: pointed-
resolved spectroscopy (PRESS) and stimulated echo acquisition mode (STEAM).

The most used SVS technique is PRESS. In the PRESS sequence, the spectrum is
acquired using one 90° pulse followed by two 180° pulses. Each of them is applied
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at the same time as a different field gradient. Thus, the signal emitted by the VOI is
a spin echo. The first 180° pulse is applied after a time TE1/2 from the first pulse
(90° pulse) and the second 180° is applied after a time TE1/2+TE. The signal
occurs after a time 2TE (Fig. 19). To restrict the acquired sign to the VOI selected,
spoiler gradients are needed. Spoiler gradients dephase the nuclei outside the VOI
and reduce their signal.
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Fig. 19. PRESS

STEAM is the second most commonly used SVS technique. In this sequence all
three pulses applied are 90° pulses. As in PRESS, they are all simultaneous with a
different field gradients. After a time TE1/2 from the first pulse, a second 90° is
applied. The time elapsed between the second and the third is conventionally called
“mixing time” (MT) and is shorter than TE1/2. The signal is finally achieved after
a time TE+MT from the first pulse (Fig. 20). Thus, the total time for STEAM
technique is shorter than PRESS. Spoiler gradients are also needed to reduce signal

from regions outside the VOI.
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Fig. 20 STEAM

Because STEAM sequence uses only 90° pulses, it has 50% lower SNR than
PRESS. As stated before, PRESS sequence is acquired using two pulses of 180°.
The use of these 180° pulses results in a less optimal VOI profile and leads to
higher SNR. However, since the length of 180° pulses is longer than 90°, PRESS
cannot be achieved with a very short TE. Another disadvantage of PRESS
sequence is the larger chemical shift displacement artifact, which is described later

in this chapter.

Therefore, STEAM is usually the modality of choice when a short TE and precise
volume selection is needed. On the other hand, PRESS is the mostly used SVS
technique because it doubles SNR, which is an important factor leading to better

spectral quality(Bertholdo et.al 2013).
2.3.2.2 Magnetic Resonance Spectroscopy Imaging (MRSI)

Magnetic resonance spectroscopy imaging (MRSI), also called spectroscopic
imaging or chemical shift imaging, is a multi-voxel technique. The main objective
of MRSI is to obtain simultaneously many voxels and a spatial distribution of the

metabolites within a single sequence. Thus, this H-MRS technique uses phase-
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encoding gradients to encode spatial information after the RF pulses and the

gradient of slice selection (Mandal et.al 2012).

MRSI is acquired using only slice selection and phase encoding gradients, besides
the spoiler gradients. Differently from conventional MRI, a frequency encoding
gradient is not applied in MRSI (FIGURE 5). Thus, instead of the anatomical
information given by the conventional MRI signal, the MRS signal results in a
spectrum of metabolites with different frequencies (information acquired from

chemical shift properties of each metabolite).

The same sequences used for SVS are used for the signal acquisition in MRSI
(STEAM or PRESS). The main difference between MRSI and SVS is that, after
the RF pulse, phase encoding gradients are used in one, two or three dimensions
(1D, 2D or 3D) to sample the k-space (Fig. 21). In a 1D sequence, the phase
encoding has a single direction, in 2D has two orthogonal directions and, in 3D

three orthogonal directions.
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Fig. 21. 1D MRSI (a); 2D MRSI (b); 3D MRSI (c) and conventional MRI (d)
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The result of a 2D MRSI is a matrix, called a spectroscopy grid. The size of this
grid corresponds to the field of view (FOV) previously determined. In the 3D
sequence, many grids are acquired within one FOV. The number of partitions (or
voxels) of the grids is directly proportional to the number of phase encoding steps.
The spatial resolution is also proportional to the number of voxels in a determined
FOV (more voxels give a better spatial resolution). However, for a larger number
of voxels, more phase encoding steps are needed and this implies a longer time for
acquisition. Spatial resolution is also determined by the FOV size (smaller FOV

gives better spatial resolution) and by point of spread function (PSF).

PSF on an optical system is defined as the distribution of light from a single point
source. For MRSI the PSF is related to voxel contamination with signals from
adjacent voxels, also called voxel “bleeding”. This same effect corresponds to the
Gibbs ringing artifact seen on conventional MRI. The shape of PSF is determined
by the k-space sampling method and the number of phase encoding steps. PSF can
be avoided when more than 64-phase encoding steps are applied, which leads to a
time of scanning not feasible in clinical practice. To reduce PSF some methods are
used such as k-space filtering and reduction. For k-space reduction, the data only

inside a circular (2D) or spherical (3D) region are measured (Fig. 22).
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Fig. 22. Circular 2D k-space sampling. Only the data inside the area of k-space delimited by

the circle is measured. The remaining space is filled with zero.

39



Another concern about MRSI is the suppression of unwanted signals from outside
of the brain, particularly from the subcutaneous fat, since lipids have a much

higher signal than brain metabolites. Since an FOV has always a rectangular

shape and the brain is oval shaped, some techniques must be used to optimize the
FOV. The use of outer-volume suppression (OVS) as shown on the (figure . 23) is

the most used technique for this purpose.

Fig. 23. Use of OVS to minimize unwanted signal from outside the brain

All techniques that help optimize the MRSI sequence by reducing voxel bleeding
and increasing spatial resolution and the number of phase encoding needed to
acquire a 2D or 3D MRSI have a cost: time. Therefore, in order to minimize scan
time without reducing quality, fast MRSI techniques are used. First, it is important
to know that, FOV has a significant role on scanning time. A large FOV means a
longer the time to acquire the MRSI spectrum. A simple way to reduce time is to
use the smallest FOV possible consistent with the dimension of the object to be

analyzed.

Reducing the k-space sampling by measuring the data inside a circular or spherical
region instead of a rectangular one is another way to reduce scan time (Fig. 6).
Other techniques used for this purpose are turbo-MRSI (using multiple spin-
echos), multi-slice MRSI, three-dimensional echo-planar spectroscopic imaging

(EPSI), and parallel imaging methods. These techniques are beyond the scope of
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this chapter and for more details can be found elsewhere (Duyn and Moonen,
1993; Duyn et al., 1993; Posse et al., 1994).

2.3.2.3 SVS vs MRSI

SVS and MRSI have advantages and disadvantages regarding their use for specific
purposes (Table 1) SVS technique results in a high quality spectrum, a short scan
time, and good field homogeneity. Thus, SVS technique is usually obtained with
short TE since longer TE has decreased signal due to T2 relaxation. SVS is used to

obtain an accurate quantification of the metabolites(Bertholdo et.al 2013).

The main advantage of MRSI is spatial distribution compared to SVS technique
that only acquires the spectrum in a limited brain region. Moreover, the grid
obtained with MRSI allows voxels to be repositioned during post processing. On
the other hand, the quantification of the metabolites is not as precise when using
MRSI technique because of voxel bleeding. Therefore, MRSI can be used to

determinate spatial heterogeneity.

Table 3: Difference between single voxel spectroscopy (SVS) and magnetic

resonance spectroscopy imaging (MRSI)

SVS MRSI

Short TE Long TE

One voxel Multi-voxel

Limited region Many data collected

Fixed grid Grid may be shifted after acquisition
More accurate Voxel bleeding

Quantitative measurement | Spatial distribution
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2.3.2.4 Short TEvslong TE

MRS can be obtained using different TEs that result in distinct spectra. Short TE
refers to a study in which it varies from 20 to 40 ms. It has a higher SNR and less
signal loss due to T2 and T1 weighting than long TE. These short TE properties
result in a spectrum with more metabolites peaks, such as myoinositol and
glutamine-glutamate (Fig. 8), which are not detected with long TE. Nevertheless,
since more peaks are shown on the spectrum, overlap is much more common and
care must be taken when quantifying the peaks of metabolites (Bertholdo et.al
2013).

MRS spectra may also be obtained with long TEs, from 135 to 288 ms. Some
authors describe 135-144 ms as an intermediate TE, but in this chapter we will
include it along with long TEs. Long TEs have a worse SNR, however they have a
more simple spectra due to suppression of some signals. Thus, the spectra are less
noisy but have a limited number of sharp resonances. On 135-144 TEs the peak of
lactate is inverted below the baseline. This has an important value since the peaks
of lactate and lipids overlap in this spectrum. Therefore, 135-144 TEs allow for
easier recognition of lactate peak (Fig. 24) as lipids remain above the baseline.
With TE of 270-288 ms there is a lower SNR and the lactate peak is not inverted.

Fig. 24. Spectrum obtained with TE = 30ms (A) and TE = 135ms (B). Note the inverted lactate
peak (doublet) with long TE acquisition and the more number of sharps resonance with short
TE. Cho- choline; Cr- creatine NAA- N-acetylaspartate; Ins dd1- myoinositol.
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2.3.3 Water Suppression

MRS-visible brain metabolites have a low concentration in brain tissues. Water is
the most abundant and thus its signal in MRS spectrum is much higher than that of
other metabolites (the signal of water is 100.000 times greater than that of other
metabolites). To avoid this high peak from water to be superimpose on the signal
of other brain metabolites, water suppression techniques are needed (fig. 25). The
most commonly used technique is chemical shift selective water suppression
(CHESS) which pre-saturates water signal using frequency selective 90° pulses
before the localizing pulse sequence. Other techniques sometimes used are
VAriable Pulse power and Optimized Relaxation Delays (VAPOR) and Water
suppression Enhanced Through T1 effects (WET).

Fig. 25. Water signal suppressing with CHESS. Spectrum before CHESS (A) and after
CHESS (B). CHESS reduces signal from water by a factor of 1000 allowing brain metabolites
to be depicted on the spectrum.

2.3.4 Post-processing

Quantification and analysis methods of collected data are as important as the

acquisition techniques use to obtain the spectra. Using an incorrect post-processing
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method may lead to wrong interpretations. There are many post-processing

techniques that may be used before and after the Fourier transform (FT).

The properties of the spectrum may be manipulated using digital filters before the
FT. Zero-filling, multiplication with a filter, eddy-current correction, and band-
reject filters are some examples of post-processing steps during time domain. The
use of zero-filling results in a higher digital resolution in the spectrum. Band-reject
filters are used to remove residual water signal when water suppression technique
used during signal acquisition did not completely eliminate it. Eddy-current
correction is used to eliminate eddy-current artifacts (explained in the artifact
section) using a reference signal such as unsuppressed water signal and applying a
time-dependent phase correction. After the FT, during frequency domain, phase
and base line correction are usually used. All these post-processing methods may
be used with SVS and MRSI. However, since MRSI uses phase-encoding
gradients, other filters need to be applied before FT (e.g. “Haning”or Hamming
filters” and “Fermifilter) (Bertholdo et.al 2013).

2.3.5 Artifacts

MRS is prone to artifacts. Motion, poor water or lipid suppressions, field
inhomogeneity, eddy currents, and chemical shift displacement are some examples
of factors that introduce artifacts into spectra. One of the most important factors
that predict the quality of a spectrum is the homogeneity of the magnetic field.
Poor field homogeneity results in a lower SNR and broadening of the width of the
peaks. For brain MRS, some regions are more susceptible to this artifact, including
those near bone structures and air tissue- interfaces. Therefore placement of the
VOI should be avoided near areas such as anterior temporal and frontal lobes.
Paramagnetic devices also result in field heterogeneity leading to a poor quality

spectrum when the VOI is placed near them (Bertholdo et.al 2013).
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Eddy currents are caused by gradient switching. A transient current results in
distortion of the peak shapes, making spectrum quantification difficult. This
artifact is more commonly seen in older MRI units. However, even modern units
produce smaller eddy current artifacts and eddy current correction (used on post-

procession phase) is needed.

Chemical shift displacements correspond to chemical shift artifacts on
conventional MRI. The localization of the voxel is based on the precession
frequency of the protons. Since this frequency is different for each metabolite, the
exact position of each metabolite is slightly different. This artifact is larger with
higher magnetic field strengths. To solve this problem, strong field gradients for

the slice selection must be used(Barker P B et.al 2010).
2.3.6 Higher Fields H-MRS

Higher field MRI (3T, 7T and above) is used in many centers mostly for research
purposes. On the past decade, 3T MRI started to be routinely used for clinical
examinations and it results in better SNR and faster acquisitions factor which are

Important in sick patients that cannot hold still.

H-MRS performed at 3T MRI has a higher SNR and a reduced acquisition time
compared to 1.5T. It was believed that SNR would increase linearly with the
strength of the magnetic field but SNR does not double with 3T H-MRS because
others factors are also responsible for the SNR, including metabolite relaxation

time and magnetic field homogeneity.

Spectral resolution is improved with higher magnetic field. A better spatial
resolution increases the distance between peaks making it easier to distinguish
between them. This is important particularly for resonances from coupled spins

such as glutamate, glutamine and myo-inositol. However, the metabolites
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linewidth also increases at higher magnetic field due to a markedly increase T2
relaxation time. Thus, short TE is more commonly used with 3T. The difference of
T1 relaxation time from 1.5T to3T depends on the brain region studied (Ethofer,
2003).

3T H-MRS is more sensitive to magnetic field inhomogeneity andsome artifacts
are more pronounced with it particularly susceptibility and eddy currents ones.
Chemical shift displacement is also larger at 3T and this artifact increases linearly
with the magnetic field.Not only field strength has improved on the past few years,
but also receiver coils. The use of multiple radiofrequency receiver coils for MRS
provides higher local sensitivity and results in higher SNR. These coils also allow

a more extended coverage of the brain(Lacey et al.1999).
2.3.7 Spectra

H-MRS allows the detection of brain metabolites. The metabolite changes often
precede structural abnormalities and MRS can demonstrate abnormalities before
MRI does (Fayed et al.,, 2006). To detect these spectral alterations, it is
fundamental to know the normal brain spectra and their variations according to the
each technique, patient age, and brain region.*H spectra of metabolites are shown
on x and y axes. The X, horizontal, axis displays the chemical shift of the
metabolites in units of ppm. The ppm increases from right to left. The y, vertical,
axis demonstrates arbitrary signal amplitude of the metabolites. The height of
metabolic peak refers to a relative concentration and the area under the curve to

metabolite concentration (Fayed et al., 2006).

Long TE sequences result in less noise than short TE sequences but several
metabolites are better demonstrated with short TE. In 1.5T MR scanners, long TE
sequences (TE = 135-288 ms) detect NAA, Cr, Cho, Lac and possibly Ala. Short
TE sequences (TE = 20-40 ms) demonstrate the metabolites seen with long TE
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acquisitions and in addition Lip, Myo, GIx, glucose, and some macromolecular
proteins) (Fig. 26).

I: Integral

NAA
1:22.0

NORMAL REGION

Fig. 26. Normal spectra obtained with short TE sequence. (TE= 30ms). Ins dd1- myoinositol;

Cho- choline; Cr- creatine; Glx-glutamate-glutamine; NAA- n-acetylaspartate.

2.3.8 Brain metabolites
2.3.8.1 N-acetylaspartate (NAA)

Peak of NAA is the highest peak in normal brain. This peak is assigned at 2.02
ppm. NAA is synthesized in the mitochondria of neurons then transported into
neuronal cytoplasm and along axons. NAA is exclusively found in the nervous
system (peripheral and central) and is detected in both grey and white matter. It is a
marker of neuronal and axonal viability and density. NAA can be found in
immature oligodendrocytes and astrocyte progenitor cells, as well. NAA also plays
a role as a cerebral osmolyte.
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Absence or decreased concentration of NAA is a sign of neuronal loss or
degradation. Neuronal destruction from malignant neoplasms and many white
matter diseases result in decreased concentration of NAA. In contrast, increased
NAA is nearly specific for Canavan disease. NAA is not demonstrated in extra-
axial lesions such as meningiomas or intra-axial ones originating from outside of

the brain such as metastases(Soares and Law, 2009).
2.3.8.2 Creatine (Cr)

The peak of Cr spectrum is assigned at 3.02 ppm. This peak represents a
combination of molecules containing creatine and phosphocreatine. Cr is a marker
of energetic systems and intracellular metabolism. Concentration of Cr is relatively
constant and it is considered a most stable cerebral metabolite. Therefore it is used
as an internal reference for calculating metabolite ratios. However, there are
regional and individual variability in Cr concentrations. In brain tumors, there is a
reduced Cr signal (see details below). On the other hand, gliosis may cause
minimally increased Cr due to increased density of glial cells (glial proliferation).
Creatine and phosphocreatine are metabolized to creatinine then the creatinine is
excreted via kidneys (Hajek and Dezortova, 2008). Systemic disease (e.g. renal

disease) may also affect Cr levels in the brain (Soares and Law, 2009).
2.3.8.3 Choline (Cho)

Its peak is assigned at 3.22 ppm and represents the sum of choline and choline-
containing compounds (e.g. phosphocholine). Cho is a marker of cellular
membrane turnover (phospholipids synthesis and degradation) reflecting cellular
proliferation. In tumors, Cho levels correlate with degree of malignancy reflecting
of cellularity. Increase Cho may be seen in infarction (from gliosis or ischemic
damage to myelin) or inflammation (glial proliferation) hence elevated Cho is

nonspecific (Soares and Law, 2009).
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2.3.8.4 Lactate (Lac)

Peak of Lac is not seen or is hardly visualized in the normal brain. The peak of Lac
Is a doublet at 1.33 ppm which projects above the baseline on short/long TE

acquisition and inverts below the baseline at TE of 135-144 msec.

A small peak of Lac can be visible in some physiological states such as newborn
brains during the first hours of life (Mullins, 2006). Lac is a product of anaerobic
glycolysis so its concentration increases under anaerobic metabolism such as
cerebral hypoxia, ischemia, seizures and metabolic disorders (especially
mitochondrial ones). Increased Lac signals also occur with macrophage
accumulation (e.g. acute inflammation). Lac also accumulates in tissues with poor
washout such as cysts, normal pressure hydrocephalus, and necrotic and cystic

tumors (Soares and Law, 2009).
2.3.8.5 Lipids (Lip)

Lipids are components of cell membranes not visualized on long TE because of
their very short relaxation time. There are two peaks of lipids: methylene protons
at 1.3 ppm and methyl protons at 0.9 ppm (van der Graaf, 2010). These peaks are
absent in the normal brain, but presence of lipids may result from improper voxel
selection causing voxel contamination from adjacent fatty tissues (e.g. fat in

subcutaneous tissue, scalp and diploic space).

Lipid peak scan be seen when there is cellular membrane breakdown or necrosis

such as in metastases or primary malignant tumors(Soares and Law, 2009).
2.3.8.6 Myoinositol (Myo)

Myo is a simple sugar assigned at 3.56 ppm. Myo is considered a glial marker
because it is primarily synthesized in glial cells, almost only in astrocytes. It is also

the most important osmolyte in astrocytes. Myo may represent a product of myelin
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degradation. Elevated Myo occurs with proliferation of glial cells or with increased
glial-cell size as found in inflammation. Myo is elevated in gliosis, astrocytosis and

in Alzheimer’s disease (Soares and Law, 2009; van der Graaf, 2010).
2.3.8.7 Alanine (Ala)

Ala is an amino acid that has a doublet centered at 1.48 ppm. This peak is located
above the baseline in spectra obtained with short/long TE and inverts below the
baseline on acquisition using TE= 135-144 msec . Its peak may be obscured by Lac
(at 1.33 ppm). The function of Ala is uncertain but it plays a role in the citric acid
cycle (Soares & Law, 2009). Increased concentration of Ala may occur in
oxidative metabolism defects (van der Graaf, 2010). In tumors, elevated level of

Ala is specific for meningiomas (Soares and Law, 2009).
2.3.8.8 Glutamate-Glutamine (GlIx)

Glx is a complex peaks from glutamate (Glu), Glutamine (GIn) and gamma-
aminobutyric acid (GABA) assigned at 2.05-2.50 ppm. These metabolite peaks are
difficult to separate at 1.5 T. Glu is an important excitatory neurotransmitter and
also plays a role in the redox cycle (Soares and Law, 2009; van der Graaf, 2010).
Elevated concentration of GIn is found in a few diseases such as hepatic
encephalopathy (Fayed et al., 2006; van der Graaf, 2010).

2.3.9 Regional variations of the spectra

Metabolite peaks may slightly differ according to the brain region studied. Studies
have shown differences between the spectra of white and gray matter and
supratentorial and infratentorial structures. Nevertheless, no significant
asymmetries of metabolite spectra between the left and the right hemispheres nor
between genders have been found (Charles et al., 1994; Nagae-Poetscher et al.,
2004).
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In specific quantitative techniques, concentration of NAA in grey matter is higher
than that in white matter. For clinical purposes concentrations of NAA in both grey
and white matter are not significantly different. Most studies have found higher
Cho levels in white matter than in grey matter whereas Cr level is higher in grey
matter (Hajek and Dezortova, 2008; Hetherington et al., 1994; Kreis et al., 1993a;
Soher et al., 1996). There are some frontal-occipital variations too. The most
outstanding difference is a caudally decreased in Cho in the cortex (Degaonkar et
al., 2005; Pouwels and Frahm, 1998). Regional variations of GIx and Myo have
been studied less than those of NAA, Cho and Cr. One study (Baker et al., 2008)
found higher GIx levels in grey matter than in white matter. The regional

distribution of Myo is unclear but tends to be higher in grey than in white matter

Of the brainstem and cerebellum the highest levels of NAA are in the pons (Jacobs
et al., 2001). Significantly higher levels of Cho have been found in the cerebellum
and pons compared to supratentorial regions (Jacobs et al., 2001; Pouwels and
Frahm, 1998). Cerebellar levels of Cr are also significantly higher than
supratentorial levels while low levels of Cr are seen in the pons (Jacobs et al.,
2001; Pouwels and Frahm, 1998).MRS of the hippocampus has been studied
especially in epilepsy and Alzheimer disease. There are anterior-posterior gradients
of metabolites in the hippocampi. Concentration of Cho increases from posterior to
anterior hippocampus whereas lower NAA has been found anteriorly (Arslanoglu
et al., 2004; Vermathen et al., 2000).

2.3.10 Spectra in pediatrics

Regardless of the differences in methodology, there are differences in metabolite
levels in the developing brain. MR spectra depend on age and during the first year
of life significant changes occur. In general, the spectral pattern in pediatrics is

considered to be similar to that of the adults older than 2 years of age and the
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concentration of metabolites is practically constant by 4 years of age (Dezortova &
Hajek, 2008; Kreis et al., 1993b; Soares & Law, 2009). NAA levels are low
whereas Myo and Cho levels are high at birth. Both grey and white matter show
similar patterns. Myo is a prominent metabolite in brain spectra of newborns. As
age increases, increased concentration of NAA and decreased concentrations of
choline-containing compounds and Myo become evident (Dezortova & Hajek,
2008; Fayed et al., 2006; Soares and Law, 2009). Concentrations of creatine and
phosphocreatine are constant and may be used as reference values (Fig 27).
Increased concentration of NAA reflects brain maturation and its concentration
correlates with myelination (Dezortova and Hajek, 2008; Hajek and Dezortova,
2008). With cerebral maturation, there is also a decrease in concentration of
choline compounds. A small amount of Lac may be seen in newborn brains
(Mullins, 2006). Glu and GIn do not demonstrate significant alterations with age
(Dezortova & Hajek, 2008).

Fig. 27. Normal spectra in newborn (left) and adult (right).Remarks:

In and MI represent Myo.
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According to gestational age, the equation of Kreis et al. (Kreis et al., 1993b)
describes metabolite concentration changes. With this equation and parameters for
a multiexponential model (Dezortova & Hajek, 2008) graphs of metabolite changes

with age can be drawn (Fig. 28).

Metabolite concentration (mM)

Fig. 28. Changes in metabolite concentrations with age calculated by the equation of

Kries et al. and the parameters of Dezortova and Hajek.

2.3.11 Spectra in elderly

MRS studies of elderly brains are less consistent than those of pediatric brains.
Some studies have found reduced concentration of NAA with aging which
suggests a decrease in neuronal mass (Christiansen et al., 1993; Lim and Spielman,
1997; Soares and Law, 2009). In contrast, the other studies have found relatively
stable concentrations of NAA in older groups, but increased Cho and/or Cr (Chang
et al., 1996; Soher et al., 1996). A systematic review of MRS in healthy aging
summarized the findings of MRS in aging in that they are varied. Most studies
have reported no changes in metabolites with advanced age. However, some data
suggest lower NAA and higher Cho and Cr with increasing age (Haga et al., 2009).
Disagreement of the studies could be due to the use of different techniques (e.g.
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different evaluated brain regions and atrophy correction) Different study

populations may also affect results.
2.3.12. Clinical Application
2.3.12.1 Brain Tumors

Brain tumors are currently the main application of H-MRS. This technique is
usually used as a complement to conventional MRI, along with other advanced
techniques, such as perfusion. Combined with conventional MRI, proton MR
spectra may improve diagnosis and treatment of brain tumors. H-MRS may help
with differential diagnosis, histologic grading, degree of infiltration, tumor
recurrence, and response to treatment mainly when radionecrosis develops and is

indistinguishable from tumor by conventional MRI.

An important decision regarding analysis of intracranial masses is which H-MRS
technique to use. Different H-MRS parameters may be varied to optimize the
results. The most relevant parameter when facing is TE (Maj0s et al., 2004). Short
TE allows for recognition of more peaks than long TE, which may be important for
differential diagnosis of brain masses and for grading tumors. Myo is a marker for
low grade gliomas, only seen on short TE acquisitions. On the other hand, longer
TEs give a spectrum with a limited number of peaks making it easier to analyze.
Long TEs varying from 135-140ms also invert peaks of Lac and Ala. This
inversion is important for differentiating between these peaks and lipids since they
commonly overlap. Hence, the choice of TE may be difficult and one solution is to
acquire two different spectra using both TEs. In clinical practice two H-MRS

acquisitions are rarely feasible due to time constraints.

MRSI is usually preferable to SVS because of its spatial distribution. It allows the

acquisition of a spectrum of a lesion and the adjacent tissues and also gives a better
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depiction of tumor heterogeneity. However, MRSI is generally combined with long
TE instead of short TE. SVS, on the other hand, is faster and can be obtained using
both long and short TEs. When using SVS, the VOI should be placed within the
mass, avoiding contamination from adjacent tissues. An identical VOI must be
positioned on the homologous region of the contralateral hemisphere for

comparison, whenever possible (Gupta et al., 2000).

Elevation of Cho is seen in all neoplastic lesions. Cho peak may help with
treatment response, diagnosis and progression of tumor. Its increase has been
attributed to cellular membrane turnover which reflects cellular proliferation. One
prospective study (Gupta et al., 2000) analyzing 18 gliomas showed that Cho
signal was linearly correlated with cell density (inversely to what is seen with
apparent diffusion coefficient) instead of proliferative index. Cho peak is usually
higher in the center of a solid neoplastic mass and decreases peripherally. Cho

signal is consistently low in necrotic areas.

Another H-MRS feature seen in brain tumors is decrease NAA. This metabolite is
a neuronal marker and its reduction denotes destruction and displacement of
normal tissue. Absence of NAA in an intra-axial tumor generally implies an origin
outside of the central nervous system (metastasis) or a highly malignant tumor that
has destroyed all neurons in that location. Cr signal, on the other hand, is slightly
variable in brain tumors. It changes according to tumor type and grade. The typical
H-MRS spectrum for a brain tumor is one of high level of Cho, low NAA and
minor changes in Cr (Fig. 29) (Majos et al., 2004)..
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Fig. 29. Histologically confirmed glioblastoma. Axial FLAIR MR images (A) show an
expansive lesion with high signal intensity on the right frontal lobe. H-MRS with long TE
demonstrates increase in Cho peak and decrease in NAA peak inside the lesion (B) and in the
surrounding abnormal tissue (C) representing tumor infiltration. Lactate and lipids are also
present. Color metabolite map (D) also demonstrate abnormal Cho/Cr ratio.

Cho elevation is usually evidenced by increase in Cho/NAA or Cho/Cr ratios,
rather than its absolute concentration. Estimation of absolute Cho concentration,
although possible, is susceptible to many errors since many assumptions are
required. Therefore, Cho/NAA and Cho/Cr ratios are accurate for establishing Cho

levels in brain neoplasms.

When faced with intracranial expansive lesions, conventional MRI with or without
perfusion may lead to a reliable diagnosis. In doubtful cases, H-MRS may play a
role in pre-operative differential diagnosis (table 2). Studies have shown that the
use of H-MRS in specific cases improves accuracy and level of confidence in
differentiating neoplastic from non-neoplastic masses (Majos et al., 2009). The

differentiation of a low grade glioma (LGG) from stroke or focal cortical dysplasia

56



(fig. 30) may be difficult or impossible using conventional MRI. In these cases,
increased levels of Cho make diagnosis of neoplasm much more likely. In some
cases of focal cortical dysplasia, Cho may be moderately increased probably as a

result of intrinsic epileptic ictal activity (Vuor et al., 2004).

Fig.30. Ten year-old boy with intractable seizures. (A) FLAIR image show a focal high signal
intensity in the white matter of the centrum semiovale of the left frontal lobe(white arrow). H-
MRS with TE= 35ms (B) and TE=144 (C) demonstrate normal Cho and NAA peaks. Color
metabolite map (D) demonstrate normal Cho/NAA ratio. These findings are suggestive of a
cortical dysplasia with adjacent abnormal white matter.

Some expansible lesions may be similar to neoplasms on conventional MRI and H-
MRS. H-MRS spectrum of a giant demyelinating plaque usually shows high Cho
and low NAA levels. In the acute stage of a demyelinating disease, increase Lac
can also be seen and may reflect the metabolism of inflammatory cells (De Stefano
et al., 2007; Bitsch et al., 1999). Increase in glutamate (Srinivasan et al., 2005) and

Myo (Fernando et al., 2004) is also noted in multiple sclerosis.

The differential diagnosis between brain abscess and neoplasms (primary and
secondary) is another challenge. These may appear as cystic lesions with rim

enhancement on conventional MRI. Pyogenic abscess have high signal intensity in
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diffusion weighted imaging, which is usually not seen in tumors. Nevertheless,
some neoplasms may occasionally have restricted diffusion and biopsy is
inevitable. In these cases, H-MRS may help to establish a diagnosis. If the VOI is
positioned in the enhancing area, presence of Cho favors a neoplasm (Lai, 2008). If
the VOI is positioned in the cystic area of a lesion, abscess and tumor both
demonstrate high peak of lactate. Nonetheless, presence of acetate, succinate, and
amino acids (AAs) such as valine, alanine, and leucine in the core of the lesion
have high sensitivity for pyogenic abscess (Grand et al., 1999; Lai et al., 2002).
These peaks are not seen in tumors. It is important to be aware that in patients with

pyogenic brain abscess that are under antibiotic therapy these peaks may be absent.

H-MRS can also help in the differentiation of high grade gliomas from solitary
metastasis. Both lesions show the same H-MRS pattern, with high Cho and low
NAA. However, the high signal intensity on T2 weighted imaging seen in the
perilesional area demonstrates elevated Cho/Cr ratio only in high grade gliomas
(Fig. 30). This feature is consistent with the pathological findings of infiltrating

tumor cells in areas of edema not seen in metastases(Law et al., 2002).

Gliomas are the most common and the most studied lesions among neuroepithelial
tumors. They originate from glial cells (e.g. astrocytes or oligodentrocytes).
Gliomas have an infiltrative nature resulting in neuronal cell damage and decreased
NAA. Cohen et al. found decreased whole brain NAA in patients with glial tumors
beyond the main tumor. This significant whole brain NAA depletion may reflect
extensive tumor infiltration in the normal-appearing brain on MRI (Cohen et al.,
2005). One quantitative MRS study (Stadlbauer et al., 2006) found a correlation
between the percentage of tumor infiltration from the MRS-guided biopsy samples

and changes in NAA, Cho, and Cho/NAA ratio in corresponding voxels. Absolute
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concentration of NAA decrease, whereas absolute concentration of Cho, and

Cho/NAA ratio increase with degree of tumor infiltration.

Astrocytomas can be classified into low grade (grade | and Il, benign) and high
grade (grade Ill and IV, malignant). High grade gliomas (anaplastic gliomas or
grade 111, and glioblastoma multiforme or grade 1V) have higher Cho and lower
NAA than low grade ones. Elevated Cho correlates with cellular proliferation and
density. Although a number of studies in one systematic review (Hollingworth et
al., 2006) have reported that MRS can accurately differentiate between low and
high grade gliomas, the results of glioma grading by using MRS vary widely.
These wide variations may be attributed to different methods and metabolites
overlapping between different tumor grades. Statistically significant higher
Cho/Cr, Cho/NAA, and relative cerebral blood volume (rCBV) in high grade than
in low grade gliomas have been reported (Law et al., 2003), though, threshold
values of metabolite ratios for grading of gliomas are not well established. Cho/Cr
Is the most frequently used ratio. Some institutions use a threshold value of 2.0 for
Cho/Cr to differentiate low grade from high grade gliomas while some use a cutoff
value of 2.5(Law et al., 2003).

As stated before, Lip and Lac peaks are absent under normal conditions. Lipid
peak indicates necrosis in malignant tumors. Lac, a product of anaerobic glucolysis
and accumulates in necrotic portions of tumors. Presence of Lip and Lac correlate
with necrosis in high grade gliomas. Low grade gliomas show higher Myo levels
compared with high grade gliomas (Castillo et al., 2000; Howe et al., 2003). This
may be due to low mitotic index in low grade gliomas and, thus, lower mitogens
(substances that trigger cell mitosis). Some mitogens can influence the metabolism
of phosphatidylinositol, and Myo is also involved in formation of

phosphatidylinositol. Thus, lack of phosphatidylinositol metabolism activation
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results in Myo accumulation. Howe et al. concluded that high Myo was

characteristic of grade Il astrocytomas.

On serial MRS, malignant degeneration of gliomas can be detected by using
percentage changes in Cho signal (Tedeschi et al., 1997). have demonstrated that
interval percentage changes of Cho intensity in stable gliomas and progressive
gliomas (malignant degeneration or recurrent disease) is less than 35 and more
than 45, respectively. Interval increased Cho/Cr or Cho/NAA is suggestive of

malignant progression.

Gliomatosis cerebri is a distinct entity of glial tumors. This rare disease is
characterized by diffuse infiltration of glial cell neoplasm throughout the brain.
Gliomatosis  cerebri  has various histological subtypes (astrocytoma,
oligodendroglioma, or mixed glioma). The WHO classification denotes grades I,
I11 and IV gliomatosis cerebri (Taillibert et al., 2006). Therefore patients with this
tumor have a widely variable prognosis. Marked elevation of Myo and Cr has been
found in gliomatosis cerebri and this may be attributed to glial activation rather
than glial proliferation (Galanaud et al., 2003) because Cho level is moderately

elevated, suggesting low glial cell density.

Oligodendroglioma is a subgroup of gliomas which has a better response to
treatment (chemosensitive) and better prognosis than glioblastoma. This distinct
tumor is devided into 2 groups according to the WHO classification: grades Il and
I11. It originates from oligodendrocytes but often contains a mixed population of
cells, particularly astrocytes. Loss of genes in chromosomes 1p and 19q is a
characteristic genetic alteration of most oligodendrogliomas. On dynamic contrast-
enhanced MR perfusion, low grade oligodendrogliomas may demonstrate high
rCBV because they contain a dense network of branching capillaries (Lev et

al.,2004). Thus a number of oligodendrogliomas can be misinterpreted as high

60



grade tumors because of their high rCBV which contributes to decrease reliability
of rCBV in diffentiating the high vs. from low grade gliomas. Among the low
grade gliomas, low grade oligodendrogliomas also exhibit significantly higher
rCBV on dymamic-contrast MR perfusion (Cha et al., 2005). In groups of the
oligodendroglial tumors, MRI studies have found that contrast enhancement is not
suggestive of anaplasia as it is in astrocytomas. One study showed that rCBV was
not significantly different between low and high grade oligodendroglimas (Xu et
al., 2005). In contrast, another study (Spampinato et al., 2007), showed that rCBV

was significantly different between low and high grade oligodendrogliomas.

The results of MRS studies in oligodendrogliomas are more consistent than those
of MR perfusion studies. Similarly to astrocytomas, MRS of oligodendrogliomas
demonstrates significantly higher Cho, Cho/Cr ratio, and a higher incidence of Lac
and Lip in high grade than in low grade tumors (Rijpkema et al., 2003; Spampinato
etal., 2007; Xu et al., 2005).

Nevertheless, low grade oligodendrogliomas may show highly elevated Cho,
mimicking high grade tumors, because, these low grade tumors can have high
cellular density but absent endothelial proliferation and necrosis (Spampinato et
al., 2007). Apart from higher rCBV, the level of glutamine plus glutamate is
significantly higher in low grade than in low grade astrocytomas and may help to

distinguish these tumors from each other (Rijpkema et al., 2003).

Accurate grading of gliomas on the basis of MRS alone may be difficult.
Combining MRS with conventional and other advanced MR imaging techniques
such as perfusion MRI, grading becomes more precise. Some features of tumors on
conventional MRI (e.g. contrast enhancement, surrounding edema, signal
heterogeneity, necrosis, hemorrhage and midline crossing) and perfusion MRI

(high rCBV) suggest a high grade. MRS is complementary and helpful for glioma
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grading. High grade gliomas demonstrate marked elevation of Cho, decreased
NAA and presence of Lac and Lip. Myo is high in low grade gliomas and

decreases with increasing grades of tumors.

There is an important issue about post-radiation therapy in patients with brain
tumors: differentiation between recurrent brain tumor and radiation injury/change,
particularly when new contrast-enhancing lesions are seen in previously operated
and/or irradiated regions. Many studies have found that Cho/Cr and/or Cho/NAA
ratios are significantly higher in recurrent tumor (or predominantly tumor) than in
radiation injury) (Rabinov et al., 2002; Smith et al., 2009; Weybright et al., 2005;
Zeng et al., 2007).

One study (Zeng et al., 2007) reported that Lac/Cr ratio was significantly higher in
recurrent tumor than in radiation injury whereas Lip/Cr ratio was significantly
lower in recurrent tumor than in radiation injury. Another study showed that Lac or
Lip signal alone was not helpful in differentiating these two conditions (Weybright
et al., 2005). Rabinov et al. have also demonstrated no correlation between the
signal intensity of Lip and the histopathology but they observed that Lac signal
intensity in two patients with enhancing areas corresponding to recurrent tumor. It
is probable that amount of Lip may be higher in an area of radiation changes than
in tumor recurrence while Lac may be found in recurrent tumor but both Lip and

Lac cannot differentiate these conditions.
2.3.12.2 Inborn Error of Metabolism

The diagnosis of an inborn error of metabolism is always challenging and mainly
based on clinical and laboratorial findings, evolution, and genetic tests. Brain MRI
may help narrowing the differential diagnosis, avoiding expensive genetic tests, or
even establishing a final diagnosis. Since these disorders are caused by inherited

enzymatic defects, concentrations of some metabolites may be abnormally low or
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high. Metabolites with a very small concentration in brain tissue are not depicted
on H-MRS. In these cases, the spectrum changes usually correspond to a general
pathology, such as demyelination or ischemia. On some diseases, however, H-
MRS may identify a specific biomarker that helps in the diagnosis (Barker et al,
2010).

Disorders that have specific H-MRS patterns may manifest as increase or absence
of particular metabolites. Specific biomarkers can be seen in phenylketonuria
(phenylalanine), Canavan disease (NAA), nonketotic hyperglycinemia (glycine),
creatine deficiency (Cr), and maple syrup urine disease (branched-chain amino
acids and keto acids) (van der Knapp and Valk, 2005).

Phenylalanine is an a-amino acid that is assigned at 7.36 ppm and can be used for
diagnosis of phenylketonuria, follow up of treatment, and evolution of the disease.
MRS is usually not needed because early diagnosis is made by neonatal screening
tests and response to treatment can be monitored by phenylalanine blood levels and

neuropsychological tests.

An increase of NAA signal is characteristic of Canavan disease (a disorder caused
by a defect of the enzyme aspartoacylase that results in NAA accumulation in the
brain) in a child with diffusely abnormal white matter and macrocephaly. However
a high peak at 2.03 ppm is also noted in Salla disease, a rare autosomal recessive
free sialic acid storage disorder (Varho et al.,, 1999). This latter disease
accumulates acetylneuraminic acid (NANA), that resonances at the same

frequency of NAA.

Nonketotic hyperglycinemia is an autosomal recessive disease that manifests
mainly on neonatal period. There is accumulation of glycine in the brain and this
metabolite shows up in H-MRS as a peak at 3.55 ppm. It is important to note that
Myo resonates at 3.56ppm, therefore these peaks overlap. However, glycine has a

63



higher T2 value, and can be seen not only with short TE sequences but also with
long TE (Barker et al, 2010). H-MRS is thus an important tool for diagnosing
nonketotic hyperglycinemia and long TE studies must be acquired. H-MRS can
also be used for monitoring the disease, correlating more with the clinical findings

than blood and CSF glycine levels.

Maple syrup urine disease is an aminoacidopathy with accumulation of branched-
chain a-keto and aminoacids. These metabolites resonate at 0.9 ppm, a region that
is usually attributed to lipids. Lactate may also be present. In creatine deficiency
there is a severe reduction of Cr peak. In both diseases, H-MRS may help with

diagnosis and treatment.

All mitochondrial diseases caused by disorders of pyruvate metabolism, disorders
of fatty acid oxidation, or defects of the respiratory chain and may have elevation
of lactate on H-MRS. However, this finding is non-specific and lactate is not
always present. Nonetheless, on mitochondrial disorders, abnormal lactate peak
may be present when the VOI is positioned in normal brain parenchyma on MRI
and in the ventricles (Bianchi et al., 2003; Cross et al., 1993). Therefore, even if
the findings of H-MRS are non-specific they may be useful in the evaluation of

mitochondrial disorders(Bianchi et al 2003).

64



2.4 Previous Studies:

comparing the diagnostic performance of MRS and stereotactic biopsy in the
characterization of brain lesions, ( Abdelaziz et al. 2016) testify that, MRS is a
useful addition as it provides molecular information that assists in the
characterization of various brain lesions; thus, MRS diagnosed neoplastic brain

lesions in 15 cases (56%) and non-neoplastic brain lesions in 12 (44%).

In the assessment of progression and regression of brain tumors as well as
monitoring of patient with primary tumors after therapy, (Lotumolo et al. 2016)
testify that (MRS) showed better sensitivity, specificity, positive predictive value,
negative predictive value and accuracy compared to diffusion weighted imaging
(DWI).

(Anbarloui et al. 2015) state  that MRS is a safe and informative tool in
differentiating between tumor recurrence and radiation necrosis; moreover,
sensitivity, specificity, and diagnostic accuracy of the algorithm for detecting

tumor recurrence were 84%, 75% and 81%, respectively.

Significant differences were obtained in high-grade tumors for conventional MRS;
in the same line, the presence of enhancement and necrosis were demonstrated to
be the best predictors of high grade in primary brain tumors (sensitivity 95.9%;
specificity 70%); and then, MRS is highly accurate in the assessment of tumor
grade ( Guzman-De-Villoria 2014).

Proton MRS accurately predicted the pathological nature and clinical outcome of
lesions in 15 out of 16 regions of interest (ROIs); in addition, it could assist in
clinical decision making concerning patients potential for conducting stereotactic
biopsy (Lin et al. 1999).
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Considering the discriminatory power of MRS between a single tumor type and All
Other tumors and between pairs of tumor types, MRS techniques further improve
more features of MR spectra; definitely, this could be quantified reliably and MRS
will be a powerful tool for preoperative diagnoses and for characterization of

tumor metabolism in individual patients (Panigrahy et al.2006).

The presence of elevated choline and decreased NAA when using MRS is
correlated with tumor histologic findings and may be used in distinguishing
regions of viable cancer from normal and other noncancerous tissue, such as
necrosis and astrogliosis; therefore, this suggests that MRS imaging may be
valuable for guiding surgical biopsies and planning focal therapies (Dowling et
al.2001)

(Sibtain  A.et.al 2007) justify that, sometimes, MRS can increase the level of
diagnostic confidence in which conventional MRI may be unhelpful and this could
be noticed in three situations: (1) the distinction of high-grade gliomas and
metastases from abscesses, (2) the assessment of tumour recurrence versus
radiation necrosis, and (3) the identification of atypical meningiomas from typical
meningiomas. In addition, MRS may add to the diagnostic certainty of histological
diagnosis in some cases of meningioma, grade Il astrocytoma and malignant
aggressive lesions (gliomas and metastases) when conventional imaging is not
characteristic. Thus, MRS may have a useful role in biopsy guidance, radiotherapy

and surgical planning.

MRS is proposed in adjunction to MRI to help in the characterization of brain
tumors by detecting metabolic alterations that may be indicative of the tumor class;
based on that, MRS could be performed in clinical practice to guide the

neurosurgeon into the most aggressive part of the lesions or to avoid unnecessary
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surgery, which may furthermore decrease the risk of surgical morbidity(Callot et
al.2008).

(Lee Sun Jin 2010) explain that, MRS ratios can be used to differentiate malignant
and nonmalignant lesions from normal brain tissue. In general, high-grade
astrocytoma have higher Cho/NAA and Cho/Cr ratios compared with low-grade
astrocytoma. As a result, NAA is found in normal neurons and when altered,
reductions occur both in tumors and in inflammatory lesions thereby indicating

neuronal loss(Lee Sun Jin 2010).

MRS is now a- days considered as a main MRI investigation modality in the
clinical routine jointly with conventional anatomical and functional magnetic
resonance imaging for studying brain tumors. In fact, MRS provides
complementary information about cellular metabolism. Actually, this allows

differentiating the brain tumors from abscess.

Further, the MRS could be used in the therapeutic follow-up for evaluating the
pathological active area of brain, and allows optimizing the guided biopsy as well
as to differentiating recurrent tumor from a necrosis. The MR spectroscopy has a
great interest in the exploration and therapeutic strategies of brain tumors. It allows
a better general combination and confrontation of functional metabolism and
morphological studies (Housni, Abdelkhalek et 2012).

MRS is a challenging technique and should only be used when pectral data will
provide clinical information that is not obtained by other imaging techniques. The
technique is very sensitive to inhomogeneities in the magnetic field and requires
careful manual adjustment to ensure field uniformity. Recently, researchers and
clinicians have considered the following: first, moved studies to higher field
strengths to gain signal-to-noise ratio and to detect additional metabolites more

reliably; second, implemented faster MRSI sequences to overcome low spatial
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resolution and lengthy data acquisitions, and thirdly, they applied motion corrected
MRS acquisitions (Currie, Stuart, et al.2011).

Gluch (2005) stated that in vivo applications of MRS have been developed, which
aid in distinguishing malignant from normal tissues in brain tumors, breast, colon,
cervix, esophageal, and prostate cancer reveal both the successes and failings of
present technology. The author noted that verification that these non-invasive tests
might supplant conventional histology in obtaining spatial diagnostic and chemical

prognostic information remains for the time being illusive.

According to Jung and Westphalen (2012) studies have demonstrated that the
addition of proton magnetic resonance spectroscopic imaging (1H-MRSI) to MR
Imaging improves tumor localization, volume estimation, staging, tissue
characterization, and identification of recurrent disease after therapy. A recent
multicenter study supported by the American College of Radiology Imaging
Network, however, showed that the combination of 1H-MRSI and MR images
does not improve tumor detection in patients with low-grade, low-volume disease
selected to undergo radical prostatectomy. These results suggest that positive 1H-

MRSI findings are more likely to reflect higher tumor grade and/or volume.

According to Shah et al (2006), “although MRS has mainly been used in
diagnostics and tumor evaluation for brain tumors, it is becoming an increasingly
important adjunct to conventional diagnostic and monitoring procedures for cancer
of the prostate, colon, breast, cervix, pancreas, and esophagus. The clinical

usefulness of MRS has yet to be fully substantiated”.

Horska and Barker (2010) noted that the utility of MRS in diagnosis and
evaluation of treatment response to human brain tumors has been widely
documented. These researchers discussed the role of MRS in tumor classification,

tumors versus non-neoplastic lesions, prediction of survival, treatment planning,
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monitoring of therapy, and post-therapy evaluation. They concluded that there is a
need for standardization and further study in order for MRS to become widely used

as a routine clinical tool.

Guidelines on central nervous system cancers from the National Comprehensive
Cancer Network (NCCN, 2016) state that magnetic resonance spectroscopy may be

useful in anaplastic gliomas and glioblastoma
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Chapter 3
Method & Material

3.1 Material
3.1.1 Patient

This study include (200) male and female with brain tumors their age ranged
between 1-80 years refer to the department of radiology in royal care international
hospital, for MR Spectroscopy examination , 190 pts comprises 95% are
successfully diagnosed and included in the study. In 10 pts (5%) the diagnosis is

equivocal and excluded from the sample.
3.1. 2 Machine

The study is carried out in Royal Care hospital in Khartoum State using MRI
scanner of 1.5 Tesla- Toshiba advantage - made in Japan 2009 in the period from
July 2014 — July 2017.

3.2 Method
3.2.1 Technique

(The following as Experimental and retrospective study for 200 BT patients (120
males, 80 females; age range, 1-80 years) who referred for MRI at Radiology
Department at Royal Care Hospital in Sudan during 2014-2017, have been
examined using MRI scanner of 1.5 tesla- Toshiba advantage- made in japan
2009. MRI protocol: All the cases were examined in supine position with standard
circularly polarized head coil using the following sequences. Axial and Sagittal
T1WI (550/8.7 ms) TR/TE spin echo. Coronal T2WI (5000/96 ms) TR/TE spin
echo. | FALIR(Fluid Attenuation Inversion Recovery) (9000/92/ms) TR/TE spin
echo. 5 mm section thickness,230 _ 230 Field of view (FOV) and 256 _ 256 matrix
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size. There are(30 cases) cases which require contrast administration to confirm
tumor diagnosis, intravenous administration of Gadolinium- DTPA, contrast
enhanced T1WI in axial, sagittal and coronal planes was performed . About 70

cases with confirmed diagnosis MRS is done without contrast media.

After the identification of tumors by MRI technique we do the MRS image to
know the type and nature of the tumor by using software program. This program is
not found in all the MRI Department in Sudan and there is only at the Royal Care
Hospital in Khartoum. The collected data is analyzed by using a point-resolved
spectroscopic sequence (PRESS) with a volume of interest (VOI) between
1.5%1.5%1.5 cm3 (3.4 ml) and 2x2x2 cm3 (8 ml), depending on tumour size. The
standard receiver head coil was used in all cases, and the spectroscopic exam was
incorporated into a routine MR imaging study. The aim was to position the largest
possible voxel within the solid tumoral area, avoiding areas of cysts, and with
minimum contamination from the surrounding non-tumoral tissue. Automatic
shimming of the linear X, Y and Z channels was used to optimize the field
homogeneity. The water resonance was set on resonance and the water suppression
pulse was optimized. Proton spectra were recorded with a repetition time of 2000
ms and an echo time of 136 ms .Assignment of the resonances of interest,
including N-cetylaspartate At 2.02 ppm, creatine (Cr) at 3.03 ppm, choline (Cho)
at 3.20 ppm, lipids (Lip 0.9) at 0.90 ppm and (Lip 1.3) at 1.30 ppm, glutamate and
glutamine (GIx) at 2.35 ppm , lactate (Lact) at 1.35 ppm and to alanine( Ala) at
1.47 ppm. Data obtained were compared between tumour types in order to assess
which findings were characteristic of each type and the utility of each metabolite
resonance signal in classifying the different tumours. After the bring the biopsy to
the laboratory this biopsy must be prepared for examination, it undergo treatment

with different solution in steps cold processing.
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Steps of tissue processing:

Fixation: to preserve tissue structure from autolysis, done by 10% formal

saline.

Dehydration: removal of tissue water by ascending grades of ethanol(50%-
70%-90%-absolute)

Clearing: using xylene to remove alcohol.

Impregnation &embedding using melted paraffin wax (65C) to solidify the

tissue.

Sectioning: cutting in thin sections( 4microns) by microtome, then picked in

slides.

Staining of sections: routine stain is haemtoxylen and eosin (H&E stain) to

stain nuclei blue and cytoplasm pink and other tissues a shade of red.

The stained section covered and mounted with DPX for good contrast, then

examined under the microscope for diagnosis.

For harder tissues as bones, calcium must be remove first using EDTA or

Nitric acid

3.2.2 Method of data analysis

The data will be analyzed using Excel (scatter plots depict the result of MRS and

histopathology) and SPSS under windows

3.2.3 Significance of the study

This study will provide a Sudanese index (dimension) for brain tumors.
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3.2.4 Ethical Consideration

There is no patient identification or individual patient details will be published.
Also confidentiality will be ensured by making the collected data accessible only
to the researcher and consultant radiologist and the head of radiology department.
And also keep all data collected during the study will be stored on computer

protected by password. All paper format data will be stored in locked cabinet.
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Chapter 4

Result

4-1 Result

The following results highlighting the BTs in Sudan during the period of 2014-
2017, incidence% based on gender, anatomical location, and variation incidence

with aging, types of brain histopathology , the involved regions and the role of

magnetic resonance spectroscopy .

Pt | MRS Result | Histopatholo Pt No | MRS Result | Histopatholo
No gy Result gy Result
1 | Malignant | Malignant 20 Malignant Benign
2 | Malignant | Malignant 21 Malignant Malignant
3 | Malignant | Malignant 22 Benign Benign
4 | Malignant | Malignant 23 Malignant Malignant
5 Benign Benign 24 Malignant Malignant
6 | Malignant | Malignant 25 Benign Benign
7 | Malignant | Malignant 26 Benign Benign
8 Cystic Benign 127 Benign Benign
9 | Malignant | Malignant 28 Benign Benign
10 | Malignant | Malignant 29 Malignant Malignant
11 | Malignant | Malignant 30 Malignant Malignant
12 Benign Benign 31 Malignant Malignant
13 | Neoplastic Necrotic 132 Malignant Malignant

tumor tumor
14 | Malignant | Malignant 33 |Inflammation|Inflammatory
15 | Abscess Abscess 34 Malignant | Malignant
16 Benign Malignant | *| 35 Malignant Malignant
17 | Malignant | Malignant 36 Malignant Benign
18 | Malignant | Malignant 37 Malignant Malignant
19 | Malignant | Malignant 38 Benign Benign

Table 4: Demonstrate the correlation of histopathology with Magnetic Resonance Spectroscopy

of human biopsies

Note (*) in table referred to deference between the MRS Results and Histopathology Results.
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Figure 31. shows the percentage of results matching between the MRS and Histopathology
results.
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Figure 32. Shows the incidence% of Brain tumors during the period 2014 - 2017
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Figure 33. Shows the brain tumors incidence % in Sudanese population during
2014-2017
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Figure 34. Shows the anatomical sites involved by brain tumors during 2014-2017
in Sudan
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Figure 35. Shows the brain tumors distribution in Sudanese population based on
age group during 2014-2017.
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Figure 36. Shows the types of brain pathologies in Sudanese population during
2014-2017.
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Figure 37. Shows the distribution of brain tumors in different geographical sectors
of Sudan (S)
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Chapter Five

Discussion, Conclusion & Recommendation

5-1 Discussion

The diagnostic study of BTs in Royal Care Hospital in Khartoum state using MRS
showed little variation in view of accuracy relative to histological findings and our
results similar to the Gold standard result in which MRS showed excellent
diagnostic achievement relative to standard (histology) with accuracy 86.8%
(Figurel).In all cases we find the elevation of Cho is seen in all neoplastic lesions.
Cho peak may help with treatment response, diagnosis and progression of tumor.
Its increase has been attributed to cellular membrane turnover which reflects
cellular proliferation . Another H-MRS feature seen in brain tumors is decrease
NAA. This metabolite is a neuronal marker and its reduction denotes destruction
and displacement of normal tissue. Absence of NAA in an intra-axial tumor
generally implies an origin outside of the central nervous system (metastasis) or a
highly malignant tumor that has destroyed all neurons in that location. Cr signal,
on the other hand, is slightly variable in brain tumors. It changes according to
tumor type and grade. The typical H-MRS spectrum for a brain tumor is one of
high level of Cho, low NAA and minor changes in Cr.As stated before, Lip and
Lac peaks are absent under normal conditions. Lipid peak indicates necrosis in
malignant tumors. Lac, a product of anaerobic glucolysis and accumulates in
necrotic portions of tumors. Presence of Lip and Lac correlate with necrosis in
high grade gliomas.. Lac/Cr ratio was significantly higher in recurrent tumor than
in radiation injury whereas Lip/Cr ratio was significantly lower in recurrent tumor
than in radiation injury(Zeng et al., 2007). Another study showed that Lac or Lip
signal alone was not helpful in differentiating these two conditions (Weybright et
al., 2005)..
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The incidence% of Brain tumors during the period 2014 — 2017, presented the total
tumors (benign & malignant) incidence (54%) from the total sample pathologies
among 200 patients (Figure 2). It reveals clearly there was an increasing incidence
annually by a factor of 7.2. Such results is quiet agreed with Greig et al, (Greig NH
et al 1990) who reported that: the annual percentage increment of primary brain
tumors among age groups (75-79, 80-84, and 85) were +7.0%, +20.4%, and
+23.4% respectively. And it has been as a matter of debate whether such high
incidence of diagnosed BTs ascribed to actual increased BTs incidence among the
universe population or due to rapid diagnostic technologies development, but in
Sudan the risk and etiological factors are present and the populations have been
involving deeply in such factors.

The survey of brain tumors incidence% in Sudanese population during 2014-2017,
revealed that: the male were the most gender involved by brain tumors as 57.1%
relative to female (Figure 3). The high incidence of brain tumors among male
ascribed to retinoblastoma protein (RB), which reducing cancer risk among male
due to it is less activity and on the other hand the female are fewer incidences of
brain tumors due to increase in active or less of retinoblastoma protein (Sun T et al
2014, Michael C. Purdy. 2014). As general BTs incidence increment has been
ascribed to genetic factors accumulation (inclusive family marriage) and inherited
altered genes (EGFR amplification and mutation, amplification of CDK4 or
MDM2, and deletion or mutation of TP53, RB, or PTEN) which controlling cell
cycle (James, C.D et al 2002, Margaret Wrensch et al 2004). In comparison with
previous study; CBTRUS, (CBTRUS. 2005) also highlighted that: the brain tumors
are so predominant among male with high incident in developed countries (males,
5.8 and females, 4.1 per 100,000) than in less developed countries (males 3.0 and
females 2.1 per 100,000). As well as stated by Mackinny (McKinney P. A. (2004);

where the male to female ratio was 1.5:1.0.
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The incidence of BTs among both gender have specific anatomical location during
2014-2017 (Figure 4). In which the mid of the brain was the common involved
anatomical segment by tumors which represents 35% followed by left brain (30%)
and the right brain as (24%) and the least involved segment was bilateral i.e. both
hemispheres of the brain. Such results are agreed with study done by Fatima,(
Fatima Salih, S. 2011) in Sudan during the period 2009-2010, in which she found
that: the anatomical brain tumor location in Sudanese patient were more in mid of
the brain (46.7%), left brain (33.3%) and right (20%). The susceptibility of mid
brain to tumorigenic could be ascribed or related to physiological hormonal
changes by aging, gender, occupation and habits.

While the distribution of BTs based on age groups among Sudanese population
during 2014-2017, showed that: the brain tumors have been encountered even
during the age groups of 1-10 years old as common brain tumors among both
gender and the incidence increases following the aging which peaking at 55-65
years old then decreased rapidly after; with general similar trend among both
gender and through the entire ages (Figure 5). Similar trend of BTs being
distributed based on age has been highlighted by Mackinny (McKinney P. A.
(2004). However for 1-10 age group the common types were pediatric tumors that
originated infratentorial (Medduloblastoma, astrocytoma, Glioma and
Craniphyringoma) as mentioned by Wilson and Mosely, (Wilson J.L, I.F. Mosely.
1978), while among adult; were commonly as metastasis from breast, cervix,
prostate and nasopharyngeal cancers. The general picture of BTs showed that:
benign tumors are more predominant among adult female; that could be ascribed to
hormonal levels fluctuation and response to chemotherapy administration for
several chronic inflammation, while malignant ones have been predominated

among male adult.
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The BTs have different types in view of histology; in Sudanese population during
2014-2017 the common pathologies of brain were atrophy and infarction that
represents 13.8% and 7.2% respectively; however among these groups the impact
of diabetes on brain and other vital anatomical structures as well as aging effect
(Hughes, T.M et al 2013- Mohammed A. Ali Omer et al 2014) increases the
incidence of atrophy among adult. Then the pathologies incidence decreased for
hematoma, cystic, abscess and infection while the incidence increases obviously
among male and female for ischemic (11%, 7.1%), inflammation (9.1%, 5.4%),
benign tumors (19.8%) and malignant tumors (34.4%) as in Figure (6). The
possible causes for such results could be ascribed to extensive usage of
underground water which is contaminated with sewage and wastewater for
drinking (self-survey results). Also could be due to contamination by nitrate and
nitrite compounds that leeching into drinking water supplies (Mueller BA et al
2001, Steindorf K et al 1994) in addition to exposure to low-level radiofrequencies
as accepted approved carcinogenesis (Moulder JE et al 2006).

The geographical distribution of BTs in different sectors of Sudan to some extend
has a link with the risk factors and accordingly the the center of Sudan and North
of Sudan were the most endemic sectors by BTs relative to other sectors; which
represented 45% and 35% respectively, then east and south of Sudan represented
12% and 8% respectively (Figure 7). Indeed the distribution of BTs in Sudan
seemed to be dependent on the population (5.2 million in 2014), aging factors:
most are young adult and old ones, food and dietary factors: as has been approved
that N-nitroso compounds could induce neurosarcomas and potent
neurocarcionogenic (Dietrich, M., Block et al 2005, Yun Zhu et al 2014); in this
realm Sudanese population have focused on processed meat and fast food intake
abundantly, occupational and the living style: as exposed workers to electric and

magnetic fields showed significant (10% to 20%) risk increment for brain tumors
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(Zhuoyu Sun et al 2014, Kheifets L | et al1995); in addition to the technology of
communication specially wireless exemplar in cellular phones and electromagnetic
field utilized in medical field (magnetic resonance imaging) as have been approved
to induce certain brain vacuolation, atrophied hepatocytes, spleen and kidney
rupture (Hans-Olov et al 2008). Relative to this facts: Sudanese population
randomly living near high tension transformer/towers of electricity, wireless
station and uncontrolled usage of cell phone (long duration chatting) that may

contribute in increasing the risk factors and incidence of BTs.
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5-2 Conclusion

Magnetic Resonance Spectroscopy (MRS) is now a days considered as a main
MRI investigation modality in the clinical routine jointly with conventional
anatomical and functional magnetic resonance imaging for studying brain tumors.
MRS provides complementary information about cellular metabolism. This allows
differentiating the brain tumors from abscess, the diagnosis of the tumor type,
characterization of brain tumors, as well as local study of the morphological
abnormalities observed in conventional MRI. The MRS could be used in the
therapeutic follow-up for evaluating the pathological active area of brain, and
allows optimizing the guided biopsy as well as to differentiating recurrent tumor
from a necrosis. The MR spectroscopy has a great interest in the exploration and
therapeutic strategies of brain tumors. It allows a better general combination and

confrontation of functional metabolism and morphological studies.

1H-MRS technique can aid in the management of cancer patients, serving as a
noninvasive biomarker of metabolism in tumors. 1H-MRS has achieved great
strides as a molecular imaging technique since its introduction, and its scope in
many clinical scenarios and research settings is rising. MRS allowed the
noninvasive differentiation between high-grade and low grade tumors. Cho/NAA,
Cho/Cr as well as Cho+Cr/NAA ratios were the most reliable in determining the
tumor grade. MR spectroscopy techniques further improve, more features of MR
spectra can be quantified reliably and MR spectroscopy will be a powerful tool for
preoperative diagnoses and for characterization of tumor metabolism in individual
patients. MRS can also be performed in clinical practice to guide the neurosurgeon
into the most aggressive part of the lesions or to avoid unnecessary surgery, which

may furthermore decrease the risk of surgical morbidity.
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MRS is a challenging technique and should only be used when spectral data will
provide clinical information that is not obtained by other imaging techniques. The
technique is very sensitive to inhomogeneities in the magnetic field and requires
careful manual adjustment to ensure field uniformity. Artifacts can arise from
braces on teeth or proximity to sinuses. If any bone is included in the voxel, it can
cause artifacts due to the lipid signal arising from bone marrow. Because of the
smaller voxel size and limitations in the length of time of image acquisition, MRSI
data is noisier than single voxel MRS. MRS is also very sensitive to motion. To
overcome these limitations of MRS, researchers and clinicians have moved studies
to higher field strengths to gain signal-to-noise ratio and to detect additional

metabolites more reliably.
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5-3 Recommendations

- MRS should be done routinely in patients with brain lesions to improve the

accuracy of neuro diagnosis

- Increase the number of diagnostic centers using magnetic resonance spectroscopy

technique

MRS as a noninvasive examination can be repeated with no risk to the patient.

A local study to compare the diagnosis obtained from MRI+MRS against
histopathological diagnosis to determine sensitivity and specificity of brain

MRS in our local setup.

Performing brain MRS as part of a complete MRI examination for any
intracranial mass lesion where MRI alone is inconclusive, and the indication is
appropriate as deemed by the radiologist; preferably at no additional cost to the
patient; and at the same sitting as the initial MRI examination. Increasing the
number of MRS examinations performed will greatly help bring down the cost

to the patient

Finally, we should encourage more studies to be done in MRS with a larger
sample size and comparison with other imaging and histopathology findings to
give us more information about the impact of the new technique MRS in our

diagnosis and to help us to adhere to the discipline of evidence based medicine.
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Appendix:

NAA

Cr

ml Cho

Frequency (ppm)

Image 1 : A spectrum is a frequency analysis (=Fourier transform) of the signal that is
detected in an MR study. In this case, a normal gray matter spectrum, acquired from the
region of interest (ROI) indicated by the box on the MR image, acquired with a standard
PRESS sequence (TE 35ms) at 1.5T is shown. The height of a peak is equivalent to the
strength of the signal. The position on the x -axis (or chemical shift axis) measures the
chemical shift relative to a reference (tetramethylsilane (TMS) at 0 ppm) and can be used to
identify chemicals. The water peak would be at 4.7 ppm. However, the water peak is
suppressed in MRS sequences as it would be several orders of magnitude larger than any of
the other peaks .
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a) 2D CSI of a 3-year-old boy with a posterior fossa astrocytoma. The data were acquired with
a PRESS sequence with a repetition time (TR) of 1.0 s, TE = 35ms, fi eld of view = 160 bmm,
20 x 20 phase encoding steps, slice thickness = 8 mm, and two averages resulting in a nominal
voxel resolution of 0.5 cc. Acquisition time was 13.3 min. The large boxes indicate the excited
volume; smaller boxes indicate anatomical locations of individual spectra. (b ) Shown is a 2D
CSI of a child with a glioblastoma after radiation therapy. The box on the left image indicates
the area from which spectra were acquired. Instead of displaying individual spectra, on the
right, the results of the spectroscopy study are displayed as a color map. In this case, areas
with increasing prominent choline relative to creatine (tCho/Cr) were colored hot yellow to red
whereas areas with decreasing tCho/Cr are displayed in green and blue.
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Cho

Image 3 :a, b Pathologically proven malignant meningioma in a 45-year-old man. a Axial T1-
weighted contrast-enhanced MR image (TR 541 ms/TE 15 ms) shows a right frontal mixed
tumour. There is a solid enhancing medial area and a lateral non-enhancing hypointense area
suggesting cyst or necrosis. Peripheral enhancement is also seen. Extra-axial origin, as well
as a diagnosis of meningioma, could not be confidently suggested from MRI alone. The 1H
MRS was carried out in this case for obtaining additional information. The voxel position for
1H MRS is shown in the figure. A-A at the edges of the voxel are inerasable marks of the
spectroscopic software used. b Localized 1H MRS (SE; TR/TE/no. of acquisitions: 2000
ms/136 ms/128) of the tumour voxel (line broadening= 1 Hz) shows a prominent inverted
doublet centred at 1.47 ppm, attributable to Ala. A highly prominent resonance from Cho, as
well as some amount of GIx, is also seen in the spectrum. The tumour was classified as
meningioma by the empirical algorithm. This diagnosis satisfactorily matched with the final
histological one.
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Image 4 :Axial T2-weighted FLAIR images of a 29-year-old female patient with hyperintense
tumor on the left frontal lobe (a). The tumor was histologically proven to be low-grade glioma
(oligodendroglioma WHO grade I1). The intraoperative MRI (coronal T2-weighted FLAIR
imaging) showed residual hyperintensity on the caudal resection margin (arrow in b). The
performed spectroscopy showed slightly increased choline peak (c). The subsequently
neuronavigation-guided sampled tissue at this site demonstrated moderate cell density, low
nuclear pleomorphism and typical clear cytoplasm of tumor cells (hematoxylin and eosin),
which corresponds to low-grade (oligodendroglioma WHO grade I1) tumor parts (d). (Glx:

combined signal from glutamate and glutamine).

111



	المقدمة
	1 (3)
	2
	1.2  Problem of the study
	Chapter Five
	Discussion, Conclusion & Recommendation


