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1-1 Introduction

Recent technologic advances have markedly enhancedclihieal
applications of computed tomography (CT). While the benefits of CT
exceedthe harmful effects of radiation exposure in patients, increasing
radiation doses to the population have raised a compelling case for
reduction ofradiation exposure fronCT, Strategies for radiation dose
reduction ardlifficult to devise, however, because of a lack of guidelines
regardingCT examinatiorand scanning techniques. Various methods and
strategies baseohn individualpatient attributes and CT technology have
bean explored fordose optimization. it is the purpose of this review
article to outline basiprinciples of CT radiation exposure and emphasize
the need for CT radiatiodose optimization based on modification of

scanning parameters aagplication of recerntechnologic innovations.
1-2 the problem

Owing to the ongoing technologic boom during the past 10 years, there
has beena corresponding notable increase in the number of computed

topographidCT) examinations beingerformed around the world. The

Broadeneduse of CT in clinical practicdhas raisedconcerns about
mountingradiation exposure, thus emphasizing the needyppropriate
strategiedo optimize and thereby, if possible, reduce radiation dose due
to CT. in the present review, we will prese data that document the
magnitude of CTradiation exposurend discuss the important safety
issues. Variougechhdogic and patienbased strategieproposed by
radiologists, physicists, andthe CT industry for radiationdose

optimizationwill be discused.
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1-3 General objectives

Apply a technical protocol to reduce the CT reduction close in trauma

casedy decreasing the mA (tube currenffhe target reduction is 50%
1-3-1specificObjectiveswere to

1. Evaluate the radiation safety practices in the general diagnostic

radiologyfort he patientsdé group in Madinat
2. Discuss the radiation close in different CT exams.

3. Investigatehe current radiology study protocols of the CT radjglo
Examinationsand compare it the international guidelines and standards.

4. Investigate the radiation dose levels of the Toshiba 16 slice system at
Madinat Zayed Hospital.

5. Carry CTscanson phantom in two phases.

6. Design standard exposure factor godlelines that produce acceptable
image quality with less exposuctemparedo the reference exposure.

7. Evaluate andnalyze the resuiinage in eaclstageof mA reduction

1-4 the rational and importance of the study:

The studywould be of greatbenefit to thepatients undergoing CT exams

in reducing effectivelose received.
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Embryology of neural system development:

2.1 Neural development is one of the earlggstemdso begin and the

last to be completed after birth .This development generates the most
complex structure within the embryo and the long time period of
development in utro insult means during pregnancy may have

consequences to development of the nervosieBy

The early central nervous system begins a simple neural plate that folds to
form a groove then tube open initially at eashds,failure of these

opening to close contributes major class of nealpabrmalities.

Within the neural tube stem cells gesie the major classes of cells that
make the majority of nervous system, neurons and @a@h these
classes of cells differentiate into many types generated with highly
specialized function and shapes .This section covers the establishment of
neural poplations, the inductive influences of surrounding tissues and
the sequential generation of neurons establishing the layered structure

seen in the brain and spinal cord.

2.2
Human Early Neural Development
*(About 18 postovulatory daysieuralgroove end folds are first seen.

*The three main divisions of the brain, which are not cerelzaicles,

canbe distinguished while the neural groove is still completely open.

* Two days later neural folds begin to fuse near the junction between
brain am spinal cord when neural crest cells are arising mainly from the

neural ectoderm.
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* (About 24 days)the rostral or cephalineuropore closes within a few
hours closure is bidireicinal, it takes place from the dorsal and terminal
lips and may occur in seval areas simultaneously, the two lips, however

behave differently.
* (About 26days) thecaudalneuropore take a day to close.

* The level of the final closure is approximately at future somatic pair

31.corresponds to the level of sacral vertebra 2.

*(4 week) the neural tube is normally completelgsed.

2.3 Early Development Sequence
Epiblast. Ectoderm. Neural plat®&eural groove and neuratest.

Neural tube and neural crest.
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Neural Primary vesicles Secondaryesicles Adult structure
tube 4 week 5 week adult
3 week
Neural pros encephalon Telencephalon Cerebrum, basal
plate ganglia,lat.ventricle:
Neural Hippocampus
groove . hypothalamus
Neural Diencephalon Epithalamas.3
tube venticles.thalamas,
brain subthalamas
mesencephalon mesencephalon Cerebral peduncle
cerebral
aqueductectum
pretectum
rhomb encephalor| | | Met encephalon Pons. cerebellum
mesencephalon Medulla oblongata
Spinal

cord
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2.4 Skull anatomy.

The skull is themost modifiedpart of the axial skeléon on .it reston
theupperandof the vertebratolumn and its bonystructure is divided

in to two pars thecraniumandtheface.

Thecranium is formedby a number oflat irregularbonesthatprovide

a bony protectioffior the brain. It hasa baseupon whichthe brain rest
anda vault that surround and cover it , tiperiostealinside the skull
bones consistef the outer layerof Dura mater immatureskull the
joints (suture) betweethe bones are immovable (fibrous joints), the
boneshave numerousperforations through which nes blood and

lymph vessels pass.
2.5The boneof cranium:

1. Frontal bone 2 .p#atal bones .2. Temporal bones.

2. Occipital bone .1Sphenoidbone.
3. Ethmoid bone.

2.6brain Anatomy.

Thebrain constitutes abowoinefifth of thebodyweight andie within the

cranial cavity. Thdrainconsistof three main parts:

1. Cerebrum or forebrain.
2. The brain stem, consist of :
i. Midbrain

ii.  Ponsvarollii
Medulla oblongata

2.7 Cerebrum
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This is the largestpart of thebrain andit occupiesthe interior and
the middle cranial fossaelt divided by deepcleft thelongitudinal
cerebral fissuren to right and left cerebral hemispheres, each

containingoneof thelateral eventides.

Deep withinthe brainthe hemispheres econnectedy s mess of

white matter(nervefibers) calledthe corpuscallosum.

Cerebrums consisof four lobes: frontalparietal, temporal and

occipitallobe.
2.6. brain stem

The med brain is thearea of the brain situated around theerebral

aqueduct
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memory storage)

Brain stem

M N



[Type text]

. osfrontale
\ - 0s parietale
. 0Shasale
_________ . 0s lacrimale
.- 05 ethmoidale
& 0s sphenoidale

- 0s occipitale
" ostemporale
" oszygomaticum
o maxilla

" mandibula

-----

FG2.2 SKULL BONES



[Type text]

Betweenthe cerebrumaboveandthebonesvaroui blow.

Consist of group of nerve call and nerve fibewhich connectthe

cerebrum with théower part of théorain and with the spinal card.

The pons varollii is situated in front of the cerebellum, belihs
midbrainandabovethe medulla oblongatat consists oimainly of nerve
fiber which from a bridge between the two hemispheresof the
cerebellum,and of fiberpassingbetween the higher levetsf the brain
and spinhcord. The medulla oblongataxtendsfrom the ponsvarollii

aboveand it iscontinuouswith the spinacordbelow.

It is about 2.5 cmong and it lies justwithin the cranium abovethe

foramenmagnum.

FG 2.3

HUMAN BRAIN
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- //
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Pons —
Cerebellum
Medulila
oblongata Spinal cord
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2.9cerebellums

The cerebellumis situatedbehind the ponsarollii and immediately
below the posterior portion of the cerebrumoccupyingthe posterior
cranial fossa , itovoid in shapeand has two called the vermgray
matter forms the surfaceof the cerebellum and thevhite matter lies

deeply.
2.10 Hind brain:

The ponssituatedon the anterior surface of theerebellunbelowthe mid
brain and abovethe medulla oblongatait composed mainly oherves

fiber which connect théwo halves of theerebellum.
2.11 Head injury: -

Oneof the most commonauses of disability andeathTheinjury canbe
mild as bump bruise (contusion)or cut on theheadof open wound.

Fractureof skull boneor from bleedinganddamage to brain.

- head injury is a boarterm that describes a vast arraf injury that
occur to the scalp ,skulirain and underliningissues and blood vessels
insidethe head ijury arealsocommonlyreferredto as brain injury , or

traumatic brain injury (TBI) dependiran the extenadf head trauma

Primary and secondaryinjuries are described witiheadtraumaand the

presenc®f these injuriegffectsthe outcome of thesepatients.

The primary injuryoccus at the time of impact, eitherby a directinjury
to the brain parenchymar by aninjury to the white mattertractsthrough
accelerationi deceleration forces .direajury to the brain parenchyma
occurs as the brain is impacted thebony protuberances dhe calvarias

or by penetrationof the brainby bony fragments orforeign bod in
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childrenthe skull is easily deformeandimpacton the brain at the time

of theinsult ina coupinjury, as opposed tadults,in whomthe brain is
forced agains the bony protuberances opposite the point ofimpad
resultingin a countercoupinjury, intracranial hemorrhage may also result
from dhearing or laceration of vascular structures, Acceleation 1
deceleratiorforcescauseshearingof the long white mattertracts leading

to axonal descriptioandsecondaryells death.

- The secondary injury isrepresentedoy systemicand intracranial
eventsthat occur in response to therimary injury and further

contributeto neuronal damage and cells death.

The systemic events atlg/potension, hypoxiand hypercapiasand
many occur as a direct resultof primary injury in person withmulti

trauma.

The intracranial eventsare a series of inflammatorghangesand
pathophysiologicperturbation s thatmmediately after the adverse
outcomeof the headtraumapatients. The inflammatomgvents are the
resut of cascadef bimolecular changesiggeredby theinitial insult
leadingto microcirculatorydisruptionand neuronaldisintegration. A
series of factors such adree radicals free iron and excitatory

neurotransmitters atberesultof these inflammatoryeventspresence.
2.12 Skull fractures:

A skull fracturesare break ordiscontinuousof bones there arefour

major typeof skull fractures.

2.13Linear skull fracture:
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FG2.4: SKULLFRACTURE AND BONE FRAGMENT
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FG2.5: SKULLFRACTURE AND INTRACRANIAL
BLEEDING
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This is most common type offracture,in linear fracturethereis a

break in these patient may be observed irhtyspitalin bride oftime.

Usually resumenormal activities in a few days no interventionare

necessary.
2.14Depressed skull fractures:

This type of fracturemaybe seen with owithout a cutin the scalp, in
this fracture part of thekull is actuallysunken in due to trauma .may

requiresurgicalinterventiondepending on the severity thefracture
2.15Diastasisskull fractures:

These ardracturesthat occur along thsuture lines in thekull sutures

arethesort of joints fused andot moving.

In thesetypes of fracturethe normal suture lineare widened, the

fractures are ofterseenin newbornand older indents.
2.16Basilar skull fracture:

This isthe mostserioustype of skullfracture ,involvesa break in the
bone at thebaseof the skull , patientswith this types of fracture
frequentlyhavebruisesaroundthe ire yesarsada bruisebehindtheir
ear, thg mayalsohaveclea fluid drainingfrom nose and ears due to

tearof somelayercoveringthe brain Thepatientneedsspecial care.

MYy
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2.17Complication of the headinjury:
2.17Intracranialhematoma (ICH)

Thereare several type OF (ICH) or blood datsor around thédrain
the different types are classifieby the brain different types are
classified bytheir locationin the brainthesecan range from riletiead

injure to quite seriouandpotentiallylife threating injures .

2 .18 Deferenttype of ICH:

2.18Epiduralhematoma (EDH)
Epiduralhematomaoccurswhena blood clot formundeneath the
skull, butontop of thedurra, theroughcoveing thatsurroundghe
brain.
They usually come from a tear in an artdrgtrunsjust underthe
skull called the middle minimal artery. Epidur@lematoma is

usuallyassociated with a skull fracture.
2.19Subdural hematoma SDH):

Subduralhematomaoccur when a blood cldborm subdural the
skull andundeneaththe durra, butoutsideof the brain.the escap
from atear intherein thatfroth brain to the durra , or from a conh

the brainitself. But not always associatedth a skull fracture.
2.20Contusion:

A contusionis bruisesof the brainitself .contusioncausesleeding
and a welling insideof the brain aroundthe areawherethe head
wasstruck .contusiomay occurwith skull fracturesor othe blood

clot suchassubdural or epidural hematoma.

M ¢
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2.21ExtraDural hematoma: (EDH):

The temporabonesusually the thinnest parbf the skull. Fracture
at thisit maytearthe middle meningeakrtery as it passes wyard
within a grove between thanerskull tableandthe durra, Blowto
the temporal bone may result in a tearof the temporal artery
without a fracture. An arterial bleed from a middle meningeal
artery accumulateforming a hematoma between the inner skull
tableandstrippeddurra,this calledan EDH which actasa spacé
occupying lesion .thiaccumulatiorcan be immediater delayed .
EDH is easily ove looked, asmild concussion is followedy a
lucid interval beforeneurologic symptoms and coma devetoany
hourslater. Whenthe enlarginghematomabegns to exertpressure
on the brain EDH is amenablé surgical decompression when

diagnosed early.
2.22 Subdural hemorrhage:

SDH is morecommonthan an EDH. SDH is epeciallycommon
in the elderlychildren and individualsvith alcoholism. SDH is not
usuallyassociateavith skull fractures, SDH magccur after Sudan
jarring or rotationof thehead .alow to theheador a fall trauméao
the headmay be trivial movementf the brain relativéo the durra
oftenassociateavith widened Cs F spacesa u seasaridtearof
the small veins that bridge the gap betweenthe Dura and the
cortical surfaceof thebrain.Blood from to vesselaccumulatesver
several hourandusuallytracksextensivelyasathin film over the
surface of thebrain. A small selflimiting SDH may remain

asymptomati@andbeanincidentalfinding.
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2:23 CEREBRAL CIRCULATION :

It is the movement of blood through the networkcefebral arterieand
veins supplied the brain. The rate of the cerebral blood flow in the adult is
typically 750 ml per minute representing %b6f the cardiacmutput. The
arteries deliver oxygenated blood, glucose and ath&rents to the brain
and the veins carry deoxygenated blood back to the heart removing
carbon oxide, lactic acid, and other metabolic products since the brain is
very vulnerable to comproses in its blood supply, the cerebral
circulatory system has many safeguard including auto regulatidimeof
blood vessels and the failure of these safeguard can result in a stroke.
The amount of blood that the cerebral circulation carries is known as

cerebral blood flow.
2:24 Blood supply:

Blood supply to the brain is normally divided into anterior and posterior
segnents relating to different arteries that supply brain the two main pairs
arteries are the internal carotid arteries supply the anteaor bertebral
arteries supply the brain stem and posterior brain, the anterior and
posterior cerebral circulations are interconnected via bilateral posterior
communicatingarteries, theyarethe part of the circle of Willis. Which

provides back up to tharain in case of & supply artery is occluded.

The circle of Willis provides interconnections between the anterior and
posterior cerebral circulations along the floor of the cerebral vault,
providing blood to the tissues that would otherwiseob&e ischemic.

2.25 Anterior cerebral circulation:

Is the blood supply to the anterior portion of the btamnternalcarotid

arteries. These large are th&R branches of common carotid arteries in
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The neck which enter the skull as opposed to the external carotid
branches which supply the facial tissues, the internal carotid arteries
branches into the anterior cerebral artery and continues to form the
middle cerebral artery .Anterior communicatingteay connect both

anterior cerebral arteries within and along of the cerebral vault.
2.26 posterior cerebralrculations:

Is the blood supply to the posterior portion of the brain including the
occipital lobes, cerebellum and brain stem. It supply byféfiewing

arteries:

Vertebral arteries these smaller arteries branch from subclavian arteries
which primary supply the shoulders, lateral chest amds. Withinthe

cranium the two vertebral arteries fuse into the basilar artery.

Basilar artery supplies ¢hmidbrain, cerebellum, and usually branches
into the posterior cerebral arteries. Anterior inferc@rebellar arteries
(AICA).Pontine branches, superior cerebral arteries (SCA), posterior
cerebral arteriesP(CA), posteriorcommunicating artery the anteriand
posterior circulations meet at the circle of Willis which rest at the top of

the brain stem.

2.27 VEOUS DRAINAGE:

The venous drainage of cerebrum can be separated into twivieub
superficial and deep. The superficial system is composddrafvenous
sinuses which have wall composed of Dura mater as opposed to
traditional vein. They are located on the surface of the cereblum.The most
prominent these sinuses the superiggittal sinus which flow in the

sagittal plane under the midline of the cerebral vault, posteriorly and

H O
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inferiorly to confluence of sinuses, where the superficial drainage joints
with the sinus that primary drains the deep venous system. From here two
tranwverse sinuses bifurcate and travel laterally and inferiorly in &n s
shapes curve that form the sigmoid sinuses which go on to form the
jugular veins in the neck the jugular veins parallel the upward course of
the carotid arteries and drain blood into (SVWe deep venous drainage

is primary composed of traditional veins inside the deep structure of the
brain which join behind the midbrain to for@alen. This vein merges
with inferior sagittal sinus to form the straight sinus which joins the

superficial ve@ous system mentioned above at the confluence sinuses.

Cortical vascular territories

| Anterior cerebral artery
- Middle cerebral artery
- Posterior cerebral artery

FG.2.8 cortical vascular territories.
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2.28Brain physiology:
Cerebrum:

The cerebrum is the largest of the brain, divided into 2parts (haves) called
left and right hemispheres and connected by a bridge of nerves fibers
called thecorpuscollosum, theght hemisphere control the left of the

body. The right hemisphere contrdietleft side of the body.

The outer surface of the cerebrum is called the cerebral cortex or gray
matter it is the area of the brain where nerve cells make connections
synapses that control brain activity the inner area of the cerebrum
contains the insulatl (myelinated) bodies of the nerve cells (axons) that
relay information between the brain and spinal cord this inner area is
called the white matter because the insulation around the axonstg@ives
whitish appearance. The cerebrum is further divideml4ndéections called
lobes. These include the frontal, parietal, temporal and occipital.

Cerebellum:

Is the next largest part of the brain. It is located under thémereat the

back of the brain, it is divided into 2parts or hemispheres and has grey
andwhite matter like the cereblum.The cerebellum is responsible for
movement, posture, balance, reflexes, complex actions, collecting sensory
information from the body.

Brain stem:

The brain stem is a bundle of nerve tissue at the base of the brain. It
connets the cerebrum tthe spinal cord and sends messages between
different parts of the body at the brain. The brain stem has 3 areas
midbrain, pons, and medulla oblongata. The brain stem controls
breathing, body temperature, blood pressure, heart rate, ramdéhirst.

Cranial nerves emerge from the brain stem control facial sensation, eye
movementhearing, swallowing, taste and speech.

Cerebrospinal fluid (CSF):

The (CSF) fluid is a clear watery liquid that surround cushion and
protects the brain argpinal cord. The CSF also carries nutrients from the
blood and removes waste produittsm the brain. It circulates through

HT
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chambers called ventricles and over the surface of the brain and spinal
cord the brain control the level of the CSF in the body.

Meninges:

The brain and spinal cord are covered and protected by 3 layers of tissue
(membranes) called meninges

Dura matter:

Thickest outside.

Arachnoid layer: middle, thin.
Pia matter: inner, thin.

CSF flows in the space between the arachnoid and pia roalieat
subarachnoid space. The tentorium is a flap made of fold in the meninges
it separates the cerebrum from the cerebellum.

The suoratentorial area of the brain is the area above the tentorium it
contains the cerebrum, lateral ventricles, third vemtrighd gland
structure in the center of the brain.

Theinfratentorial area is located at the back oftren below the
tentorium it contains the cerebellum and brain stem this area is called the
posterior fossa.

Corpus Callosum:

A bundle of nerve fibex between the 2 cerebral hemispheres it connects
andallowscommunicatiorbetween both hemispheres.

Thalamus:

Structure in the middle of the brain has 2 lobes it acts as a relay station
for almost all information that come and go between the brain andshe
of the nervous system in the body.

Hypothalamus:

Is small structure in the middle of the brain below the thalamus it plays
apart in controlling body temperature, hormones, secretions, blood
pressure, emotionappetite and sleep pattern.

HY
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Pituitary Gland:

Is small pea sized organ in tbenterof the brain it attached to the
hypothalamus and secretes different hormones that affect other glands of
the body endocrine system. It receives message from hypothalamus and
release hormones that control the thgirand adrenal glands as growth
physical, and sexual development.

Ventricles:

They are fluid filled spaces (cavities) within the brain there are 4
ventricles.

2 lateral in the cerebral hemispheres. The third one is on the center of the
brain surround byhalamus and hypothalamus. The foustlat the back
of the brain beteen the brain steand cerebellum.

The ventricles are connected to each other by a series of tubes. The fluid
in the ventricles is cerebrospinal fluid CSF flows through the ventricles
around the brain in the space subarachnoid space and down the spinal
cord.

Pineal Gland:

Is a very small gland in the third ventricle of the brain it produces the
hormone melatonin for sleeping, walking, and sexual development.

Choroid Plexus:
Small orgarin the ventricles that make CSF.
Cranial Nerves:

There are 12 pairs of cranial nerves that perform specific function in the
head and neck areas. The first pair starts in the cerebrum while the others
11pairs start in the brain stem. Cranial nervesraheated by number

Roman numeral or name.

Cranial Nerves and Their function:
1-Olfactory: smell

11-Optic: vision and light detection by the pupil.

H
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111-Oculomotor: eye movement upward down ward or inward,
narrowing and widening of the pupil, lifting tie eyelid.
1V- Trochlear: eye movement down and inward.

V- Trigeminal facial sensationghewing.
V1- Abducens: outward eye movement.

V11- Facial: facial expression, closing of eyelid, taste in front part of the
tongue.

11X- Acoustic: hearing, balance.
1X- Glossopharyngeal: swallowing, gag reflex, speech.

X- Vagus: swallowing, gag reflex, speech (vocal cord). Control of
muscles in internal organs.

X1-Accessory: neck turning, shoulder shrugging.

X11- Hypoglossal: tongue movement.

Blood Brain Barrier:

Is specialized system of blood vessels and enzymes that protect the brain
from chemicals or toxins produced by bactdtiaelpsmaintain a
constant environment for the brain.

The blood brain barrier is made up of very small blood vessels that are
line within thin flat endothelial cells, they are packed tightly together so
substances cannot pass out of the blood stream in to the brain the
enzymes also restrict the types of substances that can be carried from
blood in to the brain.

Types of cells in the hin:
The brain made up of neurons and glial cells.

Neurons carry the signal that make the nervous system work they cannot
replaced or repaired if they are damaged.
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Glial cells:
Neuroglial cells these cells support, feed, and protect the neurons.
Thedifferent types of glial cells are:

1 Astrocytes.

91 Oligodendrocytes
1 Ependymal cells
1 Microglial cells
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2.29Brain disease

Brain disease comes in different form infection, trauma, stroke, seizures,
and tumors are some of major categories of brain disease.

Infections disease:

Meningitis an inflammation of the lining around brain or spinal cord
usuallydueto infection, neck stiffnessieadache, fever, and confusion
are common symptoms.

Encephalitis:

An inflammation of the brain tissues, usually due to viral infection,
meningitis and encephalitis often occur together which is called
meningesencephalitis.

Brain abscess:

A pocket of infection in the brain, usually caused by bacteria, antibiotic
and surgical drainage of the area are often necessary.

Seizures:

A condition characterized by recurring seizures caused by abnormal and
excessive eledtral activity in the brain.

Trauma:

Concussion a brain injury that causes a temporary disturbance in brain
functions, sometimes with unconscious and confusion, and may cause
headache, along with concentration and memory problems.

Intracerebal hemorrhage:

Any bleeding inside the brain may occur after traumatic injury or stroke
as a result of high blood pressure.

Tumor and Masses:

Increasegoressure angbnormal tissue growth inside the brain whether
malignant or benign usually cause problems byptiessure o the

On the normal brain.
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Glioblastoma:

An aggressive cancerous brain tumor it progress rapidly and usually
difficult to cure.

Hydrocephalus:

Increased amount of cerebrospinal fluid inside the skull because the fluid
IS not circulating properly.

Pseuddumor cerebra:

Increase pressure inside the skull with no apparent cause, vision changes,
headache, dizziness, and nausea are common symptoms.

Stroke:

Blood flow oxygenis suddenly interrupted to an area of the brain tissue
which then may die. The bodymaontrolled by the damaged brain area
may no longer function properly.

Ischemic stroke:

A blood clot suddenly develops in an artery or is formed elsewhere in
anterior artery and breaks off and lodges in the brain blood vessels
blocking blood flow and case stroke.

Hemorrhagic stroke:

Bleeding in the braigreates congestion and pressure on brain tissues
impairing healthy blood flow and causing a stroke.

Transit ischemic attack (TIA):

A temporary interruption of blood flow and oxygen to a part of the brain
symptoms are similar to those of stroke but they resolve completely
usually within 24 hours without damage to the brain.

Brain aneurysm:
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An artery in the brain develops a weak area that swell like a balloon. A
brain aneurysm rupture cause stroke fuieleeding.
Subdural hematoma (SH):

Bleeding on surface of the brain may exert pressure on the brain causing
neurological problems

Epidural hematoma:

Bleeding between the skull and tough Dura lining the brain the bleeding
is typically from artery usually shortly after head injury, initial mild
symptoms can progress rapidly to unconsciousmessdeath if

untreated. This is also referred to as an exti@dematoma.

Cerebral edema:
Swelling of the brain tissues which can be due to different causes.
Autoimmune conditions:

Vaculities annflammation of blood vessels of the brain, confusion,
seizures, headache and unconsciousness can result.

Multiple sclepsis (MS):

The immune system mistakenly attack and damage the bodypenwes,
muscle spanfatigue and weakness are symptoms, may occur in periodic
attacks or be steadily progressive.

Neurodegenerative conditions:

Par ki nsonds di s agemsfehe manrdegeneratasiowlypnt er n a
causing problems with movementdacoordination early signs are tremor

of thehands, stiffness of the limbs and truck, slowness of movement and
unstable posture.

Huntingtonds di sease:

An inherited nerve disorder that cassdegeneration of brain cells,
dementia and difficulty controlling movements are symptoms, depression
and irritability.

Picks disease:
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Frontotempral dementia over years large areas of the nerve at the front
sides of the brain are destroyed due to builofugbnormal protein.
Personality changes, difficulty speech and loss of memory, intellectual
ability are symptoms. Steadily progressive.

Amyotrophic lateral sclerosis:

Nerves controlling muscles function are steadily and rapidly destroyed,
progress to patysis and inability to breathe without mechanical
assistance.

Dementia;

A decline in cognitive function due to death or malfunction of nerve cells
in the brain, condition in which nervesthe brain degenerates well as
alcohol abuse and stroke can @adsmentia.

Al zhei mer 6s di sease:

For unclear reasons nerves in certain brain areas degenerate causing
progressive loss of memory and mental function and change in behavior
and personality. The buildup of abnormal tissue in brain areas.

Al z h e i rhe madtcommen farm of dementia.
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CT scan images of the brain

Left: Arrows indicate a collection of blood between the skull and
the outer covering of the brain (epidural hematoma) that's
compressing the frontal lobe. Right: Contrast material injected into
a vein during this CT scan of the head highlights tumors in both
sides of the brain.

FG.2.11 CT brain with and without contrast for comparison.
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2.30Head injuries diagnosis:

The full extent of the problem may not completely understand
immediatelyafter injurybut may be revealed with a comprehensive

medical evaluatiomnddiagnostic.
2.31Diagnostictests:

1. EEQelectroencephalogram.
2. CT scan.
3. MRI

2.32Importance CT in headtrauma:

C.T ismoreadvantagen the evaluationof the headtraumaandcan
detectabnormalityof shottissuesandbonein onescanandalsoso
fast ingoldenhourfor thetraumatic patients.

SoC.TY<ganis veryimportantin emergencydepartment.
2.33Toshiba Aquilion 16

The Toshba Aquillion 16 is a third generation mulslice helical CT
scanner.Featuringa60 kW geerator. 7,5 MHU tube and a fadest
standers on CFX datper rotation time of 0,5 seconds(0.4 seconds
optional, standardon CFX cardiac version). In helicahode it is
capable © acquiring 16 parallel rows of datgper rotation. With
collimations ofl6 ™M@ mm 16x1and 16 X I mm. More detailed

specifications are given in the next section of this repo

The Aquilion 16 isdevelopmenbf the ToshibaAquilion Multi 4-dlice
system. The mairhardware difference beten the two is that the

Aquilion 16 is capable of acquiring sixtessws of dam per rotation,
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FG.2.12CT AQUILLION 16 SLICE

oy
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Comparedto the Aquilion four. There are alsalifferencesin the
computerhard ware used.And in the techniques foreconstructing
images from helicatlata.Basedupon the adimensional Fe&l Kamp

backprojection method.
2.34Summary:

The scannes close efficiencyigure. Q is typical for headand body
scanning wheromparedo the other sixteeslice scanners INLPAC T
has assessegficannersvith higherQ valueswill require lower patient
Closes in order to produce images of a given intpagdity in terms of
spatialresolutionand imagenoise. Thehigh contrassspatial solution
of the scanner in botthe x y planeand along the-axis.Is typical for

atop rangesystem.

The inter-slice variation of image noise and slice thickness is g@od
benefit ofl6-slice scanningis anincrease in geometriefficiency is
37%in 4-slice modeand 69% in 16- slicemode. For 2 nun slices the

figures arer5%and87%or 4- and 16i slicemodes respectively

When opeating in axialmode the scanner is routinely limited to the
acquisition of 4imultaneous slices. This is to avoid theadtction of

conebeamartifacts

The default helical reconstructionalgorithmKnownastsTCOTis
based on a -8imeusionaFeldkamp backprojection mettod and is
effective at suppressing cebeamartifacts asTCOT does not male:
use of complmentary data mjections,increased image noise is

Observedwhen comparedo using theconventionalToshiba-4-slice
recongruction algorithm MUSCOT.
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In addition a wind mill artifact correctioni s a v avheh gprdl e 6
scanning Vitheither16 5105. 16 x 1 or 16 xi@m collimation.

Impact. Assessmenbf low contrastdetachability onthe Cathan
phantom shaved that 0.3% contestletails of 6mm diameter where
visible in more tharb0%of images at asurface dose o5 m Gy.

2.35Scanner specification

Scanner gantry:
Generation 3td
Aperture (cm) 72
Maximum scan field of view (cm) 50
Normal slice widths for axiadcansifqim) 0.5 1.0, 2,3, 4,6 ,8
Couch:
Length and width (cm) 218.7x47 (188.7x47 shetsion)
Horizontal movement range (gn219189 shortversion)
Vertical movement range out of gantry (c81-95.4
Maximumweight oncouch (kg) 205
Tube andgenerator:
Generator power rating (KW) 60
Anode heat capacity (MHU) 7.5
Maximum anode coolingate KHU/ min) 1386

Guaranteed tube lifedvolutions) 3000000
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Detection system:

Number ofelements along-axis 40

Effective length of each elementisbcentre hm) 16>0.5, 241

Total effective length ofletector arrawt isaccentre (mm) 32

Future option for more slicesdtation nonecurrently

System Startup and calibration:

Total starti uptime (n routineuse)2 min.from fully off .0 from standby.
Time to perfornfull set detector calibration@nints) up to 20
Scanning:

Helical pitches (range and increment .quoted relative -tayxbeam

width, known agitch)

Operators Console:

Number of monitors at console 2 (acquisition /review and
Processig)
Control methods mouse, cursor, and keyboard

Image storage
Total hard disk storageapacity supplieds standard (G bytes) 234
Archive options MOD

Image Reconstruction
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Time (s) from the starvf data acquisitiorto theappearance ahe 3¢

image of aseries.

()  Standard axial brain scan 20
(i)  Helical abdomen scan 20
Simultaneouscanningandreconstruction Yes

3D Reconstruction

3D reconstruction software MIPS, Min§=D, MPR,

3D Volumerendering, 3DVirtuaEndoscopy (optional oconsole)

Additional Facilities:

Independent Workstation Standard
Contrast ingctor Optional
Contrast media bolus tracking Optional
Real timeCT andfluoroscopy Optional
CT Angiography Standard
Prospective ECGtriggered cardiac software standard
Dental ptioGal

ImageTransfer/Connectivity:
DICOM service classes provided by CT console (SCFE=zId)
Speed of scanner /workstation connections to local area network

(Mbits/s).
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2.36



