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Aceleradores em aplicacdes médicas
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Aceleradores em aplicagdes médicas .
= ETIE] icacoes a Medicl

Imagiologia

(fluoroscopia)

Terapéutica

(radioterapia 1920)
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Icacoes médicas

Primary collimator

Flatteming Filte

Inner and /

Outer jaws -
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e Photon beam

\&ization chambers
Mirror

Reticle
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__———~Aceleradores em aplicacdes medicas —
“Conformacao do feixe de fotoes

Varias incidéncias feixe de fotdes IMRT (RadioTerapia de
Intensidade Modulada)

Target

Target Volume
N Volume

OAR

Orgéao em risco

P AWSE Aplicacdes da Fisica de Particulas - CERN 2011 8



Thefapeutic ratio
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Simulacao MC
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Aceleradores em ‘aplicacdes médicas

SO 8-

Intensity Modulated Proton Therapy: The
simultaneous optimisation of all Bragg peaks from

aII incidem beams. E.g..
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~ Radiografia com

Imagem Protées (MC)

Tumor
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Aceleradores em-aplicacoes medic
Terapia comi rbono

The Heidelberg lon Therapy Center Heldelberg |0n Therapy Center

compact design
full clinical integration
rasterscanning only

low-LET modality:
Protons (later He)

high-LET modality:
Carbon (Oxygen)

ion selection within
minutes

world-wide first
scanning

ion gantry
> 1000 patients/year

> 15.000
fractions/year

Th. Haberer, Heidelberg lon Therapy Center
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high energy
beam transport

Th. Haberer, Heidelberg lon Therapy Center
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Results
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Fibras opticas come-desimet

/-_—-=-

Camara de ionizacao

FIBRAS DE POLIESTIRENO

Dosimetro MOSFET

/

Dosimetro de Fibra
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light tight box

Scintillating optical
fiber

f e

Electrometer

light tight /

protective cap Maon-scintilating Fhotodiode Electric cable
optical fiber

Fibra plastico emitindo no azul, 5 mm comprido (2 mm diametro)
Fibra nao-cintilante ¢/ 1 m comprimento
Fotodetector de silicio

Leitura do sinal com electrometro
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Elementos do DosFib

Hamamatsu Photodiode S9195

Resposta espectral

Fibras azuis e verdes
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Philips PW 2184/00 X-ray tube

Camara de ionizacao
para testes Dispositivo experimental
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Afterloading

Ir-192 Source
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Fonte Ir-192

CosFib
Ir-192

SOUrce

Base

lonization chamber

Water tank

Dispositivo experimental
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A radiacao emitida pelo radiofarmaco é
detectada na camara gama

Sl -
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—  Exemptos-de-ciiligrafiasms ——===

Tiroide

Gamma probe measuring
thyroid gland radioactivity

Deteccéao de
anomalias na tirdide

Radioactive iodine

is ingested
FADAM.
NORMAL ALZHEIMER'S
Doencas no
cerebro
i | )
Siggl
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a perfuséo (feita com um
radiofarmaco injectado) mostra
gue um coagulo de sangue
impede a circulacao!

O ar circula :
mas ...

ventilacao perfuséo
Sy
L 1 P3Ahes
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O Fluor-18 € um emissor de positroes

Positrao + Electrao — 2 Fotdes

O radiofarmaco (FDG) e
preparado num ciclotrao
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Combined PET/CT Scanner
Unmiversity of Pittsburgh Medical Center
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Antes do tratamento

8 meses apods tratamento
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Scanner ClearPEM desenvolvido no quadro da
colaboracao Crystal Clear Collaboration do CERN

Sensitivity@350 keV (%)
3.5
:is
I
4 cm E: T =
eistrans v Consorcio PET-Mammography.
e LIP - Laboratério de Instrumentacédo e Particulas
T oFfaxis b . . . B
S Hospital Garcia Orta - Servico Medicina Nuclear
: 0 offeaxis v IBEB - Instituto Biofisica e Engenharia Biomédica
i3 Y lcm IBILI - Instituto Biomédico de Investigacdo da Luz e Imagem
£ T ofFaxis v i
T e e INOV- INESC Inovagéo
Lso;acilr:;;a!s INESC-ID - Instituto de Engenharia de Sistemas e Computadores
-axis

INEGI - Instituto de Engenharia Mecéanica e Gestéo Industrial
TAGUSPARK — Parque de Ciéncia e Tecnhologia
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PET dedicado a mamografia

— Requisitos ClearPEM :

— Alta sensibilidade

— Boa resolucdo espacial (1-2 mm FWHM)

— Boa resolucéo temporal p/rejeicdo fundo (1-2 ns)
— Exames mais curtos menos radiacdo dada ao pacient

(370 MBQ)

— Conceito do detector:
— Duas cabecas planas
— Exame mama e axila
— Exame c/paciente deitado

= DlstanC|a ajustavel das cabecas e rotacao

“ Breast exam
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/Wano Detector

— Cristais 20 mm de LYSO:Ce
— Matriz de cristais de BaSO, reflector
— Fotodiodos de avalanche (APD)

— Duplo readout mode

— “Depth-of-interaction (DOI) measurement”

My

Arrays com 32 cristais 384 APD arrays 192 detector modules
(2 APD por cristal) (2 APD cada maédulo)

6144 cristais

=il >
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___Cabeca do detector

e
~— Cada cabeca
® 4 supermodulos, 92 mddulos
® 1 Bordo de servico

® 2 pratos de arrefecimento

Cada Supermodulo:

® 24 grupos de modulos
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——Detectar montado no robot
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— PET-Ultra=Sons

Baseado no ClearPEM

Permitira melhor qualidade de
imagem

Visualizacéo de tecidos moles

Nao adiciona dose de radiacao ao
paciente
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Remocé&o do nodulo sentinela
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Injeccdo de um corante ou radioisotopo
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Imagens pre-operativas da localizacéo
do nodulo sentinela

ANT 2B MIN PI RAOD 25 MIN PI

RILAT 38 MIN P
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Images obtained with MINICAM I

'
1. 2: 3.

Image 1 : Injection spot acquisition 30 seconds
Image 2 : sentinel nodes exvivo 148kBq acquisition 40 seconds

Eig“ 25 Image 3 : Thyroid left lob acquisition 115 seconds
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SPECT camera ISPA-tube
140 keV point source 122 keV point source
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__—— Avaliacao da qualidade daimagem
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14000 contagens 5 minutos 2800 contagens
FWHM ~4.3 mm Tempo equivalente FWHM ~0.6 mm
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diacdo aguda corpo inteiro

Dose Sintomas Observacoes
(Gy)
0-0,25 |Nenhums Nao existem efeitos clinicos relevantes
0,25 -1 [Nada ou algumas nauseas Medula 6ssea danificada. diminuicdo de globulos
vermelhos e brancos bem como de plaquetas. No6dulos
linfaticos e baco danificados. Diminuicdo do nimero de
linfocitos.
=3 Nausea e anorexia intensa, mal|Os danos hematoldgicos sdo mais severos. A
estar geral, surgimento de recuperacao € possivel mas néo é segura.
infeccoes.
3-6 Hemorragias, infeccoes, As mortes comecam a verificar-se para doses
diarreia, epilacao, esterilidade |superiores a 3,5 Gy
temporaria.
mais Dano do sistema nervoso Morte provavel
gue 6 central. Incapacidades varias.
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1990
Individuo de 40 anos
120 min exposicao RX

6 — 8 semanas 16 - 20 semanas 18 - 21 meses

| 25
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Adult Effective Doses for Various Diagnostic Radiology Procedures

Average Effective

Values Reported in

Examination Dose (mSv) Literature (mSv)
Skull 0.1 0.03-0.22
Cervical spine 0.2 0.07-0.3
Thoracic spine 1.0 0.6-1.4
Lumbar spine 1.5 0.5-1.8
Posteroanterior and lateral study of chest 0.1 0.05-0.24
Posteroanterior study of chest 0.02 0.007-0.050
Mammography 0.4 0.10-0.60
Abdomen 0.7 0.04-1.1
Pelvis 0.6 0.2-1.2
Hip 0.7 0.18-2.71
Shoulder 0.01
Knee 0.005 e
Other extremities 0.001 0.0002-0.1
Dual x-ray absorptiometry (without CT) 0.001 0.001-0.035
Dual x-ray absorptiometry (with CT) 0.04 0.003-0.06
Intravenous urography 3 0.7-3.7
Upper gastrointestinal series 6* 1.5-12
Small-bowel series 5 3.0-7.8
Barium enema 8* 2.0-18.0
Endoscopic retrograde cholangiopancreatography 4.0

* Includes fluoroscopy.
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Adult Effective Doses for Various CT Procedures

Examination Average Effective Dose (mSv) Values Reported in Literature (mSv)
Head 2 0.94.0
Neck 3 e
Chest 7 4.0-18.0
Chest for pulmonary embolism 15 1340
Abdomen 8 3.5-25
Pelvis 6 3.3-10
Three-phase liver study 15 e
Spine ] 1.5-10
Coronary angiography 16 5.0-32
Calcium scoring 3 1.0-12
Virtual colonoscopy 10 4.0-13.2

Radiology: Volume 248: Number 1—July 2008

Dose média anual devida a radiacao de fundo ~ 2.5 -3 mSv

i 25
s
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nvolvimento de dispositivos cao pessoal
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