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DYNAMIC FLAT PANEL TECHNOLOGY
MTF, NEQ AND RADIATION SENSITIVITY

With the advent of Dynamic Flat Panel (DFP) technology to compliment static flat panel
technology (SFD) and computerized radiography (CR), the concept of a totally digital
medical diagnostic imaging environment will soon be technically accessible, assuming
the absence of final limitation.

Until digital image archiving capability was realized, permanent records still relied upon
the performance of film and intensifying screens.

In the future, the mantle of responsibility for technology and products that limit radiation
dose to both the patient and operator will transfer almost entirely to those companies
involved with the development and manufacture of FPD systems, be they static or
dynamic.

Companies involved with DFP technology are promoting advanced MTF performance, a
dramatic improvement in dynamic range, and increased radiation sensitivity for the
potential reduced of radiation dose during both digital fluoroscopy and fluorography.
While these claims may be true, even at this early stage different companies are
presenting DFP technology that differs in design and performance characteristics.
Toshiba is involved in the development of selenium based direct-conversion flat panel
detectors and has determined significant differences and benefits in technical
performance relative to those of detectors that identify with indirect-conversion
technology. Indirect-conversion technology employs the interaction with fluorescent
material by X-ray photons to produce light, which in turn stimulate photodiodes.
Research in association with State University Hospital of New York, USA, has provided
a direct comparison of selenium based direct panel detectors performance with that of
image-intensifiers and CCD television cameras, in terms of MTF and NEQ (Noise
Equivalent Quanta).

Toshiba’s research engineering division has also conducted extensive evaluation of direct
and indirect dynamic detector technology to establish relative performance in terms of
MTF and radiation sensitivity, taking into account both fluorographic and fluoroscopic
functionality.

The objective of this presentation is to present these facts and findings, to advance the
understanding of the issues and challenges confronting this new aspect of dynamic
imaging technology.
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EXPOSICION PRENATAL INJUSTIFICADA DURANTE LAS APLICACIONES
MEDICAS

Autores: Cirdenas Herrera J.* Lopez Bejerano G*., Lamadrid AL, Garcia Lima O.", Diaz
Bernal E.*, Freixas V., Sinchez R.™
X Centro de Proteccion e Higiene de las Radiaciones
XX Hospital Clinico-Quirirgico Miguel Enrique
XXX Hospital Obstétrico Ramén Gonzilez Coro

ABSTRACT

The exposure to the radiation ionising of pregnant women , frequently constitutes motive of
preoccupation for the expectant mother and the medical professionals taken the responsibility with its
attention. The protection of the embryo-fetus against the radiation’s ionising is of singular importance
due to its special vulnerability, to this agent. On the other hand the diagnosis or treatment with
radiations ionising beneficial i for the expectant mother, are only indirectly it for the embryo-fetus
that is exposed to a hazard without perceiving anything. The present paper 1 exposes the experience
obtained in the clinical and dosimetri evaluation from twenty-one patient subjected gestantes to
diverse radiodiagnéstico procedures or nuclear medicine, during the years 1999 - 2000. The obtained
results evidence that 24% of the patients was subjected to procedures of nuclear medicine with
purposes diagnoses. While the period of pregnancy of the patients oscillated between 4 and 12 weeks. It
could be concluded that in all the cases the doses received by the patients in the whole body didn't
overcome the 2 mSv. When conjugating the period of pregnancy of the patients with the doses received
dion't have any evidences of significant risks for the embryo-fetus. Paradoxically the physicians of
assistance indicated their patients in all the cases to carry out the interruption of the pregnancy.,
demonstrating with this decision ignorance on the biological effects of the radiations ionising during
the prenatal exposures.

1. Introduccion:

En los ultimos afios se ha suscitado en la Comunidad Cientifica Internacional justificadas
preocupaciones por la contribucion de las aplicaciones médicas, a la exposicion de las radiaciones
ionizantes en la poblacién mundial. En tal sentido organizaciones nacionales e internacionales
encargadas de la regulacion y control en materia de proteccion radiolégica, han adoptado medidas
para minimizar los riesgos derivados de las exposiciones médicas, tanto para los pacientes, como para
el piblico en general. [1,2,3]. Sin embargo en estas regulaciones no siempre queda claro la especial
proteccion que requiere el embrion-feto y el recién nacido durante los periodos de gestacion y
lactancia respectivamente.

El embrién-feto y los recién nacidos son muy vulnerables a los riesgos de las radiaciones ionizantes,
que pueden llegar a producirles multiples efectos de severidad variable y por otra parte estos no
reciben beneficios directos de la exposicion de su progenitora para fines de diagnéstico y tratamiento
médico. Estas razones nos motivaron a llamar la atencién sobre el comportamiento de las
exposiciones médicas, con mujeres gestantes en instituciones hospitalarias.

El trabajo expone los resultados obtenidos en la evaluacién clinico-dosimétrica de veintiuna pacientes
sometidas a procedimientos médicos de medicina nuclear o radiodiagnéstico, realizados en

instituciones hospitalarias de la Ciudad de la Habana, Cuba.

2. Materiales y métodos:
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Para realizar la evaluacion clinico-dosimétrica, a las pacientes que forman parte de esta
investigacion, estas son sometidas a un interrogatorio detallado, con el objetivo de conocer y precisar
las causas y circunstancias de la exposicién a que fueron sometidas. Con posterioridad se les realizan
examenes clinicos y de laboratorio y se determina la magnitud de la exposicion a las radiaciones
ionizantes mediante diversas técnicas de evaluacién dosimétrica.

Finalmente, en todos los casos se prestd especial atencion a brindarle consejos genéticos a las
pacientes con el propdsito de reducir su estrés y de facilitar la comprension real del riesgo al que
fueron sometidas.

3. Resultados y Discusion:

En el interrogatorio a las pacientes gestantes se traté de identificar y precisar los estudios que le
fueron practicados y las dosis recibidas o actividades administradas en ellos, edad gestacional en el
momento que estos se realizaron; asi como factores de riesgos adicionales a esta exposicidn, como los
relacionados con la edad y nimero de embarazos anteriores.

En el grafico 1 se presenta la distribucion de las gestantes incluidas en este trabajo, segin su edad y
numero de embarazos, comprobédndose que el 62% de ellas en el momento en que se les realiz6 el
estudio, se encontraban en edad gestacional con bajo riesgo y sélo el 10% se encontraba en edad de
mayor riesgo.

Distribucién del nimero de gestantes, por grupos de
edadesy No. de embarazos

B> 20 afos
B 20 - 25 afos
[126 — 30 afios
E1< 30 anos

G1 G2 G3 G4

No. de embarazos

Figure 1 Distribucion de las gestantes segin edad y nimero de embarazo

Nota: La G en este grafico significa el niimero de embarazos.

La distribucion de las gestantes segiin el procedimiento médico y dosis de exposicion a que fueron
sometidas, se presenta en la tabla No.l. Como se muestra el 76% de las gestantes estuvieron
sometidas a procedimientos de radiodiagnéstico, que incluyen desde estudios convencionales hasta
estudios de tomografia computarizada, en dos casos. Los procedimientos de medicina nuclear se
asociaban a estudios funcionales, especialmente de la glandula tiroidea.
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Tabla No.1 Distribucion de las gestantes segiin procedimiento médico y dosis de exposicion

"Radiodiagnéstico | 11 (52%) 5 (24%) 5
Medicina Nuclear 2 (10%) 2 (10%) 1 (5%)

Tanto en los procedimientos de radiodiagnéstico como de medicina nuclear las dosis recibidas por los
pacientes en 6rganos o localizadas, no sobrepasaron los 3 mSv, exponiéndose el 62% de las pacientes
a dosis inferiores a 1 mSv.

Aspecto a destacar es, que del interrogatorio realizado a las pacientes, se puso de manifiesto que en
una buena parte de los casos, los prescriptores o ejecutores de los procedimientos no adoptaron las
medidas elementales para determinar si las pacientes se encontraban embarazadas, violando de tal
forma principios establecidos en materia de proteccién radiologica al paciente. Sélo el 39% de las
pacientes fueron interrogadas al respecto, las cuales negaron la posibilidad de encontrarse en.la
condicién antes citada, evidenciando de tal forma el desconocimiento que poseen de que el riesgo de
embrién-feto durante la exposicion prenatal a las radiaciones ionizantes se encuentra condicionado a
la dosis de exposicion y a la edad gestacional a la que esta se produce [1,4,5].

La tabla No.2 muestra que el 57% de las gestantes estudiadas se expusieron a dosis muy bajas,
inferiores a los 3 mSv y en una etapa temprana del embarazo, factores estos, que determinaron la

inexistencia de efectos deterministicos y la disminucién de los estocasticos [1,4].

Tabla No.2 Distribucion de las gestantes segiin edad gestacional y dosis de exposicion

7(3%) | 5(24%) -
8-12 semanas 6 (29%) 2 (10) 1(5%)

Sin embargo inexplicablemente los médicos de asistencia de las gestantes indicaron a sus pacientes la
interrupcién del embarazo. Situacién que somete a los pacientes a un riesgo adicional mayor al
esperado por las radiaciones y por otra parte manifiesta falta de conocimiento sobre los efectos de las
radiaciones ionizantes.

4. Conclusiones:

El estudio permitié conocer como con frecuencia, en las instituciones hospitalarias se violan
procedimientos usuales y reconocidos en materia de proteccién radiolégica al paciente. Demostrando
ademas, la conveniencia de continuar desarrollando programas de capacitacion en esta materia,
dirigido esencialmente a los profesionales de la salud encargados de proteger y orientar a sus
pacientes.

La limitaciéon fundamental del trabajo, es la imposibilidad de darle un sistematico seguimiento
epidemioldgico a las pacientes expuestas, aspecto para el cual debe trazarse una estrategia.

5. Bibliografia:
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SITUACION DE LA FiSICA MEDICA EN LATINOAMERICA Y LOS RECURSOS NECESARIOS
PARA SU DESARROLLO EN EL SIGLO XXI

Carrizales Lila
Presidenta de la Asociacion Latinoamericana de Fisica Médica. ALFIM.
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de Calibracién Dosimétrica. Caracas. Repuiblica Bolivariana de Venezuela.
Fax. 58-2-504.1546 e-mail: lcarriza@pion.ivic.ve

Introduccién.

La presente charla trata de establecer de manera objetiva la situacion actual de los paises de Latinoamérica
en referencia a las areas de diagnoéstico radioldgico intervensionista, medicina nuclear y radioterapia cuya
optimizacidn esta directamente vinculada con la existencia de personal altamente capacitado en dichas areas
capaz de impulsar Programas de Garantia de Calidad en los paises de la region, como lo son los Fisicos
Meédicos, quienes tienen estan capacitados para aplicar conocimientos y técnicas de la fisica basica para
optimizar la el diagndstico o el tratamiento de patologias malignas o benignas en pacientes.

El drea de la Fisica Médica es muy extensa y va desde la investigacion y ensefianza de técnicas altamente
especializadas, la implantacion de las mismas en instituciones hospitalarias bien sea para la optimizacién de
sistemas en la deteccién de patologias o en el tratamiento de las mismas. asi como en la aplicacion de sus
conocimientos en la industria

En la consulta que ha realizado ALFIM en la region tenemos:

ARGENTINA
Radiodiagnodstico |5 a 6 fisicos dedicados a esta area en todo el pais.
No hay estadisticas del equipamiento
Medicina Nuclear |10 a 15 fisicos. Hay aproximadamente 300 Laboratorios de Medicina Nuclear con
aproximadamente 190 gamma cidmaras planares y 160 SPECT.
Radioterapia 57 personas entre fisicos e ingenieros
No se obtuvo informacién sobre las estadisticas del equipamiento
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Formacion Radiodiagnéstico: Tema poco tratado, eventualmente se dictan algunos cursos
aislados, dictados por especialistas extranjeros.
Medicina Nuclear: Existe un curso que dicta la Comisién Nacional de Energia
Atomica (CNEA) para médicos y técnicos, el cual los habilita para trabajar con
radioisétopos.
Radioterapia: Existen dos cursos que dicta la Comision Nacional de Energia
Atémica (CNEA).
El primero se dicta anualmente en Buenos Aires. Tiene una duracién de un mes,
contempla aspectos basicos de radioterapia, incluyendo calculos basicos tanto
para RT externa como para Braquiterapia.
El segundo se dicta cada seis meses. Contempla aspectos de radioproteccion,
radiobiologia, pasantias en el LSCD y braquiterapia, haciendo énfasis en
planificacion de tratamientos.
La ARN y organismos oficiales de Proteccion Radioldgica dicta diversos cursos
durante todo el afio en diversas areas.

BRASIL

Radiodiagnéstico | La Comision Nacional de Energia Nuclear (CNEN), actia como ente fiscalizador en
esta area ya que existe una legislacion que atribuye dicha tarea a la secretaria de
Estado de Salud.

Pocos de los Servicios poseen Programas de Control de Calidad y la eficiencia de la
proteccion radiolégica depende de las circunstancias locales. En 1988 el Ministerio
de Salud emitié un decreto de la obligatoriedad de implantacién de Programas de
garantia de Calidad y supervision en proteccion radiolégica.

Tienen estadisticas del equipamiento.

No se obtuvo informacion sobre las estadisticas del equipamiento

Medicina Nuclear |Es una de las areas mas desarrolladas debido a la produccion de radioisétopos. Sin
embargo, en esta area no existe la obligatoriedad de contar con un Fisico Médico en
la instalacién y la responsabilidad de la proteccién radiologica queda relegada al
médico. Unicamente los grandes centros cuentan con este personal.

La ABFM regula el titulo de especialista en MN para contribuir a mejorar la calidad
de los servicios atribuyéndole la responsabilidad de la proteccion radiolégica de los
centros.

No se obtuvo informacién sobre las estadisticas del equipamiento

Radioterapia Desde que se inicié la aplicacién de la Radioterapia en Brasilia la Comision
Nacional de Energia Nuclear (CNEN), establecié normas que exigen la presencia de
un Fisico Médico especializado con la responsabilidad de velar por la proteccién
radiolégica de la instalacion, planificacién del tratamiento del paciente y la
disimetria de los instrumentos.

No todos los servicios de Radioterapia cuentan con FM especializados, en muchas
ocasiones el FM es preparado por el propio servicio, realizando un trabajo de
investigacion en el area para licenciarse bajo la supervisién y asesoria del FM
especialista responsable del Departamento. Sin embargo, persiste la necesidad de
personal capacitado en esta area.

No se obtuvo informacién sobre las estadisticas del equipamiento
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Radiodiagnéstico |3 FM

Apox 3000 equipos de radiodiagnoéstico, 50 TC, 15 RMN, 270 mamografos

5 equipos de esterotaxia mamaria

Se escribio la Norma de proteccion contra las radiaciones ionizantes de las fuentes
externas usadas en medicina. Parte I. Radiodiagnostico médico y odontologico.
Dichas normas tienen con caracter de obligatoriedad la implantacion de Programas
de Garantia de Calidad en los servicios de radiodiagndstico.

Medicina Nuclear |Ningin FM

17 sistemas 20 SPECT y resto planar.

Esta en proyecto la escritura de la normativa en Medicina Nuclear.

Proteccion 3FM, 4 TSU

Radioldgica Se realiza un numero alto de inspecciones de seguridad radioldgica, y se dictan
diversos cursos de Seguridad radiologica para oficiales de proteccion radioldgica.
Se adoptaron la Normas Basicas de Seguridad de la OIEA Reporte 115

Radioterapia 8 Fisicos Médicos, 12 dosimetristas,

38 servicios de Rt 15 Co y 5 AL, 2 con posibilidades de Radiocirugia, 8
instituciones cuentan con sistemas de planificacion de tratamientos.

20 centros con Barquiterapia 2 de ellos con alta tasa, 1 con media y el resto con
baja.

Existe un Programa de Control de Calidad y Calibracion de unidades de RT con
frecuencia anual al igual que se participa en la Intercomparacion Postal de Dosis de
la OPS/IAEA

Se elaboraron normas para RT en las cuales se exige la presencia de un FM en los
servicios asi como la implantacion de Programas de Aseguramiento de Calidad y se
adoptd como norma el reporte TEC-DOC-1151. Aspectos fisicos de la Garantia de
la calidad en Radioterapia: Protocolo de Control de Calidad.

Formacion Actualmente se esta en conversaciones para la jerarquizacion del cargo del FM

El Ministerio de Energia y Minas exige una inspeccion de Aceptacidon de cualquier
unidad de RT que se instale en el pais para dar permiso de funcionamiento.

Se han realizado diversos trabajos de investigacion con la finalidad de determinar la
realidad en el area del diagnostico radioldgico y de le intervensionismo asi como en
la actualidad se esta impulsado una investigacion en MN con el mismo fin.

Se lleva un Programa de Maestria Nacional que esta formando a 6 FM dicho
programa tiene las opciones de RT, RD y PR y esta en su fase terminal.

La IAEA aprobd y apoya la Maestria Regional cuyo primer grupo consta de 21
miembros participantes de toda la region de Latinoamérica y por segundo afio estara
coordinada en Venezuela y se esperan 12 estudiantes mas.

En Conclusion

No existe la jerarquizacion del cargo del Fisico Médico. Es imprescindible la formacion inmediata
de recursos humanos con un alto nivel en la FM Se espera que con el Programa de la Maestria
Regional se preparen en seis afios 160 FM.

No se tienen estadisticas fidedignas del equipamiento existente en Radiodiagndstico, Medicina
Nuclear.

Pocos paises cuentan con Programas de Garantia de Calidad.

Ha y un gran nimero de Equipos obsoletos en todas las areas.

Incursién de nuevas tecnologias sin contar con los FM necesarios para funcionar

Faltan radioterapeutas y técnicos especializados en especial en las areas de Medicina Nuclear y
Radioterapia.

Los programas de formacion existentes difieren ampliamente en su mayoria por ello la creaciéon de
una maestria regional de manera tal que el profesional capacitado tenga un dominio uniforme de la
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Radiodiagnéstico

En 32 Estados tienen: 3510 Establecimientos con 6633 equipos de Rayos-X. (76%
convencionales, 15% fluoroscépicos, 5% mamograficos y 4% tomograficos
39% de los fisicos tienen especialidad, 24% licenciatura, 2% Maestria, 0,5%
Doctorado.
(11920) 22% son técnicos radidlogos y 12% formacién practica
Tienen un Programa Nacional de Proteccidon Radiologica en el Diagndstico Médico
con Rayos-X
Tienen cuatro normas oficiales
Responsabilidades sanitarias en establecimientos de diagnéstico médico con
Rayos-X
Requisitos técnicos para las instalaciones en establecimientos de diagnéstico
médico con Rayos-X
Proteccidn y seguridad radioldgica en el diagnéstico médico con Rayos-X
Especificaciones técnicas para equipos de diagndstico médico con Rayos-X
El Consejo Mexicano de Radiologia e Imagen otorga certificacién de 696
establecimientos en 21 estados 60% estan verificados y 40% estan en proceso.
Tienen estadisticas completas en el area de RD

Medicina Nuclear

El 4rea estda reglamentada por la Comision Nacional de Seguridad Nuclear y
Salvaguardias
Las estadisticas estan en proceso de elaboracién

Radioterapia No se obtuvo informacién sobre las estadisticas del equipamiento

Formacion Actualmente dictan dos cursos de postgrado en FM, uno en la Universidad Nacional
Auténoma y otro en la Universidad Auténoma del estado de México en conjunto
con el ININ.
Tienen un programa de Diplomado en Fisica Médica

PERU

Radiodiagnéstico | No se obtuvo informacion sobre las estadisticas del equipamiento

Medicina Nuclear | No se obtuvo informacion sobre las estadisticas del equipamiento

Radioterapia No se obtuvo informacién sobre las estadisticas del equipamiento

Formacion Maestria en FM con especialidad en fisica radioldgica en la Universidad Nacional
de Colombia
El Pensum contempla aspectos de fisica moderna, radiobiologia, radioproteccion,
modelos en radiologias y tesis
Existe un programa apoyado por e OIEA donde en conjunto con el IPEN, una
Universidad y el Instituto de enfermedades neoplésicas de ha creado una maestria la
cual ya egreso el primer grupo

PARAGUAY

Radiodiagnéstico | No se obtuvo informacion sobre las estadisticas del equipamiento

Medicina Nuclear | No se obtuvo informacion sobre las estadisticas del equipamiento

Radioterapia 2 FM, 1 dosimetrista
Cuentan con un sistema completo de Planificacion de tratamientos
No se obtuvo informacion sobre las estadisticas del equipamiento

Formacién No existen programas de formacion de FM, calibraciones periddicas, ni de control

de calidad en RD, MN y RD

L

REPUBLICA BOLIVARIANA DE VENEZUELA
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Proteccién 1 FM
Radiolégica No se obtuvo informacién sobre las estadisticas del equipamiento
Radioterapia 3FM

No se obtuvo informacidn sobre las estadisticas del equipamiento
Formacién Solo dos tienen titulos de FM.

No hay carreras universitarias para FM

CUBA

Radiodiagnéstico | 13 fisicos dedicados a RD.

No se obtuvo informacion sobre las estadisticas del equipamiento

Medicina Nuclear

38 fisicos e ingenieros. Hay 2 camaras planares y 8 SPECT.

Radioterapia 17 FM
No se obtuvo informacion sobre las estadisticas del equipamiento

Formacion Existen tres escuelas de formacion en Fisica, Fisica Nuclear ¢ Ingenieria en Fisica
Nuclear.
Se tenia el proyecto de un programa para diplomado del FM pero no ha tenido curso
y esta en proyecto la elaboracién de una maestria con opciones en RT. RD y MN

ECUADOR

Radiodiagnéstico | 1 FM, 500 centros de radiologia
No se obtuvo informacion sobre las estadisticas del equipamiento

Medicina Nuclear |1 FM, 10 servicios
No se obtuvo informacién sobre las estadisticas del equipamiento

Radioterapia 7FM
3 aceleradores lineales, seis unidades de Cobalto, un TAC simulador, Cinco
simuladores, un equipo para barquiterapia de alta tasa de dosis, dos de media tasa y
seis de baja tasa de dosis y tres equipos de radioterapia superficial. Un sistema
computado de disimetria relativa, dos lectores de TLD, siete sistemas dosimétricos
para disimetria absoluta y diversos sistemas para control de calidad .

Formacién Cuenta con una infraestructura de educacién a distancia para participar en os

seminarios organizados por el programa académico de la Wayne Satate university
de Detroit, Michigan, USA

La ley de seguridad radioldgica de 1978 exige la vinculacidén de un especialista en
FM por lo que SOLCA, la escuela politécnica del Litoral, y la Comisiéon Ecuatoriana
de Energia Atémica crearon la Residencia-maestria en FM que se inici6 en enero de
1999.

La AEFM tiene seis miembros y esta impulsando la protocolizaciéon de los
programas de Garantia de Calidad de FM en RT para lo cual desarrolla dos talleres
nacionales.

Estdn trabajando en la implantaciéon de auditorias fisicas, implantacién de los
protocolos nacionales de control de calidad en cobaltoterapia y braquiterapia de baja
y alta tasa de dosis, asi como para los aceleradores lineales

MEXICO
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Formacion Radiodiagndstico: Existen cursos de maestria en 5 universidades dos de ellas en FM
y tres en ingenieria nuclear con opcion a hacer tesis en cualquier area de la FM.
Medicina Nuclear: Idem
Radioterapia: Los Fisicos médicos que trabajan en Radioterapia son instruidos
mediante cursos de especializacion en dicha area, actualmente hay cuatro cursos en
Rio de Janeiro y en Sao Paolo, los cuales tienen una duracién de dos afios con
dedicacién exclusiva asociados a residencia médica en por lo menos tres hospitales
o trabajando directamente en el hospital bajo la asesoria de un FM especialista sin
programa definido pero directamente relacionado con el tratamiento del cancer.
El IRD o IPEN, la UFPE y la UERJ ofrecen cursos de corta duracién en el area de la
dosimetria y proteccion radioldgica
La CNEN en conjunto con la ABFN realizan la acreditacion del Fisico Médico
emitiendo un certificado o titulo de especialista en RT.
Algunos cursos de postgrado también preparan FM en RT bajo la figura de:
Programas de Postgrado en tecnologia nuclear IPEN/SP
Programas de Postgrado en Ciencias Biologicas y Nucleares UERJ/RJ
Programas de Postgrado en Ciencias Biolégicas y Nucleares. Departamento de
Energia Nuclear UFPE (Pernambuco).
Cursos de doctorado en FM en dos universidades y dos en ingenieria nuclear
con opcién a FM

CHILE
Radiodiagnoéstico | No se obtuvo informacién
Medicina Nuclear |No se obtuvo informacion
Radioterapia No se obtuvo informacién
Formacién Existe la carrera de tecnologia medica con cinco especialidades:

Radiologia y Fisica Médica, el egresado est4 preparado para trabajar en
radioterapia, medicina nuclear y radiodiagnéstico.

La formacién consta de cuatro semestres con asignaturas de ciencias basicas, al
final de los mismos el estudiante selecciona la opcién de radiologia, fisica
medica y realiza 5 semestres mas en el area seleccionada la cual incluye tesis y
practicas hospitalarias

Laboratorio clinico,

Hematologia y Banco de Sangre,

Histologia y Oftalmologia,

Fisica Nuclear ¢ Ingenieria en Fisica Nuclear.

COLOMBIA

Radiodiagnoéstico | No se obtuvo informacion

Medicina Nuclear | No se obtuvo informacién.

Radioterapia No se obtuvo informacién

Formacién Maestria en FM con especialidad en fisica radiologica en la Universidad Nacional
de Colombia

El Pensum contempla aspectos de fisica modema, radiobiologia, radioproteccion,
modelos en radiologias y tesis.

COSTA RICA

Radiodiagnoéstico |1 FM
No se obtuvo informacién sobre las estadisticas del equipamiento
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informacidn para enfrentar los mismos problemas ya que participan en dicho Programa todos los
paises de la Region.
Requisitos para el ingreso a la maestria.
Poseer titulo de Licenciado en fisica quimica matematica biologia ingenieria electrénica
mecénica o computacion. Aprobacién del examen de admisién y cursas materias de
nivelacioén cuando asi se requiera
El objetivo del postgrado es formar profesionales de alto nivel que a mediano plazo puedan

enfrentarse y resolver los problemas propios de las instituciones hospitalarias, industrias y/o
centros académicos
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CD-ROM TRAINING COURSE IN QUALITY ASSURANCE IN DIAGNOSTIC
IMAGING

Khoury, H.J; Machado, P.; Drexler, G.*
Departamento de Energia Nuclear-UFPE
Av. Prof. Luiz Freire-1000- Recife-Brazil
khourv@elogica.com.br
*Laboratdrio de Ciéncias Radiolégicas-UERJ and
GSF- Forschungszentrum- Munich, Germany

Abstract: This paper discusses the CD-ROM elaborated to provide a continuous
professional formation and a practical guidance on the implementation and operation of
routine quality assurance (QA) programme for medical physicists, regulator authorities and
for those personnel concerned with the daily provision of diagnostic radiology services. The
CD-ROM contains topics on the basic concepts of QA in radiodiagnostic, and it also allows
to the user to visualise effects on the variation of technical parameters ( tube potential (kV)
and current (mA), filtration) in the quality of the image. This possibility will contribute to the
better understand of the phenomena associated with the quality of the image. Besides, the
program contains the procedures for the execution of the tests of the equipment and the route
of implantation of program of quality assurance. It is interactive with the user, it fills out a
gap in medical physics area and it allows the student's continuous formation because it assists
the beginner, with the basic concepts, and the professional, with the aid in the implantation of
the program of QA. The presentation is in portuguese language.

1. Introduction

Use of X-rays for diagnostic examination needs to ensure that the exposure of patients
is at the adequate level to achieve an image with quality to allow for the diagnostic [1]. To
ensure diagnostic images of optimum quality with low exposures it is necessary to implement
a quality assurance program in the institution. To do that it is necessary to have professionals
with adequate education and practical training in radiation protection. They do not only
require initial training but also continued education throughout their professional lifetime.
Quality assurance programmes and quality control initiatives in general diagnostic radiology
has been developed in several European countries in the past 10years [2]. On other hand, in
Latin America countries and especially in Brazil theses programs began to be implanted
recently. Since in these countries there are a few professionals prepared to implement a QA
programme in X-ray departments, a CD-ROM was prepared with the aim to contribute with
the professionals' formation. The CD-ROM contains topics on the basic concepts of QA in
radiodiagnostic, procedures for the execution of the tests of the equipment and the route of
implantation of program of quality assurance. It assists the beginner, with the basic concepts,
and the professional, with the aid in the implantation of the program of QA. It is intended to
help in the implementation of recently published legal requirements on the use of X-rays in
Brazil.



2. Materials and Methods

The scope of the CD-ROM was prepared so that the professional that is beginning to
work with X-Ray equipment can find information about the legislation, the physical
principles of x-ray equipment and of medical imaging. The CD also contribute for
training of professionals on the implementation of the quality control tests. The figure 1
shows the main page where is possible to see the main topics of the CD.

Legislacdo

£quipamentos

Qualidade de Imagen
Teste do Equipamento
Relatérios e formularios

Figure 1- Image of the main page of the CD-ROM

The main menu has the following five topics: Legislation , Equipment, X-ray Quality
assurance, Test procedures and Reporting.

In the first item the user will find the information related to brazilian and international
legislation and safety standards. In the topic Equipment the user will find three items: a)
Function of x-ray equipment, b) Type of x-ray equipment, c) Automatic processors. In the
first item it is presented an introduction and overview of the x-ray production, the tube x-ray
components and its function. Technical aspects of radiation production are discussed. The
information are associated with the images of the x-ray components. In the third item
automatic film processors are presented and its components and function are discussed

In the topic X-ray Quality Assurance the geometric factors that affect the
radiographic image are discussed. The effect of kilovoltage, time and current can be seen in a
torax radiography by moving the cursor. The influence of radiographic grids, diaphragms and
intensifying screens on the image quality are also described. This topic also present
information about the radiographic receptors and the film sensitivity and contrast
characteristics. This first part of the CD-ROM give to the user basic information about x-ray
equipment and image characteristics and quality. This material will be useful for courses for
medical physics, for technicians and radiologists.



The second part of the CD-ROM is for the professionals that have basic knowledge
on physicals principles of medical imaging but want to improve their knowledge about
specific quality assurance tests. The topic Test procedures discuss this subject.

In this topic are presented the general considerations of an X-ray quality assurance
program and the procedures to perform collimation and beam alignment test, to check the
changes in the performances of the x-ray tube and generator, to estimate the beam filtration
and the exposure time. In this topic it is also presented the procedures to check the level of
illumination provided by the viewing boxes and the protocol for a processor quality assurance
program. All the description of the tests is associated with images that illustrate each stage of
the procedure.

If the user has experience and doesn't need to study how to do the quality assurance
tests, but wants to treat the data, he/she can do it with the last topic of the CD-ROM, the
Report. In this part the program treat the data and compare the results with the tolerance
levels and inform if they are adequate or note. It is possible to print the report of the test.

The entire structure is displayed in the Figure 2.
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Figure 2- CD-Rom structure
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PROGRAMME FOR REDUCING THE RISK FACTORS DUE TO PRENATAL
EXPOSURE

L. Arranz, N. Ferrer, J.M. Sastre
Hospital Ramén y Cajal. E-28036 Madrid. Spain.
Email: larranz@hrc.insalud.es

ABSTRACT

When a patient is not aware of her pregnancy, the foetus/embryo may be inadvertently
irradiated during a diagnostic exploration or therapeutic intervention.

The radiosensitivity of the foetus/embryo changes during the different periods of
gestation. For this reason there are different risk factors for each moment at which the
patient may suffer irradiation. In the past 7 years, the department of Radiophysics and
Radiation Protection has been consulted 75 times for this reason, to evaluate the dose
received in the uterus. Since the establishment of a programme to avoid inadvertent
irradiation of the foetus/embryo, these consultations have been reduced.

This programme is based on informing the patients and on training the medical staff.

INTRODUCTION

The radiosensitivity of the foetus/embryo changes throughout the various stages of
gestation.

It is unlikely that exposure of the embryo in the first three weeks after conception would
cause deterministic or stochastic effects in the born infant. In this period practically the
only risk is radioinduced death (all or nothing law). The risk factor is 1 per Gray (1%o
per mGy). :

For the remainder of the organogenesis period, conventionally considered after the third
week (until the 8th), malformations may occur in the organ which is developing at the
moment of exposure. These effects are of a deterministic nature and a threshold of 100
mSv has been estimated with an associated risk of approximately 0.5 per Gy.

In the period between three weeks after conception and the end of gestation, it is likely
that exposure to radiation could cause stochastic effects resulting in an increased
probability of cancer in the live born infant. The risk factor is 0.02 per Gy, implying a
risk between 2 and 3 times greater than for the general population.

The risk of serious metal retardation or loss in IQ is high between weeks 8 and 15 (0.45

per Gy) and low between weeks 16 and 25 (0.1 per Gy). For purposes of comparison,
the ratio of serious mental retardation in born children is 1 in 200. [1 to 3].

ESTIMATE OF THE RISK IN RADIOLOGIC AND NUCLEAR MEDICINE



3. Conclusion

The CD-ROM prepared will strongly contribute for the professional's continuous formation
and it fills out a gap in medical physics area. It can assists the beginner, with the basic
concepts, and the senior professional, with the aid in the implantation of the program of QA.
This training material is a practical guide to quality assurance in medical imaging .

4. REFERENCE
1. International Commission on Radiological Protection- Recomendations of
the International Commission on Radiological Protection. ICRP 60. Ann. ICRP 21
(1-3), 1990.
2. Schneider, K. Evolution of quality assurance in paediatric radiology- Rad.

Prot. Dosim. 57, 1-4, 119-123 (1995)
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In our hospital 75 consultations have been received in the past 7 years to perform a in-
uterus dosimetric study to evaluate foetal risk. Of these, 75% correspond to radiological
studies and 25% to Nuclear Medicine (68% correspond to diagnostic explorations and
32% to therapeutic treatments with I-131). Patient ages vary from 18 to 42 years and
declared gestation weeks vary from 1 to 14 (average of 4 weeks).

The “Effdose” program of the National Institute of Radiation Hygiene of Denmark, the
in-uterus dose documentation of NRPB and ICRP-53 and the MIRD method were used
for dosimetric studies.

A dose of 10 mGy on the foetus, which may be standard for certain types of abdominal
radioexplorations and radionucleide explorations (bone and brain gammagraphs,
microcardial perfusion gammagraphs with Tl 201, with Tc-99m MIBI and with Tc-99m
TTF, etc.), will imply an increase in the risk of mental retardation of 4 0/00 when
irradiation takes place between weeks 8 and 15 (the period of highest radiosensitivity),
which when compared to the natural rate (5 0/00) could be considered as acceptable if
the benefits of the exploration are important.

Foetal doses between 10 and 100 mGy or more may occur during complex or simple
radioexplorations performed with poorly optimised equipment and protocols, as well as
in certain explorations and treatments in nuclear medicine (gammagraphs with Ga-67 or
Selenium-75, and therapeutic treatments using I-131, etc.). [3 to 7].

PROGRAMME FOR PREVENTING INADVERTENT IRRADIATION OF THE
FOETUS/EMBRYO

In view of the results obtained and of interviews performed with several affected
patients, it was decided to carry out a program meant to reduce prenatal risks due to
irradiation based on:

Patient information

The prescribing physician should ask the patient if she is pregnant or if she has missed a
menstruation. If there are doubts regarding the possibility of a pregnancy, the woman
will be considered to be pregnant.

Posters were created with the cooperation of the Ministry of Health and Consumption
and the Scientific Societies of Radiological Protection (SEPR), Nuclear Medicine
(SEMN) and Radiology (SERAM), with a striking and simple design, encouraging the
patient to inform the physician of her situation. These posters were placed next to the
appointment windows and in all waiting rooms, in order to inform the patients in both
situations: when requesting an appointment and prior to the exploration or treatment.
The design of the Nuclear Medicine poster included a request to inform the physician of
a lactation situation in order to prevent risk to the lactant.

Additionally, nurses were asked to inquire all women in fertile ages on behalf of the
physician responsible for the exploration regarding the possibility of a pregnancy before
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carrying out the exploration or treatment. In the event of a positive reply the physician
was immediately informed.

Physician training

All prescribing physicians and specialist physicians in radiology and nuclear medicine
shall receive information on the justification and optimisation criteria proposed by the
ICRP and gathered in our legislation and in Directive 97/43/Euratom. [1,2,8,9].

The criteria indicated are as follows:

e Only when a diagnostic exploration is well justified do the benefits overcome the
risks. It should also be kept in mind that the risk of not performing a necessary
radiological study may be much greater than the risk caused by the radiation.

e Ifa pregnancy cannot be ruled out and the radiological study involves the abdominal
or pelvis region, particular care shall be paid to the justification, and particularly to
the urgency of said study. The ICRP and the EC recommend that diagnostic
methods which involve exposure of the abdomen in possibly pregnant women
should be avoided unless there are important clinical indications.

e Once the exploration is justified, the doses shall be kept as low as reasonably
possible, in accordance with the diagnostic information required.

e Experience shows that for the same exploration there are great intervals of doses to
the uterus depending on the equipment and protocol of exploration used, so that
significant dose reductions can be obtained without affecting the quality of the
diagnostic image.

If the patient declares a possible pregnant state, the following alternatives are suggested,
which shall always be followed under the criteria of the physician responsible for the
exploration or treatment:

e Cancel the exploration, considering other available methods (ultrasound or MR)
which have the same objective but do not imply exposure to ionising radiation. The
patient may also be asked about any similar studies which she has undergone
recently.

o Postpone for a later date, if it is not urgent, if the patient is uncertain about her state
of pregnancy, until being certain of said state or until after the child is born if the
pregnancy is confirmed.

e Modify the exploration, (for radiology) to reduce exposure to radiation, reducing
the number of images, selection of projections, reduced radioscopy time and
collimation of the radiation beam.

e Carry out the full exploration, in all cases ensuring that technical conditions are
optimal, using the minimum mAs, maximum possible collimation in radiology, as
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well as the available protection means for adjacent areas which do not affect the
image, and for Nuclear Medicine performing a careful choice of radiopharmacology
and radionucleides and with the minimum compatible dose administered in order to
minimise the dose to the foetus.

In any case, the decision should always be explained to the patient and her consent
requested (the patient has a right to know the possible risks).

In the case of radiotherapy, before making a decision regarding treatment of the future
mother the dose to the foetus shall be carefully calculated. It will normally be high, but
treatment of the mother must in general prevail over said dose to the foetus. In
discussion and decision regarding treatment the mother’s decision will be considered.

CONCLUSION

With the execution of this program the number of cases consulted per year due to
inadvertent irradiation of the foetus has been to less than 10%.

The cooperation of the medical personnel has been crucial for the success of this
experience, so that inclusion of these measures in the continuous training programs has
proved its usefulness and effectiveness.
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1 INTRODUCTION

Since the advent of isocentrically mounted external therapy machines, there have
basically been two main treatment geometries, namely fixed source to surface distance
(SSD) and isocentric treatment. The dose calculation procedure for fixed SSD treatment
is straight forward, involving the measurement and tabulation of beam data such as
relative output factors(ROF), percentage depth dose(%DD) and the quoted output for the
external radiotherapy unit, which may be a linear radiotherapy accelerator(LINAC) or a
cobalt-60 unit. Dose calculation procedures for isocentric treatments, with varying SSDs
depending on the patient's tumour depth however involve a number of correction factors
to be applied and a measurement and tabulation of Tissue Phantom Ratios(TPRs), Tissue
Maximum Ratios(TMRs) and/or Tissue Air Ratios (TARs). Depending on a particular
radiotherapy clinic and the expertise within that clinic, dose calculation may be very
complex and errors leading to misadministered radiation dose could arise. Our
Department received its first LINAC in December 1996 from Varian Oncology Systems
after years of using a cobalt-60 unit for external radiation therapy. In order to safely bring
the LINAC into clinical service; the unit had to go through acceptance testing and finally
commissioning. Commissioning is when the medical radiation physicist measures,
analyses and tabulates the radiation beam data for treatment planning and treatment
purposes. It is also when base level minimum standards are set for the Quality
Control(QC) of the unit, so as to predict immediate service needs of the unit. In our
Department, we decided to introduce and measure TSRs for isocentric treatment setups.
We describe and present below our commissioning experience and a tabulation of the
TSR data for Varian's Clinac2100C LINAC for 6MV and 10MV X-Rays.

2 MATERIALS AND METHODS

During commissioning the following data was acquired using the automated Wellhoffer
Waterphantom Dosimetry Scanner with a C10 chamber.

1 %DD for field sizes 4x4 cm? up to 40 x 40 cm? and to a depth of 35cm

2 ROF

3 beam profiles

4 wedge transmission factors and blocking tray transmission factors.

For isocentric treatment setups, TSRs were measured using the Wellhofer Waterphantom
Dosimetry Scanner. We define first what TSR is.

DEFINITION: A TSR is defined as the ratio of the dose at the isocentre for the depth,
field size and shape and radiation quality to the dose at the isocentre for a 10x10cm? field
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at 10cm depth. See Figs 1 and 2.

In a radiation therapy clinic, use of TSRs would require knowledge of a reference
measured dose. It is quite common in most deaprtments to calibrate a LINAC such that at
the depth of maximum dose, dmax, for a 10x10cm? field at 100cm SSD is

D( 10x10, dmax, Q, SSD=100cm) = 100.00cGy / 100U.

This is the reference dose, but for the isocentric treatment setup, the inverse of this dose
at 10cm depth and for a 10x10cm’ field would give us the monitor units(U) required to
give 1Gy at the isocentre. This is the calibration factor (CF) for the radiation quality.

To measure TSRs, the LINAC is mounted vertically and all measurements were taken on
the central axis (CAX) and at the isocentre for various field sizes ranging from 4x4cm? to
25x25cm’. For each field size and depth set, the LINAC was set for 100U and point by
point measurements at the isocentre taken with varying amounts of the waterhead above
the isocentre. Measurements from 2cm up to20cm depth were made. The values so
measured were normalised using the isocentric dose measured for a 10x10cm? field at
10cm depth at the isocentre also for 100U set. Measurements were done for 6 and 10mV
X-Rays. A treatment data table was produced for the two X-Ray Qualities of 6mV and
10mV.

To confirm the measured data independently,another physicist repeated the measurements
using perspex 30x30xlcm solid waterphantom sheets, and using an NE Farmer type
chamber.One of the sheets had a hole to fit the chamber. Using the perspex method, and
noting that the time required to take all data points is quite long, a record of temperature
and pressure was kept to minimise drifts due to changing conditions.

3 RESULTS AND DISCUSSION

Tables 1 and 2 show the experimental data for 6 and 10mV X-Rays respectively. The
data was collated from a mean of the waterphantom and the perspex phantom. Deviations
less than 0.5% were recorded for the two phantoms at each measured point. As can be
readily seen from the data, TSRs are a slow rising function of field size, depth and
radiation quality. The BEAM ON monitor units to give a Tumour Dose(TD) at the
isocentre can readily be calculated from

Beam On = CFxTD/TSR

For 6mV X-Rays, a calibration factor of 125U/Gy was measured, while that for 10mV X-
Rays was found to be 115U/Gy.

In our clinic , we now readily use TSRs for isocentric set-ups. They are easier to use.
They have eliminated the need to correct for inverse square law and ROF corrections and
provide a quick QC of all isocentric treatment setups as the CFs can be easily checked
using the geometry in Fig 1. Also using the perspex phantom and at any depth, the
monitor units required to give a particular TD can be checked before beaming on.

Dose calculations obtained using the TSR method have been compared to those using
other methods such as TMRs and we report agreement within 0.5%. For a Co-60 unit, the
calibration factor would have munites/Gy, it being the time one would set at 10cm depth
for a 10 x 10 cm2 in order to get 1Gy at the isocentre.
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4 CONCLUSIONS

TSRs for Varian's Clinac 2100C Radiotherapy Accelerator have been experimentally
determined for 6 and 10mV X-Rays. They offer a less error prone dose calculation
procedure for isocentric treatment set-ups for the dose at the isocentre. We recommend
the adoption for use of TSRs in small radiotherapy clinics which at times work without a
full time medical radiation physicist. Their adoption in larger clinics is a matter of choice
and the expertise in the clinic.

5 REFERENCES
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ABSTRACT.

The goal of our investigation has been to compare breast cancer radiotherapy treatments
prescribed according to classical and ICRU 50 methodology attending to the comparison of
stochastic and deterministic risks of critical organs.

28 women were studied, 9 of them were plannified attending to ICRU 50 and 18 attending to
the classical one. Patients were plannified using 3D planning system. The contralateral breast
dose (CBD) were evaluated as a demonstrative of stochastic risks, and the volume closed by
the reference isodose corresponding TD,, which gave place to lung fibrosis. Every group
were subdivided in only breast irradiated women and the one had been irradiated their
supraclavicular fosa too.

When only breast was irradiated, a higher CBD was obtained with the ICRU 50 method.
However, the lung toxicity was higher with the classical treatment. Studying the group which
supraclavicular fosa was irradiated, we could notice that the classical method gets a higher
CBD, but lower lung toxicity.

Beam size and arrangement were decisive in breast-irradiated women. When the
supraclavicular field was involved, CBD was influenced by the beam size, although the lung
risk seemed to be in dependence of the depth of normalization.

INTRODUCCION.

La radioterapia complementaria en pacientes sometidas a MRM o a cirugia conservadora por
cancer de mama ha demostrado una reduccién muy significativa de la tasa de recurrencia local
y mas recientemente también un beneficio en la supervivencia, sobre todo en pacientes
premenopausicas con ganglios axilares positivos [1-5]. A raiz de la publicacién de los
estudios sobre meta andlisis de EBCTCG [6,7] la controversia se centr6 en torno al
incremento de muertes toxicas generadas por la irradiacién y mas concretamente de la
irradiacién de la cadena mamaria interna (CMI) como causa fundamental de toxicidad
cardiaca. En la actualidad la irradiacion de la CMI esta muy cuestionada [8], no obstante los
campos tangenciales y claviculoaxilares, que constituyen nuestra practica habitual, no estan
exentos de toxicidad, sobre todo pulmonar que en algunos casos puede llegar a ser grave.

En los ultimos afios los sistemas de simulacion virtual y planificacidn tridimensional nos han
permitido conocer de una forma mucho mas precisa la distribucidén de dosis en radioterapia,
no solo en los volumenes blanco sino también nivel de o6rganos criticos. Igualmente el
desarrollo de la moderna radiobiologia nos ha permitido un conocimiento mas preciso de los
limites de tolerancia de cada o6rgano critico con relaciéon a los distintos esquemas de
fraccionamiento.
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Por otro lado, desde la publicacidn del informe sobre prescripcidn, registro y elaboracién de
informes en terapia con haces de fotones, recomendados en el informe n° 50 [9] (en adelante
la metodologia recomendada por este informe se identifica como “ICRU 50”) de la
International Commission on Radiation Units and Measurements (ICRU), la definicién de
volimenes de tratamiento se modifica significativamente respecto al sistema clésico,
definiendo el volumen tumor macroscépico (“gross target volume”, GTV) y volumen blanco
clinico (“clinical target volume”, CTV) siguiendo conceptos muy semejantes a los clésicos,
pero estableciendo la definicién de un tercer volumen, el volumen blanco de planificacién
(“planning target volume”, PTV), cuyos margenes respecto al CTV vienen definidos para
cada localizacién en general y para cada sistema de trabajo en particular, incluyendo la
incertidumbre en la definicion del CTV respecto a un sistema de referencia de paciente [10],
como consecuencia de la falta de reproducibilidad en el posicionamiento diario del paciente,
de los movimientos fisioloégicos del paciente, y de los errores de transferencia de datos
geométricos que hayan podido producirse a lo largo de todo el proceso radioterdpico. Para
nuestro trabajo, y en tanto no terminemos un trabajo en curso [11] para la definicién de
nuestros propios margenes de PTV, se toman de la bibliografia [12-16].

Aun manteniendo las mismas indicaciones de tratamiento locorregional, lo anteriormente
expuesto supone una modificacion de los volumenes de tratamiento respecto al sistema
clasico y también respecto a la toxicidad, que puede ser bien estudiada en virtud del mas
preciso conocimiento que aportan los sistemas de planificacion tridimensional. El objetivo de
este trabajo es, por tanto, comparar la incidencia de la metodologia de prescripcion y
planificacién del tratamiento utilizada en el riesgo para la paciente, entendido tanto como
riesgo estocastico cdmo determinista.

MATERIAL Y METODOS.

Se escogieron aleatoriamente 27 mujeres que habian seguido tratamiento radioterpico en
nuestra instalacién, en el periodo 1998-2000, de las cuales en 9 (33%) se habian seguido los
procedimientos ICRU 50, y en 18 (77%) se siguieron los procedimientos que en adelante
identificaremos como “Clasicos”, basados en la determinacién de los campos de tratamiento
utilizando referencias anatomicas.

Ambos grupos de tratamientos fueron objeto de simulacion virtual [17] y planificacién 3D
utilizando un sistema de planificacién Theraplan Plus 3.5 (Theratronics, Nordion). En todas
las pacientes fueron contorneados como 6rganos criticos de interés la mama contralateral y el
pulmén ipsilateral. En el grupo ICRU 50, ademaés, el oncdlogo radioterapeuta contorned, en
cada corte de tomografia computerizada el CTV y el PTV.

Se dividieron los dos grupos anteriores en otros dos subgrupos: aquellas mujeres que habian
recibido sdlo irradiacién de la mama y las que ademés habian sufrido irradiacion de la fosa
supraclavicular, con el fin de aumentar la homogeneidad de las muestras.

Como pardmetro de comparacién del riesgo estocastico se eligié la dosis fisica a la mama
contralateral (DMC). Existen multitud de referencias [18-20] sobre la misma, con relacion a la
probabilidad de aparicidén de un cancer radioinducido secundario al tratamiento radioterapico.
La dosis fisica se evalud a partir del histograma diferencial del érgano, que representa el
volumen que es irradiado a cada intervalo de dosis. Si llamamos v;; al volumen del voxel i, en
la resoluciéon de célculo utilizada por el sisttma de planificacién, que recibe una dosis



IAEA-CN-85-199

comprendida en ¢l bin j del histograma, y D; a la dosis méxima de ese bin, la dosis fisica al
organo viene dada por

Para evaluar el riesgo determinista, y dado que en la muestra de estudio no habia suficientes
tratamientos de la mama izquierda, se prescindié de la toxicidad cardiaca y se utiliz6
unicamente la pulmonar. Para ello, se calculdé la superficie de isodosis que encierra el
volumen de pulmon ipsilateral que supera la DT, (dosis que provoca la aparicion del efecto
en el 5% de los individuos irradiados a los 5 afios) para fibrosis pulmonar, que dependera,
ademas, de la dosis prescrita, el fraccionamiento, la isodosis de prescripcion, y o/p [21] del
organo. Posteriormente, y sobre el histograma acumulativo de cada paciente, se obtuvo el
volumen fraccional de pulmon encerrado por la isodosis hallada.

RESULTADOS.

Los resultados obtenidos para la DMC, la dosis al pulmén ipsilateral (DPI) y el volumen
fraccional encerrado por la isodosis de tolerancia de toxicidad en pulmoén, y sus respectivos
rangos, se presentan en la tabla I.

Tabla 1. Dosis fisica a la mama contralateral (DMC) y dosis al pulmén ipsilateral (DPT) .

Irradiacién de la mama Irradiacion de la mama y de la FSC
ICRU 50 CLASICO ICRU 50 CLASICO
DMC (cGy) 198.5 (277.3-140.4) 166.3 (301.8-77.0) 236.0 (389.6-167.5) 273.1(1157.7-129.7)
DPI (cGy) 670.6 (1394.2-386.8)  896.5 (1914.6-270.1)  1705.5 (1955.4-1395.7) 1301.9 (1882.9-
270.1
* Pulmoén (%) 7.6 (20.27-2.77) 12.3 (28.28-3.49) 24.9 (28,58-20.20) 16.0 (27.26)-6.68)
Entre paréntesis se muestra el rango de dosis. * Volumen de pulmon con riesgo determinista.

DISCUSION.

La exactitud del método de medida de la dosis a la mama contralateral depende del tamafio
del intervalo de dosis del histograma diferencial, y este estd fijado por el sistema de
planificacion (200 bins). No obstante, al interesarnos la comparacion, siempre que trabajemos
a la misma resolucién no hay afectacion de los resultados.

El método de determinacion del riesgo determinista ha sido calculado por un método simple
pero que consideramos es buen indicador a efectos comparativos. Si quisiéramos conocer el
riesgo absoluto seria formalmente maés correcto evaluar el NTCP [22] (normal tissue
complications probability).
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En el grupo de mujeres que habian recibido sélo irradiacién tangencial, la mayor DMC para
las que recibieron una prescripcion segtn la metodologia ICRU 50 esta motivada porque en la
técnica de irradiacion clésica los limites de entrada de los haces permanecen constantes
situdndose aproximadamente en la linea axilar media para ¢l haz externo y en la linea media
para el haz interno, mientras que cuando de utiliza ICRU 50 todo el volumen mamario (CTV)
debe ser incluido junto con el PTV correspondiente, para el nivel de dosis determinado. Esto
supone que la entrada y salida de los haces, en términos generales, deberan ir mas alla de los
limites clasicos y por lo tanto incluir un mas amplio volumen de mama contralateral, tal como
efectivamente se comprueba en el analisis de nuestros resultados. Sin embargo, por esta
misma razon, la dosis al pulmdn ipsilateral es superior en el método clasico, dado que la
metodologia ICRU 50 permite una configuracién de haces en orden a conseguir englobar el
PTV con la isosuperficie de referencia, pudiendo ajustarse su angulacidn y punto de entrada
para disminuir la irradiacién del pulmén. En la metodologia clasica, los puntos de entrada de
haces estan predeterminados, y el volumen de pulmoén irradiado, de alguna manera, también.

Sin embargo, el efecto fue opuesto cuando se irradiaba con un campo supraclavicular: la
DMC fue mayor en las pacientes planificadas segin el método clasico, debido al mayor
tamafio del mismo respecto a la metodologia ICRU 50 y la influencia determinante del
volumen irradiado en la radiacidn dispersa interna, principal responsable de la DMC. Para el
pulmon ipsilateral, cobra preponderancia la profundidad de normalizacion adaptada al CTV,
que provoca una mayor dosis en profundidad, frente a la prescripcion clésica de (“50 Gy a 3
cm. de profundidad” versus un promedio de aproximadamente 5.5 cm.).
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ABSTRACT.

Cardiovascular diseases are the first cause of dead in Spain. The most usual procedures in
interventional cardiology are cornariography and PTCA. The first is a diagnostic technique,
and the second one is interventional. Our goal has been to study procedures made during the
first six months in the Interventional Cardiology Unit of the Juan Ramén Jimenez Hospital
(Huelva-Spain), having in account radiation protection issues.

We’ve studied 178 patients; 145 of them were underwent coronariography, and 33 of the
patients had PTCA too. Every case was analyzed having in account technical and dosimetric
parameters.

We show parameters values gathered: Diagnostic techniques (valvular and non-valvular
patients), and interventional techniques (coronariography and PTCA in different or in the
same intervention.

Higher doses were obtained with valvular patients, although the number of frames was
similar. Attending to therapeutic procedures, the highest values were gotten with the “double”
interventions. Interventional procedures exceed in 60% doses got in diagnostic studies; this is
because of the number of series and frames per serie. Similar values obtained by other authors
have been got.

INTRODUCCION.

Las enfermedades cardiovasculares son la primera causa de muerte en Espafia (un 38 por
ciento del total de los decesos: 44,4 por ciento mujeres y 32,5 por ciento hombres)[1]. Estas
enfermedades se agrupan en tres grandes bloques: patologia coronaria (angina de pecho,
infarto de miocardio y muerte subita), valvulopatias (procesos que afectan a las cuatro
valvulas cardiacas: adrtica, pulmonar, mitral y tricispide) y dolencias congénitas.
Los procedimientos mas habituales en un laboratorio de hemodinamica y cardiologia
intervencionista de pacientes adultos son: coronariografias, estudios de pacientes valvulares
en los que se incluye casi siempre la coronariografia de forma asociada y finalmente los
procedimientos intervencionistas de dilatacion coronaria (angioplastia).

La coronariografia o estudio del arbol coronario con la ayuda de la radioscopia sigue
constituyendo el patrén de referencia para estudiar la presencia y extension de la enfermedad
coronaria. Su realizacion estara indicada si la presencia de enfermedad coronaria va a
determinar de manera significativa el manejo del paciente, cuando se quiera valorar las
posibilidades de revascularizacion coronaria o identificar a aquellos pacientes que presentan
alto riesgo de complicaciones isquémicas. El procedimiento de coronariografia diagnostica
implica la canulacién selectiva de la coronaria derecha y de la coronana izquierda y la
inyeccién de contraste yodado con filmacién en diversas proyecciones. Finalmente, con otro
catéter, se opacifica con 40 cc de contraste el ventriculo izquierdo y se filma en proyeccion
OAD. El procedimiento valvular suele incluir la coronariografia anterior y manipulaciones
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adicionales con monitorizacion en radioscopia para mediciones fisioldgicas. A veces se
realiza ademas opacificacién de la aorta ascendente con 60 cc de contraste.

La angioplastia coronaria transluminal percutanea (ACTP) se ha convertido desde 1992 en la
técnica de revascularizacion miocérdica mas frecuentemente utilizada en Espafia[2,3].
Consiste en la dilatacién de una o varias estenosis dentro de una o varias arterias coronarias.
Segun la complejidad se necesitan periodos variables de radioscopia y filmacion
coronariogréfica. Habitualmente, la angioplastia precisa de un estudio coronariografico previo
completo que puede hacerse en una sesion aparte o bien en inmediata continuidad con la
angioplastia.

La proliferacién de ACTP es creciente[4], y ha venido acompafiada de la descripcién de casos
de efectos deterministas, fundamentalmente en piel, debidos a las altas dosis de radiacién
involucradas en los procedimientos tanto diagndsticos [5] como terapéuticos [6].

En nuestro trabajo hemos pretendido caracterizar desde el punto de vista de la proteccion
radioldgica las intervenciones realizadas durante el primer semestre de funcionamiento del
Laboratorio de hemodinamica del Area Hospitalaria Juan Ramoén Jiménez de Huelva.

MATERIAL Y METODOS.

Hemos analizado los datos de los procedimientos realizados sobre 178 pacientes, en el
periodo comprendido entre el 22 de junio y el 29 de septiembre de 2000. De esos pacientes,
133 (74.7%)  sufrieron unicamente coronariografia diagndstica (identificados como
“CORO”), 12 (6.7%) eran pacientes valvulares que sufrieron coronariografia (identificados
como “VAL-CORO”), 20 (11.2%) fueron citados tras una coronariografia para una ACTP
(identificados como “ACTP”), y 13 (7.3%) sufrieron la coronariografia y la angioplastia en la
misma sesion (identificados como “CORO-ACTP”).

De cada paciente se dispuso de los siguientes datos: Producto dosis-area (PDA) por
radioscopia, por grafia y total; n® de series de grafia realizadas, y para cada serie, n° de
imagenes, velocidad de adquisicion, identificada por el protocolo de adquisicién empleado
(“ventriculo” con 25 imagenes por segundo, y coronario, con 12.5), kVp, mA y tiempo de
exposicion, angulos craneo-caudal y lateral del arco, distancia foco-receptor de imagen y
tamafio de campo empleado.

RESULTADOS.

Se muestran, para cada uno de los cuatro grupos, los valores promedio, intervalos de
incertidumbre al 90% de confianza, de acuerdo a una distribucion t de Student salvo para el
grupo “CORO” que suponemos se ajusta bien a una distribucién normal, valores maximo y
minimo de todos los parametros disponibles para cada estudio.

Se agrupan en coronariografias generales y de pacientes valvulares (CORO Y VAL-CORO)
en la Tabla I, y pacientes coronariograficos que sufrieron posteriormente (ACTP) o en el
mismo acto (CORO-ACTP) una angioplastia, en la Tabla II.
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Tabla 1. Coronariografias generales y de pacientes valvulares (CORO Y VAL-CORO).

ESTUDIO VAL-COROS

12 Pacientes 133 Pacientes
Med. Inc. Max. Min. Med. Inc. Max. Min.
PDA Radioscopia 20.0 21.2 45.5 3.6 8.2 6.1 31.7 0.6
PDA Radiografia 21.3 29.4 50.8 49 19.6 9.9 66.6 0.3
PDA Total 41.3 48.5 96.3 8.5 27.8 15.9 98.3 0.9
t Radioscopia.(min.) 10.7 8.2 223 4.5 4.4 2.8 18.4 1.5
N° Series 12 9.0 28 7 11 4 36 1
N° Imagenes 723 517.3 1551 276 758 325 2114 32
kVp 73.8 10.0 89.0 64.8 72.7 4.0 86.9 60.0
mA 621.8 1514 | 7523 | 4334 | 6202 | 77.6 | 7899 | 315.0
Edad 68.9 129.8 84.6 423 62.0 | 903 99.9 38.8
Uso APR "Ventriculo" 1.1 1.8 4.0 0.0 0.9 0.8 7.0 0.0
Uso APR "Coronario" 113 10.0 28.0 3.0 10.3 43 36.0 0.0
Distancia FR 105.1 52 110.7 99.7 103.7 2.5 1154 98.1
Uso lupa 17 7.1 10.3 28.0 0.0 8.1 44 19.0 0.0
Uso lupa 23 53 5.6 13.0 0.0 3.2 39 29.0 0.0

Med. Media; Inc. Incertidumbre; Max. Maximo; Min. Minimo; PDA. .- Producto de la dosis por el area irradiada.

Tabla I1. Pacientes coronariograficos mas angioplastia posterior (ACTP) o en el mismo acto (CORO-
ACTP) una angioplastia.

ESTUDIO CORO-ACTP
13 Pacientes 20 Pacientes

Med. Inc. Max. Min. Med. Inc. Max. Min.

PDA Radioscopia 22.8 29.9 53.3 39 19.1 30.8 84.3 6.6
PDA Radiografia 28.2 35.8 59.3 8.2 48.1 452 | 126.2 15.6
PDA Total 51.0 60.6 112.6 12.1 67.2 74.0 | 210.5 26.1

t Radioscopia.(min.) 11.1 10.7 27.6 34 7.5 6.7 14.9 32
N° Series 28 21.5 51 9 20.9 11.5 38.1 12.2
N° Imagenes 923 795.1 2304 366 1191.3 | 787.9| 2183.8 | 478.7
kVp 76.2 8.3 87.2 69.4 60.2 5.8 68.6 55.0
mA 703.1 113.8 | 8158 | 576.5 | 539.5 11022 632.2 | 423.0

Edad 61.9 126.1 89.0 437 477 (1182} 614 0.1

Uso APR "Ventriculo"” 0.1 04 1.0 0.0 1.3 39 7.3 0.0

Uso APR "Coronario" 27.8 21.6 51.0 8.0 19.7 14.3 373 6.5
Distancia FR 105.3 6.6 113.6 97.2 84.8 3.0 88.7 82.4

Uso lupa 17 26.0 24.5 51.0 0.0 18.1 12.8 373 5.7

Uso lupa 23 1.9 8.7 22.0 0.0 2.9 4.1 8.9 0.0

Med. Media; Inc. Incertidumbre; Max. Maximo; Min. Minimo; PDA.- Producto de la dosis por el area irradiada.

DISCUSION.

Para procedimientos exclusivamente diagndsticos, en pacientes valvulares se ha obtenido una
dosis a paciente similar por radioscopia que por grafia, con un PDA total de 41.3 Gy-cm’.
Para pacientes no valvulares, el tiempo y la dosis por radioscopia es aproximadamente la
mitad, con la consiguiente reduccién en el PDA (27.8 Gy-cm®). El numero de series y el

numero de imagenes por serie, en promedio, son practicamente iguales en ambos tipos de
pacientes.
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Para pacientes que sufren angioplastia, se observan valores superiores de PDA por grafia en
aquellos en los que se realiza la misma a continuacién del estudio diagndstico, como es de
esperar al tratarse de un estudio “doble”. Los valores de radioscopia son similares, e incluso
los de numero de series, pero no asi el de imagenes por serie, que es casi de 300 imagenes
superior, en promedio, para el procedimiento extendido.

Comparando procedimientos terapéuticos frente a diagnoésticos, se evidencia una mayor dosis
a paciente en los primeros, de casi un 60% superior en promedio, debido fundamentalmente a
que se duplican las series por paciente, y el nimero de imagenes por serie, que s superior en
promedio en unas 300 iméagenes.

En todos los procedimientos son mayoritarios el uso de tamafio de campo de 17 cm. y
velocidad de adquisicion de 12.5 imagenes por segundo.

En la Tabla III comparamos nuestros valores (en cursiva) con valores de otros autores,
encontrando buena correspondencia.

Tabla IIL. Anilisis comparativo de nuestros resultados con los obtenidos por otros autores.

Tiempo de radioscopia (min.) PDA (Gy-cm?) N° de imagenes
media (min.-max.)
Coronariografi ACTP Coronariografi ACTP Coronariografi ACTP
a a a
4.4 11.2 27.8 51 758 923
(1.5-18.4) (3.4-27.6) (0.9-98.3) (60.6-112.6) (32-2114) (366~
2304)
0.35[7] 12 72.18 [7] 100 [8] 1550(7] 450 [7]
(7-35) [8]
3.5519] 12.8 39.319] 81.68 [11] 1434 [9]
(0.1-180) [10]
15.5 93
(2.63-61.1) (33-402)[12]
(7]
18.6 [9] 28.5

(20-50.5) [13]

110
(40-340) [16]

87.5
(67-122)
[15]

58
(0.5-810) [10]

101.9 [9]

933 7]

91.8 [17]

420 [14]

60.0 [18-19]

Entre paréntesis el rango.

Es oportuno destacar, como queda de manifiesto en este trabajo, las cada vez mayores
posibilidades que ofrecen los equipos dedicados a estudios hemodindmicos, a la hora de
caracterizar de forma precisa la dosis efectiva al paciente, como resultado de la identificacién
exhaustiva de las proyecciones y tamafios de campo empleados, como de los PDA obtenidos.
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Queda, para completar un nivel superior de informacién del detrimento radioldgico al
paciente, de acuerdo a la clasificacién del grupo de expertos del Articulo 31 de la Directiva
MED [20], la implementacién de métodos asumibles [21] para la determinacién de la dosis a
organos y dosis efectiva, que, en cardiologia intervencionista, es especialmente complicado
por la profusién de proyecciones no coplanares.
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Abstract:

Helical scanning introduces additional choices in technical parameters and has an impact on
how much radiation dose a patient receive. Helical scanning allows the entire thorax to be
scanned within a single breathold, reducing slice registration due to breathing artifacts.

Organ doses from thoracic computed tomography have been estimated in an anthropomorphic
phantom by using thermoluminescence dosimeters.

With a very similar radiological techniques in helical and axial scanning the absorbed dose in
organ measured more relevant were in lung 12,0 + 2,0 mGy and 11,0 + 2,0 mGy respectively;
in heart 9,0 £ 4,0 mGy and 9,0 + 5,0 mGy.

Our results show that contiguous helical CT scans acquired with the same technical factors as
contiguous axial scans, give approximately the same radiation dose.

1. INTRODUCCION.

Principios del Tomografo Computarizado helicoidal

Los Tomdgrafos Computarizados Helicoidales (TCH), permiten una adquisicion continua del
volumen corporal, en vez de la forma tradicional de cortes sucesivos. Se va imponiendo
ampliamente sobre las generaciones anteriores de tomografos, tal que actualmente TC se
considera sinénimo de TCH o de reconstruccién volumétrica®.

La génesis de iméagenes con gran calidad implica una inmovilizacién del paciente durante el
proceso de adquisicién, evitando la aparicion de efectos no deseables desde el punto de vista
técnico:

1. la falta de nitidez de la imagen (igual que ocurre en la radiografia clasica), y
2. los artefactos de movimientos (inherentes a la reconstruccidon de iméagenes en
tomografia computarizada cuando el sistema recibe datos inconsistentes).

Para evitar dichos efectos son deseables tiempos de exposicion cortos en los cortes
tomografico simples y también, en los tiempos totales de cada exploracidon. Asimismo debe
tenerse presente el movimiento de la mesa entre cortes, ya que puede conllevar a omitir
detalles anatomicos.

El TCH tiene un proceso de exploracidén volumétrico realizandose la adquisicién mediante
varias rotaciones del tubo con el paciente sobre una mesa que se desplaza de forma continua y
simultanea al movimiento del tubo a través del gantry. Mientras el sistema tubo detectores
giran alrededor del paciente no cesa la adquisicidn.
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Los parametros basicos para la seleccion de una exploracién volumétrica son béasicamente los
mismos que para una exploracion convencional, la principal diferencia estriba la definicién de
la hélice respecto a los cortes discreto.

Beneficios clinicos del TC helicoidal

Las principales ventajas de esta técnica son:
1. laeliminacion de artefactos de movimiento,
2. el uso de menos medios de contraste,
3. lareduccion del tiempo de exploracidn,
4. las nuevas reconstrucciones y presentaciones

Aplicaciones: Exploraciones pulmonares( 2),

La reduccion significativa de artefactos de movimiento causados por la respiracion, hace
recomendable el TC helicoidal para estudios toracicos, en particular en casos que requieran
localizacion y evaluacidn de pequefias lesiones en los pulmones, como los nédulos solitarios.
Con el TCH se puede capturar la imagen de los pulmones y las costillas, asi como los vasos
pulmonares y el arbol bronquial.

MATERIAL Y METODO.

Dosimetros de termoluminiscencia.

Para determinar las dosis en los 6rganos se han utilizado dosimetros de termoluminiscencia
tipo TLD-100 (FLi:Mg,Ti con 7,5% de °Li y 92,5% de "Li). La morfologia seleccionada ha
sido la cilindrica (1mm de didmetro y 6 mm de altura), para que la distribucién de la radiacion
recibida sea homogénea.

La calibracidn de los citados dosimetros se realizé con el cdédigo D-120 para una tension de
120 kV, una energia media de 54 keV, siendo la primera capa hemirreductora de 4,33 mm de
Al y la segunda de 6,84 mm de Al, segin programa seleccionado por el Centro Nacional de
Dosimetria de Valencia (Espafia). La dosis suministrada fue de 10,14 + 0,36 mGy de kerma
en aire en el seno de aire sobre la superficie de un maniqui de 295 x 295 x 153 mm’, sobre la
superficie del maniqui, y en ausencia del mismo.

El equipo de tratamiento dosimétrico estuvo compuesto por un Homo TELDO (PTW-
Freiburg, Germany) con perfiles de calentamiento seleccionables en el panel frontal de
control y por un Lector Harshaw 5500 (Bicron-Harshaw, USA) mas su software conectado a
un PC.

Se emplearon un total de 243 dosimetros TLD en cada una de las exploraciones de tdérax
realizadas.

Rando Antropomorfico.
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Para determinar las citadas medidas de radiacion se ha utilizado un maniqui del tipo Rando
(New York Laboratory), como modelo de paciente y construido en material plastico que
contiene un esqueleto simulando cavidades y 6rganos internos de interés.

El material plastico que simula tejido blando tiene un numero atémico efectivo de 7,30 y
densidad de 0,985 g cm™. Pesa 73,5 kg y mide 175 cm. Este maniqui permite la colocacion de
dosimetros en su interior para el estudio de la distribucion de dosis.

Los dosimetros TLD-100 se ubicaron en los orificios inmersos en portadosimetros
transparentes de polimetil de metacrilato disefiados por el Grupo de Investigacion PRUMA,
con ajuste perfecto en orificios del Rando y ubicacion central exacta de los TLD-100
cilindricos.

Ademas, en ambas modalidades (axial y helicoidal) se colocaron TLD-100 en la superficie
corporal del maniqui, coincidiendo con el centro longitudinal de la zona explorada.

Exploraciones y equipamiento.
Se han estudiado exploraciones de Torax en un TC Tomoscan AV, de tecnologia helicoidal

utilizando la técnica optimizada recomendada por el fabricante para la reconstruccion
volumétrica y para cortes axiales. Las técnicas recomendadas se muestran en la tabla 1.

Tabla 1.- Técnicas para exploraciones de térax con cortes axiales.

Caracteristica Valor seleccionado
Numero de cortes 20
Grosor del corte 10 mm
Avance de mesa 10 mm
Kilovoltaje 120kVp
Miliamperaje-segundo 280 mAs

En CT helicoidales la distancia entre cortes se define por un factor de paso de rosca (“pitch”)
que es el cociente entre el avance de la mesa por rotacién completa y el espesor nominal del
corte en el eje de rotacion. El total de la carga utilizada en la exploracion es la indicada en la
Tabla 2, mientras que para los cortes discretos los mAs se fijan para un unico corte.

Tabla 2.- Técnicas para exploraciones de térax con reconstruccion volumétrica.

Caracteristica Valor seleccionado
Longitud explorada 20 cm
Grosor del corte 10 mm
Paso de rosca 1
Kilovoltaje 120 kVp

Miliamperaje-segundo 5600 mAs
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RESULTADOS

En la tabla 3 se presentan los resultados obtenidos en las exploraciones analizadas,
comparando la dosis absorbida en 6rganos (mGy) en cortes discretos versus cortes continuos:

Tabla 3.- Dosis absorbida en érganos (mGy)*.

Organos Cortes discretos Cortes continuos
Tiroides 2,4+£0,7 2,5+£0,6
Esdfago 58+0,5 7,4 £0,6
Columna vertebral 7.0+4,0 7,0x5,0
Esternon 142+1,3 146 £ 1,1
Costillas 12,0+£2,0 11,0£2,0
Corazén 9,0£4,0 9,0%5,0
Linea media 14,0+ 5,0 14,0+ 5,0
Pulmoén 11,0+ 2,0 12,0+£20
Superficie (piel) 23,0+3,0 21,0£2,0

* Promedio £ desviacion estandar

Los resultados obtenidos estan en acuerdo con los referenciados por McNitt-Gray y cols [3]

Nuestros resultados demuestran que cortes contiguos en exploraciones helicoidales
suministran aproximadamente la misma dosis de radiacién que cortes axiales contiguos
adquiridos con la misma técnica.

Se recomienda por tanto, la utilizacién de TCH para cualquier caso que sea necesario, ya que
el beneficio de esta técnica iguala o supera al realizado por TC convencional, con respecto a la
dosis recibida por el paciente.
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Higher individual somatic radiation risk in the younger age groups has been
until now inadequately considered in radiation protection. It is therefore essential to
develope appropriate radiation protection measures also in the field of diagnostic
radiology for paediatric patients.

The European Communities elaborated Guidelines on quality criteria for
radiodiagnostic radiographic images in paediatrics. Reference dose values for selected
types of examinations and for $ year old child were proposed.

In our contribution we have tried to estimate the radiation load of children to
15 years, which undergone chest radiodiagnostic examinations during 1996 in a
Slovak district. Our data of entrance surface doses were collected using measurements
with TLD for 149 patients divided in 5 age categories at nine radiodiagnostic
departments.

The calculations of the total absorbed dose were performed using the measured
ESD values integrated over the X-ray beam area, the conversion factors between the
imparted energy and the dose-area product and the known irradiation parameters (kV,
HVL, mass, etc.).

The analysis of the obtained absorbed doses as a function of age for chest PA
radiodiagnostic examinations has shown, that the investigated Slovak radiodiagnostic
centres use rather lower voltage techniques and the entrance surface doses are much
higher than the proposed value of EC.
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Introduction

Risks to pediatric patients from radiation exposure are aknowledged to be
greater than for adults. It is supported by the fact that for certain detrimental effects
has the radiation exposure in the first ten years of life, 3 to 4 times greater attributable
lifetime risk than exposures between ages of 30 to 40 years, and S to 7 time greater
when compared to exposures after the age of 50 years. It is therefore essential to
develope appropriate radiation protection measures also in the field of diagnostic
radiology for paediatric patients. Available data on paediatric doses are limited and
comparisons are complicated by range of patient size.

Commision of the European Communities (EC) contributed to this problem
giving special attention to the control measures, analysis of patient doses and quality
criteria for radiodiagnostic procedures of children.[1] In 1996 EC adopted Guidelines
on quality criteria for radiodiagnostic images in paediatrics [2] contain reference
entrance surface doses for various diagnostic examinations and for 5 years old
children. The patient doses obtained on individual radiodiagnostic departments can be
compared with this given standards.

In our paper we surveyed the entrance surface doses, measured during chest
examinations of 149 patients (with ages to 15 years) and results of measurements of
dose area product for assessment of absorbed doses. The calculations of absorbed
doses were performed using the conversion factors between the energy imparted and
the dose area product at the known irradiation parameters (kV, HVL, mass of the
patients, etc.)

The analysis of the obtained data and their comparison with reference values of
EC demonstrate that the entrance surface doses (mainly due to the lower used
voltages) are several times higher than recommended.

The results are proposed for application as an indicator of radiation risk for
optimisation of diagnostic procedure and hence for reduction of children’s radiation
load.

Materials and methods

Our data were collected for 9 paediatric radiodiagnostic departments in the
county of Trnava, where NPP is working . There are 590 996 people living, including
118 974 children, aged to 15 years. Children undergoing radiographic examinations
(39 096) in the year 1996 were split into 5 categories: 0-1 year, 1-4 years, 5-9 years,
10-14 years and 15 years old.
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Detailed information obtained through questionnaires allowed us to select as the
most frequent examination (fig. 1) — the chest PA projection. To provide information
on paediatric dose levels during chest examination a combination of direct
measurements using LiF-700 Harshaw thermoluminiscent dosemeters (TLD) and
indirect measurements using a dose-area product meter was used. TLD?s used to
determine the entrance surface dose were calibrated at Slovak Metrological Institute
using an X-ray equipment (50 kV, 2mA, 3 mm Al). They were annealed for 60 min at
400°C and by 120 min at 100°C in an automatic TLD oven. All readings were
realised with Harshaw 3500 reader, the readout temperature was 300°C. The dose-area
product was measured with a Diamentor (PTW Freiburg) type E using a light
transparent ionisation chamber (type 57523-B). Conversion factors published by
Persliden [3] were used to determine the energy imparted to paediatric patients of
different ages from the dose-area product.

Fig.1. Frequency of radiodiagnostic examinations in paediatric department of
Tmava county

Age category
lyear]

No. of examinations

Type of examinations

Results and discussion

Determination of effective doses for paediatric radiological examinations is
difficult, time consuming and due to diferent sizes of patient also uncertain. Therefore
we used the procedure proposed by Huda [4] using the energy imparted to the patient
for absorbed dose E, calculation. The values of E, were calculated by following
equation

E.=(ESD x A xC,)/M

A = the irradiation beam area in m’

ESD = the measured entrance surface dose in mGy

C, = the conversion factor (kg/m”) between the imparted energy and dose area
product [3]

M = the mass of patient in kg
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Conversion factors C, were calculated taking into account the age of patient
and the total filtration (HVL in mm of Al), applicated during the examination.
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Fig.2. shows the relationship between E, and the age of patient.
Fig.2. Absorbed dose E, vs. age of patient

In the table 1. technical parameters and adequate ESD for chest examinations
of children are shown.

Tab.1.Technical parameters and entrance surface doses for X-ray examinations
of chest (children 5-9 ages)

Hospital eqlg;f:en ¢ Technical parameters FSD HVL ESD
kV mA.s cm mmAl uGy

1 chiralux 2 38-46 24-42 100-150 3 586
2 chiralux 2 50-53 18 100-150 2,8 562
3 MP 15-chirana 55-60 4-6 150 2,8 403
4 chiralux 2 50 18 150-200 2,2 431
5 chiralux 2 50 13-18 150 2,85 443
6 durolux 71-73 5-12 150-200 2,6 432
7 chiralux 2 40-44 24 150 2,8 305
8 chirodur 125C 45-47 8-13 150 2.8 488
9 chiralux 2 42-46 18 110-150 2,8 326

Total filtration 3 mmAl

Comparison of our results with reference values published in EC document
indicate that in the case of chest PA of 5-9 years old children, the reference value for
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ESD of 0,1 mGy was defined for “high kV technique” and therefore for penetration of
the X-ray beam. As it is shown in the table the radiological departements, investigated
in our study, used fot chest examinations rather “low kV technique” leading to several
time higher ESD.

Tab.2 Entrance surface dose of 5-9 year old children for the chest PA/AP

examination
ESD{uGy]
min-max median ratio of min:max
departments of Trnava county 253-708 414 1:3
European hospitals 19-1347 67 1:71

The requirements of good radiographic technics given in the EC Guidelines
are fulfilled only in 10% of chest examinations.

We are following this study in all counties of Slovakia, which should be the
basis for establishing reference values of chest examinations in paediatric radiology
and implementation of QA programme for children dose reduction.
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Summary:

The Council Directive 97/43/Euratom of June 30™ 1997 on health protection of individuals
against the dangers of ionising radiation in relation to medical exposure has come into force
on May, 13™ 2000. French health directorate has entrusted the “Office de Protection contre les
Rayonnements Ionisants (OPRI)” together with the “Société Francaise de Radiologie” (SFR)
to implement the article 6 related to radiological procedures, in order to bring into operation
the principle of optimisation. The most frequent diagnostic radiology and interventional
procedures (120 protocols) have been standardised in writing. Corresponding patient
dosimetry have been determined from measurements on site, calculations and literature
review. The criteria for optimisation have been highlighted for each protocols. With the help
of the French Society of Medical Physicists (SFPM), measurements are being collected on a
large scale in France. Then, knowing more precisely the patient dosimetry of each protocol,
referral criteria will be reviewed and prioritised to implement the principle of justification.
The authors will present and explain the chosen methodology (methodology of the
Accreditation and Evaluation in Health Agency: ANAES) for completing this two years
workload program, and will demonstrate clinical examples as well.

Radiological procedures: quality criteria and dose optimisation. French status 1
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Introduction

The Council Directive 97/43/Euratom of June 30™, 1997 on health protection of individuals
against the dangers of ionising radiation in relation to medical exposure has come into force
on May 13", 2000 date of application of Directive 96/29 Euratom on the basic safety
standards to which it is linked.

To implement articles 4 and 6 of the Directive, the French health directorate (Direction
Générale de la Santé) entrusted its radiation protection agency (Office de Protection contre les
Rayonnements Ionisants — OPRI) with the specific request of working with relevant scientific
and professional societies.

For the domain of medical investigations with X rays, the corresponding work has been
carried out with the radiologists represented by their national scientific society, i.e., Société
Frangaise de Radiologie (SFR).

Steering Committee

A Steering Committee has been created and brings together SFR members and OPRI

specialists in charge of the mission. The Steering Committee established its proper rules of

functioning to accomplish the mission:

o To obtain the co-operation and agreement of the accreditation and evaluation in health
agency (Agence Nationale d’Accréditation et d’Evaluation en Santé - ANAES) on a
proposed method.

o To obtain the co-operation of radiologist experts dedicated to every main radiological
specialty (chest, pediatry, neuroradiology...)

o To obtain a broad and representative view of radiological practices in France by selecting
contributing experts from university hospitals, general hospitals, private practice with the
advice of the national union of French radiologists (Fédération Nationale des Médecins
Radiologistes -FNMR)...

a To obtain the co-operation of experts in medical physics (Société Frangaise de Physique
Médicale)

o To use the expertise of radiology technicians (Association Frangaise du Personnel
Paramédical d’Electroradiologie)

o To use European guidelines if applicable and to liaise with European experts groups
(European Commission MED Working Party)

o To report regularly to the French directorate of health for critical follow up from
administrative advisors

o To meet regularly for reviewing and validating all updated documents and to make
arbitration when necessary

Methods

Since the article 6 of the Directive requires that written procedures have to be established for

each type of radiological practice and since such documents are needed for accrediting

radiology departments, the Steering Committee has decided to launch a complete
standardisation of radiological procedures at the national level with the following steps:

o To identify all diagnostic radiology and interventional protocols starting with those
contributing mostly to both individual and collective dose, i.e., the most frequently used
protocols and those delivering significant doses.

o To write down radiological procedures for all of the above protocols. So far 120
examinations have been identified and precisely documented along the following lines:
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e To define for each radiological examination the quality criteria expected of the
outcome, i.e., what is to be seen in images for each clinical situation. Patient dose
optimization has to be obtained in a context of sufficient diagnostic information to
conclude and answer the clinical question which has priority. The goal is to avoid
useless exposures, e.g. exposures with such a reduced dose that medical useful
information may be lost, leading subsequently to exposing the patient again to get the
needed information. There is no optimisation of the exposure without a good medical
outcome.

e To precisely define technical parameters used, e.g. X ray tube voltage, tube current and
exposure time product, total filtration, geometric parameters of the examination
(distance, exposed area, angle...)

e To discuss and select the dosimetric quantities to be used as National Diagnostic
Reference Levels taking into account European choices: - in conventional radiology,
the entrance surface dose for single exposure and the dose area product for complete
examination, - in computed tomography, the weighted CT Dose Index per slice and the
Dose Length Product for a complete CT examination, - in interventional radiology the
choice of dosimetric quantities is still subject to discussion. The dosimetric quantities
already selected are clearly defined, can be easily measured and consequently can be
easily used in all radiology departments.

o To establish for each protocol the corresponding dosimetry according to its physical
parameters and to evaluate the influence of each parameter individually and of various
combination of parameters on dosimetric values. These evaluations are keystones of the
optimisation process.

o To obtain the agreement of the scientific experts on a national basis on all criteria and
parameters by using ANAES methodology of experts consensus. The first draft of each
protocol was written by a working party of organ dedicated experts (15 groups) lead by
three experts, one being member of the Steering Committee. Each written protocol was
then reviewed by groups of 10 to 12 readers carefully chosen by the SFR and FNMR to
keep an appropriate balance between all types of practice, and from large cities to country
towns. The selection of reviewing groups has been an essential step to ensure the
acceptance and the validity of the protocols as truly representing the daily practice.

o To review each protocol with the Steering Committee, the aims of the critical analysis
being the validation of each procedure. The Steering Committee has set up an editorial
committee in charge of the realization of the reports, with a special task of harmonization
of the presentation of the different procedures. Whenever necessary, the protocols have
been sent back for further discussion and an iterative method applied.

o To finally establish National Diagnostic Reference Levels in France for all defined
protocols, subsequently named “SFR protocols”.

Indeed, each expert has contributed primarily in his/her field of expertise (SFR, the
radiologists and technicians to the definition and description of the procedures, OPRI and the
physicists to all dosimetric issues), with a fruitful interaction between all of them.

Current status

Two preliminary reports were published in November 1999 and July 2000 and approved by
the French health directorate.

The report is being completed for a publication during the first quarter of 2001. This report
will be the first complete set of recommendations for good practice in radiology in France,
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established and approved by SFR. Validated by more than 150 French radiologist experts,
these protocols represent the national current consensus for radiology practice in France.
Dosimetric evaluations corresponding to the “SFR protocols” have been obtained by OPRI
and SFPM physicists by different means: values calculated from the technical parameters,
measurements already available from experiments performed in a number of radiology
departments according to the protocols, and values from critical review of literature. All these
values indicate that medical exposures to X rays in France for the main diagnostic
examinations are in the range of the published European Reference levels. Consequently,
these European Reference levels can be adopted as starting points in France.

Future developments for assessing French Reference Levels

Reference Levels in radiology have to be determined in the near future in France with wide
scale surveys of typical doses for common procedures, allowing the determination of third
quartile values as recommended by the European Commission.

Thus the Steering Committee has decided to launch for 2001 a large campaign of
measurements with the following rationale. Methods of measurements are established by the
medical physicists of SFPM for the selected protocols and approved by the Steering
Committee. Measurements are carried out on a large scale in the country, collecting data for
all types of equipment, in departments representative of radiology practice in the country.
Since the “SFR protocols” define the new standards of diagnostic radiology practice, it is
assumed that the corresponding Reference Levels represent a fair view of the exposures
yielding to images fulfilling quality criteria for diagnosis.

The Steering Committee expects that within the year 2001 enough data will be collected
allowing to build up French Reference Levels to be subsequently used by all radiologists.
According to the Directive, these Reference Levels will serve for optimization for all
radiologists. All practitioners will be encouraged to measure dosimetric quantities
corresponding to the “SFR protocols” used on their equipment, to compare the results with the
Diagnostic Reference Levels nationally established and to act consequently. In case of
discrepancy, investigations will be necessary to fully understand the possible causes.
Situations where patient doses are unusually high will lead to review of procedures and
equipment if necessary.

Perspectives on French medical exposures

The French health directorate and OPRI plan to collect all measured dosimetric values in a
national database in order to ensure the perenniality of the national Reference Doses and to
facilitate their periodic review in a continuous process of optimization and reduction of
unnecessary doses. The French health directorate is currently enforcing quality assurance
surveys of radiological equipment which is also a key factor of limitation of medical
exposures to ionizing radiation.

It is the intention of the Steering Committee to continue to update the protocols along the lines
of the improvement of radiological technology in the future and with the approval of the
French health directorate. The annual publication of an updated document is considered.
Ultimately, patient dosimetry of each diagnostic radiology protocol will be used to review the
referral criteria for imaging to implement the principle of justification of medical exposures to
ionising radiation.
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QUALITY ASSURANCE IN RADIOTHERAPY
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ABSTRACT

Quality assurance in the management of a patient receiving radiation therapy and the role of the radiation
oncologist and medical physicist in this process is described. The constraints on available personnel is
recognised and the need for further education resources and IAEA activities in education for both groups
described.

IAEA activities in the clinical and dosimetric aspects and the resultant publications and education have
contributed to a culture of quality assurance.

1 INTRODUCTION

Radiotherapy involves the use of ionizing radiation in the treatment of cancer patients. It is a multi-
disciplinary speciality involving the use of complex equipment and procedures. It includes many phases,
from diagnosis to clinical decision to undertake treatment, treatment delivery and follow-up. A
systematic and comprehensive approach to quality assurance (QA), covering all these phases, is of vital
importance to ensure optimum treatment of patients. Such QA programmes have been recommended by
many professional bodies such as ESTRO [1] and AAPM [2], and should follow the guidelines given in
the Basic Safety Standards (BSS) [3] and by WHO [4]

The main rationale and justification for quality assurance in radiotherapy is to ensure that not only does
the patient receive good quality treatment but is also protected from accidents and errors (random and
systematic). QA aims at minimizing the occurrence of random errors and at eliminating large systematic
errors, contributing to the minimization of the morbidity rate and maximization of the cure rate of
radiotherapy patients. This concept is emphasized in the BSS [3]. Patient safety is therefore integrated
within the overall QA programme of radiotherapy [5].

At the national level, the establishment of a QA programmes should take into account international
recommendations and existing national guidelines. To ensure that radiation therapy centres have a
common basis for developing and implementing their quality assurance programmes, professional bodies
representing radiation oncologists, medical physicists and medical radiation technologists should develop
national guidelines or standards for radiation therapy quality assurance and set out a uniform quality
assurance program to be adopted by all radiation therapy centres, taking into account the level of practice
in the country. Several major issues should be considered before the establishment of a national quality
assurance program for radiation therapy, including the licensing and regulation of radiotherapy
equipment, the accreditation process, if it exists, the problems with the review process and compliance,
the cost-benefit analysis of setting up an independent external quality assurance programme, the need to
maintain confidentiality of patient records and the need to respect professional standards.

The IAEA assists its Member States to establish and implement national QA programmes through its
programmatic activities and Technical Cooperation projects. The IAEA assistance is directed to national
regulatory bodies for the establishment of a regulatory framework, which complies with the BSS, to
standards laboratories for metrological traceability, and to end users at hospitals for the development and
implementation of QA programmes. Traceability of radiation measurements for radiotherapy dosimetry
and quality audit services, run jointly with WHO, such as the IAEA/WHO postal TLD service for the
verification of the clinical beam output, are also offered by the IAEA to the Member States. To
coordinate its activities in QA in radiotherapy, close cooperation is maintained with other international
organizations and professional bodies such as WHO, ICRU, ESTRO and IOMP.



2 REQUIREMENTS FOR QA

QA in radiotherapy encompasses all procedures which aim to ensure a consistent and a safe fulfilment of
dose prescription to the target volume while minimizing the dose to normal tissue, minimal exposure to
personnel and the public. It involves all clinical, physical and technical, and safety procedures. The QA
programme should be established by professionals working in the field of radiotherapy, taking into
account the level of practice in the country and following international recommendations and guidelines.
Either voluntary quality assurance guidelines or mandatory regulations could be used to achieve national
uniformity. In both cases, however, a peer review program to audit the compliance with the national
standards, if they exist, or international guidelines, should be established. If necessary, compliance with
the national standards can be made as a condition of the licensing process.

The TAEA has established guidelines, taking into account clinical, medical physics, radiation protection
and safety considerations, for designing and implementing radiotherapy programmes at the national level

[5].
2.1 Staff requirements

The clinical use of ionizing radiation is a complex process, involving highly trained personnel. It is
important that all staff dealing with patients, radiation sources and equipment have the necessary
education background, adequate training and recognition of their status. The main categories of staff
required and their responsibilities and training requirements are given elsewhere [2, 6, 7].

The shortage of professionals in the field of medical physics in developing countries is fully recognized.
In the northern part of Africa, the number of medical physicists in radiotherapy per million population, is
less than 0.3 whereas it fluctuates from 2 to 15 in Europe (according to data published by the European
Federation of Organizations of Medical Physicists in Europe (EFOMP) [21]). In addition, the
competency and qualifications of medical physicists in Europe are wellcontrolled through national
regulations and the European Directive [22]. This is not the case in many developing countries where in
reality the number of “qualified medical physicists” may be even lower. Consequently, the development
and implementation of QA programmes in radiotherapy in many developing countries can be severely
hampered by the lack of professionals in the field of medical physics.

A similar situation exists in the clinical field where, in some developing countries, a radiation oncologist
may be responsible for upwards of 500 new patients per year in contast to 250 in developed countries.

2.2 Radiation protection and safety aspects

The general requirements include the review and approval by the regulatory authority aiming at ensuring
radiation protection and safety of sources. These requirements cover all aspects described in the BSS and
regulatory guidance [19]. In addition to administrative requirements, the control of exposure
(occupational, medical and environmental), the safety of sealed radiation sources and equipment,
including accessories, require conformity with ISO [10, 11, 12] and IEC standards [8, 9], respectively.

National regulatory bodies should apply the requirements of the BSS, together with national regulations,
to review radiotherapy practice.

Radiotherapy centres can use the guidance provided in the BSS or propose alternative measures with an
equivalent level of protection and safety [19].

2.3 Clinical aspects

This process commences with patient registration. Besides the domiciliary and medical records, the
pathological diagnosis should be part of a national and institutional cancer registry. Pre-treatment
evaluation with combined clinical assessment has a vital role in selecting the optimal management
strategy within the limitations of resources. The patients’ rights through informed consent must be



respected. Psychosocial problems need to be addressed during and after treatment, both for the patients’
benefit and to assure their compliance. Treatment planning and daily treatment need to be accurate and to
be recorded. During the treatment period, the patient must be examined periodically and the treatment
plan modified if required. Finally, an established patient follow-up procedure is required to pre-empt or
manage complications and as a long-term assessment of the efficacy of management.

The two major tools to assist in achieving this clinical quality assurance are: firstly an institutional
protocol manual clearly identifying the clinical management practice for the institution in all its
multidisciplinary aspects, respecting the constraints within an institution, and secondly a departmental
procedure manual, covering both clinical (immobilisation, simulation) and physical procedures.

24 Physical and technical aspects

The physical and technical aspects of the QA programme are usually performed under the responsibility
of the medical physicist and cover the following areas: quality control of equipment including acceptance
testing and commissioning; beam dosimetry including traceability of measurements and use of a code of
practice; treatment planning and patient treatment including final verification of the accuracy of the
delivered dose. The details of such QA programmes are described extensively by IAEA [5], AAPM [2]
and ESTRO [1].

25 Organizational relationship and responsibility for quality

At the institutional level, the organizational structure of a radiotherapy centre should be well defined. An
essential element is the establishment of an organizational chart, which should clearly show all
hierarchical, functional and operational relationships. All responsibilities, tasks and competencies of
each staff member must be clearly defined. For each task, a responsible person must be designated. In
particular, the organizational structure should indicate who could stop radiotherapy treatments. It is a
general practice to have the medical practitioner (radiation oncologist) be the responsible person for the
medical exposure [20], including the protection of the patient. It is also usual practice for the medical
practitioner to delegate parts of this responsibility to qualified persons. The medical physicist usually
takes responsibility for the physical and technical aspects of QA [2, 5, 7].

At the multi-institutional level, there is a need to coordinate activities related to the external QA
programme. It is well established that metrology institutions, such as Secondary Standards Dosimetry
Laboratories (SSDLs), are usually competent to check the beam calibrations. External QA groups which
mclude experts from the metrology institution and radiotherapy centres should be set up at the national
level. The IAEA has helped 12 countries to establish External Audit Groups (EAGs) through a Research
Coordinated Project [23].

3 TIAEA ACTIVITIES IN SUPPORT OF QA IN RADIOTHERAPY

The IAEA activities in support of QA in radiotherapy cover a large spectrum. In particular, the IAEA
Division of Human Health provides:

- services to Member States for metrological traceability and external quality audits to
radiotherapy centres, in collaboration with the IAEA Laboratories in Seibersdorf,

- research and development to foster exchange of information and help in the transfer of know-
how in the field of QA in radiotherapy, covering clinical, physical and technical aspects, and

- support to technical cooperation projects in the field of radiotherapy and medical radiation
physics, including training and education of staff.

Through its research and development activities in the clinical aspects of QA, both potentially optimal
treatments and resources-sparing treatments are investigated. In the physical and technical aspects of QA,
the IAEA Division of Human Health promotes standardization and harmonization of codes of practices
and procedures used in QA, in close cooperation with other international organizations and professional
bodies.



Education is the foundation for all quality assurance. To this end, the IAEA is in the process of
developing a distance-learning programme to assist in the training of the basic sciences of radiation
oncology intended primarily for radiation oncologists and therapy technicians.

31 Traceability and quality audit services

In the framework of the international measurement system the IAEA, in collaboration with the Bureau
International des Poids et Mesures (BIPM), provides the metrological link through its IAEA/WHO
network of Secondary Standard Dosimetry Laboratories (SSDLs) for traceable calibrations needed in
radiotherapy. The [AEA's support is accomplished with the transmission of calibration factors for
national measurement standards from the BIPM or Primary Standards Dosimetry Laboratories (PSDL)
linked to the international measurement system. Each year, the IAEA provides traceability for
radiotherapy dosimetry to about 20 Member States, mainly to those countries who are not members of
the “meter convention” and do not have access to a PSDL. As a second step, dose quality audits and
follow-up programmes are implemented to help the Member States ensure that the standards transmitted
to hospitals are kept within the levels required by the international measurement system [14]. These
programmes include intercomparisons of ion chamber calibrations made by SSDLs and dose quality
audits using mailed Thermo Luminescent Dosimeters (TLDs). The intercomparison programme is
available to the member laboratories of the IAEA/WHO SSDL Network, while dose quality audits are
provided to radiotherapy centres through the IAEA/WHO TLD postal dose service. Both programmes are
essential for assuring high accuracy in clinical dosimetry.

Ionization chambers are used in the intercomparison programme to assess the ability of the SSDLs to
calibrate their own as well as hospital’s dosimeters. About 40 SSDLs participated in this programme with
90% of the results within the acceptance level of £1.5%. The TLD programme for SSDLs annually
checks about 80 beam calibrations by 60 laboratories with 95% of the results within the acceptance level
of +£3.5%. The TLD programme for hospitals aims at ensuring proper calibration of radiotherapy beams.
The JAEA is responsible for the technical aspects of the service and WHO (or PAHO) takes care of the
mailing and distribution of the TLD capsules to radiotherapy hospitals. This service checks
approximately 400 clinical beams per year and has checked a total of more than 3500 radiotherapy beams
in approximately 1000 centres. At present, about 80% of the results are within the acceptance level of
+5%, compared to 65% in the past. Subsequent follow-up actions in centres with poor results have
helped the radiotherapy centres resolve the discrepancies, thus preventing further mistreatment of
patients.

3.2 Codes of Practice

The TAEA has maintained an interest in standardization and development of Codes of Practice (CoP) for
radiotherapy dosimetry going as far back as the seventies, resuiting in several publications in the field.
The IAEA has published the first CoP in 1970 [15], followed by “Absorbed Dose Determination in
Photon and Electron Beams” (TRS-277) in 1987 and updated in 1997 [16]. Another Code of Practice
(TRS-381) for radiotherapy dosimetry on “the Use of Plane-Parallel Ionization Chambers in High-Energy
Electron and Photon Beams” was published in 1997 to update TRS-277 and complement it in the field of
parallel-plate ionization chambers [17]. Following the world trend in radiation dosimetry, the IAEA had
developed a new Code of Practice, based on absorbed dose to water standards, under the framework of a
Co-ordinated Research Project. This CoP has been endorsed by WHO, PAHO, and ESTRO and will be
published soon by the IAEA on behalf of these organizations as TRS-398 [18].

The Codes of Practice developed by the IAEA on absorbed dose determination in radiotherapy beams
[TRS-277, TRS-381] are presently used by many physicists involved with dosimetry in radiation therapy,
and have been adopted by several countries as their national dosimetry protocol.

33 Technical cooperation projects

The IAEA's Technical Co-operation Programme is based on an assessment of the development priorities



and conditions in each specific country or region. The programme also includes regional and
interregional projects that are developed to improve the efficiency of implementation or to utilize better
the collective experience and resources of multiple Member States. During 2000, the IAEA Division of
Human Health provided technical assistance to 64 national projects to support the establishment of
radiotherapy services or to improve QA of the operational radiotherapy centres in the Member States. In
addition, 10 regional projects, aiming at solving common problems in the geographical region mainly
through training courses or workshops were also supported. Twelve IAEA Regional Training Courses,
covering clinical, physical and technical aspects of QA in radiotherapy, were organized during 2000.

Taking into account the shortage of medical physicists in developing countries, support for the
development of university degrees in medical radiation physics has become an important goal. This has
been implemented with success, under a technical cooperation project in the Latin American Region and
may be extended to East Asia and Africa. In addition, training courses and workshops, covering all
aspects of QA, are organized each year by the IAEA. These training courses are directed towards
radiotherapy staff, i.e. radiation oncologists, medical radiation physicists, maintenance engineers, and
radiographers, including technicians. In addition, attendance at training courses provided by ESTRO is
supported by the IAEA.

Through training courses on clinical topics, the IAEA promotes an awareness of the best evidence-based
standards of management of clinical problems and encourages subsequent development of the relevant
protocol and procedure manual entries. Concerning the physical and technical aspects, the training
courses and workshops provide a unique opportunity to physicists to harmonize procedures and for
continuous upkeep of knowledge and exchange of experience in QA.

4 CONCLUSION

There are many indicators that the IAEA through its different activities is assisting the Member Sates in
the development and implementation of QA programmes in radiotherapy. These activities also help
disseminate not only the technical knowledge but also the basic ingredient of the QA culture. The IAEA
maintains close contacts and cooperation with other international organizations and QA networks to
coordinate its activities and avoid duplication of efforts.
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PATIENT DOSE ARISING FROM COMMON DIAGNOSTIC X-RAY
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Patient dose is of great importance in diagnostic X-ray examinations . Although everywhere
radiographeres try to use standard techniques but wide variations in patient dose for identical X-ray
examination have been observed not in different hospitals but in different units of one X-ray department .
In the developed countries more attentions have been paied to this problem and quite a few papers have
been published . But there are very few reports form developing countries.

In Iran non or very few reports are avilable . The aim of this study was to assess the organ dose and
effective dose of patients undergoing the most common X-ray examinations in Ghama hospital . 385
paieats (185 male and 200 femal ) were examined . The diagnostic examinations included in this
research were Chest (PA) , Pelvic (AP) , Waters , Cexvical Spine (AP , Lat), Lumber Spine (AP, Lat).
Lumbo Saceral (AP, Lat) , Skull (PA, Lat ) . To calculate absorbed dose of 26 organs as well as effective
dose ODS - 60 softwere was employed . The organ dose varied with the type of examination e.g . the
highest gonadal dose of male patients was equal to 9.62 + 1.89 mGy and resulted from pelvic (AP)
examination . While Lumbo saceral spine examination produced the highest gonadal dose equal to 4.21 +
1.39 mGy to female patients . Maximura bone marrow dose delivered to male and female patients were
3.25% 0.62 mGy and were caused by Lumbo Saceral . Average effective dose (3.68 £ 0.91 mSv ) is
related to the radiography of Lumbo Saceral (Lateral view ) of male patients.
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Abstract

The attitudes of the people are conclusive for preventing and detecting incidents, and to
carry out the necessary corrective actions as well. These attitudes are not only defined by
people’s knowledge and training, but also by some non-rational concepts and ideas —named
“myths” by the authors-; an example of this is assuming that an alarm is failing, just because
of the fact that it is ringing.

The most ordinary myths and their influence in accidents that have already happened are
analized; the difficult stages to get over them are shown in the current work.

We arrive to the conclusion that the accidents that will surely take place in the future, are
going to be because of one —or more than one- of the reasons mentioned here; and they will
also be future “learnt lessons”

1. Introducciéon

Los accidentes (no solo radiolégicos) comienzan con un evento iniciador (“incidente’)
originado en fallas de equipos, de procedimientos 0 ~mas cominmente- una combinacién de
ambas. Pero si ese “incidente” deriva en un “accidente” es siempre como consecuencia de
fallas humanas, ya sea por accién u omision.

Estas fallas pueden demorar la detecciéon del incidente y/o traducirse en una
intervencién inadecuada que hara que las consecuencias sean mas graves que lo que el evento
iniciador podria sugerir.

Las “Lecciones aprendidas” de los accidentes documentados se han volcado en
Criterios y recomendaciones, como por ejemplo los conceptos de Cultura de la Seguridad 'y
Defensa en Profundidad; también en Normas y Regulaciones especificas: por ejemplo, en
Argentina la exigencia de contar -en las instalaciones de Cobaltoterapia- con una alarma que
detecte la condicion de fuente expuesta en base a un monitor de radiacién, se impuso como
norma luego de un evento en el que el personal no advirtié que la fuente habia quedado
trabada. La difusion de la informacion referida a accidentes, merced a la accién de entidades
académicas y sociedades de radioproteccién contribuye asimismo a que estas lecciones sean
aprendidas por la mayor cantidad posible de personas.

Sin embargo las actitudes de los actores (médicos, técnicos, fisicos, etc.) respecto de la
prevencion, deteccion e intervencion estan condicionadas por factores no racionales que
muchas veces hacen olvidar las lecciones aprendidas. “El hombre es un ser anfibio que vive
simultdneamente en dos mundos: el arido mundo de los hechos y el mar de los simbolos. Er
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realidad, los hechos deberian predominar a los simbolos, pero a menudo sucede lo contrario|
11”

Podemos preguntarnos: Las “lecciones aprendidas” ;son realmente aprendidas por
quienes corresponde? ;Podemos identificar algunos de los simbolos o “mitos” que
contribuyen a que ocurran los accidentes o se agraven sus consecuencias? ;Tenemos
argumentos para refutar esos mitos? ;Podemos hacer algo para que las “lecciones aprendidas”
se traduzcan en ‘“actitudes aprehendidas™?. A continuacién se plantean algunas
aproximaciones a esta problematica..

2. Mitos y Creencias
2.1. Casol

Durante la Conferencia de la European School of Oncolgy (Buenos Aires — abril de
2000) el orador (Director de un importante centro de terapia Radiante de Italia) comparaba la
Braquiterapia de Pulsada (PBT) con la Braquiterapia de Alta Tasa de Dosis (HDR). Un
médico canadiense, miembro del auditorio, le hizo referencia a que en Estados Unidos la NRC
(Comision Reguladora Nuclear) requiere la presencia de un oficial de seguridad cada vez que
se efectia una aplicacion, como consecuencia del accidente ocurrido en 1992 con un equipo
de HDR que provoco la muerte de un paciente y sobre exposicion a varias personas [2]; este
médico pregunté al orador como implementar esto en PBT, ya que esta técnica implica
muchas aplicaciones por dia por cada paciente, y en cualquier horario.
Las respuestas del orador pueden considerarse paradigmaticas:
“El disefio de nuestra mdquina es mejor, ese accidente no nos puede ocurrir” Mito 1:
Podemos confiar ciegamente en la tecnologia, con tal que esta sea buena.
“Hemos efectuado muchas aplicaciones y NUNCA OCURRIO NADA” Mite2: el
riesgo de que ocurra un accidente es directamente proporcional al tiempo de trabajo
sin_problemas, independientemente de las medidas de seguridad implementadas
Corolario 1 Las regulaciones de Estados Unidos son excesivas. Corolario 2:Todas las
regulaciones son excesivas.

2.2. Mito 3: “E Pastor Mentiroso”’

En el accidente fatal referido en el punto anterior, donde una fuente de '**Ir de 137GBq
(3.7 Ci) se desprendio y fue dejada dentro del paciente, tres técnicos advirtieron las sefiales de
alarma (sonora y luminica) generada por el detector de radiacion en el interior de la sala de
tratamiento, y “decidieron” que el instrumento estaba funcionando mal, sin efectuar
comprobaciones adicionales. Existen muchos otros ejemplos de esta actitud, probablemente
debida a anteriores falsas alarmas, entre los cuales podemos destacar:

Desde el punto de vista de la “Defensa en Profundidad’ en el accidente en el Hospital

Clinico Universitario de Zaragoza la (ltima barrera de deteccion del problema fue el

indicador de energia en el comando del equipo, que funcionaba correctamente pero el

valor anormal de su indicacion fue atribuido a un mal funcionamiento del monitor.

El accidente en la planta de irradiacion de El Salvador es un ejemplo extremo: el

sistema de deteccion de posicion de fuente fue directamente eliminado, y los interlocks

puenteados.
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Buenos Aires, agosto de 1999: Un avién se estrelld al no lograr despegar. En la
grabacion de la “caja negra” puede escucharse claramente la alarma que indicaba que
las alas no estaban configuradas para el despegue. Se especula con que la alarma solia
sonar en forma espuria y por lo tanto los pilotos no la tuvieron en cuenta cuando estaba
indicando un problema real.

2.3.  Algunas otras creencias que afectan negativamente la seguridad

A los fines de la seguridad es suficiente con cumplir con los limites de dosis.

La Garantia de Calidad es algo que hace el Fisico por las noches y los fines de semana.
La Garantia de Calidad consiste en controlar el funcionamiento de los equipos.

Hacer un doble control (por ejemplo en la dosimetria de los pacientes o en la
performance de los equipos) implica desconfiar de la idoneidad de quien hizo el
trabajo original.

Los viernes -o visperas de feriado- por la tarde son dias como cualquier otro (los
accidentes de Zaragoza, del Reactor RA2 en Argentina, y muchos més ocurrieron
viernes por la tarde).

3. Comentarios y Refutaciones

3.1. Mito 1

Cuanto mas sofisticado es un equipo o un sistema mayor es la variedad de fallas que
pueden ocurrir. Por lo tanto mayor serd la cantidad y complejidad de los procedimientos
operativos destinados a verificar su correcto funcionamiento. El simple hecho de que un
equipo u aparato sea, en términos relativos, mas seguro que otro no lo hace absolutamente
seguro.

32. Mito2

Muchos accidentes se han producido, no “a pesar de” sino “como_consecuencia de” la
experiencia de los operadores y el consecuente relajamiento de las medidas de seguridad. El
unico accidente radioldgico mortal ocurrido en Argentina (Centro Atomico Constituyentes,
Buenos Aires, 1983) tuvo como protagonista a un operador sumamente experimentado. Se
pueden dar muchos ejemplos mas.

33. Mito3

Siempre que se relatan (en nuestras clases, en una conferencia, etc.) casos en los que
una sefial de alarma no fue tenida en cuenta, asumiendo un mal funcionamiento de la misma,
la reaccidn del auditorio es de sorpresa y nunca faltan los comentarios despectivos respecto del
nivel intelectual de los protagonistas. Esta puede ser la explicacién tltima en muchos casos,
pero este es un punto que deberia analizarse desde un enfoque psicolégico, pues esta tendencia
a negar los problemas es mucho mas comun de lo que una primera lectura podria sugerir.
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4. Conclusiones:

4.1. Los problemas planteados no pueden analizarse solamente desde un punto de vista
racional; los factores involucrados se encuadran mejor dentro del campo de la psicologia y la
sociologia. Excluir estas ciencias del analisis de accidentes significa cerrar una puerta a la
posible solucion los problemas.

42. Las “lecciones” que nos dejan los accidentes generalmente son “aprendidas” s6lo por
un sector de los actores involucrados: los organismos reguladores o instituciones cientificas
especializadas. En la formacién de médicos, tecnélogos, fisicos (al menos en Argentina) muy
pocas instituciones tienen en su Curricula la materia Seguridad Radiolégica.

4.3. Nuestros alumnos de las carreras de Fisica Médica y Diagnéstico por Imagenes deben
“aprender las lecciones” que nos dejan los accidentes. Creemos que al menos durante un
tiempo tendran tanto la formacién como la conciencia y actitudes para prevenir, detectar e
intervenir en accidentes, pero nuestra pregunta (y nuestro temor) es: ;Cuanto tardardn en ser
imbuidos por los “mitos y creencias” mencionadas en el presente trabajo...?

4.4. A lo largo del presente trabajo se utiliz6 el término “mito” pues se refiere a creencias
que no soportan un andlisis critico pero son dificiles de desarraigar, puede tener un lejano
trasfondo de verdad , se transmite por fuera de los ambitos académicos y se realimenta
continuamente a si mismo. Para ilustrar esto final se describen las “reglas para crear un mito [
3]

1- los conceptos se vinculan por analogia. Por ejemplo: Gobierno-Ineficiencia-Normas-
Burocracia da como conclusién: las normas son inutiles.

2- Si tout se tient, tout se tient. No es necesario que un concepto se concluya
necesariamente de otro, es suficiente con que no haya contradicciones (esto en ldgica
se llamaria falacia de afirmacion del consecuente) Por ejemplo para llegar a las
conclusion de que las normas son imitiles es suficiente conque “algunos™ gobiernos
sean ineficientes, y no todos ellos...

3- Las conexiones deben haber aparecido una vez y mejor si han aparecido muchas
veces: cuantos mas gobiernos ineficientes, burocracia, normas inadecuadas o
incumplibles, més fuerza tendra la conclusion de que las normas son inutiles.

4.5. Casi con certeza durante el presente afio ocurrirdn accidentes que tendran entre sus
causas algunas de las aqui mencionadas. Estos accidentes seran analizados y nos permitiran
aprender nuevas lecciones. O al menos nos permitiran repasar las ya estudiadas...
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ABSTRACT

Full-field digital mammography systems have been developed for overcoming the limitations
of the screen-film mammography. This work is focused on the system from GE Medical Systems
(Senographe 2000) which has been recently installed in our institution. The imager consists of a thin
Ics:T1 scintillator which is in narrow contact with an array of amorphous silicon detectors mounted in
a single panel. The flat-panel detector is integrated in a x-ray system with a high-frequency generator
Senographe DM and dual track anode of Mo and Rh with Mo and Rh filtration. The aim of this work
is to analyse the defaults exposure factors set at the installation of the x-ray unit. The image quality
has been evaluated by using one of the two phantoms recommended in the ACR Accreditation
Program. Phantom images were obtained at each of the three available imaging modes: contrast
(CNT), standard (STD) and DOSE. While maintaining the defaults of kilovoltage and anode/filter
combination, phantom images were obtained at lower dose vales. The contrast noise ratio (CNR) was
calculated for each of the low contrast objects (masses) of the phantom images and the details
visibility was also evaluated. The results obtained for both parameters reveal that similar image
quality can be obtained with significant reductions of the average glandular dose.

1. INTRODUCTION

The development and application of digital technologies in mammographic x-ray systems has
been the subject of many investigations, which have addressed the capability of such systems for
overcoming the limitations of screen-film mammography. The first digital mammography systems
introduced were for the guidance of stereotactic biopsy procedures {1] but these systems use small-
format devices that are not directly applicable to full-breast mammography. To overcome this
limitation, four manufacturers have been working in development of prototypes that accomplishes the
requirements of full-field digital mammography. Now, the system from GE is commercially available
and we present in this work the results obtained in a preliminary evaluation of the Senographe 2000D.
This digital mammography system is based on a multipulse high frequency generator (Senographre
DMR, GE Medical Systems, Milwaukee, USA). It is equipped with a dual track target (Mo and Rh)
with selectable filtration of Mo or Rh and a non-stationary grid. The full breast digital imager is
composed of a thallium-doped caesium iodide (CsI:Tl) scintillator in contact with a two dimensional
amorphous silicon photodiode array manufactured in a single module. The array is formed by a
matrix of 1800x2304 detector elements that are 100 um in pitch. The electrical signals of each pixel
are individually read out and digitised to 16 bits digital values. The important physical properties
(dynamic range, presampling modulation transfer function (MTF), noise power spectrum (NPS),
detective quantum efficiency (DQE) and noise equivalent quanta (NEQ)) of the flat panel detector
were evaluated with a clinical prototype and the results were recently published [2]. These results
indicate that the DQE is improved with the flat panel imager (mainly for the frequencies involved in
the low-contrast lesions imaging) and the spatial resolution is higher with screen-film systems. The
lower spatial resolution can be overcame by contrast enhancement of digital data as it is suggested in
some studies [3].



IAEA-CN-85-233

3. MATERIAL AND METHODS

The default exposure techniques established by the manufacturer during the installation of the
facility have been evaluated in terms of dose and image quality. Tube output at each kVp and
anode/filter combination were measured by using an ionisation chamber (4000 M Plus, Victoreen
Inc., Cleveland, USA) calibrated and traceable to a secondary standard. The chamber was positioned
at 52 cm from the tube focus, and the compression paddle was in place at 10 cm above the chamber.
Entrance surface dose (ESD) was calculated from tube output measurements and the current tube time
product needed for obtain each phantom image. Image quality was evaluated with the Nuclear
Associates model 18-220 phantom (Nuclear Associates, New York, USA) which is one of the two
phantoms approved by the ACR Mammography Accreditation Programme {4]. The 18-220 phantom
is equivalent to approximately 42 mm compressed average breast (50% adipose/50% glandular
composition) and was placed on the breast table with its chest-wall edge aligned with the chest-wall
side of the imager. Two phantom images were acquired at the three different automatic imaging
modes that are available in the mammographic system: contrast (CNT), standard (STD) and dose
(DOSE). The default exposure factors (kVp, mAs, anode/filter combination) together with the ESD
and the average glandular dose (DG) displayed at the acquisition workstation monitor were recorded
for each image. Subsequently, several images were acquired at the manual mode by reducing to the
half the mAs while maintaining the kVp and anode/filter combination. The image quality was
estimated in terms of contrast noise ratio (CNR) and detail visibility for the processed phantom
images. The CNR was evaluated for the low contrast test objects included in the phantom simulating
masses. This parameter was calculated through the following expression {5]:

where p represents the mean and o the pixel to pixel standard deviation of a region of interest (ROI).
The subscript “in” refers data collected from the ROI within the low contrast objets and “outl” and
“out2” refers data collected from two ROI adjacent to the test objects. The ROI area was 350 pixel
side for the in and out ROIs. An experienced observer evaluated the detail visibility over the
processed images displayed in a high-resolution monitor. Window, level and magnification settings
were set to maximise visualisation of fibers, specks, and masses. The number of each type of details
visualised was compared with the acceptable scores proposed in the Stereotactic Breast Biopsy
Accreditation Program (ACR-SBBAP) {6] introduced by the ACR for digital systems.

3. RESULTS

The ESD values estimated from measurements with the ionisation chamber were
approximately 10% lower than the values calculated and displayed by the system. This difference is
of the same magnitude that the measurement errors.

3.1.  Contrast noise ratio (CNR)

The CNR values of the masses calculated according to the above expression are represented
in Fig. 1(a). Each curve corresponds to the default exposure conditions displayed for the three
imaging modes (CNT, DOSE and STD). As it can be seen, similar CNR values were found for the
CNT and STD modes while the DG value was 10% lower for the STD mode. CNR values decreased
for all the masses when DG values were progressively reduced to the half, excepting in the CNT
mode (Fig. 1 (b,c,d)). In this case, the highest CNR values correspond to the lowest DG value.
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3.2.  Detail visibility

Table 1 show the scores given to the phantom images together with their corresponding DG
values. The images obtained at the default conditions (highest DG values) accomplished the
acceptable scores proposed by the ACR-SBBAP [6] (5 for fibers, 4 for specks and 3.5 for masses)
excepting the one obtained at the DOSE mode. With this imaging mode, the scores are highest for the
image with a half DG value of the default image. This result is in agreement with CNR curves show
in Fig. 2(b). The results also demonstrate that images with similar quality can be obtained at lower
DG when the system is operating at the CNT mode. At the STD mode, the scores given to the fibers
do not meet the acceptable value. However, similar image quality is also obtained with a DG vale half
of the default one.

(@) (b)

© (d)

Figure 1. Contrast noise relation (CNR) versus low contrast details (masses) inserted inside the
phantom. (a) Comparison of the CNR values obtained at the exposure conditions set at each imaging
mode; Effects of reducing the average glandular dose on the CNR values at (b) DOSE mode (Mo/Rh,
31 kV); (c) Standard (STD) mode (Mo/Rh, 28 kV); (d) Contrast (CNT) mode (Mo/Rh, 26 kV).

Correlation between CNR and detail visibility was analysed by considering the CNR values
calculated for the last mass detected in most of the phantom images (4th mass). Fig. 2 shows that

there exists a positive correlation between CNR and the total score obtained by adding the particular
scores given to each type of detail.
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Figure 2. Correlation between total score and contrast noise ratio (CNR).

4, CONCLUSIONS

From this initial evaluation could be concluded that enough image quality could be obtained

with a dramatic reduction of the DG values associated to the default exposure conditions (Fig. 3).
The correlation between the total score and CNR show that the latest is a robust parameter for
evaluating the image quality in terms of a non-subjective magnitude.

It is also concluded that it is necessary a deeper analysis of the imager behaviour, since the

results for the CNT imaging mode are not in agreement with the linearity conditions found for this
system in previous studies [3]. Moreover, similar results were obtained with another image quality
phantom that are not here presented.

(1]

(2]

(3]
(4]
(5]

(6]

Table 1. Effects of decreasing average glandular dose (DG) values (photon fluence) on detail visibility
for each imaging mode. The values in the shaded cells correspond to the default exposure conditions.

CNT STD DOSE
Mo/Rh, 26 kVp Mo/Rh, 28kVp Mo/Rh, 31 kVp
DG 0.6 11.08 [2.24 10.12 1025 |05 1.01 }2.02 405 [095 |19
FIBERS |5 5 5.5 3 3 4.5 145 [4,75 Q4 5 4.75
SPECKS }4 |4 4 2 2 3 4 4 3 4 35
MASSES |5 5 5 1 4 4 45 (45 |5 4 4 4.75
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Abstract

Introduction. Labeled humanized monoclonal antibodies (Mab) for the diagnosis and
treatment of tumors using Nuclear Medicine procedures have contributed to decrease the
immunogenicity and HAMA response of murine MAbs, increasing the effectiveness and
usefulness of radioimmunoscintigraphic procedures. The objective of this study was to
evaluate the internal radiation dosimetry and safety of the 99mTc-labeled H-R3 Mab, in
humans. Material and methods: Ten patients with suspicions of epithelial tumors were
included on this study. They received 1110 MBq of 99mTc H-R3, intravenously. Multiple
blood, urine samples and sequential whole-body images were collected at different times. The
internal radiation dosimetry was estimated using the Medical Internal Radiation Dosimetry
(MIRD) Committee methodology. Biodistribution was computed from the scintigraphic
images and regression analysis of the time-activity curves was employed to compute the
residence times of the source organs. Hematological toxicity and adverse effects were
evaluated using the WHO classification

Results: Liver received the higher absorbed dose (4,90E-02mGy/MBq), followed by the
kidneys (1,60E-02mGy/MBq) and gallbladder wall (1,53E-02mGy/MBq). The effective dose
and the effective equivalent dose were 0,0143 mSv/MBq and 0,0190 mSv/MBgq, respectively.
The main source organs of this radiopharmaceutical were liver, spleen, kidneys and heart. No
significant changes were observed in the hematological parameters and only two patients
showed mild and moderate adverse effects, solved during the studies and not related with
radiation exposures.

Introduction.

Almost 90% of malignancies are epithelial derived tumors. Cancer of epithelial origin
constitutes one of the first causes of death world-wide [1]. Tumors of epithelial origin, like
cancer of lung, digestive tract, breast and others, have an overexpression of the epidermal
growth factor receptor (EGF-R) [2]. This fact is often related to malignancy and poor
prognosis of the disease [3]. Clinical trials have shown that anti-EGF-R monoclonal
antibodies (MAbs) could be useful for immunoscintigraphic diagnosis of epidermal tumours
[4,5].

In order to decrease the immunogenicity and HAMA response to the murine MAbs, and
increase the half-live of the molecule in the patient, it was developed a reshaped humanized
monoclonal antibody H-R3. This study include the preliminary results of the internal radiation
dosimetry, biodistribution and safety of the 99mTc-labelled H-R3 wused for
radioimmunodiagnosis of tumors of epithelial origin.

Material and Methods.

Antibody Labelling and Quality Control.
1 1
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Freeze-dried kits with 3 mg of humanised MAb H-R3 (Centre of Molecular Immunology,
Havana, Cuba) were reconstituted with 1295 MBq of pertechnetate from a *’Mo/*™Tc
generator (CIS-Biolnternational, France). Labelled product was subjected to ascending paper

chromatography. Radiochemical purity higher 90% was considered satisfactory for patient’s
administration.

Studied Patients

Ten adult patients (6 females and 4 males) were enrolled on this study. They received 3 mg of
MAD labeled with 1110 MBq of 99mTc. All patients were suspected of having either primary
or recurrent cancer of epithelial origin and had undergone CT scanning, x-ray and other
determinations. Histopathological findings were considered as a confirmation criterion (gold
standard). All studied patients gave their written informed consent previously to be included
in the clinical trial.

Biodistribution studies and internal radiation dosimetry analysis.

Anterior and posterior whole body images were acquired at S min, 1 h, 3 h, 5 h and 24 h after

administration of radiopharmaceutical, using a gamma camera (SOPHYCAMMERA DS7,

France). The gamma camera head was fitted with a diverging parallel-hole collimator to

increase the lateral viewing aspect. A 20% window centered on the 140 keV emission peak of
the ®™Tc was employed. On the gantry movements were used a speed of 20 cm/min. All

whole-body images were stored in the computer in 2048x512 byte mode matrix.

All images were processed in a SOPHY-20P system using the software BioDose v1.0,

developed at the Centre for Clinical Research. Geometric mean images were computed from

the anterior and posterior whole-body scans. They were reviewed to determine the subjective

biodistribution of *™T¢-H-R3 and to select which organs and tissues were clearly visible in

the total image series. Such organs were considered as source organs.

Regions of interest (ROI) were drawn over heart, liver, spleen, small intestine, kidneys, upper
large intestine (ULI), lower large intestine (LLI) and urinary bladder. Total counts were
computed for each one, at the different time intervals. For each source organ count values were
converted to activity, corrected for decay and expressed as percentage of the total administered
activity. Whole-body activity was initially 100 % following a exponential clearance by
biological removal and physical decay of activity.

The MIRD Committee method was used to assess the internal radiation dosimetry. Time-
activity curves for each source organ and the remainder of the body tissues were obtained and
fitted to exponential disappearance curves. Cumulative activities and residence times for each
source organ were estimated integrating the time-activity curves. The absorbed doses to whole
body and organs were estimated using the residence times and the modified ”S” values
reported on MIRD Pamphlets [6,7]. Based on the results of the absorbed dose estimated to
various target organ the effective dose was calculated

Clinical laboratory analysis and safety studies.
Complete blood cell counts with differential and platelet counts, chemistry panel evaluation,

liver function test and urinary analysis were performed 1-7 days before and 24 h after antibody
administration. Patients did not have any food for 12 hours before blood collection. Fifteen
millilitres of blood were withdrawn from a patient’s vein 1 week before and 24 h after
99mTc-H-R3 administration. Five millilitres of blood were carefully added to a brand
collection tube with 50 pL of 15% EDTA (K3) solution (Vacutainer, Becton Dickinson, USA)
for haematology. One drop of blood was extended in a microscope slide (Shanghai Company,

1 2
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China) for differential leukocyte counting. Five millilitres of blood were added to a centrifuge
tube and were incubated at room temperature for 1 h. After that, sample was centrifuged at
3000 rpm for 10 min and two ImL-specimens of serum were added in Eppendorf tubes for
analytical chemistry tests. On the other hand one hundred millilitre urine sample of the first
morning urination was collected in a sterile container to test it.
All patients were monitored up-to 24 h after injection in order to detect any adverse reaction.

Results.

Biodistribution and Internal Radiation Dosimetry
The computed biodistribution of the 99mTc-MAb H-R3 is presented in table L

Table No.I. 99mTc-H-R3 Human biodistribution. Data corrected by decay (Mean + SD).

H-R3 Biodistribution .

Organs 10 min. 1 hours 3 hours 5 hours 24 hours
Heart [2,79£0,89 212+06 1,99+ 067 1,83 +£0,67 0,14 £ 0,16
Liver 50,79+6,42 |53,31%8,01 4523 1+ 7,61 43,46 + 8,6 17,74 + 8,03
Spleen 1,92 £ 1,44 16105 1,39 +£0,82 1,32+ 0,69 1,45+ 1,96
Kidneys |[1,08 £ 0,58 1,13+£045 1,9+£1,03 25115 6,6 £7,81
U. Bladd |0,41 £ 0,18 1,41 £ 0,64 3,17 +£1,31 4112 1,11+ 1,48
T.Body [100+0 97,65+6,79 96,8117,73 91,01 £ 17,31 35,77 £ 12,73
R.Body |42,93+5,28 ([37,87t4 42,03 £ 4,93 35,94 £ 16,54 6,84 £ 5,07
L.Intest 3,41+£1,.86

The assessed absorbed dose of § target organs (mGy/MBq or rad/mCi) after the injection of

I9mTc. MAb ior H-R3 are presented in Table No II. The absorbed dose for the whole body
and the effective dose are also reported. The highest absorbed dose was received by the liver
with a value of approximately 4,90E-02 mGy/MBq and the kidneys 1,60E-02mGy/MBq). The
effective dose and the equivalent effective dose were 0,0143 mSv/MBq and 0,0190 mSv/MBq
respectively. The main contributor organs to the absorbed dose per organ were the hepatic
tissues.

Table No.X. Normal organ dosimetry for the labelled MAb 99mTc_H-R3 kit.

TARGET mGy/MBq Rad/mCi
ORGAN
Mean SD Mean sb

Brain 1,68E-03 2,28E-04 6,23E-03 8,42E-04
Gallbladder Wall 1,53E-02 2,38E-03 5,65E-02 8,77E-03
Heart Wall 8,87E-03 1,74E-03 3,28E-02 6,42E-03
Kidneys 1,60E-02 5,89E-03 5,93E-02 2,17E-02
Liver 4,90E-02 9,53E-03 1,81E-01 3,55E-02
Spleen 1,41E-02 5,46E-03 5,17E-02 2,05E-02
Thyroid 2,13E-03 2,56E-04 7,83E-03 9,99E-04
Urin Bladder Wall 1,54E-02 5,21E-03 5,69E-02 1,93E-02
Total Body 4,64E-03 5,68E-04 1,72E-02 2,09E-03
EFF DOSE 1,90E-02 2,88E-02 3,48E-02 4,24E-03
EQUIV
EFF DOSE 1,43E-02 1,95€E-02 2,86E-02 6,04E-03
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Safety
Only two patients (20%) showed adverse reactions. Reactions were clasified as follows:
Patient No.7, acute rhinitis at 30 minutes after injection. It was maintained for 6 hours,
responding partially to the treatment with intramuscle Benadryl. According to the WHO
criteria it was considered as moderated reaction. On this patient the hematological analysis
showed normal results. Patient No.9, Chills that no required medication and disappeared at a
few minutes. It was considered as mild reaction (grade 1). The complementary blood
examinations had alterations in two parameters: glucose=21 milimols/L and
alcalinephosphatase=312 uw/L. These blood samples were obtained a day after the injection of
the product. We cannot establish the causes of such abnormalities because no other patient
injected had such abnormal parameters. On the other hand, no significant changes of the vital
signs were detected in any of the studied cases after the injection of the radiopharmaceutical
and anyone patient showed adverse events at the administration site.
Clinical laboratory parameters before and 24 h after intravenous injection of the **™Tc-h R3
were assessed and no significant changes were observed. Additionally did not exist any
abnormality repeated in more than one patient. There were not hematologic and biochemical
abnormalities with clinical significance that could be produced by the MAD or by radiation
exposure.

Conclusions.

The obtained results of Biodistribution and Dosimetry of 99mTc_jabeled Monoclonal Antibody
H-R3 have shown that liver is the target organ of this product and presented an uptake peak at
1hr post-injection with a high retention. This organ also received the higher absorbed dose.
These results should be taking into account for a future use of this compound for therapeutical
purposes and for its current use in diagnosis procedures.
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ABSTRACT

This paper presents some part of the software package for Monte Carlo numerical experiments
in medical physics. The first part of job is that FOTELP/EM code, which is developed in
Belgrade for Monte Carlo simulation with photons, electron and positrons be prepared for use
in medical physics, and also that use of FOTELP/EM software be simplified. Because of that,
we developed FOTELP Wizard to facilitate FOTELP/EM code. The FOTELP Wizard
includes built-in modules for automated preparing the input files, launching the Monte Carlo
simulation, and processing the graphical presentation of the simulation results (2D and 3D).
Next step is that software application for calculation absorbed dose in nuclear medicine,
radiotherapy and radiology be developed. After that also will be developed others applications
of this package in medical physics.

In nuclear medicine, especially in internal radiotherapy, Monte Carlo simulation open new
possibilities, such us calculations absorbed dose at cellular level. Using pathomorfological
data like the cell size of labelled and non-labelled cells and cell density, part of programme for
microdosimetry calculation was developed.

INTRODUCTION

The estimation of the absorbed dose at the cellular level, in the nuclear medicine was very
important. Conventional dosimetry in diagnostic nuclear medicine, using MIRD methodology,
report individual organ absorbed doses and total body absorbed doses. In internal radiotherapy
conventional dosimetry, using same methodology, absorbed dose of tumour, critical organ,
and whole body have been estimated. These absorbed dose values are calculated with
assumption that the distribution of radioactivity is uniform in tumour, organs, and body.
However, in reality distribution of this radioactivity is mostly nonuniform. Distribution of
radiopharmaceutics in organ isn't homogenous, so some part of the organ gets more doses then
others. In the lot of cases, specially in internal radiotherapy, it is very import to know absorbed
doses on the cellular level (1). Maybe, Monte Carlo simulation is only possibly way to
perform these calculations. Modern general-purpose programming packages for Monte Carlo
simulation of the particles transport usually have two programs. Firstly, an appropriate input
data must be generated to describe the cross-section and energy-angular distributions, while
the simulation is performed by second program. This includes data preparation about materials
and geomeirical forms of source and irradiated region and is both time-consuming and error
prone in the simple cases.

The application of Monte Carlo simulation programs to medical physics is very complex,
especially the description of materials and geometrical forms of source and irradiated region
(2). Consequently, without some form of automation of simulation steps, the application of





