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La fisica radiolégica
dentro del marco de la
cooperacion técnica
de la OPS

Mirta Roses Periago’

1 Directora, Oficina Sanitaria Panamericana, Washing-
ton, D.C., Estados Unidos de América.
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A finales del siglo XIX la medicina se transformé gracias a va-
rios descubrimientos en el campo de la fisica. En 1895 Roentgen
descubrié los rayos X, que permitieron visualizar las estructuras
internas del cuerpo humano; al afio siguiente, Becquerel des-
cubrié la radiactividad, y en 1898 el matrimonio Curie anuncié
el descubrimiento de dos elementos radiactivos: el polonio y el
radio. Este ultimo se empezdé a utilizar inmediatamente para
obliterar o reducir tumores, tanto cutineos como internos (1).
Sin embargo, estas nuevas tecnologias no estaban exentas de
peligros: el primer informe acerca de los efectos adversos de los
rayos X para la salud humana, tras la sobreexposicién de un
paciente sometido a una radiografia en Chicago, Illinois,
Estados Unidos de América, se publicé en 1896 (2). Desde el
primer momento, la imaginologia (uso de técnicas de diagnés-
tico por imagenes), la radioterapia y la protecciéon radiolégica
han evolucionado de forma paralela.

Durante la Segunda Guerra Mundial, los avances de
la Fisica en el campo de las radiaciones se aplicaron al desa-
rrollo de las armas nucleares, lo que dio paso a una carrera
entre las potencias mundiales por crear y fabricar este tipo
de armamento. En la década de 1950, los Estados Unidos
—conscientes de las posibles aplicaciones de las nuevas tec-
nologias a la agricultura, la industria y la medicina y en un
afan por fortalecer el uso de la energia nuclear para fines
pacificos— promovieron la iniciativa Atomos para la Paz,
que incentivo el desarrollo de las técnicas nucleares y radio-
légicas en todo el mundo. Dicha iniciativa abarcé también a
los paises en desarrollo, muchos de ellos en América Latina y
el Caribe.

Durante esa misma década aparecié en algunos paises
europeos, como el Reino Unido y Suecia, la nueva disciplina de
la fisica médica. Los fisicos médicos son cientificos que aplican
sus conocimientos de la fisica a la medicina, como lo hicieron
en su momento Roentgen, Becquerel y los Curie, especialmente
en el campo de la radiologia diagnéstica y terapéutica. En 2006,
el niimero de fisicos médicos en el mundo sobrepasa los 16 000
(3) y contintda aumentando a medida que avanza el desarrollo
tecnolégico.

En la década de 1970, con la invencién del primer tomé-
grafo computarizado, la fisica radiolégica cambié nuevamente
(1). Hoy en dia, gran parte del equipo que se usa en este campo
estd computarizado y hasta se ha logrado aplicar algunas téc-
nicas de imaginologia en el nivel celular, pudiéndose asi iden-
tificar las moléculas que participan de manera critica en el
desarrollo de ciertas enfermedades mucho antes de que aparez-
can las manifestaciones clinicas.
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El efecto benéfico de estos adelantos tecnoldgicos sobre la
salud publica es muy grande. Gracias a estas innovaciones, actual-
mente podemos diagnosticar en etapa temprana diversas enfer-
medades, entre ellas muchas afecciones cardiovasculares y neo-
plasias, y curarlas con mads facilidad. En gran namero de casos, las
técnicas radioterapéuticas han permitido tratar el cdncer con menos
morbilidad y resultados cosméticos mds satisfactorios que la cirugia.

Debido a la trascendencia de estas técnicas —no solo para
las especialidades clinicas, sino también para la salud publica en
general—, la Organizacién Panamericana de la Salud ha venido
asesorando a los gobiernos y entrenando a los profesionales de la
salud de los paises de América Latina y el Caribe mediante su
programa de radiologia y radioproteccién. Este proceso de cola-
boraciéon, que comenzé en la década de 1960, y los antecedentes
histéricos de los resultados del programa en la Regién se exponen
en un articulo de este nimero especial escrito por los tres dltimos
asesores regionales a cargo del programa (4).

El trabajo que falta realizar es inmenso y exige la forma-
cién de alianzas estratégicas. Mantenemos una estrecha relacién
con los Centros Colaboradores de la Organizacién Panamericana
de la Salud/Organizacién Mundial de la Salud que estan en paises
de las Américas (5) y contamos con la cooperacién de las socieda-
des profesionales de radiologia (Colegio Interamericano de Radio-
logia, CIR) (6), de radioterapia (Asociacién Latinoamericana de
Terapia Radiante Oncolégica, ALATRO) (7), de fisica médica (Aso-
ciacién Latinoamericana de Fisica Médica, ALFIM) (8) y de técnicos
radiolégicos (Asociacion Latinoamericana de Técnicos de Radio-
logia, ALATRA) (9). Ademas, junto a otros organismos interguber-
namentales formamos parte de dos comités mundiales, uno sobre
la seguridad radiolégica (Inter-Agency Committee on Radiation
Safety, IACRS) (10) y otro sobre las emergencias radiologicas y
nucleares (Inter-Agency Committee on Response to Nuclear Accidents,
IACRNA) (11). En estos momentos nos encontramos en la etapa de
revisién de las Normas bdsicas internacionales de proteccién contra la
radiacion ionizante y para la seguridad de las fuentes de radiacion (12),
cuya version anterior fue endosada por nuestros Cuerpos Direc-
tivos (13) y cuya nueva edicion esperamos complemente —mas que
reemplace— las normas establecidas.

La Revista Panamericana de Salud Publica/Pan American
Journal of Public Health (RPSP/PAJPH) ha reunido algunos articu-
los e informes sobre radiodiagnéstico, radioterapia y radioprotec-
cién escritos por profesionales de diversas especialidades, entre
ellos radidlogos, radiobiélogos, fisicos médicos y especialistas en
radioproteccion. Con este niimero especial de la RPSP/PA]JPH se
busca elevar el nivel de conciencia de las autoridades y profesio-
nales de la salud publica acerca de las necesidades y los retos que
impone la aplicacién de estas tecnologias. Esperamos que su lectu-
ra motive a dichos profesionales y a los funcionarios de los minis-
terios de salud de los paises de las Américas a extender a estas
areas los campos tradicionales de la salud publica y contribuya a
acelerar los cambios que urge realizar para mejorar la salud de
nuestros pueblos.

Rev Panam Salud Publica/Pan Am | Public Health 20(2/3), 2006
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Medicine was revolutionized at the end of the 19th century
thanks to a number of discoveries in the field of physics. In
1895, Roentgen discovered X-rays, which made it possible to
visualize internal structures in the human body. The following
year Becquerel discovered radioactivity, and in 1898 the Curies
(husband and wife) announced the discovery of two radioactive
elements: polonium and radium. The latter was immediately
put to use to obliterate skin cancers and deep-seated tumors or
reduce their size (1). However, these new technologies were not
without dangers: the first report of adverse effects of X-rays on
human health, after overexposure in a patient who underwent
radiography in Chicago, Illinois, United States of America, was
published in 1896 (2). Since their inception, image-based diag-
nostic techniques, radiotherapy (also known as radiation ther-
apy), and radiation protection have evolved in parallel.

Regrettably, advances in physics in the field of radiation
during World War II also led to the invention of nuclear weapons,
which in turn gave rise to an era of competition between world
powers to develop and produce arms of this type. During the
1950s, the United States—aware of the potential applications of
these new technologies to agriculture, industry, and medicine,
and in an effort to further the use of nuclear energy for peaceful
ends—promoted the Atoms for Peace initiative, which fomented
the development of nuclear and radiological techniques through-
out the world. This initiative also involved developing countries,
many of them in Latin America and the Caribbean.

It was also during the 1950s when a new discipline,
known as medical physics, made its appearance in certain
European countries such as Sweden and the United Kingdom.
Medical physicists are science professionals who, just as
Roentgen, Becquerel, and the Curies did in their day, apply their
knowledge of physics to medicine, particularly in the area of
diagnostic and therapeutic radiology. As of 2006, medical physi-
cists number more than 16 000 throughout the world (3), and
this number continues to rise with continuing technological
advances.

In the 1970s, the invention of the first computed tomogra-
phy scanner changed the world of radiological physics once again
(1). Currently, most of the equipment used in this field is com-
puterized, and imaging techniques are now being applied at the
cellular level, with the result that molecules that play a critical
role in the development of certain diseases can be identified long
before the clinical symptoms appear.

The beneficial effects of these technological advances for
public health are substantial. Thanks to these innovations we are
able to diagnose a number of diseases, such as cardiovascular
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disorders and neoplasms, in the early stages, and to cure them
more easily. In many cases, radiotherapeutic techniques have
made it possible to control cancer with less morbidity and more
satisfactory cosmetic results than surgery.

Owing to the importance of these techniques—not only
in clinical specialties but also in public health—the Pan
American Health Organization has been advising governments
and training health professionals in countries in Latin America
and the Caribbean through its radiology and radiation protec-
tion program. In an article in this special issue the three most
recent regional advisors to the program (4) describe this collab-
orative process and offer a historical perspective on the results
of the PAHO radiological health program, since its inception in
the 1960s.

The work remaining to be done is enormous, and strate-
gic alliances are of key importance. We maintain close contact
with the Collaborating Centers of the Pan American Health
Organization/World Health Organization that are in countries
of the Americas (5), and have the support of professional soci-
eties of radiologists (Colegio Interamericano de Radiologia, CIR)
(6), radiation oncologists (Asociacion Latinoamericana de Tera-
pia Radiante Oncolégica, ALATRO) (7), medical physicists (Aso-
ciacion Latinoamericana de Fisica Médica, ALFIM) (8) and radio-
logical technologists (Asociacion Latinoamericana de Técnicos de
Radiologia, ALATRA) (9). In addition, together with other in-
tergovernmental organizations, we belong to two international
committees, one devoted to radiation safety (Inter-Agency
Committee on Radiation Safety, IACRS) (10) and one concerned
with radiological and nuclear emergencies (Inter-Agency Com-
mittee on Response to Nuclear Accidents, IACRNA) (11). At this
time we are in the process of reviewing the International basic
safety standards for protection against ionizing radiation and for the
safety of radiation sources (12), whose previous version was
endorsed by our Governing Bodies (13) and whose new edition
we hope will complement—rather than simply replace—the
established standards.

Revista Panamericana de Salud Piiblica/Pan American
Journal of Public Health (RPSP/PAJPH) has put together this
collection of articles and reports on diagnostic radiology,
radiotherapy, and radiation protection written by profession-
als from different backgrounds, including radiologists, radio-
biologists, medical physicists, and specialists in radiation pro-
tection. This special issue of the RPSP/PAJPH aims to raise
awareness on the part of health officials and public health pro-
fessionals regarding the needs and challenges we face in
applying these technologies. We hope that reading this issue
will motivate our professional colleagues and health ministry
workers in the Americas to broaden the traditional scope of
public health to include these disciplines, and will help accel-
erate changes that are so urgently needed and that will go a
long way toward improving the health of the peoples of the
Americas.
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Introduccién sinéptica

El papel de la radiologia diagnhodstica y terapéutica
en el campo de la salud publica

Cari Borras,' coordinadora del nimero especial

La publicacién periédica de la Organizacién
Panamericana de la Salud (OPS) La salud en las
Américas, en su edicién de 2002, contiene refle-
xiones sobre los cambios demogréficos, socioeco-
némicos y epidemiolégicos que han tenido lugar
en la Region de las Américas en los tltimos afios y
documenta el aumento de la esperanza de vida en
todos los paises hasta su promedio actual (con la
exclusion de Haiti) de mas de 70 afios (1). Segun
la edicién de 2006 de la publicacién electrénica de
la OPS Estadisticas de salud de las Américas (2), que
presenta los datos de 37 paises, la esperanza de
vida al nacer para el quinquenio de 2005-2010
en ambos sexos variara entre 65,4 (en Guyana) y
80,7 afios (en Canada) y sera de 73,3 afios en pro-
medio, con una desviacién estdndar de 5,17 anos
(excepto en Haitf, donde se prevé que esta cifra
sera de 53,5 aiios). El envejecimiento progresivo de
la poblacién representa un gran reto para los mi-
nisterios de salud, ya que la prevalencia de las
enfermedades crénicas, que afectan a la poblacién
a edades mds avanzadas, va en aumento.

Segiin las estadisticas de 2006, las 10
principales causas de muerte en 31 paises de la
Region explican entre 43,1% y 59,8% de las defun-
ciones registradas en esos paifses (2). Las enfer-
medades cerebrovasculares se encuentran entre
las 10 principales causas de muerte en ambos
sexos en los 31 paises y la cardiopatia isquémica,
en todos menos en Dominica, Haiti y Honduras.
En hombres, el cancer de préstata es una de las 10
principales causas de muerte en 17 paises.
Asimismo, las enfermedades crénicas de las vias
respiratorias inferiores, la insuficiencia cardiaca y

! Direccién postal: 1501 Forty-fourth Street, NW, Washington,
D.C. 20007, Estados Unidos de América. Correo electrénico:
cariborras@starpower.net
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sus complicaciones, y las cardiopatias mal defi-
nidas se encuentran entre las principales causas
de muerte en 14 de los paises analizados. En las
mujeres, la influenza y la neumontia estdn entre las
10 principales causas de muerte en 30 paises; la
cardiopatia isquémica, en 28; y la insuficiencia
cardiaca, en 25. Los cdnceres de mama y titero
contindan figurando entre las 10 principales
causas de muerte en 16 paises, seguidos del
cancer de colon en seis paises y del cdncer de
trdquea, bronquios y pulmén en cinco (2).

En este contexto, las aplicaciones radio-
légicas cobran una enorme importancia. El diag-
nostico de las enfermedades cerebrovasculares,
cardiopatias y neoplasias se facilita gracias a la
radiologia diagnéstica, mientras que algunos de
los tratamientos de eleccién para estas afecciones
se basan en la radiologia intervencionista.
Muchas de las radiaciones empleadas, tanto en la
radiologia convencional como en la tomografia
computarizada, son de tipo ionizante; otras, co-
mo las empleadas para la ecografia y la resonan-
cia magnética, no lo son. Mientras que algunas
técnicas dependen del uso de radiaciones pro-
ducidas por equipos de rayos X, otras se basan en
la visualizacién de sustancias radiactivas que se
le administran al paciente y que el organismo
absorbe. Para la radioterapia se pueden usar
equipos de radiacién electromagnética externa,
como los aceleradores lineales, o fuentes radiacti-
vas, como las unidades de cobaltoterapia y las
fuentes selladas de cesio-137 utilizadas en las
aplicaciones ginecolégicas.

El objetivo fundamental de todas estas
técnicas radiolégicas es prolongar la vida de los
pacientes y disminuir la morbilidad. A medida
que se extiende su uso, esta tecnologia adquiere
mayor complejidad. La realizacion eficiente y
segura de los procedimientos de diagnoéstico y
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tratamiento con fuentes de radiacién exige que el
personal que los lleva a cabo esté adecuadamente
formado y entrenado. El médico clinico, el espe-
cialista en radiologfa, el radiooncélogo, el especia-
lista en medicina nuclear, el fisico médico, los tec-
noélogos y el personal de enfermeria son miembros
de ese gran elenco interdisciplinario que conforma
el personal de salud de los servicios de radiologia.
Southon (3) analiza los beneficios de contar con
redes de profesionales que puedan respaldar las
politicas nacionales relacionadas con los servicios
de salud —que abarcan los de radiologia— y mejo-
rar la calidad de las prestaciones.

En su funcién rectora y normativa, los
ministerios de salud son los responsables de velar
por y garantizar la calidad de los servicios de ra-
diologia. Una manera de llevar a cabo esta tarea es
mediante programas de acreditacién. En el articulo
de Jiménez et al. (4) se examinan las caracteristicas
potenciales de tales programas en paises en desa-
rrollo, en particular en el contexto de los servicios
de imaginologia basicos, como los de radiografia,
fluoroscopia, mamografia y ecografia, mediante la
fusion de los aspectos fisicos y clinicos.

Es un hecho reconocido que los procedi-
mientos de radiologia deben estar sujetos a progra-
mas de control de la calidad con un fuerte compo-
nente de seguridad radiolégica. Indudablemente,
tales programas mejoran la calidad de la imagen
radiolégica y disminuyen la dosis de radiacion que
reciben el paciente y los operarios. Pero jaumentan
los diagndsticos certeros? Esta cuestion fue estudia-
da por un grupo de investigadores que, con el apo-
yo de la OPS, evaluaron la calidad de los servicios
de radiodiagndstico en cinco paises de la Regién de
caracteristicas sociales y avances tecnoldgicos muy
diferentes: Argentina, Bolivia, Colombia, Cuba y
México. Fleitas et al. (5) presentan los resultados
de esa investigacién, que demuestra la gran im-
portancia de la formacién y experiencia de los
radiblogos y de los técnicos de radiologia para
lograr mas diagnosticos certeros. Esta investigacion
abarcd, entre otros, servicios de mamografia, tanto
de tamizaje como de diagnéstico.

Someter a una mamografia a todas las
mujeres a partir de cierta edad, aunque estén asin-
tomaticas, es una estrategia de salud publica para
la deteccién temprana del cancer de mama que ha
suscitado grandes polémicas. En este nimero
especial, Feig (6) demuestra que los beneficios de
dicha estrategia superan a las limitaciones propias
de la poca sensibilidad de la técnica y a los riesgos
relacionados con las dosis de radiacién recibidas.
La mamografia sigue siendo hoy en dia la tinica
técnica reconocida para el tamizaje del cancer de
mama.
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La imaginologia puede ser diagndstica o
intervencionista. Las técnicas de diagndstico per-
miten obtener informacién morfoldgica (estética)
o informacién fisiolégica (dindmica). Para todo
ello se dispone de los recursos de la radiologia
convencional, la ecografia, la resonancia magnéti-
ca y la medicina nuclear, siendo esta ultima la
Unica que permite realizar estudios fisiolégicos
ademds de morfolégicos, para lo cual depende de
la introduccién de radiofdrmacos en el organismo
del paciente. Una de las nuevas tecnologias, la
tomografia por emisién de positrones (PET), ha
revolucionado no solo el conocimiento que se
tiene acerca de las funciones cerebrales humanas,
sino que ademads se estd convirtiendo en una he-
rramienta imprescindible para la localizacién y
delimitacién de neoplasias. No existen muchos
equipos de PET en América Latina y el Caribe; el
Brasil es uno de los paises mds avanzados en este
campo, como nos explica Robilotta (7).

Se debe destacar que los avances tec-
nolégicos no han ocurrido solamente en el campo
del diagnéstico. A medida que la incidencia de
cancer aumenta en el mundo, se buscan nuevas
formas de tratamiento. Junto con la cirugia y la
quimioterapia, la radioterapia ofrece posibili-
dades de curacién y paliacién que prolongan la
supervivencia y disminuyen la morbilidad.
Castellanos (8) nos informa acerca de las necesi-
dades y retos en el campo de la radioterapia en la
actualidad.

Para curar un tumor con radiaciones hay
que aplicar dosis muy grandes de radiacién. Las
nuevas técnicas de imaginologia permiten visua-
lizar el volumen del drea que debe tratarse y cir-
cunscribir la radiacién a los tejidos afectados por
el tumor. Sin embargo, a pesar de los avances
descritos por Castellanos, es imposible impedir
que los tejidos sanos alrededor del tumor se vean
expuestos a alguna radiacién, aunque sea a dosis
mas bajas. Los efectos de la radiacién en estos teji-
dos son analizados por Hendry et al. (9), quienes
cuantifican los riesgos en funcién de la dosis.

En radioterapia es esencial que la dosis
prescrita coincida con la dosis que recibe el
paciente. El Organismo Internacional de Energia
Atémica y la Organizacién Mundial de la Salud
establecieron en 1969 un programa de dosimetria
postal que permite verificar si las unidades de
radioterapia de alta energia estan calibradas ade-
cuadamente. En la Regién de las Américas, la OPS
administra este programa. Izewska et al. (10) pre-
sentan y examinan los resultados de las evalua-
ciones realizadas de 1969 a 2003 en los paises de
América Latina y el Caribe y muestran los
grandes adelantos que se han logrado.
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Lamentablemente, los errores en las dosis
que reciben los pacientes sometidos a radioterapia
no se deben solamente a la mala calibraciéon de las
unidades de tratamiento. Borras (11) describe un
error de sobreexposicién de 28 pacientes en
Panama debido a la utilizacién inapropiada del
sistema computarizado de planificacién de tra-
tamientos. Asimismo, describe las medidas
tomadas por la institucion y la OPS para prevenir
errores semejantes en el futuro.

(Cuando se considera que una irra-
diacién es excesiva? Las dosis usadas para la
radioterapia son 1 000 veces mayores que las que
se utilizan para el diagnéstico. ;Son todas peli-
grosas? ;Cémo se aseguran los ministerios de
salud de que la poblacién no reciba dosis dafi-
nas? ;Quién controla las fuentes de radiacién?
(Quién permite su entrada o fabricacién en el
pais? Arias (12) nos informa acerca del desarrollo
de los programas de proteccién radiolégica y
define el papel de las autoridades reguladoras en
ese sentido.

Segun Arias, entre los tejidos y érganos
mas sensibles a la radiacién se encuentran los
del embrién y el feto. El miedo irracional a las
radiaciones lleva a muchas mujeres emba-
razadas que han pasado por un examen o
tratamiento radiolégico a preocuparse por los
efectos de la radiacién en la criatura en
gestacion y se plantean la necesidad de inte-
rrumpir el embarazo. Brent (13) comparte con
nosotros algunos de estos casos y los resultados
del asesoramiento proporcionado a las mujeres
en situaciones semejantes.

Introduccién sinéptica

La poblacién no solo les teme a las radia-
ciones ionizantes, sino también a las que no son
ionizantes y emanan de campos electromagnéti-
cos, como los de los teléfonos celulares. Toda
radiacién, sea ionizante o no, se tiene que regir por
normas y estdndares. Skvarca et al. (14) explican
los limites de exposicién y los protocolos de
medicién para las radiaciones no ionizantes,
tomando como base su utilizacién en la Argentina.

Para ilustrar los diferentes aspectos de la
radiologia diagnéstica y terapéutica, se podrian
haber solicitado contribuciones sobre muchos
otros temas. Este campo es cada vez mas amplio.
El objetivo de los articulos seleccionados para este
nimero especial es dirigir la atencién de los lec-
tores de la Revista Panamericana de Salud Priblica/
Pan American Journal of Public Health hacia un cam-
po —quizé desconocido, pero fascinante— que
abre enormes posibilidades, impensables muy
pocos afios atrds. Gracias a las tecnologias propias
de este campo, los pacientes ya no tienen que
someterse a largas hospitalizaciones y pueden
gozar de una vida mds larga y de mejor calidad.

La radiologia genera esperanzas, permite
tener ilusiones. La intencién de los articulos e in-
formes presentados en este niimero especial es lle-
var al lector a profundizar en este novedoso
campo. Quiero agradecerles inmensamente a todos
los autores a quienes les solicité contribuciones
originales para este niimero su desprendimiento y
generosidad. Me gustaria pensar que gracias a estas
contribuciones y al esfuerzo de los editores, en
algtin lugar de las Américas alguna persona se sal-
vard o tendrd una vida de mejor calidad.
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Introductory overview

The role of diagnostic and therapeutic radiology
in the field of public health

Cari Borras,! coordinator of this special issue

The 2002 edition of Health in the Americas (1), seri-
ally published by the Pan American Health
Organization (PAHO), contains reflections on the
demographic, socioeconomic, and epidemiologic
changes that have taken place in the Americas in
recent years, and documents the increase in life
expectancy to the current average of more than 70
years in all countries of the Region (excluding
Haiti) (1). According to the 2006 on-line edition of
Health Statistics from the Americas (2), another
PAHO publication that presents data for 37 coun-
tries, life expectancy at birth for the five-year
period from 2005 to 2010 in both sexes is expect-
ed to range from 65.4 years (in Guyana) to 80.7
years (in Canada), with a mean of 73.3 years and
a standard deviation of 5.17 years (except in
Haiti, where the estimated life expectancy is 53.5
years). Steady aging of the population represents
a considerable challenge for health ministries in
the Americas as the prevalence of chronic illness-
es, which affect older people in the population, is
on the rise.

According to statistics for 2006, the 10
leading causes of death in 31 countries in the
Region account for between 43.1% and 59.8% of
all deaths recorded in these countries (2).
Cerebrovascular diseases are among the 10 lead-
ing causes of death in both sexes in all 31 coun-
tries, and ischemic heart disease is among such
causes in all countries except Dominica, Haiti,
and Honduras. Among men, prostate cancer is
one of the 10 leading causes of death in 17 coun-
tries. In addition, chronic diseases of the lower
respiratory tract, heart failure and its complica-
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tions, and ill-defined heart conditions are among
the main causes of death in 14 of the countries. In
women, influenza and pneumonia are among the
10 leading causes of death in 30 countries;
ischemic heart disease, in 28; and heart failure, in
25. Breast and uterine cancers continue to rank
among the 10 leading causes of death in 16 coun-
tries, followed by colon cancer in 6 countries, and
cancer of the trachea, bronchus, and lung in 5
countries (2).

Within this context, the application of
radiological technologies takes on enormous
importance. The diagnosis of cerebrovascular dis-
eases, cardiac anomalies, and neoplasms is made
easier thanks to diagnostic radiology; moreover,
certain treatments of choice for these illnesses are
based on interventional radiology. Many types of
radiation used in both conventional radiology
and computed tomography are ionizing in nature;
others, such as those used in ultrasound and mag-
netic resonance imaging, are non-ionizing. Some
technologies depend on the use of radiation pro-
duced by X-ray equipment, whereas others are
based on the visualization of radioactive sub-
stances administered to the patient and absorbed
by the body. Radiotherapy can involve the use of
radiation-generating equipment, such as linear
accelerators, or radioactive sources in cobalt
teletherapy units and sealed cesium-137 sources
used in gynecological applications.

The main objective of these radiological
techniques is to prolong the patient's life and to
decrease morbidity. As its use increases, the tech-
nology becomes more complex. The efficient and
safe use of diagnostic and therapeutic procedures
involving radiation sources requires that the staff
performing the procedures be appropriately edu-
cated and trained. Clinicians, radiologists, radia-
tion oncologists and nuclear medicine specialists,
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medical physicists, technologists, and nursing
staff all form part of this large, interdisciplinary
team of radiology service health workers.
Southon (3) analyzes the benefits of having access
to professional networks that can support the
national policies surrounding health services—
which include radiology services—and improve
the quality of healthcare delivery.

In their normative and regulatory role,
health ministries are responsible for overseeing
and ensuring the quality of radiology services.
One way to accomplish this task is through
accreditation programs. The article by Jiménez et
al. (4) examines the potential characteristics of
such programs in developing countries, particu-
larly in the context of basic imaging services such
as radiography, fluoroscopy, mammography, and
ultrasound, through a combination of physical
and clinical features.

It is a recognized fact that radiological
procedures should be subject to quality control
programs that include a robust radiation safety
component. These programs unquestionably
improve the quality of radiological images and
decrease the dose of radiation received by
patients and operators. But do such programs
increase diagnostic accuracy? This question was
investigated by a research group that, with sup-
port from PAHO, assessed the quality of diagnos-
tic radiology services in five countries in the
Region that differ widely in their social and tech-
nological characteristics: Argentina, Bolivia,
Colombia, Cuba, and Mexico. Fleitas et al. (5)
present the results of this research, which shows
that the training and experience of radiologists
and radiology technicians are very important in
improving diagnostic accuracy. This research
involved screening and diagnostic mammogra-
phy, among other types of radiology services.

Performing mammography on all women
beyond a certain age, including asymptomatic
women, is a public health strategy for the early
detection of breast cancer that has given rise to
substantial controversy. In this special issue, Feig
(6) shows that the benefits of this strategy out-
weigh the limitations of the technique’s low sensi-
tivity and the risks related to the doses of radia-
tion received. Currently, mammography remains
the only recognized screening technique for
detecting breast cancer.

Imaging techniques may be diagnostic or
interventional. Diagnostic techniques make it pos-
sible to obtain morphological (static) or physio-
logical (dynamic) information. Among the
resources now available for this purpose are con-
ventional radiology, ultrasound, magnetic reso-
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nance and nuclear medicine. This last technology,
based on the visualization of radioactive sub-
stances inside the patient's body, makes physio-
logical as well as morphological studies possible.
Positron emission tomography (PET), one of the
newer technologies, has not only revolutionized
our knowledge of the functioning of the human
brain but is also becoming an indispensable tool
for localizing and delimiting neoplasms. Few PET
units are in operation in Latin America and the
Caribbean. As explained by Robilotta (7), Brazil is
one of the most advanced countries in this field.

It should be emphasized that technologi-
cal advances have occurred not only in the field of
diagnostic imaging. As the incidence of cancer
throughout the world increases, new forms of
treatment are being sought. Together with surgery
and chemotherapy, radiotherapy offers the possi-
bility of curative or palliative treatment that can
prolong survival and diminish morbidity.
Castellanos (8) reports on current needs and chal-
lenges in the field of radiotherapy.

To cure a tumor with radiation, very
large doses of radiation are needed. New imaging
techniques make it possible to visualize the vol-
ume of the site requiring treatment so that radia-
tion can be applied only to the tissues affected by
the tumor. However, despite the advances
described by Castellanos, it is impossible to pre-
vent the healthy tissues surrounding the tumor
from being irradiated, albeit at lower doses. The
effects of radiation on these tissues are addressed
by Hendry et al. (9), who quantify the risks asso-
ciated with different doses.

In radiotherapy it is essential that the dose
delivered to the patient match the prescribed dose.
In 1969 the International Atomic Energy Agency
and the World Health Organization established a
postal dose audit program that made it possible to
verify whether high-energy radiotherapy units
were properly calibrated. In the Region of the
Americas this program is run by PAHO. Izewska
et al. (10) report the results of audits performed
between 1969 and 2003 in countries of Latin
America and the Caribbean and conclude that
great strides have been made.

Unfortunately, miscalibration of treat-
ment units is not the only source of dosimetry
errors in patients who undergo radiotherapy.
Borras (11) describes an overexposure error in 28
patients in Panama that resulted from the inap-
propriate use of a computerized treatment plan-
ning system. She also describes the measures that
were taken by the treatment facility in Panama
and by PAHO in order to prevent similar errors
from happening in the future.
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When is irradiation considered excessive?
The doses used for radiotherapy are 1 000-fold
higher than those used for diagnostic purposes.
Are they all dangerous? How can health ministries
ensure that patients do not receive harmful doses?
Who controls the sources of radiation? Who allows
radiology units to be imported to or built in a given
country? Arias (12) reports on the development of
radiological protection programs and outlines the
role of regulatory entities in this area.

According to Arias, the tissues and
organs belonging to the embryo and fetus are
among the most sensitive to radiation. Irrational
fear of radiation leads many pregnant women
who have undergone radiological tests or treat-
ment to worry about the effects of radiation on
their developing baby and to consider terminat-
ing their pregnancy. Brent (13) describes some of
these cases and the outcome of counseling pro-
vided for women in such situations.

People fear not only ionizing radiation,
but also non-ionizing radiation produced by elec-
tromagnetic fields, such as those coming from cell
phones. Any radiation, whether it be ionizing or
non-ionizing, must be subject to rules and stan-
dards. Skvarca et al. (14) explain the exposure
limits and the measurement protocols for non-
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ionizing radiation, based upon current practice in
Argentina.

Since radiological technology is an
expanding area, many more contributions on
additional topics could have been solicited for this
special issue in order to illustrate different aspects
of diagnostic and therapeutic radiology. The aim
of the articles selected for the issue is to direct the
attention of readers of the Revista Panamericana de
Salud Priblica/Pan American Journal of Public Health
toward a fascinating field that is perhaps little
known but offers enormous potential that was
unthinkable only a few years ago. Thanks to the
technologies applied in this field, patients no
longer need to undergo prolonged hospital stays
and can enjoy a longer, better life.

Radiology offers hope and better
prospects for the future. The articles and reports
in this special issue are intended to encourage
readers to delve more deeply into this innova-
tive field. I am extremely grateful to all the
authors who, at my request, submitted original
contributions on specific topics for this issue.
Thanks to their generosity and to the efforts of
editors involved, perhaps somewhere in the
Americas someone's life will be saved or
improved.
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The radiological health program of the Pan Ameri-
can Health Organization (PAHO) was established
in 1960. Although the program has undergone vari-
ous organizational changes, it continues to oper-
ate to this date. It has been operational through
the administrations of five of the Directors of the
Pan American Sanitary Bureau (PASB), which is
PAHQ'’s Secretariat, and has been located in various
PAHO divisions or areas of work. Its program em-
phasis has evolved with the requirements of the
Member States of PAHO. However, the program
has essentially remained a unit with activities in
research, training, radiation protection, and services
in the areas of public health and clinical medicine.

1959-1975, PASB DIRECTOR
ABRAHAM HORWITZ

In the 1950s the world superpowers were ac-
tively engaged in a nuclear arms race and were test-
ing weapons in the atmosphere. Governments and
people throughout the world were deeply con-
cerned about the effects of worldwide radioactive
fallout. Civil defense shelters were being con-
structed to protect against such fallout and against
nuclear blasts, and schoolchildren were being
taught to deal with a nuclear attack. Also, the
peaceful uses of atomic energy were being pro-
moted, and radioisotopes were being developed for
diagnosis, research, and therapy.

In 1960, PAHO established the Radiological
Health Unit, with two professionals and a secretary,
to promote the role of public health authorities in
the field of applied nuclear energy. The head of
the Unit was Regional Radiological Health Advisor
Irvin Lourie, a physician who was supported by
Specialized Technical Advisor Thomas Shea, a
health physicist.

The 1960 Annual report of the Director of the
PASB (1) stated that the program of the Radiologi-
cal Health Unit would be directed along four main
lines: (1) stimulating national health services to de-
velop procedures for regulations governing the use
of X-rays and radioisotopes and the disposal of
radioactive wastes, based on the recommendations
of the International Commission on Radiological
Protection; (2) promoting the teaching of basic
health physics and radiological protection in
schools of medicine, dentistry, public health, veteri-
nary medicine, etc.; (3) fostering the use of radioiso-
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topes for medical diagnosis, therapy, and research,
and (4) encouraging research on applications of ra-
diation that might be of importance to medicine,
public health, or veterinary medicine.

In 1962 the XVI Pan American Sanitary Con-
ference approved a research policy for PAHO and
requested that the Director of the PASB “take all
possible steps to expand the research activities of
the Organization, including specific projects and
their financing, for the mutual benefit of the coun-
tries of the Region [of the Americas]” (2). In 1962,
PAHO established the Advisory Committee on
Medical Research (ACMR). This had a stimulating
effect on the research aspects of PAHO's technical
programs, including radiological health.

In collaboration with physicist Merrill Eisen-
bud of New York University (NYU), preliminary
studies were performed of food, water, and human
teeth from the areas of Brazil with a high natural ra-
diation background. Later, a conference was held to
elucidate the public health significance of back-
ground radiation, and financial support for the Bio-
physics Institute of the University of Brazil and the
Catholic University of Rio de Janeiro to conduct bio-
logical and physical studies was obtained from the
Atomic Energy Commission of the United States of
America. During the course of the project, numerous
Brazilian scientists received training in Brazil and at
New York University, and valuable information con-
cerning chronic exposure in areas of high natural ra-
diation background was obtained. PAHO continued
to support this project until the end of 1975. By then,
development, such as paved roads and building con-
struction, had changed the character of the area.

In Chile a coordinated research project on
manganese poisoning in miners was initiated, with
collaboration between the Brookhaven National
Laboratory, for biochemical analysis, and the
School of Medicine of the Catholic University of
Chile, for clinical evaluation. Initiated in 1962, the
project continued through 1974. It resulted in an
understanding of the biochemical basis of action of
various amino acids in chronic manganese poison-
ing and in Parkinson’s disease.

In 1962 and 1963, plans were made to study
the effects of irradiation at high altitudes on large
animals (burros and llamas). In November 1964, a
meeting was held in Lima, Peru, to develop a re-
search project. The altiplano (highland plateau) of
Peru was selected as a natural laboratory environ-
ment to determine if hypoxia exerts a protective in-
fluence by reducing the number of cases of aplastic
anemia following high doses of gamma radiation,
as well as to study the central nervous system syn-
drome. It was envisaged that this information
might contribute to a better understanding of the
development of leukemia in humans.
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Over the 1960-1964 period, the Radiological
Health Unit also directed efforts toward such other
areas as: (1) providing fellowships for training PAHO
staff and national professionals, (2) preparing
Spanish-language translations of training materials
(manuals, pamphlets, slides, movies) and dissemi-
nating these materials, (3) promoting radiation con-
trol legislation and regulations and establishing
national programs, (4) providing advice to govern-
ments concerning radiation exposure and control,
(5) assisting governments in obtaining international
support and arranging scientific collaboration, and
(6) representing PAHO at international conferences
and meetings.

A program for the radiological surveillance of
air and milk in Latin America and the Caribbean
was in operation from 1962 to 1981. At the end of
1976 this program was reevaluated. Subsequently,
in collaboration with the School of Public Health
of the University of Texas, a program to measure
environmental radiation exposure using thermo-
luminescent dosimeters was organized. By 1981, in-
terest in environmental surveillance had waned. A
final report was prepared, and all activities were
terminated.

By 1963, PAHO Regional Radiological Health
Advisor Lourie was disappointed that it had not
been possible to establish a single national radiation
protection program within the health ministries. He
felt it was imperative to assign a staff member to the
field. Specialized Technical Advisor Shea did not
wish to leave the Washington, D.C., area and re-
signed from PAHO.

In December 1964, PAHO recruited Gerald
Hanson, a 28-year-old engineer, to be Regional Ad-
visor in Radiation Protection. Hanson had master’s
degrees in sanitary engineering and in radiological
health from the University of Michigan, as well as
practical experience as a radiation control program
director for the state of Kansas and as a radiation
safety officer for a federal government laboratory in
the United States.

Stationed in Lima, Peru, Hanson was re-
sponsible for providing advice and establishing
radiation protection programs within the health
ministries of the countries of Latin America and the
Caribbean. During the 1965-1968 period, Hanson
made numerous visits to countries that had re-
quested technical advice. The topics covered in-
cluded identification of sources of radiation; ra-
diation protection surveys in hospitals, medical
centers, and industries; drafting of legislation and
regulations; organizing radiation protection ser-
vices, including film dosimetry laboratories; train-
ing of national staff, including the identification of
potential leaders for fellowship support; setting up
and operating fallout monitoring programs; pro-
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moting and coordinating research; and coordinat-
ing activities with national and international radia-
tion protection agencies.

A training team was formed by appointing
two consultants: Jorge Roman, an occupational
health engineer from Peru, and Robert Bostrom, a
training specialist from the U.S. Public Health Ser-
vice (USPHS). Using excellent training materials
(the Basic science review and the Basic manual on radi-
ation protection) that had been prepared in collabo-
ration with the USPHS, short courses were pre-
sented in various countries.

In mid-1967, PAHO Regional Radiological
Health Advisor Lourie felt he had no alternative but
to resign. He had made the strongest case possible
for increasing the resources available to the PAHO
radiological health program, but was informed by
the Director that no additional funds or staff would
be assigned. From that point onward, until Jorge
Litvak, a Chilean endocrinologist with training
in nuclear medicine, joined PAHO in 1969, the
program was implemented by the unit’s secretary,
(Rida Luellsdorf), in Washington, D.C., and Re-
gional Advisor Hanson, now stationed in Santiago,
Chile.

By the end of 1968, 10 countries had signed
formal agreements with PAHO for assistance in es-
tablishing a radiation protection program within
their health ministries. These countries were Argen-
tina, Bolivia, Brazil, Chile, Colombia, Costa Rica,
Guyana, Jamaica, Uruguay, and Venezuela. In the
radiological fallout surveillance program, 12 sta-
tions in 10 countries were in operation, with all 12
forwarding daily air samples and 6 sending weekly
to monthly composite milk samples. Also, with co-
operation from the U.S. Atomic Energy Commis-
sion, six radiological health scientific libraries, with
several hundred volumes each, were established.
They were located in Argentina, Bolivia, Brazil,
Chile, Colombia, and Venezuela.

In 1968 a seminal meeting on dosimetric re-
quirements in radiotherapy centers, took place in
Caracas, Venezuela, with participation from the In-
ternational Atomic Energy Agency (IAEA), PAHO,
and the World Health Organization (WHO). The
recommendations of the meeting included three
key items: (1) preparation of a basic manual on
dosimetry adapted to Latin American needs, (2) or-
ganization of Regional training courses in radio-
therapy physics, and (3) creation of Regional
dosimetry laboratories. On several occasions in
1969 and 1970, PAHO invited a physicist, John
Massey of the Christie Hospital in Manchester,
United Kingdom, and a radiation oncologist, Mayer
Zaharia of the National Cancer Institute in Lima,
Peru, to PAHO Headquarters in Washington, D.C.
Those two experts worked with Litvak on the man-
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ual on dosimetry. When finished, the manuscript,
including its Spanish translation, was handed over
to the TAEA, and the world-renowned Manual of
dosimetry in radiotherapy (the "Massey Manual”)
was published in 1970, bearing the logos of the
IAEA, PAHO, and WHO (3).

In 1970 a Regional course for physicists spe-
cializing in radiotherapy was presented at the
Puerto Rico Nuclear Center, jointly sponsored by
PAHO and the IAEA. Similar courses were held in
1973 in Mexico and in 1975 in Brazil and Chile.

Following PAHO'’s recommendation, in 1969
WHO established the first Regional Reference Cen-
ter for Secondary Standard Dosimetry (SSD) within
the laboratories of the Atomic Energy Commission
of Argentina. For many years this laboratory, and
others throughout the world (including ones es-
tablished within the Nuclear Energy Commission
of Brazil and the Health Ministry of Mexico), re-
ceived funding from WHO. The periodic newsletter
of the Secondary Standard Dosimetry Laboratories
(SSDLs) was published by WHO from 1970 until
1986, at which time the IAEA took over the respon-
sibility. By the end of 2005 there were 81 SSDLs in
64 countries, and 13 of these laboratories were lo-
cated in 13 different countries of the Americas.

Also arising out of the 1968 meeting in Cara-
cas was the postal IAEA/WHO program for the in-
tercomparison of radiation therapy doses, using
thermoluminescent dosimeters (TLDs). Two physi-
cists serving with the IAEA, Paul Pfalzner of
Canada and Robert Loevinger of the United States,
had devised a simple method for measuring the ra-
diation dose from cobalt-60 teletherapy units by
using capsules containing thermoluminescent
powder that could easily be transported through
the mail. PAHO and WHO immediately grasped
the impact that such a system could have on im-
proving the practice of radiation therapy, and they
joined with IAEA to organize this service on a
worldwide basis. From its inception in 1969
through the end of 2005, approximately 2 200 mea-
surements (radiation-beam checks) in 330 hospitals
or radiation therapy centers in 24 countries in the
Americas were made. Since 1991, this has included
measurements on linear accelerators. The results
of the TLD program—now known as postal dose
audits—are described in an article by [zewska et al.
in the current issue of this journal (4).

Participation in the 1968 Caracas meeting ce-
mented Hanson'’s resolve to obtain training in med-
ical physics. While conducting radiation protection
surveys in hospitals and training national staff for
this purpose, he was shocked by the lack of support
for radiological physics. The hospital physicist was
practically nonexistent, with probably no more
than a dozen medical radiation physicists working
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in hospitals in all of Latin America and the Ca-
ribbean (2 in Argentina, 5 in Brazil, 1 in Colombia,
1 in Jamaica, and 3 in Mexico). In contrast, in 2006
the International Organization for Medical Physics
had around 600 members from 11 countries of Latin
America and the Caribbean.

The PASB Director allowed Hanson a two-
year leave of absence to obtain his doctoral degree
at the University of California in Los Angeles
(UCLA). Subsequently, Jorge Litvak was invited to
take the vacant post of Regional Advisor in Radio-
logical Health in Washington, D.C. Jorge Roman
was appointed to the post of Regional Advisor in
Radiation Protection in Santiago, Chile. During
1969 and 1970, Litvak and Roman worked as a
team, PAHO’s program continued, and a general
model for radiation protection legislation was pre-
pared. In these two years a record number of 18 fel-
lowships was awarded for radiological health stud-
ies to officials from Argentina, Barbados, Bolivia,
Brazil, British Honduras, Chile, Colombia, Costa
Rica, Ecuador, Jamaica, Peru, Trinidad and Tobago,
and Venezuela.

The team of Litvak and Roman did not con-
tinue beyond the first months of 1971. Roman's con-
tract was not renewed, and soon afterward Litvak
returned to Chile. By April 1971, Hanson had com-
pleted his doctoral studies at UCLA and was as-
signed to PAHO Headquarters.

The Radiological Health Unit entered into an
era of close cooperation with the PAHO Cancer Unit
and, in collaboration with the national cancer au-
thorities of Brazil, a study group meeting on the
training of personnel in Physics Applied to Radio-
therapy was held in Rio de Janeiro in 1972. Radiation
oncologists, physicists, and cancer specialists from
the Region met with PAHO staff and consultants to
develop a plan to satisfy the need for radiotherapy
physics services. PAHO invited Carlos Eduardo de
Almeida, a young Brazilian student who was pursu-
ing a degree in medical physics at the University of
Texas” M. D. Anderson Hospital in Houston, Texas,
to attend the meeting as a consultant. Subsequently,
de Almeida made a significant contribution to the
development of medical physics and radiation pro-
tection in the Region of the Americas.

In 1973, PAHO provided to the Government
of Haiti a special type of cobalt-60 teletherapy unit
called JANUS that had been designed by Ulrich
Henschke, a radiation oncologist. With PAHO's sup-
port, Henschke and his colleagues provided opera-
tional assistance and training in radiation therapy.

The PAHO Radiological Health Unit also
began working closely with the Pan American De-
velopment Foundation (PADF), and donations of
used equipment were offered to countries in the
Americas. PADF relied on PAHO's technical advice
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in deciding whether to accept the offers. During
this period PAHO also learned about a revolution-
ary new diagnostic X-ray machine. Richard Cham-
berlain, a diagnostic radiologist at the University of
Pennsylvania, who had developed the machine,
named it the “Technamatic.”

In the latter part of 1973 the vacant post of Re-
gional Advisor in Radiological Health was filled.
The Radiological Health Unit had a new chief, Go-
dofredo Gomez Crespo, a physician from Spain,
who had been the regional advisor in the WHO Re-
gional Office for the Eastern Mediterranean. From
1974 to 1979, both the regional advisor in radiolog-
ical health and the regional advisor in radiation
physics were stationed in Washington, D.C. Gomez
Crespo devoted his efforts mainly to diagnostic ra-
diology, nuclear medicine, and radiation therapy.
Hanson worked in radiation protection, envi-
ronmental surveillance, and support for radiation
therapy, including the Postal TLD Intercomparison
Program.

Soon after becoming the chief of the PAHO
Radiological Health Unit, Gomez Crespo was intro-
duced to Chamberlain and immediately recognized
the utility of the Technamatic X-ray machine that
Chamberlain had developed. The Unit’s two re-
gional advisors organized a pivotal working group
meeting, held in March 1975 at PAHO Headquar-
ters in Washington, D.C., on planning and develop-
ing radiological facilities. Chamberlain, who was
terminally ill, participated vigorously, along with
experts from Europe, Latin America, and the
United States, including Thure Holm, a diagnostic
radiologist from Sweden who was an expert on
X-ray equipment. The working group developed a
diagnostic radiology system for primary care cen-
ters, including the specifications for a simple X-ray
machine that could operate under adverse condi-
tions. The working group also developed designs
for appropriate X-ray rooms and plans for the train-
ing of radiology personnel. A year later, Philip
Palmer, a diagnostic radiologist from the Univer-
sity of California in Davis who had also attended
the March 1975 meeting, wrote a manual that pro-
vided the information needed to establish an X-ray
department in a small hospital. PAHO published
the text (5) in both English- and Spanish-language
editions in 1978.

1975-1983, PASB DIRECTOR
HECTOR ACUNA

Hector Acufia became the Director of the
PASB in 1975. One of his first priorities was reorga-
nizing the institution. The Radiological Health Unit
became part of the Environmental Health Division,
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where it remained until 1979. Within the Environ-
mental Health Division, the country-level projects
dealing with air pollution, industrial hygiene, and
radiation protection were consolidated within the
Division’s core program of water supply and waste
water disposal. Within a few years, in most coun-
tries the country-level budget assigned for the entire
environmental engineering program was less than
the previous budgets for either industrial hygiene or
radiation protection activities alone. During the
1970s, PAHO had made bilateral agreements with
several Latin American and Caribbean governments
to establish radiological protection programs. When
the agreements reached the end of their timeframe,
they were not renewed, and by 1977, none of the
country radiation protection projects remained.

During his years in the Environmental Health
Division, the Regional Advisor in Radiological
Health continued to promote the primary care radi-
ology system (PCRS) and the training of technolo-
gists. A prototype machine loaned by the Univer-
sity of Pennsylvania was tested for three months in
El Salvador in 1975, and a report on that was pre-
sented at the Second International Symposium on
the Planning of Radiological Departments, held in
Philadelphia, Pennsylvania, United States, in 1976.
Information concerning curricula in technologist
training programs was obtained through visits to
various countries, and in 1976 a meeting of direc-
tors of schools and programs in X-ray technology
training was held in Caracas, Venezuela.

In the radiation protection area, continuing
support was provided to the national programs
through visits by the Regional Advisor in Radiation
Physics and the Regional project’s resources, be-
cause country projects had declined. The concept
of incorporating the emerging activity of quality
assurance into national programs was promoted,
as were the radiation protection aspects of facility
planning; quality assurance in diagnostic radiol-
ogy, nuclear medicine, and radiation therapy; and
the maintenance of radiological equipment. Contact
was maintained with international organizations,
such as the International Commission on Radiolog-
ical Protection (ICRP) and the International Com-
mission on Radiation Units and Measurements
(ICRU), to assure uniformity in PAHO's efforts to
promote international standards.

The Radiological Health Unit was transferred
from the Environmental Health Division to the Dis-
ease Prevention and Control Division in mid-1979,
and soon after, Gomez Crespo left PAHO. The re-
sponsibilities of both the Regional Advisor in Ra-
diological Health and the Regional Advisor in Ra-
diation Physics were entrusted to Hanson. The
Radiological Health Unit was now dealing with ra-
diation medicine (diagnostic radiology, radiation
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therapy, and nuclear medicine) as well as protec-
tion from radiation hazards from any source.

In the area of diagnostic radiology, efforts fo-
cused on developing the simplified X-ray system.
In 1980 a commitment was obtained from the Gen-
eral Electric Company to provide four prototypes
of their new “Technamatic” machine for a field trial
in Latin America. This was an updated version of
Chamberlain’s invention. The new machines incor-
porated an improved tube stand and an advanced
inverter type of “multipulse” X-ray generator. Since
Chamberlain had purposely left the name “Techna-
matic” in the public domain (without trademark
protection), General Electric used the name because
it sounded innovative. PAHO selected Colombia to
receive the four machines since that country had an
active primary care program. The machines were
delivered in 1983, and the successful field trial was
concluded in 1984.

In 1980, in collaboration with the Inter-
American Social Security Research Center (Centro
Interamericano de Estudios de Seguridad Social, CIESS),
a seminar was held in Mexico City to assess the sta-
tus of diagnostic radiology in the Region of the
Americas. Also in 1980 the results of a survey of
Spanish-language teaching materials for X-ray tech-
nologists that had been initiated the year before
were published by PAHO. In 1981, in collabora-
tion with Member States and the Inter-American
College of Radiology, a rapid assessment of the ra-
diological health situation was conducted by the
Radiological Health Unit, using questionnaires
covering diagnostic radiology, radiotherapy, nu-
clear medicine, and radiation protection. The pro-
duction of training materials for technologists was
promoted by the Radiological Health Unit through
cooperation with other PAHO technical units in an
international workshop on the training of middle-
level technicians held at PAHO Headquarters in
Washington, D.C., in 1981.

In the radiotherapy area, the IJAEA/WHO
Postal Dose Intercomparison Program for cobalt-60
teletherapy machines was gradually expanded,
with an average of 60 radiotherapy centers per year
being included over the 1979-1986 period. In 1980,
PAHO provided follow-up technical cooperation,
through visits by a radiation physicist to identify
and correct errors in those radiotherapy centers
where a deviation of greater that 5% between their
reported measurements and the actual values mea-
sured in the IAEA laboratory had been found. This
was the first time that such on-site follow-up was
provided, a practice that both PAHO and the JAEA
have continued to this date.

In the area of nuclear medicine, in collabora-
tion with the USPHS Bureau of Radiological Health
and the Federated Council of Nuclear Medicine
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Organizations, the Radiological Health Unit orga-
nized an international symposium on quality as-
surance, which was held in April 1981 at PAHO
Headquarters, with 200 participants. The purpose
was to review the status of nuclear medicine and to
develop minimum standards for quality assurance
programs. PAHO also collaborated in organizing a
workshop on quality assurance for in vivo proce-
dures in Santa Fe de Bogot4, Colombia (May 1981),
and helped the IAEA and the Brazilian Association
of Medical Physicists (Associacdo Brasileira de Fisica
Médica, ABFM) organize a workshop on quality as-
surance in Sao Paulo, Brazil (September 1981).
Again in collaboration with the USPHS Bureau of
Radiological Health and the Federated Council of
Nuclear Medicine Organizations, in 1982 PAHO
hosted the International Symposium on the Devel-
oping Role of Short-Lived Radionuclides in Nuclear
Medical Practice. With the same partners, PAHO
also hosted the following symposia: Single Photon
Ultrashort-Lived Radionuclides in Medical Prac-
tice (1983), Clinical Applications of Radionuclide
Studies of the Brain (1984), and The Role of Non-
Invasive Imaging Modalities in Clinical Decision-
Making: Coronary Artery Disease (1985).

In radiation protection, the collaborative ef-
forts of PAHO and the national radiation protection
services of Argentina, Colombia, and Mexico re-
sulted in the publication of Volume I of the revised
Manual bésico de proteccién radiolégica [Basic Manual
on Radiation Protection] by the Ministry of Health
of Colombia. In collaboration with the Brazilian
Institute of Radiation Protection and Dosimetry
(Instituto de Radioprotegdo e Dosimetria, IRD) and
with support from the U.S. Department of Energy,
PAHO organized the Regional Seminar on Ra-
diation Accidents and Procedures for Managing
Irradiated Persons, which was held in Itaipava,
Brazil, in December 1981. Seven years later, when
a cesium-137 contamination accident occurred in
Goiania, Brazil, the Brazilian authorities were
firmly in control of the situation and, using both
national and local experts, skillfully handled the
aftermath.

1983-1994, PASB DIRECTOR
CARLYLE GUERRA DE MACEDO

Soon after Carlyle Guerra de Macedo became
the Director of the PASB in 1983, PAHO Headquar-
ters staff members were assembled into groups for
an introspective analysis that covered a period of
several months. Shortly after, the function of pro-
gram coordinator was created in the various PAHO
technical divisions and continued until 2003.
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From 1983 until 1987, the PAHO radiological
health program continued on its main course, with
radiation medicine (diagnostic radiology, radiation
therapy, and nuclear medicine) and radiation pro-
tection being its major components.

A survey conducted by the Radiological
Health Unit in 1983-1984 in cooperation with the
health authorities of Argentina, Brazil, Colombia,
Costa Rica, the Dominican Republic, Ecuador, Mex-
ico, and Nicaragua showed that the use of X-ray
equipment for diagnosis was low in small hospitals
(ranging from 1% to 5% of patients) as compared to
referral hospitals, where 20% to 30% of patients un-
derwent an X-ray examination. This reinforced the
priority given by PAHO and WHO to basic radiol-
ogy at the Regional and global levels.

Four basic X-ray machines manufactured by
the Siemens Corporation were delivered to Nica-
ragua in 1984 and, with the collaboration of WHO
Headquarters staff (radiologist Eero Lehtinen), a
field trial was conducted. In 1985, two machines
manufactured by the Phillips Corporation were
installed for a field trial in Chile. Results again
demonstrated that with a short training period and
proper supervision, excellent radiographs could be
produced by local hospital staff.

In the radiotherapy area, efforts were made
by the Radiological Health Unit to extend and im-
prove the IAEA/WHO Postal Dose Intercompari-
son Program, following the recommendations of a
working group meeting of the SSDL directors
hosted by the M. D. Anderson Hospital in Houston
in 1982. However, the results remained essentially
the same, with only 60% of participating centers
meeting the standard criteria of a deviation of 5% or
less. In 1983 a key meeting, the First International
Symposium on Quality Assurance in Radiation
Therapy: Clinical and Physical Aspects, was held at
PAHO Headquarters in Washington, D.C., with the
collaboration of radiological societies from Europe,
Latin America, and the United States and govern-
ment institutions. The participants reviewed expe-
riences in radiation therapy from around the world,
and a consensus was reached concerning minimal
as well as optimal standards for both clinical and
physical aspects of quality assurance. The proceed-
ings were published by Pergamon Press in 1984 on
behalf of the co-organizers of the meeting (6).

During 1984 and 1985, assistance was pro-
vided to Argentina in a successful effort that re-
sulted in the production of a cobalt-60 teletherapy
machine within the country. With PAHO's collabo-
ration, Neutron Products, a United States company
that refurbished used cobalt-60 units, provided
valuable technical assistance to Argentine institu-
tions. These included the Ministry of Health, the
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Atomic Energy Commission, and the Institute of
Applied Research in Bariloche, which subsequently
collaborated in designing and manufacturing the
Argentine machine.

In the area of nuclear medicine, PAHO, in
collaboration with the WHO Collaborating Center
in Nuclear Medicine in Danbury, Connecticut,
United States, launched a new program for evalu-
ating the quality of nuclear imaging procedures
in 1983, using specially designed “phantoms” that
could be mailed. Designed by the American Col-
lege of Pathologists, the phantoms simulated vari-
ous human organs as required for the relevant nu-
clear imaging procedure.

In radiation protection, assistance was pro-
vided to 20 countries from 1983 to 1986, through
visits by the PAHO regional advisor and consul-
tants, on legislation, organization of services, radia-
tion measurements, radiation accidents, shielding
calculations, and training.

In April 1987, Hanson was invited to become
the Chief of Radiation Medicine at WHO Head-
quarters in Geneva, Switzerland, and resigned from
PAHO. In March 1988, Cari Borras took over the
position of Regional Advisor in Radiological Health
at PAHO Headquarters in Washington, D.C. A
native of Spain, Borrds had a doctor of science de-
gree from the University of Barcelona. She had pre-
pared her thesis at Thomas Jefferson University in
Philadelphia, Pennsylvania, as a Fulbright scholar.
By the time she joined PAHO she had considerable
international experience.

From 1988 to 1994, under Director Macedo’s
administration, Borras continued PAHQO’s technical
cooperation. She worked at both the Regional and
country levels. Her tasks included data collection
and situation analysis; revision and development of
standards and guidelines; preparation and distribu-
tion of publications; consultations in radiation med-
icine and in radiation protection; assessment of
policies and resources for radiology services cov-
erage and for radiation protection programs; train-
ing activities, such as courses, seminars, and con-
gresses; organization of and participation in
scientific meetings; promotion and development of
quality assurance programs; support to and collab-
oration with WHO and IAEA programs; initiation
of a network of radiological physics centers, equip-
ment donations, and loans; the removal of spent ra-
dioactive sources, and assistance in case of radio-
logical emergencies (7, 8). The radiological health
information collected from the countries was
mainly published in PAHO'’s quadrennial Health in
the Americas report (9, 10).

Efforts centered mainly on education. The
PAHO Regional Advisor lectured in 40 country
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and/or Regional training events that were orga-
nized and/or cosponsored by PAHO. The most sig-
nificant one was a hands-on course on physical
dosimetry in radiation therapy held in San Antonio,
Texas, in August 1988, which was attended by 45
Latin American medical physicists. The event was
cosponsored by the International Organization for
Medical Physics (IOMP) and the medical physics
societies of the United States (AAPM), Latin Amer-
ica (ALFIM), and Spain (SEFM), in collaboration
with PAHO and the IAEA.

A different training approach was taken in de-
veloping and establishing the radiological physics
centers, which were institutions that could provide
in situ practical training in radiological physics to
physicians, medical physicists, engineers, and tech-
nologists involved in diagnostic and therapeutic ra-
diology services. The first center was established in
Caracas, Venezuela, in 1993, and the second one was
set up in Tegucigalpa, Honduras, in 1995.

Through the IAEA /WHO postal dose audits,
which verified the accuracy of the calibration of
high-energy radiotherapy units with TLDs, and
through the quality assurance workshops on radia-
tion therapy held during that period (7, 8), it was
ascertained that the source strength of most cobalt-
60 units in Latin American and Caribbean countries
was too low for effective radiotherapy treatments.
In 1993, PAHO, in collaboration with WHO, the
IAEA, and the United Nations Industrial Develop-
ment Organization, convened an advisory group
meeting in Washington, D.C., to assess the situation
and make recommendations concerning the prob-
lems of existing teletherapy units, including both
cobalt-60 units and current linear accelerators. The
proceedings of the meeting, which were published
by Los Alamos National Laboratory in Decem-
ber 1995 (11), also presented new alternative de-
signs for teletherapy units.

Consultations with the countries of the
Americas concerned radiation medicine and also
radiation safety, including prevention, prepared-
ness, and response in case of a nuclear accident
or a radiological emergency. The most significant
radiological accident during that period involved
three workers in San Salvador, El Salvador, in
February 1989, with a cobalt-60 industrial irra-
diator used for sterilizing medical products. Due
to the high radiation doses that the workers re-
ceived, one of them died and another had his legs
amputated (12).

Other minor accidents or incidents involved
discarded brachytherapy sources in several Carib-
bean countries in the early 1990s. Concerned about
potential exposures, PAHO contracted a United
States company, NSSI/Sources and Services, to de-
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contaminate the premises where needed, to condi-
tion the sources, and to transport the sources to the
United States for safe storage.

To prevent radiological accidents and to im-
prove the radiation safety infrastructure in its
Member States, PAHO joined the Inter-Agency
Committee on Radiation Safety (IACRS) in 1991
and strengthened its cooperation with WHO and
the IAEA. In 1993, it cosponsored a workshop on
radiation safety for Central America and the Ca-
ribbean. In 1994 the XXIV Sanitary Conference
endorsed the International Basic Safety Standards
for Protection against Ionizing Radiation and for
the Safety of Radiation Sources (BSS) (13), which
had been jointly prepared through the IACRS.

1995-2003, PASB DIRECTOR
SIR GEORGE A.O. ALLEYNE

In the year 2000, PAHO'’s radiological health
activities became part of the Essential Drugs and
Technology Program within the Division of Health
Systems and Services. Borras became the program’s
coordinator, while also continuing to be responsi-
ble for radiological health activities. PAHO pre-
sented guidelines on radiology services in a 1997
publication, Organization, Development, Quality As-
surance and Radiation Protection in Radiology Services:
Imaging and Radiation Therapy (14). The text, which
described the organizational and technical aspects
of radiology services, was aimed at political lead-
ers, administrators, planners, and health profes-
sionals, as well as ministries of health, and was
intended to help them allocate resources and deter-
mine technological configurations for the provision
of decentralized radiology services under health
sector reform.

Guidelines for patient radiation protection
were given at the International Conference on the
Radiological Protection of Patients in Diagnostic
and Interventional Radiology, Nuclear Medicine
and Radiotherapy, which was held in Malaga,
Spain, in 2001 and cosponsored by the IAEA, the
European Commission (EC), PAHO, and WHO
(15). It was attended by 800 people, 17 of them par-
tially subsidized by PAHO. In 2002 the IAEA Board
of Governors approved an International Action
Plan on the Radiological Protection of Patients, to
be carried out in cosponsorship with the EC,
PAHO, and WHO. PAHO, along with several other
international organizations, also cosponsored the
IAEA’s new requirements on preparedness and re-
sponse for a nuclear or radiological emergency (16).
PAHO also participated in an international confer-
ence on the management of radioactive waste from
non-power applications, which was organized by
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the IAEA (17); joined the Inter-Agency Committee
on Response to Nuclear Accidents (IACRNA); and
became part of the Joint Radiation Emergency Man-
agement Plan of the International Organizations
(18). PAHO also increased its radiation protection
technical cooperation in the area of nonionizing ra-
diation, providing advice on the health effects of
electromagnetic fields (especially those of cellular
telephones), lasers, microwaves, ultrasound, mag-
netic resonance, and ultraviolet light.

The educational activities continued. During
that period the Regional Advisor lectured in 98
country and/or Regional training events that were
organized and/or cosponsored by PAHO (19-21).
Most of the courses were aimed at Member States of
PAHO or WHO and dealt with the implementation
of the BSS in medical practice. A training manual,
consisting of 1 200 slides, was developed by PAHO
for the IAEA.

The radiological physics center in Teguci-
galpa, Honduras, was coordinated by the Au-
tonomous University of Honduras (Universidad
Autdénoma de Honduras), which signed an agreement
with the Ministry of Health to carry out activities of
joint interest, including a special degree program
for radiation technologists. In 1997-1999, this center
was partially subsidized, through PAHO, by the
Ministry of Health of Spain.

PAHO continued to provide support during
this period to the World Health Imaging System
for Radiography (WHIS-RAD). In the mid-1990s,
it purchased 11 of these units and installed them
in Haiti. In spite of the inherent reliability of the
equipment, the services had serious problems be-
cause of lack of maintenance, poor X-ray technician
training, and inadequate radiation protection mea-
sures. Other efforts to upgrade radiology services
involved Belize, Chile, Dominica, Haiti, St. Kitts
and Nevis, and Trinidad and Tobago.

Efforts to upgrade radiotherapy services were
carried out in various countries of the Americas.
In Colombia, a countrywide evaluation was con-
ducted; in Honduras, remote-control low-dose rate
brachytherapy was introduced; in Trinidad and To-
bago, a completely new cancer treatment facility
was planned; and in Panama, cobalt therapy was
replaced by linear accelerators. Quality assurance
programs in radiation therapy services continued
to be promoted, mainly through the TLD IAEA/
WHO Regional postal dose audit. A meeting on this
program for TLD program coordinators from the
Region of the Americas was held in Santo Do-
mingo, Dominican Republic, in July 1999.

If one of the participating Costa Rican fa-
cilities had acknowledged a significant deviation
that had appeared for several years, it could have
prevented the overexposure of 114 patients—many
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of them children—that occurred as a consequence
of a miscalibration of a cobalt-60 unit. PAHO was
asked to provide technical assistance, and a year
later the IAEA carried out its own investigation.
PAHO was also asked to investigate a radiother-
apy overexposure incident that occurred in Panama,
caused by the improper use of treatment planning
software. The details of the Panama exposure are
published in this issue of this journal, in a report by
Borras (22).

In November 2001 and April 2002, Costa Rica
again asked PAHO to assess potential radiation
overexposures, this time caused by one or two med-
ical linear accelerators. No evidence of overexpo-
sures was found.

Recognizing the need for standards in medical
radiation dosimetry, PAHO cosponsored an inter-
national symposium in 2002 on standards and codes
of practice in medical radiation dosimetry (23).
PAHO also promoted an accreditation program for
radiotherapy services to be implemented in the
countries of Latin America and the Caribbean.

In 1999 the radiological health program won
the research competition convened by PAHO’s Di-
rector, with the theme of “quality assessment of ra-
diology services,” and prepared the terms of refer-
ence for the submission of projects. Seven countries
applied, and five of them (Argentina, Bolivia,
Colombia, Cuba, and Mexico) were awarded a re-
search contract, which involved medical physicists
and radiologists in these countries. The results of
this health services delivery research project are
presented in this issue of this journal, in an article
by Fleitas et al. (24).

In 2001 a Regional diagnostic radiology re-
search program to evaluate the image quality and
the average glandular dose in mammography units
in countries of the Americas was undertaken by
PAHO and the Inter-American College of Radiol-
ogy, in collaboration with the IRD in Brazil, and
the Center for Devices and Radiological Health
(CDRH) in the United States. Data from 61 units in
11 Latin American and Caribbean countries were
collected and analyzed. Eighty-eight percent of
the units evaluated complied with the image qual-
ity requirement, and only 8.5% of all the units ex-
ceeded the dose limit for the average glandular
dose.5

Borras C, Mota H, Skvarca JJ. Measurements of image quality and
dose in 61 mammography units in 11 countries [conference presen-
tation]. 89th Radiological Society of North America Scientific As-
sembly and Annual Meeting, 28 November-3 December 2004, Chi-
cago, lllinois, United States. Abstract available at: http://rsna2003.
rsna.org/rsna2003/VBK/conference/event_display.cfm?id=66601&
em_id=3107772. Accessed on 19 February 2006.
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2003 TO THE PRESENT, PASB DIRECTOR
MIRTA ROSAS PERIAGO

In January 2003, Mirta Roses Periago, who
had previously served for eight years as the As-
sistant Director of the PASB, was the first woman to
become the Director of the PASB. Organizational
changes were made, and the radiological health
program was located in the Area of Technology and
Health Services Delivery (THS), first within the
Health Services Organization Unit and finally
within the Unit of Essential Medicines, Vaccines,
and Health Technologies. Regardless of its location,
the radiological health program carries out its ac-
tivities by interacting with numerous areas within
PAHO, following the new management model im-
plemented by Director Roses.

Pablo Jiménez joined PAHO in July 2002 as an
associate professional expert and became the regional
advisor of the radiological health program in Janu-
ary 2004. A physicist, Jiménez received the Spanish
equivalent of a master of science degree in physics
from the University of Madrid (Universidad Com-
plutense de Madrid) in 1988, and a degree (equivalent
to a medical specialty) in medical physics and radia-
tion protection from Spain’s Ministry of Health and
Ministry of Education in 1996. The other professional
who was working in the radiological health program
at PAHO Headquarters during this period, as an
associate professional officer, was Ileana Fleitas. A
nuclear engineer from Cuba, she joined PAHO in
February 2003 and returned to Cuba in February
2006, where she is now working as a PAHO staff
member in the radiological health program.

The main activities since 2003 have included
strengthening diagnostic imaging and radiotherapy
services, promoting regulations to protect against
both ionizing and non-ionizing radiation, and im-
proving the countries’ capacity to respond to radio-
logical or nuclear emergencies. Emphasis has been
placed on advising on technology management.

Concerning diagnostic imaging and radiation
oncology services, currently around 150 high-energy
radiotherapy units are checked annually in Latin
America and the Caribbean through the IAEA/
WHO TLD postal dose audit. The evaluation of radi-
ation therapy and diagnostic imaging services has
been continued in the Bahamas, Costa Rica, Guyana,
Nicaragua, and Panama.

Technical advice and assessment in technol-
ogy management were provided for the incorpora-
tion of new technology in Argentina, Costa Rica,
Cuba, El Salvador, Guatemala, Trinidad and To-
bago, Uruguay, and Venezuela.

The radiological health program has also
been very active in organizing, cosponsoring, and
supporting educational activities at the national,
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Regional, and global levels. The program orga-
nized a workshop on clinical quality in radiation
therapy in Montevideo, Uruguay, and two subre-
gional training workshops on quality assurance in
radiology services for radiographers and radiolog-
ical technologists, one in San Salvador, El Salvador
for radiological technologists from Central Amer-
ica, and the other in Guyana for radiographers and
radiological technologists from the Caribbean.
Within a project called Teaching the Teachers Ini-
tiative for Ultrasound Training in Latin America
and the Caribbean, a total of 12 radiologists from 12
countries was selected to attend an intensive 12-
week training program during 2005 and 2006 at the
Jefferson Ultrasound Research and Education Insti-
tute, which is located in Philadelphia and is one of
the PAHO/WHO Collaborating Centers. A total of
six educational centers in ultrasound will be estab-
lished in the Region by the end of 2007.

The most important international meetings,
congresses, and conferences where the radiological
health program was represented and where sup-
port was provided during this period were the XI
Congress of the International Radiation Protection
Association, in Madrid, Spain; the III Iberian Latin
American and Caribbean Congress of Medical
Physics, in Rio de Janeiro; the Regional CRILA Con-
gress, in Lima; National Infrastructures for Radi-
ation Safety: Towards Effective and Sustainable
Systems, in Rabat, Morocco; and the VI and VII
Regional Congresses of the International Radiation
Protection Association, in Lima.

Concerning other activities, national regula-
tions were evaluated and comments on them were
sent to the Bahamas, Bolivia, Honduras, Panama,
and Paraguay. A Regional compilation of the na-
tional regulations on non-ionizing radiation was
completed; a radiation emergency exercise was ex-
ecuted jointly with the Organization of American
States, in Barbados; a self-evaluation guideline to
respond to radiological emergencies was prepared
and sent to Peru; and a workshop for Andean coun-
tries on dangerous radioactive materials was held
in Quito, Ecuador.

In addition, the PAHO radiological health pro-
gram actively participates in two IAEA Regional
cooperation agreements for Latin America and the
Caribbean (Acuerdos Regionales de Cooperacion para
América Latina y el Caribe, ARCAL) dealing with ra-
diology and the education of medical physicists.
One of the strategic lines consists of the establish-
ment of a formal agreement with the IAEA’s Tech-
nical Cooperation Department, which will include
a joint Regional project for 2007/2008 to improve
the quality of radiation therapy.

Atthe global level, the practice of co-sponsoring
relevant IAEA publications continued. PAHO par-
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ticipated in the 2004 version of the Joint Radiation
Emergency Management Plan of the International
Organizations (18). It also attended the I and II Steer-
ing Panel Committee Meetings of the International
Action Plan for the Radiological Protection of Pa-
tients, in Madrid, contributing to drafting the actions
for 2006 and 2007 geared to promoting education and
training, providing assistance, rendering services,
fostering information exchange, and coordinating re-
search in the areas of diagnostic and interventional
radiology, nuclear medicine, and radiation therapy
(25). PAHO also organized and hosted the XI Meet-
ing of the IACRS, a distinction it had not held since
1992. It also continued participating in the IAEA Ra-
diation Safety Standards Committee (RASSC) meet-
ings and the WHO Radiation Emergency Medical
Preparedness and Assistance Network (REMPAN).
The PAHO radiological health program has now be-
gun the process of revising the BSS.

CONCLUSIONS

PAHO's radiological health program has been
in existence for nearly half a century. The program
has focused on specific issues in keeping with the
times, as well as on the priorities of PAHO’s Mem-
ber States. The latter have had at their disposal the
most current scientific and professional knowledge
and advice available, as well as a steady partner for
continuously improving their national institutions.

As new discoveries and new challenges ap-
pear, the most important needs envisaged for the
immediate future are: education and training in
evaluating, incorporating, and utilizing new tech-
nologies; support for strengthening radiological
diagnostic and therapeutic services; support for
research on analyzing and evaluating outcomes; im-
plementing ways to safeguard patients and staff, in-
cluding strengthening regulations; and improving
the capacity to respond to radiological and nuclear
emergencies.

With the continuing confidence and support
of PAHO’s Member States, the PAHO radiological
health program is expected to continue to respond
to their needs.

SINOPSIS

Historia del programa de radiologia
y radioproteccion de la Organizacion
Panamericana de la Salud

El programa de radiologia y radioproteccién de la Organi-

zacibn Panamericana de la Salud (OPS) se establecié en
1960. En ese entonces, las superpotencias mundiales se en-
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frascaban en la carrera armamentista; hacian pruebas con
armas nucleares en la atmésfera y los pueblos y gobiernos
del mundo les temian a los efectos de la lluvia radiactiva.
Ademds, se comenzaba a fomentar el uso pacifico de las ra-
diaciones en la medicina, la investigacién y la industria, por
lo cual se necesitaba una proteccion adecuada contra estas
nuevas formas de energia. Como se sefialé en el Informe
anual del Director de la OPS, los objetivos de ese nuevo
programa de la Organizacion eran: 1) incentivar la adopcion
de reglamentos aplicables al uso de las radiaciones en conso-
nancia con las recomendaciones de la Comision Internacio-
nal de Proteccion Radioldgica; 2) promover la ensefianza de
la fisica médica y de la proteccién radiolégica; 3) ayudar a
desarrollar las aplicaciones de los radioisétopos en el diag-
nostico, el tratamiento y la investigacion médica; y 4) im-
pulsar las investigaciones relacionadas con el uso de las ra-
diaciones en la medicina, la salud piiblica y la veterinaria.
Durante casi medio siglo, el programa de radiologia y ra-
dioproteccion de la OPS ha centrado su atencion en diversos
temas, segiin las necesidades y prioridades de los Estados
Miembros. Para ello siempre ha contado con personal alta-
mente calificado capaz de asesorar a los ministerios de salud
acerca de las politicas relacionadas con las aplicaciones sani-
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tarias de las radiaciones, y a las instituciones clinicas acerca
de las modalidades radiolégicas diagndsticas y terapéuticas
mds recientes. Como en sus inicios, el programa contintia
prestando atencién a las siguientes necesidades de la Region:
la educacién y capacitacion del personal de radiologia para
que aprenda a evaluar, incorporar y utilizar con eficacia y se-
guridad las nuevas tecnologias; el apoyo gerencial y técnico
para fortalecer los servicios radioldgicos; el asesoramiento in-
tegral orientado a establecer o mejorar los programas guber-
namentales de radioproteccion, incluida la adopcion de legis-
lacion y reglamentacién para el control de las radiaciones
ionizantes y no ionizantes; el fomento de la investigacion
para analizar y definir prioridades; y el fortalecimiento de la
capacidad institucional con miras a responder a las emergen-
cias radioldgicas y nucleares. A pesar de que surgen nuevos
retos a medida que se producen nuevos descubrimientos, el
Programa de radiologia y radioproteccion de la OPS seguird
respondiendo a las necesidades de los Estados Miembros.

Palabras clave: prestacién de atencién de salud, ra-
diologia, proteccion radiolégica, radioterapia, Or-
ganizacion Panamericana de la Salud, Américas.
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SYNOPSIS

Recent developments in public health policy have high-
lighted the central role of the clinical work force in the suc-
cess of policy implementation, and thus the need for effective
human resource policies. Given the high level of profession-
alism in health services, a number of special issues arise, in-
cluding the organizational structures that best support pro-
fessional work. Experiences from global industries that rely
on a highly expert work force show that hierarchical control
structures need to be supplemented by a variety of networks.
Networks are complex structures that are very different
from normal hierarchies, and they need to be effectively un-
derstood. While they usually develop spontaneously, they
are often not optimally structured, adequately supported, or
effectively exploited by health service organizations. It is im-
portant to understand the nature of networks and how they
can be promoted in order to ensure that clinicians are appro-
priately supported in providing and enhancing services.

In health policy, the role of clinicians is commonly
considered to be that of functionaries performing
defined tasks as the need arises, while the principal
task of management is to ensure that the staff hired is
competent and that the required tasks are performed.
However, some authors (1-3) have recently high-
lighted the fallacies of such an approach and have
emphasized the need for effective human resource
policies to engage with the social and political dy-
namics of clinical professionals. The role of the profes-
sional goes beyond merely providing services to actu-
ally defining the nature of the service required for
individual patients, and it may extend to enhancing
service capabilities. This paper focuses on the subject
of human resource policy in the field of radiology.

The provision of radiological services depends
on the capability of a number of types of profession-
als, particularly diagnostic and therapeutic radiolo-
gists and radiographers, as well as related staff such
as medical physicists. The competence of these pro-
fessionals depends not only on their initial training,
but also on their desire and ability to monitor their
performance, to upgrade their skills, and to adapt to
local needs. Further, the effectiveness of profession-
als depends on their ability to integrate their services
with a range of other local professional and commu-
nity activities in order to accommodate the specific
needs of each patient. This is the only means of en-
suring that quality continuity of care can be achieved
in radiology, especially in therapeutic radiology.
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Such dependence on the skills and initiative
of operational staff is common to many industries,
and there are valuable lessons that can be drawn,
particularly from large global corporations. We use
these lessons to develop an understanding of the
types of structures that would best enable clinical
professionals to effectively contribute to the provi-
sion and reform of health services.

THE CENTRAL ROLE
OF CLINICAL CAPABLITY

Clinical capability is basic to both the defi-
nition and delivery of health services. It is only
through the skills, values, and commitment of pro-
fessional clinicians that the appropriate service for
each patient can be identified and delivered. It is
clinicians who assess the nature of a patient’s need,
what diagnostic methods to employ, what treat-
ments to consider, how to bring the resources of the
system to bear on that need, how to work with
other clinicians and services, and how to best en-
gage the patient in light of his or her particular cul-
tural environment (4). Such decision-making may
require clinicians to balance the potentially compet-
ing interests of the patient, the system, the society,
their profession, and their own personal needs.
These skills depend not only on the science and
“state of the art” of clinical practice but also on the
local context and the way that the health service in-
tegrates with local communities. Further, by using
their considerable intelligence and intimate knowl-
edge of the task and the system, clinicians may also
play a major role in enhancing the nature of the ser-
vice and directing its future development.

Such realities are becoming recognized in the
economic theory of social capital. Francis Fuku-
yama (5) notes: “The fact of the matter is that coor-
dination based on informal norms remains an im-
portant part of modemn economies, and arguably
becomes more important as the nature of economic
activity becomes more complex and technologically
sophisticated. Many complex services are very
costly to monitor and are better controlled through
internalized professional standards than through
formal monitoring mechanisms.”

There are many ways in which effective
decision-making at the clinical level is central to qual-
ity health services, and it is only through supporting
such decision-making that services can be optimized.

THE ROLE OF NETWORKS

The most important organizational structure
for supporting this clinical competence is the net-
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work. Networks are complexes of links among
many different parties, driven largely by the inter-
ests of those parties and facilitated by trust (6).
These parties may be individual clinicians, acade-
mics, departments, service providers, or other enti-
ties. Networks have always played important roles
in the development and use of knowledge, in such
forms as guilds, professions, associations, and, more
recently, the complex of discussion groups that have
developed on the Internet. Networks are central to
the support and enhancement of professionalism.

There is an increasing recognition in the com-
mercial sector of the role of networks, particularly
in highly skilled professional service industries (7).
Many global corporations, such as British Petro-
leum, Ernst & Young, Hewlett-Packard, and Xerox,
have been paying much greater attention to the
way that they use knowledge (8), and they are pro-
moting networks of various types, sometimes
called “communities of practice,” as a means of en-
hancing organizational skills and capabilities (9).
The IBM Center for The Business of Government
has identified networks, in the form of communities
of practice, to be a new tool for government man-
agers that is capable of driving nationwide changes
in government services, using the energy and com-
mitment of operational staff (10). In the United Na-
tions the Cardoso Report takes networks as the core
structure for enabling the engagement of civil soci-
ety in the UN system (11).

Networks are common in health services, and
they are fundamental to service provision. Often
arising naturally, networks are frequently informal
and often quite ephemeral and difficult to define.
They provide the potential for a flexible engage-
ment of the enormous reservoir of interest and ex-
pertise that resides at many levels throughout the
health system, coordinating diverse interests and
responding to challenges as they arise. For instance,
the spontaneous networks of specialists who re-
sponded to the recent SARS epidemic have been of-
ficially recognized by the World Health Organiza-
tion (3). Much of the work in clinical research in
diagnosis and therapy is through networks of insti-
tutions and practitioners.

Networks can take many different forms,
being either formal (clearly defined and structured)
or informal (often diffuse and amorphous). Net-
works can have a variety of functions, with some of
the more important being expertise networks, refer-
ral networks, and program networks.

Expertise networks involve the sharing and
development of specialized knowledge amongst
groups of similarly qualified people such as radiolo-
gists and radiographers. These are often incorpo-
rated into formal structures such as colleges and so-
cieties (e.g., the International Society of Radiology
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and the International Society of Radiographers and
Radiological Technologists). There may also be in-
formal associations for more specialized areas with,
for example, networks of interventional radiologists,
chief radiographers, breast cancer radiation oncolo-
gists, or medical physicists. Such networks play crit-
ical roles in maintaining and developing the exper-
tise required for service provision, and they provide
a sense of identity and assurance against the uncer-
tainties of expert practice, particularly for those clin-
icians who are otherwise isolated (12). These uncer-
tainties may arise from many sources, ranging from
the nature of the patient, the disease, and the ap-
propriate treatment to the political, organizational,
legal, and financial environment in which clinicians
work. Patients may form cancer support groups that
not only become networks of people sharing their
experience of the disease and treatment but also con-
stitute a very important source of knowledge.

Referral networks enable a range of expertises
to be accessed to address individual cases. For in-
stance, a general practitioner may refer a patient to
a medical oncologist, who refers him to a radiation
oncologist, who treats and then refers the patient
back to the medical oncologist, who then refers him
to a physiotherapist to address the effects of the
treatment. These networks form key coordinating
mechanisms for practitioners, usually developed
informally over a period of time as clinicians learn
whom they can work with and trust. Radiology and
oncology services often receive many of their pa-
tients through such networks, and those services
may use similar networks to engage other services
to address individual patient needs.

Program networks are more structured net-
works, commonly used in oncology services, that co-
ordinate the different expertises required to provide
for particular types of patients. Such networks may
combine tertiary diagnostic and therapeutic services
with primary care, community services, and mutual
support groups of patients. Because of the many dif-
ferent specialty services involved in dealing with
cancer, it is only natural that institutions work to-
gether in networks. Such networks enable the so-
phisticated services to be available in major centers,
which work in conjunction with locally-provided
lower-level services. The National Health Service of
the United Kingdom has used such networks as a
central component in the revitalization of cancer ser-
vices (13). In diagnostic radiology, such networks
enable the cooperation required for teleradiological
services to operate effectively (14).

The value of networks lies in their ability to
handle complex, experiential, and specialist knowl-
edge in a way that is responsive to changing and
unpredictable circumstances. Networks make pos-
sible the comparison of experiences and practices
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by those who know them in detail. Networks also
facilitate the sharing of opinions about how to deal
with a particular case, a new drug or technology,
or problems with current practices. Networks can
draw on expertise relevant to particular issues and
local situations. Networks can be a means of distill-
ing, consolidating, enhancing, and validating knowl-
edge that is distributed among a wide range of peo-
ple. Networks can engage people directly involved
in clinical services in both assuring performance
and enhancing it (12).

Networking can also enable specialist services
and departments to work together cooperatively,
allowing them to learn from each other in identify-
ing inefficiencies, developing innovations, testing
alternative systems, and benchmarking perfor-
mance (15). Thus, the strengths of the stronger ra-
diotherapy centers can be used to assist other cen-
ters to enhance the quality of their services.

Despite the vital role that networks play in
most organizations, they are seldom effectively rec-
ognized. Organizational structure is usually pre-
sented as a hierarchy, and networks remain largely
invisible. For instance, Savage (16) analyzes the
way that hierarchical control has been considered
the ideal for health services in the United States, but
in a way that ignores the role of networks. In a
major analysis of health sector worker motivation,
Franco et al. (17) consider only the “alignment [of
clinical attitudes] with the goals of the organiza-
tion,” completely ignoring the potential of wider in-
fluence of professional standards and community
goals that come through networks.

This lack of attention to networks results in
demands being placed on hierarchies that they
often cannot fulfill. The typical hospital manage-
ment, for instance, is incapable of mastering all the
specialty disciplines for which they are responsible.
Further, hierarchies have great difficulty in han-
dling the multitude of problems that require in-
depth practical knowledge, consistency across the
system, and widespread commitment of the people
involved. In health, such problems cover a wide
range of quite critical issues, such as service coordi-
nation, manpower training, clinical standards, com-
munity education, and technology deployment.

On the other hand, networks can keep clini-
cians in touch with each other over broad regions,
enabling them to learn from the best experiences of
others, avoid the worst outcomes, and minimize the
discrepancies in practices that inevitably develop.
In this way, professional integrity and consistency
can be maintained so as to enable coherent training
programs and practice standards, professional mo-
bility, and career viability. For example, these kinds
of enhancements of service standards are being
achieved in the Australian state of New South
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SINOPSIS

El papel de las redes de profesionales
en los servicios de radiologia

Algunos acontecimientos recientes en el dmbito de las politicas
sanitarias han puesto de relieve el papel fundamental que de-
sempefia el personal clinico en la ejecucién de dichas politicas.
Es importante, por lo tanto, que las politicas de recursos hu-
manos sean eficaces. En los servicios de salud el personal suele
ser de nivel profesional en su mayor parte y, como resultado,
hay varias cuestiones que es preciso examinar, entre ellas qué
estructuras organizacionales conducen a un mejor desempesio
profesional. Segiin la experiencia acumulada por industrias
multinacionales con una fuerza de trabajo muy experta, las

Atrticles and special reports

estructuras basadas en un control jerdrquico tienen que suple-
mentarse con una serie de redes de profesionales. Es preciso en-
tender a cabalidad estas iilltimas, que son estructuras comple-
jas y muy distintas de las jerarquias ordinarias. Aunque por lo
general estas redes se forman espontdneamente, a menudo ni
tienen una estructura Optima ni cuentan con un apoyo ade-
cuado, a lo cual se suma que las organizaciones sanitarias
raras veces saben aprovecharlas. Es impottante conocer la na-
turaleza de las redes y saber fomentarlas a fin de conseguir que
el personal clinico profesional reciba el apoyo necesario para
prestar bien sus servicios y poder mejorarlos.

Palabras clave: servicios de salud, personal de salud,
redes comunitarias, procesos de grupo, cultura orga-
nizacional, autonomia profesional, radiologia.
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The recommended X-ray unit is known as the
World Health Imaging System for Radiography
(WHIS-RAD) (3, 4). In the Region of the Americas,
since the 1950s the Pan American Health Organi-
zation (PAHO) has addressed the problem of ef-
fectiveness and safety in radiology departments
by performing national and Regionwide surveys
and by implementing quality assurance and quality
control programs (5-7). (The main objectives of a
quality assurance (QA) program are to improve
diagnostic accuracy without using unnecessary ra-
diation, and to minimize costs. The specific tests re-
quired to ensure effective and safe equipment per-
formance are usually referred to as quality control
{QC) tests. Sometimes, the term “quality manage-
ment,” encompassing both QA and QC, is used.) Es-
tablishing a comprehensive quality assurance pro-
gram in radiology departments that takes into
account the principles established by WHO and
PAHO is considered a requirement under the guide-
lines contained in the International Basic Safety Stan-
dards for Protection against Ionizing Radiation and for
the Safety of Radiation Sources (8).

The effectiveness of diagnostic imaging ser-
vices is greatly dependent on the quality of the
health care provided. The existence of well-trained
professionals, as well as the implementation of
quality assurance programs, are essential for ob-
taining accurate diagnoses.

A recent PAHO assessment of imaging ser-
vices in public and private hospitals in five Latin
American countries revealed that very few services
had implemented periodic quality control pro-
grams. The study also found that the clinical images
in more than 30% of gastrointestinal tract exams
and in more than 50% of lumbar spinal studies
were of unacceptable quality. In the same study the
accuracy of the radiological interpretation in mam-
mography was found to depend on the experience
of the physician reading the films.

Regardless of the limitations that developing
countries face, they can benefit from accreditation
programs if the programs are tailored to the coun-
try’s specific circumstances,? particularly the quan-
tity and quality of human resources and the tech-
nology available in it. The customized standards
should provide a real possibility for health care im-
provement in the specific country by addressing the
needs of the community in which the imaging ser-
vices are located.

The different needs of developing and indus-
trialized countries could be met by a tiered system,

Jiménez P, Borrds C, Fleitas I. Accreditation process of diagnostic
imaging services in developing countries. International Federation for
Medical and Biological Engineering (IFMBE) Proceedings. World Con-
gress on Medical Physics and Biomedical Engineering; Sydney: World
Congress on Medical Physics and Biomedical Engineering; 2003.
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covering basic, intermediate, and advanced econ-
omies. This article presents a basic framework fo-
cused on less developed countries with basic
economies. To this basic framework, each country
could add further local legislative requirements or
higher standards if required or requested.

While the clinical advantages of diagnostic
imaging services are enormous, in practice these
services could represent an unnecessary cost to the
health care systems in the countries if the quality
provided were unacceptable. An accreditation pro-
gram represents a method for establishing and
monitoring a set of quality standards (9, 10).

Although this article presents a framework
based on the experience that PAHO medical physi-
cists have acquired working in and with the coun-
tries of Latin America and the Caribbean, the pro-
posed accreditation program could also be applied
to any developing country in similar circumstances.

THE PROCESS OF DEVELOPING
THE ACCREDITATION PROGRAM

Having received requests for setting standards
and establishing accreditation programs in several
countries, the medical physicists of PAHO'’s radio-
logical health program developed a procedure to as-
sist ministries of health to assess, certify, and monitor
accreditation programs for both public and private
providers of diagnostic imaging services. The main
goal was to improve diagnostic accuracy and safety.

If the ministry of health of a PAHO Member
State requests guidance on establishing a diagnostic
imaging accreditation program, PAHO's regional
advisor on radiological health works with his or her
counterparts in the PAHO/WHO office in that
country and assesses the feasibility and appropri-
ateness of the request. That assessment takes into
account the organization of health services and the
role of governmental and private organizations in
the authorization, accreditation, and/or certifica-
tion of medical practices. Following that step the
PAHO medical physicists analyze the available in-
formation on the country’s diagnostic imaging in-
frastructure, equipment, and personnel. An expert
team composed of PAHO staff members and/or
PAHO consultants {(including at least one radiolo-
gist and one medical physicist) is available when
needed to carry out a country visit to update and
document the situation regarding imaging and pro-
cessing equipment performance, personnel avail-
ability and qualifications, maintenance and quality
assurance program implementation, and compli-
ance with radiation safety standards. The PAHO
team members also interview public and private
providers of imaging services to assess the technical
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the program, the ministry of health should prepare
a careful budget and ensure program sustainability
for at least five years. When trying to convince the
government to provide the needed financial sup-
port, the ministry of health can provide data on er-
roneous diagnoses and their consequences in terms
of early death, crippling morbidity, and other social
and financial costs.

AN EXAMPLE OF AN ACCREDITATION
PROGRAM

General requirements for the accreditation
process

A typical accreditation program includes a
peer review evaluation of: (1) radiography, fluo-
roscopy, mammography, and ultrasound imaging
and processing equipment performance; (2) physi-
cian and technologist staff qualifications; (3) imple-
mentation of quality control and quality assurance
programs; and (4) image quality assessment and,
where applicable, radiation dose measurements.
The program is implemented and monitored by a
national accreditation committee established by the
ministry of health. This committee is to be com-
posed of national experts in the different disciplines
involved in imaging services, but the ministry of
health may also invite foreign technical and clinical
experts to participate, as needed, through the tech-
nical cooperation provided by PAHO.

The accreditation committee will initiate the
process by sending an application package to the fa-
cility in order to obtain information on the number
and qualifications of radiologists and radiological
technologists, type and extent of quality control and
quality assurance programs, and such other require-
ments as access to the professional services of a qual-
ified medical physicist. Detailed information will be
requested on procedure workload, reporting mecha-
nisms, number and characteristics of diagnostic imag-
ing units, image receptors, and methods of patient-
image archiving. Instructions regarding phantom and
clinical image acquisition, as well as data sheets to be
submitted to the accreditation committee with each
image or study, will also be included. Image quality
and dose assessments are an important part of the
process. They will be evaluated using specially de-
signed phantoms {(optional for ultrasound) and ther-
moluminescent dosimeters. The facility must submit
an image of the phantom and sets of normal clinical
films. Both the phantom image and the clinical im-
ages will be scored by a review panel of experts ap-
pointed by the accreditation committee.

When all stages of the evaluation are com-
pleted, the accreditation committee will issue to the
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lead interpreting physician of the health facility a
final report that includes specific assessments and
recommendations. The facility’s original images
will be returned along with this report. Facilities
that satisfy all of the criteria will be awarded a
three-year accreditation certificate by the accredita-
tion committee, on behalf of the ministry of health,
and will receive a unit decal for each approved di-
agnostic imaging unit. For units that are added
after the accreditation has been granted, the facility
is required to submit technical specifications for the
unit and a copy of a medical physicist’s equipment
evaluation report. The accreditation committee will
then request additional testing materials from the
new unit. If a diagnostic modality is added to any
unit, the facility is also required to notify the ac-
creditation committee, and additional images may
be required from that unit.

When facilities do not meet the accreditation
criteria, the committee will make specific recommen-
dations for improvements. These recommendations
provide guidance so that a facility can meet the crite-
ria after corrective action and reapplication. A facility
that fails to satisfy the image evaluation criteria will
only be required to resubmit those items that were
deficient, e.g., phantom images or clinical images.

To verify that accredited facilities maintain
consistent quality during the three-year accredita-
tion period, random on-site surveys and random
mail-in film checks may also be performed at any
time during the accreditation period. These spot
checks offer an excellent opportunity for a positive
educational exchange with experts in the field. They
also provide validation of the submitted informa-
tion. Any facility chosen for an on-site survey will be
notified in advance. The survey team will be ap-
pointed by the accreditation committee. During this
survey, the site visit team will review the quality as-
surance program, review policies and procedures,
review personnel qualifications, review the facility’s
clinical images and reports, and work with the facil-
ity’s staff to acquire and evaluate a phantom image,
along with a dose assessment of the X-ray unit.

To be eligible for accreditation, all of the facil-
ity’s imaging units covered by this accreditation
program must meet the performance and specifica-
tion criteria included in the applicable standards of
the IEC and the ISO, or the equivalent national stan-
dards. Facilities must also comply with the require-
ments of the International Basic Safety Standards for
Protection against lonizing Radiation and for the Safety
of Radiation Sources (8).

A quality assurance (QA) program should be
in place. As stated by the WHO (2), quality assur-
ance in diagnostic radiology is: “All those planned
and systematic actions necessary to provide ade-
quate confidence that a structure, system, or com-
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Qualifications for physicians. To specifically ad-
dress the need for high-quality radiology, the
physicians supervising and/or interpreting con-
ventional radiological examinations shall be re-
quired to meet all the following minimum criteria:

1. Shall be licensed to practice medicine, and either:
(a) be certified in radiology or diagnostic radi-
ology by a national medical board (usually
established by the ministry of health), and be
approved by the accreditation committee or
(b) shall have a minimum of six months of docu-
mented formal dedicated training in the inter-
pretation and formal reporting of at least 1 000
general radiographs, including patients of all
ages, in a residency program approved by the ac-
creditation committee; the program should in-
clude specific radiographic training pertinent to
all body areas of which the physicians intend to
interpret radiographic studies.

2. Shall have documented training in the physics of
diagnostic radiography with respect to the equip-
ment needed to safely produce such images. This
should encompass physical principles of general
radiography, film-screen combinations, conven-
tional image processing, and, where applicable,
digital image processing.

3. Shall have documented training in the principles
of radiation protection, including instruction in
radiation monitoring requirements and the haz-
ards of radiation exposure for both patients and
radiological personnel.

4. Shall have an understanding of other medical
imaging modalities (fluoroscopy, computed to-
mography, ultrasound, magnetic resonance imag-
ing, nuclear medicine, etc.) and their value re-
lative to general radiography in order to best
evaluate the patient’s clinical symptoms.

5. If interpreting chest radiographs (and/or pedi-
atric chest radiographs), shall have a minimum
of three months documented formal training in
the interpretation and formal reporting of chest
radiography (and/or pediatric radiology) in a
residency program approved by the accredita-
tion committee. Such training may have taken
place during the six months of other instruction
in general radiography.

6. If performing and /or interpreting fluoroscopic ra-
diographs, shall have a minimum of six months
documented formal training in the interpretation
and formal reporting of fluoroscopic procedures
(noninvasive chest and gastrointestinal contrast
studies) in a residency program approved by the
accreditation committee. The program should in-
clude specific gastrointestinal training. Such train-
ing may have taken place during the six months of
other instruction in general radiography.
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A minimum of 200 radiographic examina-
tions per year is recommended in order to maintain
an appropriate level of expertise. If the facility per-
forms fluoroscopy (noninvasive chest and gastroin-
testinal contrast studies), the performance of a min-
imum of 50 fluoroscopic examinations per year per
physician is recommended, but not required, in
order to maintain an appropriate level of expertise.
If the accreditation committee finds that there are
too few examinations to fulfill these recommenda-
tions, the committee will assess the situation, and
may deny accreditation.

Qualifications for the radiographer or radiological
technologist. The radiographer or radiological
technologist must possess a degree from a program
approved by the accreditation committee. The pro-
gram should include a minimum of 2 000 hours of
experience. It is recommended that the radiogra-
pher or radiological technologist participate in con-
tinuing education activities that include general ra-
diography and quality control on a periodic basis,
the frequency of which is to be determined by the
complexity of the imaging exams to be performed.

Quality control. For the radiography/fluoroscopy
portion of the accreditation program, each health care
facility is required to submit documentation on what
quality control tests are being performed, and their
frequency. Table 1 shows recommended quality con-
trol tests and the minimum frequencies for them. A
medical physicist must test the unit’s performance at
installation and at least annually thereafter.

To assess the technical performance under
clinical situations of all equipment to which this
accreditation program applies, the Radiography/
Fluoroscopy Accreditation Phantom from the ACR
is recommended.

Clinical images. It is not necessary to submit clini-
cal images from every fixed radiographic unit, al-
though phantom images must be taken from every
radiographic unit. However, the radiographic unit
that performs a particular imaging study most fre-
quently should be the one from which clinical im-
ages are obtained. Sites cannot submit images per-
formed on models or volunteers. The images to be
submitted once per facility are shown in Table 2.

Specific requirements for mammography

The accreditation committee requires that a
lead interpreting physician be identified by the
mammography facility. Screening mammography
may be performed without a physician in atten-
dance. The accreditation committee may decide

109



Jiménez et al. * Diagnostic imaging services in developing countries

TABLE 3. Mammography quality control tests and their
minimum frequency

Minimum
Test frequency
Technologist tests
Darkroom cleanliness Daily
Processor quality control Daily
Mobile unit QC? Daily
Screen cleanliness Weekly
Viewboxes and viewing conditions Weekly
Phantom images Weekly
Visual checklist Monthly
Repeat analysis Quarterly
Analysis of fixer retention in film Quarterly
Darkroom fog Semiannually
Screen-film contact Semiannually
Compression Semiannually
Medical physicist tests
Mammographic unit assembly evaluation Annually
Collimation assessment Annually
Evaluation of system resolution Annually
AEC system performance® Annually
Uniformity of screen speed Annually
Artifact evaluation Annually
Image quality evaluation Annually
kVp accuracy and reproducibility Annually
Beam quality assessment Annually
Breast exposure and AEC reproducibility Annually
Average glandular dose Annually
Radiation output rate Annually
Measurement of viewbox fuminance
and room illuminance Annually

2 QC = quality control.
b AEC = automatic exposure control.

Specific requirements for ultrasound

The ultrasound accreditation program has
four modules from which to choose: (1) obstetrical,
(2) gynecological, (3) vascular, and (4) general. The
general module includes upper abdominal ultra-
sound, female pelvis ultrasound, renal/urinary ul-
trasound, small parts, transrectal/prostate ultra-
sound, and pediatric neurosonology. A facility may
apply for all four modules or for any combination
of them.

Each facility seeking accreditation of ultra-
sound services should submit clinical images and
physicians’ reports to the accreditation committee.
In addition, for each unit, a summary of an annual
performance evaluation test should be enclosed.
This summary should document the results from
testing the transducers that are used for the most
frequent examination(s) at the facility.

Physician reports are requested for all exam-
inations in order to confirm the date of examina-
tion and the type of examination performed. For
vascular work, where appropriate, the reports
must contain results from noninvasive pressure
testing, obtained either from the referral source or
from actual testing performed at the site of prac-
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tice. It is desirable for normal lab values for veloc-
ity measurements to appear at the bottom of re-
ports, as a reference; this is especially helpful with
carotid examinations.

Personnel qualifications. The physicians supervis-
ing and/or interpreting ultrasound examinations
shall be required to show evidence of training in ul-
trasound in a program approved by the accredita-
tion committee. Sonographers should be certified by
a program approved by the accreditation committee.
Continuing educational activities are recommended
for both the physician and the sonographer.

Quality control. Routine quality control (QC) test-
ing of the ultrasound equipment must occur regu-
larly; a minimum requirement is annually. The
same tests must be performed during each testing
period so that changes can be monitored over time,
and effective corrective actions taken.

For ultrasound units operating in gray-scale
imaging mode, the QC program must evaluate at
least the following parameters: system sensitivity
and/or penetration capability, image uniformity,
photography and other hard-copy recording, and
assurance of electrical and mechanical safety. A
low-contrast object detectability test is optional.
These parameters may be assessed using commer-
cially available phantoms. Using a phantom test ob-
ject will be helpful in responding to questions about
low-contrast detectability in the quality control part
of the application. However, the use of a phantom
test object is optional. In addition, it is recom-
mended that users verify vertical and horizontal
distance measurement accuracy when a QC pro-
gram for an ultrasound unit is initiated.

On an ongoing basis, tests should be done
using two probes commonly used with any unit
employing more than one transducer. It is recom-
mended that the transducers be of different scan
types. One can be a linear (or curvilinear) array, and
the other a sector (mechanical, phased, or vector)
transducer.

Clinical images. Original ultrasound films (trans-
parencies only) or near-original-quality copies will
be accepted. Normal examinations are requested.
For vascular exams, both normal and abnormal
exams are required. Diagnostic physiologic and
anatomic findings (especially for examinations con-
taining abnormal findings) must be contained in
the accompanying physician report. All views of an
ultrasound examination must be from an examina-
tion performed on the same patient.

Clinical images will be evaluated on an objec-
tive scoring system approved by the accreditation
committee.
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RESUMEN

Objetivo. Determinar la correlacién entre ciertos indica-
dores de calidad para los servicios de imaginologia y la cer-
teza en la interpretacién de los exdmenes radiolégicos para
cuatro quejas frecuentes: las masas de la mama, el malestar
del aparato digestivo, el dolor de espalda y los sintomas de la
tuberculosis.

Meétodos. Se evaluaron veintiséis servicios de radiologia en
Argentina, Bolivia, Colombia, Cuba y México. Se evaluaron los
equipos de mamografia y de radiografia/fluoroscopia conven-
cional usados en los servicios seleccionados utilizando proto-
colos comunes, hojas de especificaciones técnicas, instrumen-
tos de prueba, maniquies y sistemas de dosimetria calibrados.
Los estudios se realizaron en establecimientos de complejidad
media. Se obtuvo el consentimiento informado de todos los pa-
cientes estudiados, y se garantiz6 la confidencialidad de los re-
sultados. Se evaluaron y documentaron los siguientes parime-
tros: el tipo de establecimiento (piiblico o privado); la poblacion
cubierta; el ntimero de pacientes y exdmenes; los equipos radio-
légicos, los de procesamiento de imdgenes y los suministros; la
educacion y la capacitacién del personal profesional y técnico;
los programas de la garantia de la calidad y del mantenimiento
preventivo, y la adherencia a las normas de seguridad radiolé-
gica. Se determinaron el funcionamiento de los equipos de
rayos X, los receptores de la imagen y las procesadoras; las con-
diciones del cuarto oscuro y de la visualizacion de las imdgenes;
las dosis recibidas por los pacientes y la calidad de la imagen,
usando pardmetros uniformados en todos los casos. Los paneles
independientes de radiélogos, reconocidos como expertos por la
sociedad radiologica local, evaluaron la calidad de las imidgenes
clinicas obtenidas y realizaron una interpretacion radiolégica
para cada paciente usando las mismas peliculas e historia cli-
nica a disposicién de los médicos especialistas en imaginologia
de la institucion. El acuerdo entre los informes de los paneles de
expertos y los de los radidlogos locales se tomd como un indica-
dor de la certeza de la interpretacion radiolégica.

Resultados. Se analizaron 366 mamografias, 343 procedi-
mientos radiolégicos para las quejas del aparato digestivo, 319
exdmenes de rayos X de la columna vertebral y 157 radiogra-
fias de térax. El acuerdo entre la interpretacion radiologica del
panel de expertos y del médico local fue de 70% a 100%, ex-
cepto en el caso de las peliculas de la columna vertebral en
Cuba (57,8%) y de las mamografias en México (33,3%), que
el panel de expertos juzgo estaban entre las imdgenes clinicas
de peor calidad. Se encontré una correlacion positiva signifi-
cativa entre la certeza en la interpretacion radiolégica y la ca-
lidad de las imdgenes radiolégicas. La calidad de la imagen
mostré una correlacion positiva con el nivel de formacién y ca-
pacitacién de los técnicos. Los estudios que se realizaron en los
servicios que contaban con equipos automdticos de revelado y
que cumplieron con los indicadores establecidos para el con-
tacto pelicula-pantalla obtuvieron imdgenes de mejor calidad y
ung proporcion mayor de estudios con resultados concordan-
tes. Mds de 50% de los negatoscopios no cumplieron con los
criterios de calidad para el brillo y la homogeneidad.
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CUADRO 1. Afecciones estudiadas, segun el pais y el tipo de institucién (publica o privada)

Diagnéstico Argentina Bolivia Colombia Cuba México
o sintoma Procedimiento Equipo Pablica Privada PuUblica Privada Publica Privada Puablica Publica Privada
Masas en Tamizaje Mamégrafo 2 3 ND?2 ND 2 2 ND ND 3
los senos
{n = 366) Mamografia Mamégrafo 2 3 2 1 2 2 2 2 3
diagnostica
Trastornos Enema de colon Fluoroscopio 2 2 ND ND 2 2 4 ND ND
gastro- y seriégrafo
intestinales
(n=2343) Radiografia Fluoroscopio 2 2 ND ND 2 2 4 ND ND
seriada de y seribgrafo
esofago-
estémago-duodeno
Dolor en Radiografia de Rayos Xy 1 3 3 1 2 2 4 ND ND
la espalda columna tomoégrafo
lumbosacra computarizado
(n=2319) Radiografia Rayos Xy 1 3 3 1 2 2 4 ND ND
de columna tomégrafo
cervical computarizado
Tuberculosis Radiografia Rayos X ND ND 3 1 2 2 ND ND ND
(n=157) de térax

2 ND: No hay datos.

rayos X (evaluaciéon mecanica, coincidencia de los
campos luminosos y de radiacién, alineacién, exac-
titud y reproducibilidad de la tensién, exactitud y
reproducibilidad del tiempo, linealidad del pro-
ducto corriente-tiempo, espesor hemirreductor); las
condiciones de revelado y visualizacién (tipo de re-
velado, contacto pelicula-pantalla, luminosidad y
uniformidad del brillo de los negatoscopios); y las
caracteristicas del personal (titulacién, afios de ex-
periencia y cursos de formacién continuada y estu-
dios de proteccion radiolégica realizados).

La seleccién de los pacientes

Cada pais debia reclutar un minimo de 20 pa-
cientes por cada tipo de estudio radioldgico y por
cada servicio participante. La seleccién de los pa-
cientes se efectué entre julio de 2000 y febrero de
2001, segun el siguiente calendario: estudios de
mama (julio—septiembre de 2000), de columna verte-
bral (octubre-noviembre de 2000), de trastornos
gastrointestinales (diciembre de 2000-febrero de
2001) y de tuberculosis (enero-febrero de 2001). Se
aceptaron todos los pacientes adultos de 18 a 70
afios de edad, de uno u otro sexo, que acudieron a
los servicios de radiologia con una prescripcién para
realizarse un examen diagnéstico por alguna de las
afecciones abarcadas por el estudio (cuadro 1). Se
excluyeron los casos de urgencia. Se obtuvo el con-
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sentimiento informado de todos los pacientes y se
garantizé la confidencialidad de los resultados.

En cada pais, la sociedad nacional de radiologia
o el organismo colegiado correspondiente conforma-
ron un panel evaluador de expertos para cada tipo de
examen radiolégico a propuesta del investigador
principal. Estos paneles estaban integrados por un
nimero impar de expertos en radiologia, siempre
mas de tres. Los expertos eran médicos especialistas
en radiologia o mastologia con al menos 5 afios de ex-
periencia en la especialidad y probada experiencia en
el diagndstico de enfermedades vinculadas con los
estudios radiolégicos evaluados. En algunos casos,
los paneles participaron en la evaluacién de mas de
un tipo de estudio si contaban con los conocimientos
clinicos requeridos. En total en este estudio participa-
ron 182 técnicos y profesionales (cuadro 2).

Documentacién

Cada institucién describié el personal partici-
pante (radidlogos, técnicos de rayos X, enfermeros,
técnicos de mantenimiento, fisicos médicos y oficia-
les de radioproteccién) y su calificacién (especiali-
zacién certificada, afios de experiencia total y en la
técnica en particular y actividades de actualizaciéon
profesional realizadas en los ultimos 5 afos).

La proteccién radioldgica se evalué mediante
una inspeccién visual especializada que valord el
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informe de las imagenes radiogréficas después que lo
hiciera el radilogo local y se garantiz6 que ambos tu-
vieran acceso a la misma informacién. El panel di-
agnosticé por mayoria las enfermedades primaria y
secundaria y, segtin la técnica empleada, evalud la ca-
lidad general de la imagen de la radiografia (posicién
del paciente, llenado con el liquido de contraste, can-
tidad de proyecciones, y contraste y latitud de la
placa radiografica), la forma de identificacién, el eti-
quetado de la radiografia y la presencia de artefactos.
La evaluacidn se realiz6 segiin una escala de 1 (no titi-
les) a 5 (de calidad 6ptima). Se consideré como diag-
néstico correcto el realizado por el panel de expertos.
Las radiografias evaluadas por el panel como “no tti-
les” se consideraron también como no coincidentes
(diagnéstico incorrecto).

Correlaciones estadisticas

Para el andlisis estadistico se utiliz6 el pro-
grama estadistico SPSS, version 10. Se establecié un
nivel de significacién de 0,05 y se calcularon los in-
tervalos de confianza de 95% (IC95%). Se realizaron
diagramas de dispersién, ecuaciones de regresioén y
andlisis de la varianza entre las variables cuantifica-
das para determinar cuél de los indicadores de cali-
dad se correlacionaba mejor con la coincidencia
entre en el diagndstico del radidlogo institucional y
el del panel de expertos por una parte, y la calidad
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de la imagen de las peliculas clinicas evaluadas por
el panel de expertos, por la otra.

RESULTADOS
Documentacién

Todos los médicos que participaron en el es-
tudio tenian méas de 5 afios de experiencia en su es-
pecialidad, excepto dos que realizaban estudios de
mamografia en Argentina y México y tenfan 1 y 2
afios de experiencia, respectivamente. Todos los
médicos habian recibido educacién continuada, ex-
cepto en Bolivia (cuadro 3), donde los tnicos con
formacién especializada fueron los que intervinie-
ron en los estudios de mamografia; sin embargo,
ninguno de estos tiltimos habia recibido capacita-
cién en proteccion radioldgica.

Todos los técnicos participantes (llamados tec-
noélogos en algunos paises) habian recibido entrena-
miento formal (cuadro 4). Sin embargo, solo en los
servicios de mamografia de Argentina, Colombia y
Cuba se encontraron técnicos con formacién univer-
sitaria. Todos los técnicos habian recibido algin
curso de educacién continuada, excepto en Bolivia,
donde solo poco més de la mitad de los técnicos par-
ticipantes habia asistido a alguno de esos cursos.

En los centros hospitalarios participantes bo-
livianos que aportaron casos de tuberculosis y co-

CUADRO 3. Caracteristicas de los médicos imagindlogos en los servicios que participaron en la investigacion, segun la

especialidad y el pais

. o Personal Capacitacion
Afios de experiencia capacitado en proteccion
Especialidad y pais No. Minimo Maximo Especialidad (%) radioldgica, horas?

Columna vertebral

Argentina 9 5 NDP Radiélogo 100 25

Bolivia 10 7 >10 Radidlogo 20,0 25

Colombia 18 7 > 10 Radidlogo 100 20

Cuba 25 12 25 Radidlogo 100 40
Tuberculosis

Bolivia 13 7 > 10 Radidlogo 15,3 25

Colombia 18 7 > 10 Radidlogo 100 20
Trastornos gastrointestinales

Argentina 12 10 > 10 Radidlogo 100 25

Colombia 9 7 >10 Radidlogo 100 20

Cuba 25 12 25 Radidlogo 100 40
Mama

Argentina 8 2 10 3 radidlogos 100 25

5 mastélogos
Bolivia 5 10 >10 3 radidlogos 100 0
2 mastologos

Colombia 6 6 >10 Radidlogo 100 20

Cuba 3 6 > 10 Radidlogo 100 112

Meéxico 9 1 > 10 Radidlogo 100 20

3 Promedio de horas de estudio acumuladas per capita en cualquier momento.
5ND: No hay datos.
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contraron manuales de proteccién radioldgica. Nin-
guno de los centros participantes de esos dos paises
contaba con programas habituales para la medicion
de las dosis de radiacién que recibian los pacientes;
solo uno de los centros de México tenia un pro-
grama de este tipo. No se informé de que hubiera
algin programa de andlisis del rechazo de peliculas
en ninguno de los centros de Cuba.

Solo dos de los servicios colombianos partici-
pantes habian instaurado programas periédicos de
control de la calidad para todos los equipos. Bolivia y
México mostraron los mejores indicadores en cuanto
al mantenimiento de los equipos y en todas sus insti-
tuciones habfa programas que abarcaban tanto el
mantenimiento correctivo como el preventivo.

Evaluacién técnica

Seguridad radiolégica. En todos los paises que par-
ticiparon en la investigacién, las normas nacionales
habian adoptado los limites de dosis recomendados
por las BSS para los trabajadores (7). La dosimetria
del personal se llevaba a cabo mediante dosimetros
termoluminiscentes con una frecuencia de recam-
bio mensual, excepto en dos hospitales de Cuba
donde se utilizaban dosimetros de pelicula que se
cambiaban cada dos meses. El andlisis de los resul-
tados de la dosimetria personal en cada servicio de-
mostré que en ningilin caso se sobrepasaron los li-
mites de dosis para los trabajadores.

Evaluacién de los equipos de rayos X. Segin la
evaluacion realizada en cada servicio, mas de 30%
de las unidades de radiologia convencional y fluo-
roscopia presentaba fallas, fundamentalmente en
elementos mecénicos y geométricos. En las unida-
des de mamografia, la colimacion del haz de radia-
cién era inadecuada en 30% de los equipos. Ade-
mas, el control automatico de la exposicién no logré
compensar el nivel de radiacién segtn el espesor de
la mama en 25% de los equipos evaluados, lo que
incidié negativamente en la densidad 6ptica de las
imagenes.

Revelado y visualizacién. En los servicios de ma-
mografia, donde la complejidad del tejido a estu-
diar y de las posibles alteraciones obligan a obser-
var estindares muy elevados de calidad de la
imagen y de su visualizacién, la mayoria de los ne-
gatoscopios se encontraban muy por debajo de la
norma de 3 000 candelas por metro cuadrado, esta-
blecida por el ACR (17). Solamente un negatoscopio
(en una unidad de Bolivia) tenia la iluminacién, la
homogeneidad y el color adecuados. En cuanto al
proceso de revelado, solo 3 de las 20 reveladoras
evaluadas se sometian a pruebas diarias de sensito-
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metria y densitometria y solo 10 reveladoras eran
del uso exclusivo de los servicios de mamografia,
un requisito de calidad indispensable en este tipo

" de estudio. En total se analizaron 16 reveladoras y

cuartos oscuros dedicados al resto de las enferme-
dades estudiadas en igual nimero de departamen-
tos de radiologia. En solo cinco de ellos se realizaba
el control diario de las condiciones de revelado y
solo en la mitad de esos servicios se habian instau-
rado programas de andlisis del porcentaje de peli-
culas rechazadas. Los negatoscopios fueron los
componentes que mas fallas mostraron en todos los
estudios, ya que mds de 50% de ellos no cumplie-
ron con los criterios de calidad en cuanto a brillo y
homogeneidad. También se encontraron fallas en
cerca de 25% de los cuartos oscuros, fundamental-
mente por la entrada de luz del exterior y la inten-
sidad excesiva de las luces de seguridad.

La dosis administradas a los pacientes. Las dosis
de radiacién, tanto la de entrada en la superficie del
paciente como la dosis glandular promedio en el
caso de las mamografias, se calcularon a partir de
las lecturas realizadas con camaras de ionizacién,
excepto en Bolivia, donde se midieron de forma di-
recta mediante dosimetros termoluminiscentes. En
Cuba se calcularon ademas las dosis efectivas y las
recibidas por los pacientes en los 6rganos. Todas las
dosis —calculadas o medidas— se mantuvieron por
debajo de los niveles propuestos por las BSS (7), con
excepcion de los estudios de térax realizados en
Bolivia, donde se utilizaron técnicas de muy baja
tensién, y los estudios de columna vertebral reali-
zados en Cuba, donde por lo general se utilizaron
valores del producto corriente-tiempo mayores que
los habituales.

La calidad de la imagen

En total se analizaron 366 mamografias, 343
exdmenes por trastornos gastrointestinales, 319 de
columna vertebral y 157 de térax. La evaluacién de
la calidad de las imagenes radiograficas se bas6 en
general en el criterio de los paneles de expertos
(cuadro 6). El andlisis comparativo de los informes
radiol6gicos emitidos por el panel de expertos y por
los radidlogos locales en los tres paises que estudia-
ron casos de trastornos gastrointestinales demostré
que la calidad de la imagen fue buena en menos
de 70% de los estudios (69,4% en Argentina, 62,5%
en Colombia y 64,5% en Cuba). A pesar de que en
Cuba todos los estudios se realizaron con equipos
de radiograffa convencional y en Argentina y Co-
lombia se emplearon equipos de fluoroscopia, las
calificaciones fueron muy similares en los tres pai-
ses. Sin embargo, esta situacién parece haber inci-
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los diagnésticos coincidentes correspondieron a los
examenes con una buena calidad de la imagen,
segun el criterio del panel.

En los servicios de mamografia, los resultados
de las mediciones fisicas de la calidad de la imagen
con patrones de resolucién se correspondieron con
los obtenidos con el maniqui del ACR (P < 0,001).
No se encontré relacién alguna entre el resultado de
la evaluacién con el maniqui del ACR y la dosis
glandular promedio (P = 0,2).

Se encontré una relacion significativa entre la
coincidencia en la interpretacién radiolégica del
panel de expertos y el radidlogo local y los afios
de experiencia de este ultimo en los estudios de
mamografia (P = 0,015) v de columna vertebral
(P =0,03).

La calidad de la imagen fue directamente pro-
porcional al nivel de formacién y capacitacién de
los técnicos (P < 0,024). Ademas, se encontré una
asociacién inversa entre los afios de experiencia de
los técnicos y la calidad de las imédgenes radiogréfi-
cas en los estudios por trastornos gastrointestinales
(P <0,001) y de columna vertebral (P = 0,001). Esta
relacién inversa pudiera explicarse por el hecho de
que los técnicos mds jovenes reciben mds capacita-
cién continuada por manifestar mds interés o por
los procedimientos internos que se siguen en estos
departamentos. Por ejemplo, en uno de los departa-
mentos en Cuba se realizaba habitualmente una
evaluacién preliminar de la calidad de las radiogra-
fias inmediatamente después del proceso de reve-
lado y antes de enviarlas al radiélogo informante,
pero estas evaluaciones se centraban en los exdme-
nes realizados por los técnicos més jovenes e inex-
pertos. Este tipo de procedimientos puede haber in-
fluido en este resultado.

La evaluaciéon de los equipos instalados en
cada servicio revel6 que la certeza en la interpreta-
cién radiolégica estaba asociada con el tipo de re-
velado (P < 0,019) y con el estado de la combinacién
pelicula-pantalla (P < 0,001). Los estudios reali-
zados en los servicios que contaban con equipos
automaticos de revelado y que cumplieron con los
indicadores relacionados con el contacto pelicula-
pantalla obtuvieron imagenes de mejor calidad y
una mayor proporcién de estudios coincidentes,
mientras que los peores resultados en cuanto a la
calidad de la imagen se obtuvieron en los servicios
donde se efectuaba el revelado manual.

DISCUSION

La evaluacién de los departamentos de radio-
logia diagnéstica es de gran importancia debido
al impacto que pueden tener las interpretaciones
radiolégicas acertadas en el tratamiento de los pa-
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cientes, los costos de funcionamiento de estos servi-
cios y los posibles efectos dafiinos de las radiacio-
nes ionizantes.

Aunque los estudios dosimétricos abundan,
esta es la primera investigacién que intenta relacio-
nar la exactitud en la interpretacién radiolégica con
los aspectos organizativos y dosimétricos. Estos
resultados deben ayudar a establecer prioridades
dentro de los programas de garantia de la calidad,
basadas en la relacién costo-beneficio.

De interés particular es la evaluacion realizada
recientemente a 61 unidades de mamografia en 11
paises de América Latina y el Caribe (18), auspiciada
por la OPS y el Colegio Interamericano de Radiolo-
gia. La calidad de las imagenes se evalu6é mediante
el maniqui de acreditacién del ACR y las mediciones
de las dosis aplicadas, mediante dosimetros termo-
luminiscentes colocados sobre el propio maniqui. En
general, 88% de los servicios cumplieron con los cri-
terios de calidad de la imagen del ACR, aunque en
92% de los servicios, las dosis se encontraban por de-
bajo de los valores recomendados en las BSS. Estos
resultados son similares a los encontrados en Es-
tados Unidos (19). Sin embargo, hay que tener en
cuenta que la participacién en ese estudio fue total-
mente voluntaria y 66% de los servicios pertenecian
a instituciones privadas. Al igual que en el presente
estudio, no se hall6 ninguna correlacién entre la
calidad de la imagen y las dosis aplicadas.

El hecho de utilizar en este estudio pacientes
que fueron atendidos en los departamentos de ra-
diologia como parte de su trabajo habitual, si bien
complicé la recoleccién de todos los datos necesarios,
permitié contar con una base de datos directamente
vinculada a la realidad clinica que se vivia en las ins-
tituciones participantes. Por lo general, los estudios
disponibles en la literatura se basaron en pacientes
seleccionados segtin criterios de inclusién muy espe-
cificos (20). En la presente investigacion multicén-
trica, la utilizacién de pacientes sirvié ademads para
que en varios de los departamentos participantes
quedaran adoptados métodos de trabajo que ayuda-
ran a mejorar la calidad de las imdgenes radiogréaficas
que le llegan al radiélogo informante.

Algunos autores consideran que la calidad de
la imagen es el factor determinante para obtener un
diagnéstico certero (21, 22), lo que quedé confir-
mado en este estudio. No obstante, la evaluacién de
la calidad de las imagenes radiogréficas se bas6 en
el criterio de los expertos y, aunque a los paneles se
les pidi6 que siguieran los criterios de la Comisién
Europea (CE) para la evaluacién de la calidad de la
imagen (4), no se puede asegurar que la uniformi-
dad entre los diferentes paneles fuera la suficiente
como para comparar los resultados de los cinco pai-
ses. Si bien los expertos fueron respaldados por las
sociedades radiolégicas nacionales para garantizar
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su competencia profesional, existe un nivel de de-
sarrollo muy diferente en los diversos paises parti-
cipantes. Cuando se han fijado determinados um-
brales de calidad para una evaluacién, el criterio
general de los radidlogos respecto a las imagenes
es importante, pero también lo es la calidad de las
imagenes que los observadores estan acostumbra-
dos a ver (20). Los resultados del presente estudio
indican que no es posible comparar la calidad de las
imagenes evaluadas por diferentes observadores,
aun cuando se utilicen los criterios de la CE (4).

En el presente estudio, los paneles de cada
pais estaban compuestos por especialistas de reco-
nocido prestigio nacional, lo que permitié a los gru-
pos de investigadores realizar comparaciones entre
los diferentes centros participantes, identificar sus
propias potencialidades y debilidades y tomar me-
didas correctoras siempre que fue posible (10, 14,
23). Para poder comparar entre si los resultados ob-
tenidos en los diferentes paises en el futuro, se debe
contar con un solo panel de evaluacién, con crite-
rios de calidad de la imagen muy bien definidos y
entrenados en el uso de esos criterios. Otra debi-
lidad de este estudio fue que muchas de las corre-
laciones estudiadas carecen de poder estadistico
debido al tamano reducido de la muestra, determi-
nado por las limitaciones financieras.

Las altas dosis de radiacién para los estudios
de térax informadas en Bolivia pueden deberse al
uso de técnicas de baja tensidén, lo que contradice las
recomendaciones de la Organizacién Mundial de la
Salud para este tipo de estudio (24). En el caso de
Cuba, donde se sobrepasaron los limites de dosis
recomendados en las BSS para los estudios de co-
lumna vertebral, se utilizaron por lo general valores
del producto corriente-tiempo mayores que los ha-
bituales (24), posiblemente debido a las dificultades
que presentan esos equipos para regular con exacti-
tud y reproducibilidad los tiempos de exposicién.

Otras limitaciones de este estudio fueron la
poca experiencia de los especialistas participantes
en este tipo de investigacién, la gran cantidad de
variables analizadas y el hecho de que el proyecto
no se disefid inicialmente como un estudio multi-
céntrico. Ademads, los instrumentos de mediciéon no
fueron los mismos en todos los paises, por lo que
fue dificil uniformar los protocolos. Para subsanar
esta dificultad se compraron algunos otros instru-
mentos de medicién, lo que generé gastos adiciona-
les en cada pais y un considerable retraso en el de-
sarrollo de la investigacion.

A pesar de esas limitaciones, el presente es-
tudio demostré que la combinacién de evaluacio-
nes fisicas y clinicas es una buena via para mejorar
el resultado clinico y que este método se puede
aplicar en todos los paises, independientemente
de sus condiciones econémicas o del sistema de
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propiedad de los servicios (estatales, privados o
parcialmente privados). La evaluacién integral de
los departamentos de radiologia llevada a cabo
en esta investigacion permitié establecer, en pri-
mer lugar, que se debe prestar mayor atencion a
la formacién continuada de los recursos humanos
—especialmente de los técnicos— y que se debe
dar prioridad al mantenimiento o reposicién de los
negatoscopios, las pantallas intensificadoras y las
maquinas reveladoras.

El proyecto de investigacién tuvo un impacto
significativo adicional. En primer lugar, acercé a in-
vestigadores de paises que se encontraban en dife-
rentes niveles de desarrollo y que se beneficiaron
del intercambio de informacién y experiencias.
Otro elemento importante fue la colaboracién entre
técnicos, fisicos médicos y radiblogos en cada pais
participante, lo que permitié que se reconociera el
papel de cada especialista en el mejoramiento de la
calidad de los departamentos de radiologia. Final-
mente, el conocimiento y la experiencia adquiridos
por los investigadores de los cinco paises partici-
pantes deben contribuir a mejorar el estado de los
servicios de radiologia en esos paises y en América
Latina y el Caribe.

CONCLUSIONES

Aunque muchas de las correlaciones estadis-
ticas estudiadas carecen de poder estadistico de-
bido al tamario reducido de la muestra, este estudio
demostré que la buena calidad de la imagen es un
elemento critico para lograr diagnésticos certeros.
Se debe hacer hincapié en la formacién continuada
de los técnicos y en la compra y el mantenimiento
de equipos y accesorios, en especial los negatosco-
pios, las pantallas intensificadoras y las maquinas
reveladoras, por la incidencia que tienen en la cali-
dad de las imagenes.

Como resultado de esta investigacién, las auto-
ridades nacionales han impuesto o modificado algu-
nas de sus normas: en Argentina, el investigador
principal sostuvo conversaciones con los secretarios
de salud de varias provincias y le proporcioné deta-
lles acerca de la situacion de los servicios al Comité
Federal de Salud, lo que llevé a elaborar un plan para
solucionar los problemas encontrados; en Bolivia, a
partir de los resultados obtenidos se incorporaron
criterios especificos para los servicios de radiodiag-
nostico como parte del Programa de Acreditacion de
Hospitales; en Colombia, el Instituto Nacional de
Cancerologia y la Sociedad de Radiologia crearon un
programa de garantia de la calidad y se contraté a un
fisico investigador para ese programa; en Cuba, el
Centro de Control Estatal de Equipos Médicos pasé
a formar parte del Grupo Nacional Asesor de Radio-
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logia y del Programa de Deteccién Precoz de Cancer
de Mama, se han realizado varios cursos y talleres y
se han elaborado nuevos proyectos de investigacion;
y en México se revisaron las normas establecidas por
el Ministerio de Salud para el control de la calidad de
los equipos de rayos X.
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ABSTRACT

The quality of radiology
services in five Latin
American countries

Key words

Objective. To determine the correlation between certain quality indi-
cators for imaging services and the accurate interpretation of radio-
logical exams for four frequent complaints: breast lumps, gastroin-
testinal discomfort, back pain, and symptoms of tuberculosis.
Methods. Twenty-six radiology services in Argentina, Bolivia, Co-
lombia, Cuba, and Mexico were assessed. The mammography and
conventional radiographic/fluoroscopic equipment used in selected
services were evaluated utilizing common protocols, data sheets, test-
ing instruments, phantoms, and calibrated dosimetry systems. The
studies were performed in medium-complexity facilities. Informed
consent was obtained from all patients studied, and the confidentiality
of results was guaranteed. The following parameters were docu-
mented: type of facility (public vs. private); population covered; pa-
tient workload; radiological and image-processing equipment and
supplies; education and training of professional and technical staff;
quality assurance and preventive maintenance programs, and adher-
ence to radiation safety standards. The performance of x-ray units,
image receptors and processors; darkroom and image viewing condi-
tions; patient doses and image quality, were determined using stan-
dardized parameters in all cases. Independent panels of radiologists,
recognized as experts by the local radiological society, assessed the
quality of the clinical images obtained and performed a radiological
interpretation for each patient using the same films and clinical history
available to the institution’s imaging physicians. The agreement be-
tween the panel of expert’s reports and those of local radiologists was
taken as an indicator of the radiological diagnostic accuracy.

Results. Analyses were carried out of 366 mammograms, 343 radio-
logical procedures for gastrointestinal complaints, 319 X-rays of the
spinal column, and 157 chest radiographs. The agreement between the
radiological interpretation of the panel of experts and of the local physi-
cian ranged from 70% to 100%, except in the case of spinal column films
in Cuba (57.8%) and of mammograms in Mexico (33.3%), which the
panel of experts found to be among those having the poorest quality.
There was a significant positive correlation between the accuracy of the
radiological interpretation and the quality of the radiological images.
Image quality showed a positive correlation with the technicians’ level
of education and training. Studies performed in services that had auto-
matic film processors and that complied with the indicators established
for screen-film contact yielded better images and a higher proportion of
studies with concordant results. More than 50% of the viewboxes did
not satisfy the quality criteria for luminance and homogeneity.
Conclusions. A good quality image is critical to achieving an accu-
rate diagnosis. Emphasis should be placed on the continuing educa-
tion of radiology technicians and on the acquisition and maintenance
of adequate equipment and accessories, especially viewboxes, intensi-
fying screens, and automatic film processors, given the impact they
have on image quality.

Radiology, hospital radiology department, chest radiography, mam-
mography, fluoroscopy, quality control, Latin America.
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SYNOPSIS

This paper reviews the ability of screening mammography to
reduce breast cancer death rates, and it discusses methods
that maximize benefits and reduce false-positive interpreta-
tions in a screening program. The review covers published
results from screening mammography programs conducted
in Europe and North America, along with quality assurance
measures designed to ensure that similar or even better out-
comes will be shared by other populations of screened
women. Randomized trials in Europe and the United States
of America have shown the benefit from screening women
ages 40-70 years. Encouraged by the success of these trials,
many Scandinavian countries now offer screening mam-
mography fto their populations as a public health service.
These service screening programs have reduced breast can-
cer deaths as much as 63% among women who were
screened. In the United States, where 61.5% of women age
40 and older report having had a mammogram in the pre-
ceding year, death rates from breast cancer have been falling
despite an increasing incidence of the disease. The technical
quality of mammography in the United States has improved
as a result of advances in mammography equipment, in-
cluding the film-screen systems. Also contributing to the
improvement has been the implementation of federally man-
dated quality control testing at each mammography facility,
as required by the Mammography Quality Standards Act
(MQSA), which the Congress of the United States approved
in 1992. Factors that result in increased detection of early-
stage cancers include better technique, use of two mammo-
graphic views per breast, annual screening intervals, and
improved interpretation. Mammography is one of the 10
major subject categories on the American Board of Radiol-
ogy examinations. Furthermore, MQSA requires radiolo-
gists who practice mammography to obtain continuing med-
ical education credits and to use standard interpretation
assessments on every report. Manuals for technical quality
control and breast imaging reporting, as well as education
and self-assessment materials on interpretation, have been
developed by the American College of Radiology. Even
though mammography will not detect all breast cancers, it
is still the best available screening test. The American Can-
cer Society recommends that annual screening mammogra-
phy begin no later than age 40 years.

The primary goal of screening mammography is to
lower breast cancer mortality rates through reduc-
tion in late-stage disease. Early detection also pro-
vides a wider choice of therapeutic options such as
lumpectomy rather than mastectomy. The relative
sensitivity of mammography and clinical examina-
tion were assessed by the Breast Cancer Detection
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Demonstration Project, which was conducted at 29
centers throughout the United States of America
from 1973 to 1981 (1). Over 280 000 women between
the ages of 35 and 74 years were offered five annual
screenings with both mammography and clinical
examination. Almost 42% of all cancers were de-
tected by mammography alone, 47% by both mam-
mography and clinical examination, and almost 9%
by clinical examination alone. The relative perfor-
mance of mammography was best for earlier can-
cers such as infiltrative carcinomas measuring less
than 1 cm in size and all in situ carcinomas.

RANDOMIZED CLINICAL TRIALS
ON SCREENING MAMMOGRAPHY

Seven randomized clinical trials (RCTs) con-
ducted during the past 40 years have compared
deaths from breast cancer among study group
women ages 40-70 years offered screening mam-
mography and control group women. Six RCTs
found that screening reduced breast cancer mortal-
ity in the entire range of ages screened. For three
RCTs (Health Insurance Plan [HIP], Swedish Two-
County, and Edinburgh [Scotland]) there were sta-
tistically significant reductions in breast cancer
deaths, of 23%, 32%, and 20%, respectively (2—4).
The Malmo, Stockholm, and Gothenburg trials in
Sweden reported nonsignificant reductions of 19%,
20%, and 14%, respectively (5-7). Only one trial,
the National Breast Screening Study of Canada
(NBSS), was unable to demonstrate any benefit
from screening (8, 9). NBSS results may be ex-
plained by poor technical quality and a faulty ran-
domization scheme (10).

At early follow-up, no trial showed much
benefit for the subset of women who entered
screening between 40 and 49 years of age. Their
benefit appeared later because younger women
have faster breast cancer growth rates. For these
growth rates, screening intervals of two years are
excessively long (11, 12). Due to the relatively small
number of younger women enrolled and their
lower incidence of breast cancer, initial proof of
benefit required pooling results from multiple trials
to attain statistical significance. In 1997, a meta-
analysis of women age 4049 years at entry into all
five Swedish trials found a significant, 30% reduc-
tion in breast cancer deaths (13). Subsequent long-
term follow-up of three trials (HIP, Gothenburg,
and Malmo) each found statistically significant
breast cancer mortality reductions, of 24%, 45%,
and 36%, respectively, for younger women (14-16).
Thus, randomized clinical trials have proven that
screening mammography will reduce deaths from
breast cancer among women age 40-70 years.
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VALIDITY OF SCREENING TRIAL RESULTS

On the basis of results from randomized trials
that were conducted over the past quarter of a cen-
tury and that involved over 500 000 women, there
has been consensus in the medical community in
favor of screening mammography. In the face of
such near unanimous agreement, two articles pub-
lished by Gotzsche and Olsen, in 2000 (17) and in
2001 (18), made the seemingly incredible claim that
none of the trials provided any convincing evidence
that screening prevents breast cancer deaths. The
arguments and counter-arguments are complex
and have been summarized in detail elsewhere (19,
20). Fortunately, the conclusions reached by
Gotzsche and Olsen have all been subsequently re-
futed in the peer-reviewed literature (21-28).

Although the report by Gotzsche and Olsen
received considerable publicity in the United States
media, no medical organization or government has
changed its screening policy. Indeed, after review
of the Gotzsche and Olsen papers, 10 leading med-
ical organizations in the United States reaffirmed
their support of screening in a full-page advertise-
ment in The New York Times on 31 January 2002.
(The 10 organizations were the American Academy
of Family Physicians, American Cancer Society,
American College of Obstetrics and Gynecology,
American College of Physicians-American Society
of Internal Medicine, American College of Preven-
tive Medicine, American Medical Association, Can-
cer Research Foundation of America, National
Medical Association, Oncology Nursing Society,
and the Society of Gynecologic Oncologists.) Also,
the National Cancer Institute of the United States
and the U.S. Preventive Services Task Force con-
cluded that the results from randomized screening
trials were still valid. Many groups outside the
United States reached similar conclusions about
screening mammography. For example, the Swed-
ish National Board of Health and Welfare, the Dan-
ish National Board of Health, the Health Council of
the Netherlands, the European Institute of Oncol-
ogy, and the World Health Organization dismissed
the Gotzsche and Olsen arguments and concluded
that the evidence for a benefit was convincing (21).

NEGLIGIBLE RADIATION RISK
FROM MAMMOGRAPHY

In comparison to the benefits, the risks from
screening mammography should be negligible. Po-
tential radiation risk from mammography should
be considered, even though no woman has ever
been shown to have developed breast cancer as a
result of mammography, not even from multiple
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examinations over many years at doses much
higher than the current dose of 34 mGy (0.3-0.4
rad) (29). Some groups of women exposed to radia-
tion have been found to be at increased risk for
breast cancer. This has been true for survivors of the
atomic bombs dropped on two Japanese cities near
the end of World War II and for North American
women treated with radiation therapy for benign
breast conditions in the 1930s or monitored with
multiple chest fluoroscopies during treatment for
pulmonary tuberculosis during the same period
(29). However, those populations received doses
from 100 to over 1 000 rad. Numerous studies have
compared the known benefits of screening with the
hypothetical risks from low doses of radiation from
mammography, using the conservative assumption
that the risk per rad remains constant when extrap-
olated downward from high to low doses. Benefit/
risk ratios calculated as either lives saved or years
of life saved through screening vs. lives lost or
years of life lost as a consequence of mammography
indicate that screening mammography is safe
(29-34). A 2004 report from the National Council
on Radiation Protection and Measurements of the
United States concludes that “the risk of radiation-
induced mortality, even given a series of 30 annual
screenings, is offset by even a minimal benefit in re-
duced breast cancer mortality from screening as
low as one percent” (35).

BENEFITS FROM SERVICE SCREENING

Based on the success shown in the RCTs, all
Swedish counties and many counties in Finland
now offer screening mammography as a public
health service to women age 40 and older. Five
studies from Sweden and one from Finland show
that this service screening is associated with a re-
duction in breast cancer mortality often exceeding
the reduction found by the RCTs (36). In the coun-
ties that participated in the Swedish Two-County
Trial, subsequent service screening of women ages
40-74 years reduced breast cancer deaths by 50%
among the women offered screening and by 63%
among those who agreed to be screened (37). Simi-
lar results were found in an expanded study in-
volving seven Swedish counties (38).

SCREENING MAMMOGRAPHY GUIDELINES

Screening mammography beginning at age 40
is advised by the American Cancer Society (ACS),
American College of Radiology (ACR), American
Medical Association (AMA), National Cancer Insti-
tute (NCI), American College of Obstetrics and Gy-
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TABLE 1. Breast cancer in the United States of America,
with percent diagnosed by stage in 1980 and 2001, and
with current five-year relative survival rates by stage at di-
agnosis as of 20022

Stage distribution (%)

Five-year
Stage 1980 2001 survival (%)

Ductal carcinoma

in situ 3 21 100
Stage | 25 42 98
Stage Il 45 25 81
Stage I, IV 14 7 26
Unstaged 13 5 56

2 Source: National Cancer Institute, SEER database, accessed 20 April 2006.
The data on five-year relative survival rates are for the period ending 31 De-
cember 2002.

necology (ACOG), and U.S. Preventive Services
Task Force (USPSTF) (39-42). For women ages 40—
49, the ACS, ACR, and AMA recommend annual
screening; the ACOG, NCI, and USPSTF recom-
mend screening every one to two years. All the or-
ganizations advise annual screening for women age
50 and older. The ACS does not stipulate any upper
age limit beyond which screening should no longer
be performed. Rather, the ACS maintains that
screening should continue as long as a woman is in
generally good health and has sufficient longevity.

EFFECTS OF INCREASED USE
OF SCREENING MAMMOGRAPHY
IN THE UNITED STATES

In the United States the use of screening mam-
mography has increased continuously since 1975.
Surveys performed by the National Center for Heath
Statistics found that the percentage of women 2 40
years who reported having undergone a mammo-
gram within the preceding two years was as follows:
28.8% in 1987, 55.8% in 1992, 66.9% in 1998, and 70%
in 2000 (43). According to a survey performed in
2002, 61.5% of women in the United States age 40
and older reported that they had had a mammogram
within the preceding year (44). As a result of screen-
ing mammography there has been a pronounced
shift in the stage of diagnosis of breast cancer in the
United States (Table 1). Intraductal carcinoma in situ
(DCIS), which was rare in the premammography
era, now constitutes just over 20% of the recently-
diagnosed breast cancers. The proportionate repre-
sentation of stage I invasive cancer has increased,
while that of stages II, III, and IV has decreased.

Analyzing incidence and mortality data that
are adjusted to the changes in age representation in
the population provides a better assessment of how
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breast cancer death rates have fallen as a result of
early detection. Adjusted to a single population
“standard,” the incidence of invasive breast carci-
noma in the United States increased by 30.9% be-
tween 1980 and 1990, and by 36.8% from 1980 to
1999. Breast cancer mortality increased by 4.4% in
the 1980s but fell by 17.0% during the next decade.
Based on these figures, Feig calculated that the av-
erage woman with invasive cancer in the late 1990s
was 39% less likely to die from her disease than was
her counterpart in the 1980s (36). If these calcula-
tions had assumed that some invasive breast can-
cers were prevented through mammographic de-
tection of DCIS, the estimated benefit attributed to
mammography would be even greater.

MAXIMIZING THE BENEFIT
FROM SCREENING

Considering the variability in breast cancer
mortality reduction among the studies that this
piece has discussed, it should come as no surprise
that the benefit from screening women in any coun-
try in the world may be greater than, the same as, or
less than in any of the randomized trials and service
screening programs. Part of the variability may be
due to differences in age and risk factors among the
screened populations. Most of the variation, how-
ever, would be attributable to differences in screen-
ing frequency, number of screening rounds, quality
of mammography technique, and interpretation.

There is abundant indirect evidence that an-
nual screening should lead to far greater benefit
than screening every other year. This is especially
true for women screened in their forties (11, 12, 42).
For example, screening every two years in the
Swedish Two-County Trial decreased breast cancer
deaths 18% among women age 4049 and 39%
among women age 50-59. It has been calculated
that annual screening for women in each of these
age groups would have decreased breast cancer
deaths by 36% and 45%, respectively (45).

Most screening trials used a single medio-
lateral oblique (MLO) view alone on all or most
screening rounds. However, we now know that the
number of mammographic images per breast will
affect screening detection rates. Routine use of both
craniocaudal (CC) and MLO views detects 7% more
cancers than does an MLO view alone (11).

Overall technical quality of mammography is
determined by eight separate factors: breast posi-
tioning, breast compression, image exposure, con-
trast, sharpness, noise, artifacts, and film labeling,.
Better technical quality allows increased detection
rates, detection of earlier-stage disease, and fewer
missed cancers (46). To promote good technical
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quality in the United States, the American College
of Radiology has developed a list of recommended
specifications for mammography equipment (47).
The ACR has also published the Mammography
Quality Control Manual, which describes: (1) meth-
ods for proper positioning and compression of the
breast, (2) proper viewbox criteria for assessment
of clinical image quality by the radiologist, and
(3) quality control tests that need to be performed
by the technologist and medical physicist on a reg-
ular basis to document proper film processing and
equipment functioning (48). The routine perfor-
mance of these tests is now required by United
States law under the Mammography Quality Stan-
dards Act (MQSA), which was passed by the
United States Congress in 1992; interim regulations
became effective in 1994, and final regulations in
1999 (49). Objective data from medical physics in-
spections have documented improvement in film
quality throughout the United States as a result of
MQSA (50). Due to improvements in mammo-
graphic technique over the past 30 years, modern
mammography detects earlier cancers than was
possible with the randomized trials that were con-
ducted in the 1970s and 1980s (51). Thus, modern
mammography should result in even greater bene-
fit than was shown in studies in earlier decades.

Aside from differences in screening frequency
and technique, there are other reasons why ran-
domized trials underestimate the benefit for a
woman who now receives annual screening. First,
randomized trials measure differences in breast
cancer death rates between study group women,
who were offered screening, and control group
women, who were not offered screening (50). How-
ever, not all study group women accepted the offer
to be screened, and many control group women
obtained screening outside the trials (52). Second,
screening trials consist of a limited number of
screening rounds, usually three to five. Because
benefit does not reach “full throttle” until later
rounds, the “average” benefit from the first several
rounds underestimates the gain from continual an-
nual screening (23).

Mammography does not detect all breast can-
cers. Some cancers missed by mammography will
be detected by clinical examination (1, 2, 53, 54).
There is evidence from RCTs that when women are
screened with a combination of mammography and
clinical examination, clinical examination makes an
independent contribution towards lowering breast
cancer mortality (1,2, 53, 54). The American Cancer
Society advises women to obtain an annual mam-
mogram and clinical breast examination beginning
at age 40 (41). In addition, the ACS suggests that
women should also consider performing monthly
breast self-examination (BSE), although the evi-
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dence in favor of BSE as a supplementary screening
modality is less strong. Unless taught and per-
formed properly, BSE may not be effective (55).

Several studies suggest that early breast can-
cers missed by mammography may be detected by
ultrasound in dense breasts and by magnetic reso-
nance imaging (MRI) in high-risk women (56, 57).
These preliminary results need to be confirmed by
larger, better-designed multicenter trials before ei-
ther modality can be considered for routine screen-
ing. There are several other reasons why neither ul-
trasound nor MRI is currently a practical screening
method for the general population. Both result in
far more false-positive biopsies than mammogra-
phy does. MRI requires intravenous contrast injec-
tion. Although the cost of ultrasound is similar to
that of mammography (which costs around US$ 90
per exam), the cost of breast MRI is substantially
higher, some US$ 1 000 to US$ 1500 per examina-
tion. The number of MRI and ultrasound units and
of adequately-trained technologists and radiolo-
gists required for population-wide screening is
daunting. The equipment is very expensive, and
both studies are extremely time-intensive for tech-
nologists and radiologists. Unless high-quality au-
tomated ultrasound units can be developed, screen-
ing ultrasound will not be practical.

The recent Digital Mammography Imaging
Screening Trial, which was conducted by the Amer-
ican College of Radiology Imaging Network, found
that digital mammography did not detect any more
cancers in the general population than conventional
screen-film mammography did (58). However, digi-
tal mammography did seem to be more sensitive
than conventional mammography for women with
radiographically dense breasts and for women
below the age of 50 years. The X-ray dose from dig-
ital mammography is slightly lower than is the dose
with screen-film mammography. However, digital
mammography units cost about US$ 500 000, or six
times more than conventional mammography units.

Several studies have shown that interpretation
of screening mammography by two paired readers
may increase detection rates by 5%—15% (59). Results
with this double-reading approach vary according
to the relative interpretive expertise of the two read-
ers. The potential benefit of double reading must be
weighed against increased cost, higher false-positive
callback rates, and a shortage of radiologist readers.

In principle, computer-aided detection (CAD)
might function as a second reader. Results from
CAD studies have varied, showing a 0%—20% in-
creased cancer detection rate (60). There is evidence
that the additive value of CAD may depend on the
visual skills of the radiologist (61).

Detection of early breast cancer requires a
combination of high-quality radiologic interpreta-
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tion, state-of-the-art equipment, and technical qual-
ity assurance programs. In the United States, mam-
mography represents 10% of the questions on the
clinical portion of the written section (part I) of the
American Board of Radiology (ABR) examination,
and it is one of the 10 major categories on the oral
portion (part II) of the ABR exam. These examina-
tions are usually given during the fourth year of a
radiology residency, which must include three
months of experience in breast imaging.

In the United States, to interpret mammo-
grams independently, an interpreting physician
must either meet initial requirements or have been
grandfathered by qualifying under the interim reg-
ulations before 28 April 1999. Initial qualifications
specify that the physician must have a state license
to practice medicine; must be board-certified in di-
agnostic radiology by an organization (such as the
American Board of Radiology) that is approved by
the United States Food and Drug Administration,
or have three months of formal training in mam-
mography; and must have 60 category 1 continuing
medical education (CME) credits in mammogra-
phy, with at least 15 obtained in the three years im-
mediately before qualifying as an interpreting
physician. In addition, the physician must have in-
terpreted, under direct supervision, 240 mammo-
graphic examinations in the six months immedi-
ately before qualifying as an interpreting physician.
There is an exception for newly-board-certified di-
agnostic radiologists. Direct supervision means that
a supervising MQSA-qualified interpreting physi-
cian reviews, discusses, and confirms the diagnosis
of the physicians being supervised.

Interpreting physicians must then maintain
continuing education by accruing 15 category 1
CMEs over a 36-month period, and maintain a con-
tinuing experience of interpreting a minimum of
960 mammograms in 24 months. The physician is
also required to maintain a valid state license to
practice medicine.

The regulations also stipulate that before in-
dependently interpreting digital mammography, a
physician must have at least eight hours of training
in digital mammography.

The American College of Radiology (ACR)
has developed several voluntary self-assessment
programs in breast imaging that include images
as well as questions and answers on detection,
workup, and management. There are several self-
assessment syllabi volumes in breast imaging as
well as a Mammography Interpretative Skills As-
sessment (MISA) program in CD-ROM format (62,
63). Many radiologists have found that these learn-
ing devices provide unique opportunities to de-
velop and evaluate their own interpretive skills. A
medical audit of screening outcomes represents an-
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TABLE 2. Recommended results for screening outcome
measurements

Parameter Desirable goal

Positive predictive value 1 (PPV,)2 5%—10%
Positive predictive value 2 (PPV,)° 25%—40%
Tumors found—Stage 0 or 1€ > 50%
Tumors found—Minimal cancer? > 30%
Node positivity® > 25%
Cancers found per 1 000 screening

examinations 2-10
Prevalent cancers found per 1 000 first-time

screening examinations' 610
Incident cancers found per 1 000 follow-up

screening examinations® 2-4
Recall rate” <10%

Sources: D'Orsi et al. (65) and Bassett et al. (66).

2 PPV, = cancers/cases recommended for recall or biopsy based on abnormal
screening examination.

b PPV, = cancers/cases recommended for biopsy or surgical consultation; biopsy
method may be fine needle aspiration (FNA) cytology, core needie biopsy his-
tology, or excisional biopsy.

¢ Stage 0 = ductal carcinoma in situ; Stage 1 = cancer with no evidence of lymph
node metastasis.

4 Minimal cancer = invasive cancer < 1 ¢cm or ductal carcinoma in situ.

¢ Node positivity = percent of cancers having positive lymph nodes.

f Prevalent cancer = cancer detected on screening among women with no prior
history of screening.

9 ncident cancer = cancer detected on screening among women with prior his-
tory of screening.

" Recall rate = percent of screening patients asked to return for supplementary
mammographic views or ultrasound, for further evaluation of a screen-detected
finding.

other means of monitoring and improving screen-
ing skills (64). A list of desirable goals for medical
audits has been developed by the ACR (based on
recommendations of the United States Agency for
Healthcare Research and Quality), and is shown in
Table 2 (65, 66). In some screening programs, such
as the one conducted in Canada by the province of
British Columbia, potential screening readers are
required to take a standardized test in mammogra-
phy interpretive skills (67). At present there is no
similar subspecialty examination required for radi-
ologists who want to begin reading screening mam-
mograms in the United States.

REDUCING FALSE-POSITIVE
INTERPRETATION RATES

Achieving the best tradeoff between high de-
tection rates for early cancers and reasonably
low false-positive interpretation rates should be a
goal for every screening program. High sensitivity
should never be achieved with the consequence of
low specificity. Nor should a desire for high speci-
ficity preclude screening’s basic goal of detecting
early malignancy.

Formalized training in mammography inter-
pretation can increase detection rates for early dis-
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TABLE 3. American College of Radiology (ACR) Breast
imaging Reporting and Data System (BI-RADS) assess-
ment categories: a standardized reporting method to pro-
vide unequivocal clinical recommendations and to facili-
tate imaging outcome audits

Category? Recommendation

0 Need additional imaging evaluation and/or prior
mammograms for comparison.

1 Negative.

2 Benign finding(s).

3 Probably benign finding. Initial short interval
follow-up suggested.

4 Suspicious abnormality. Biopsy should be
considered.

4a Low suspicion for malignancy.

4b Intermediate suspicion of malignancy.

4c Moderate concern but not classic.

5 Highly suggestive of malignancy. Appropriate
action should be taken.

6 Known biopsy. Proven malignancy. Appropriate

action should be taken.

2 Category 0 applies only to cases where breast imaging workup is incomplete;
categories 1-6 are final assessment categories.

ease without any increase in false-positive biopsy
rates (68). More experienced mammographers are
better at finding early cancers and yet have lower
callback rates for additional imaging of screen-
detected findings (64). Second opinions on prebiopsy
cases have been shown to reduce false-positive bi-
opsy rates (69). Regularly scheduled mammographic-
pathologic correlation conferences that review all
biopsied cases provide an invaluable means for radi-
ologists to continually improve their own interpreta-
tion performance (67). Medical audits allow radiolo-
gists to compare their own interpretive outcomes
with outcomes for other radiologists in their prac-
tice, and with recommended values (66). Desirable
goals for audit parameters, such as screening recall
rates, detection rates for minimal cancers, and false-
positive biopsy rates, are provided in Table 2.

With training, radiologists can learn to confi-
dently identify “probably benign” lesions that have
less than a 2% likelihood of malignancy. When such
lesions receive short-interval follow-up rather than
biopsy, false-positive biopsy rates are reduced.
Only a tiny minority of such lesions will ever be
biopsied as a result of subsequent change, and they
are still detected at a curable stage (70).

Use of standardized assessment categories in
mammography reports facilitates record-keeping
for medical audits and conveys unequivocal case
recommendations to the referring physician. These
categories, shown in Table 3, are an integral part of
the American College of Radiology Breast Imaging
Reporting and Data System (65).
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COST-EFFECTIVENESS OF SCREENING
MAMMOGRAPHY

A recent study estimated that annual screen-
ing mammography beginning at age 40 years and
continuing until age 79 years would cost US$ 18 800
per year of life expectancy saved (71). According to
this study, the cost-effectiveness of screening mam-
mography is in the same general range as that of
other commonly accepted interventions such as
screening for cervical cancer and osteoporosis. The
cost per year of life gained from annual screening
mammography is higher than that of screening for
colorectal cancer, but is much lower than that of the
use of seat belts and air bags in automobiles.

Although the cost per year of life gained by
screening mammography is less than that of renal
dialysis or heart transplants, these interventions are
needed for only a tiny fraction of the population.
Because screening mammography is recommended
for all women age 40 and older, its total program
cost must also be considered. There are 65 million
women aged 40 to 89 in the United States. If every
one of these women obtained an annual screening
mammogram at a cost of US$ 90, the total cost
would come to US$ 5.9 billion per year. The total
annual cost for all United States health care expen-
ditures, however, is even more staggering: US$ 1.4
trillion each year. Thus, even if every woman aged
40 to 89 obtained an annual mammogram, the total
cost would be only 0.42% of the national expendi-
ture on health care (72).

As a result of mammography and early treat-
ment, most women who develop breast cancer
today will not die from the disease. While breast
cancer is the most common cancer among women
and the second most common cause of cancer death
among women, it accounts for only 3.9% of all
causes of death among women in the United States
(72). Nevertheless, allocation of 0.4% of all national
health expenditures (or approximately 0.8% of all
national health expenditures for women) to sub-
stantially reduce the death rate from a disease that
accounts for 3.9% of all deaths among women
would seem to be a reasonable policy.

Moreover, early detection will also reduce
other health care expenditures, such as treatment of
advanced primary cancers, diagnosis and treatment
of distant metastases or recurrent disease, loss of
work productivity, short-term disability, long-term
disability, and terminal care costs.

CONCLUSIONS

There are many reasons to believe that screen-
ing mammography is capable of reducing breast

Rev Panam Salud Publica/Pan Am | Public Health 20(2/3), 2006

Articles and special reports

cancer mortality around the world. The benefit of
screening has been proven in randomized trials,
and it has now been documented beyond the trials,
in service screening programs. Quality assurance
tests and parameters to ensure technical standards
have been developed. There are also methods to
teach and test interpretive expertise. False-positive
interpretations, which result in excessive callbacks
and biopsies, can be kept acceptably low. Radiation
risks from screening are negligible compared to the
known benefits from screening. Finally, screening
mammography is also cost-effective.

SINOPSIS

El tamizaje mamografico: una iniciativa de
salud piblica que ha dado buenos resultados

En este articulo se examina la capacidad del tamizaje ma-
mogrdfico para reducir las tasas de mortalidad por cincer de
mama y se exploran los métodos de tamizaje que rinden los
mayores beneficios y que reducen el niimero de interpreta-
ciones positivas falsas en programas para la deteccion del
cdncer mamario. La revision comprende los resultados ya
publicados que se han obtenido mediante los programas de
tamizaje mamogrifico en Europa y América del Norte, asi
como algunas medidas de garantia de la calidad orientadas a
conseguir resultados iguales o incluso mejores en mujeres
sometidas al tamizaje mamogrifico en otras partes del
mundo. Diversos ensayos clinicos aleatorizados en Europa y
Estados Unidos de América han demostrado los beneficios
de someter al tamizaje mamogrifico a las mujeres entre los
40y 70 afios de edad. Alentados por estos buenos resultados,
varios paises escandingvos actualmente ofrecen programas
de tamizaje mamogrifico a toda la poblacion femenina como
parte integral de sus servicios de salud, con lo cual han lo-
grado reducir la mortalidad por cincer de mama hasta en
63% de las mujeres examinadas en esos programas. En los
Estados Unidos, donde 61,5% de las mujeres de 40 afios de
edad o mayores declaran haberse sometido a una mamogra-
fia en el transcurso del afio anterior, las tasas de mortalidad
por cincer de mama se han venido reduciendo pese a un au-
mento de la incidencia de la enfermedad. La calidad técnica
de la mamografia en los Estados Unidos ha mejorado como
resultado de adelantos en los equipos mamogrificos, inclui-
dos los sistemas de pelicula y pantalla. Tales mejoras tam-
bién se deben a que en cada servicio de mamografia se reali-
zan pruebas de garantia de la calidad por exigencia del
gobierno federal, conforme la Ley de Estindares de Calidad
en Mamografia (Mammography Quality Standards
Act), que el Congreso de los Estados Unidos aprobé en
1992. Ciertos factores han llevado a una mayor deteccién de
cdnceres mamarios en etapa temprana: mejores técnicas ma-
mogrificas, la toma de dos proyecciones de cada seno, ma-
mografias de tamizaje con periodicidad anual, y mejoras en
la interpretacion. La mamografia figura entre las 10 princi-
pales categorias temiticas comprendidas en los exdmenes del
Consejo Estadounidense de Radiologia (American Board
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of Radiology). Por otro lado, Ia MQSA exige que todo ra-
didlogo que realiza mamografias obtenga créditos por asistir
a actividades de educacion continuada y que aplique crite-
rios de interpretacion normalizados en todos sus informes.
Asimismo, el Colegio Estadounidense de Radiologia (Ame-
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rican College of Radiology) ha elaborado manuales para

la garantia de la calidad técnica de las imdgenes mamogrifi-
cas obtenidas y los informes correspondientes, asi como ma-
teriales diddcticos y de autoevaluacién para mejorar la in-
terpretacion. Aunque la mamografia no detecta todos los
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SINOPSE

A medicina nuclear utiliza substdncias radioativas para diag-
nosticar e tratar doengas. Essa especialidade médica, capaz
de fornecer informagoes fisiologicas e metabélicas sobre o
corpo humano, se tornou uma ferramenta fundamental para
a detecgdo precoce de muitas desordens, inclusive wvirios
tipos de cincer. O presente artigo descreve os marcos histé-
ricos da medicina nuclear, os principios fisicos bdsicos que
subjazem a tomografia por emissdo de pésitrons (PET), um
método de imagem usado para mapear a distribuicio de ra-
diofdrmacos no corpo para fins diagndsticos e terapéuticos, e
o estado atual dessa modalidade no Brasil.

A medicina nuclear é uma especialidade médica
que utiliza compostos (ou moléculas) marcados
com radionuclideos, os radiofdrmacos, para fins de
diagnéstico e terapia. Esses compostos seguem ca-
minhos funcionais ou metabélicos especificos den-
tro dos pacientes, o que confere a essa modalidade
diagnéstica uma caracteristica de natureza biol6-
gica que as outras modalidades ndo possuem. A de-
teccdo externa da radiacdo emitida pelo radiofar-
maco permite diagnosticar precocemente muitas
doengas, enquanto que as alteragbes anatO6micas,
muitas vezes, ndo se manifestam sendo em estagios
relativamente avangados, como no caso de diversos
tipos de cancer.

Outra caracteristica importante dos exames
realizados com radiofdrmacos é a sua alta sensibili-
dade—isto €, é possivel obter informagdes biolégi-
cas com concentra¢ées de radiofarmacos em niveis
de nano ou picomolares. Além disso, a marcagédo de
diferentes moléculas com um tnico radionuclideo
permite avalia¢bes e estudos de um mesmo 6rgéo
ou sistema em seus aspectos tanto macroscopicos
quanto moleculares. Tais estudos podem ser reali-
zados através de imagens obtidas in vivo ou através
de ensaios laboratoriais. Atualmente, a maior parte
dos estudos radionuclidicos clinicos é de imagens,
em especial as tomograficas.

Neste artigo, serao relatados, inicialmente, al-
guns fatos historicos sobre o desenvolvimento da me-
dicina nuclear, seguidos de uma apresentagdo dos as-
pectos fisicos da tomografia por emissao de pésitrons
(positron emission tomography, PET); finalmente, sera
abordada a situa¢do desta modalidade no Brasil.
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UM POUCO DE HISTORIA

Pode-se dizer que a histéria da medicina nu-
clear comegou com as descobertas da radioatividade
natural por Henri Becquerel, em 1896, e de elementos
radioativos naturais por Marie e Pierre Curie, em
1898 (descobertas pelas quais os trés cientistas rece-
beram o Prémio Nobel de Fisica de 1903). Entretanto,
foi o “principio do tragador”, proposto pelo quimico
hiingaro George de Hevesy (1), em 1913, que real-
mente forneceu o fundamento biolégico para a espe-
cialidade. Ele confirmou o principio através de expe-
riéncias com nitrato de chumbo marcado com o
nuclideo radioativo 2%Pb, mostrando sua absorgio e
seu movimento em plantas. Por esse feito, Hevesy re-
cebeu o Prémio Nobel de Quimica de 1943.

Em 1927, Herrmann L. Blumgart e Soma Weiss
(2) realizaram a primeira medida da velocidade
sangiiinea, mediante a inje¢do de uma solugdo de
rad6nio-C em um brago e a subseqiiente verificagdo,
com uma camara de Wilson, de sua chegada no outro
brago. Um avango significativo na quantificagao de
substdncias como os horménios no sangue foi al-
cangado com a técnica de ensaios radioimunolégicos
(radioimmunoassay, RIA), desenvolvida por Solomon
A. Berson e Rosalyn S. Yalow (3). Por esse trabalho,
Yalow foi a primeira fisica a receber um Prémio
Nobel de Medicina e Fisiologia, em 1977.

Em 1932, a invengdo e a construgdo do ciclo-
tron, por Ernest O. Lawrence e M. Stanley Living-
stone (4), possibilitaram a produgédo de radionucli-
deos artificiais, através do bombardeamento de
niicleos-alvos por particulas positivas aceleradas
(Prémio Nobel de Fisica para Lawrence em 1939).
Entretanto, a produgdo de quantidades suficientes
de radionuclideos para uso médico s6 se iniciou
com o advento dos reatores nucleares, desenvolvi-
dos durante a Segunda Guerra Mundial. O reator
de Oak Ridge (Estados Unidos) comegou sua pro-
dugéo em escala comercial em 1946, e o de Harwell
(Reino Unido), em 1947.

Inicialmente, havia poucos radionuclideos
adequados para as aplica¢gdes médicas, e grande
parte dos estudos clinicos enfocava a avaliagdo da
glandula tiredide e suas disfungdes, com o uso do
BII na forma de iodeto. O principal detector usado
era o contador Geiger-Miiller, que indicava e media
a presenga do radiofarmaco, sem, contudo, distinguir
a energia da radiagio gama detectada; tampouco
produzia imagens da distribui¢io do composto.

Foi Benedict Cassen (5) quem, em 1951, ao in-
ventar e construir o mapeador linear, deu inicio a era
de diagnéstico por imagens radionuclidicas. Em
1958, Hal Anger (6) desenvolveu a cAmara de cinti-
lagdo, um sistema de formagdo de imagens que ndo
exigia que o detector fosse movimentado e que apre-
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sentava maior resolugdo geométrica, além da possi-
bilidade de se obter projecdes diferentes de uma
mesma distribui¢do de radiofdrmaco. As infor-
magdes adquiridas pela cimara de cintilagdo eram
transformadas em imagens e exibidas por um tubo
de raios catédicos, de modo que podiam ser registra-
das em filmes ou chapas fotograficas. As modernas
cadmaras usadas hoje sdo derivadas da camara Anger.

O grande poder diagndstico da medicina nu-
clear se firmou quando Paul Harper (7) e sua equipe
introduziram o radionuclideo *™Tc como marca-
dor. Esse nuclideo decai por transi¢do isomérica,
emite um féton com energia de 140 keV, bastante
adequado para a cdmara que Anger inventou, e
possui meia-vida fisica de 6 horas, possibilitando
estudos em intervalos de tempo razodveis. Além
disso, ele é produzido pelo gerador Mo - ¥™T¢,
um sistema que contém o par de radionuclideos pai
(**Mo) - filho (*™Tc) e que permite a separagio e a
extragdo do elemento filho. O radionuclideo **™Tc é
continuamente produzido pela desintegragdo do
%Mo, e sua extragio periédica possibilita um forne-
cimento constante nos proprios centros de medicina
nuclear (8). Outra caracteristica muito importante é
a facilidade com que o *™Tc consegue marcar um
niimero muito grande de firmacos, o que o torna
aplicavel em estudos de quase todos os 6rgdos e sis-
temas do corpo humano. Dados recentes da Socie-
dade de Medicina Nuclear dos Estados Unidos in-
dicam que existem mais de 100 procedimentos
diferentes na medicina nuclear para fins diagnosti-
cos que utilizam radiofarmacos especificos, que co-
brem um ntimero consideravel de estudos sobre a
fisiologia dos sistemas orgéanicos do corpo (9).

Com o desenvolvimento dos computadores,
nos anos 1960, foi possivel adquirir, armazenar e
processar as imagens obtidas com as cdmaras de
cintilagdo para, por exemplo, extrair pardmetros fi-
siolégicos, corrigir distor¢des associadas ao pro-
cesso de formagdo de imagens, assim como eviden-
ciar estruturas de interesse. Na década de 1970,
novos avangos em computag¢do e, principalmente,
no desenvolvimento e na implementagio de méto-
dos de reconstrugdo permitiram a realizagdo de to-
mografias por emissdo de fétons tnicos (single pho-
ton emission computed tomography, SPECT —o que foi
feito por David E. Kuhl e sua equipe na Universi-
dade da Pensilvéania (10)— e de PET, por Gordon L.
Brownell e colaboradores no Hospital Geral de
Massachusetts (11, 12) e por Michael E. Phelps e co-
legas na Universidade da Califérnia em Los Ange-
les (13, 14). Vale destacar a contribuigdo de David
Chesler (15) ao propor e reconstruir cortes tomogra-
ficos de emisséo e transmissdo pelo método da re-
troprojegdo, em 1971. Variantes desse método de re-
construgdo ainda sdo muito usadas na rotina clinica.
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Uma parte dos procedimentos clinicos dispo-
niveis utiliza as proje¢oes planas das distribuigoes
volumétricas contendo o radiofarmaco para extrair
informacoes, enquanto que a outra faz uso das ima-
gens tomograficas por emissdo, reconstruidas a
partir das projegdes, para apresentar os contetidos
em cortes ou volumes.

Os estudos realizados diretamente sobre as
projegdes podem ser estiticos ou dindmicos. Estes
sdo constituidos por séries temporais de imagens
que acompanham determinado processo biolégico.
Pelo fato de as imagens serem proje¢des planas, ndao
é possivel a localizagdo precisa do radiofdrmaco no
corpo. No entanto, a presenga e a evolugao tempo-
ral desse material no sistema funcional especifico
sdo informagbes essenciais e, ndo raro, suficientes
para a detecgdo de muitas moléstias que ndo podem
ser detectadas por outros métodos de diagndstico
por imagens. Além disso, a possibilidade de quan-
tificar parametros fisiolégicos com processamentos
adequados torna os estudos planos particularmente
tteis, por exemplo, na avaliagao das fungdes renais
e do sistema gastrico.

Desde a sua introdugao em aplicagdes clinicas,
as técnicas de tomografia por emissido, SPECT e
PET, vém suprindo a comunidade médica com in-
formagoes biolégicas distribuidas no espago e no
tempo. Entretanto, devido a meia-vida fisica extre-
mamente curta dos emissores de pdsitron vidveis e
ao alto custo de implantagio e execugio, s6 nos anos
1990 a tecnologia PET se fixou definitivamente,
mesmo nos paises desenvolvidos, na rotina de
grande parte das clinicas nucleares, com o uso da
18F-fluordeoxiglicose (FDG), composto analogo a
glicose, marcado inicialmente com *C por Louis So-
koloff e equipe (16) e, posteriormente, com 18F por
Tatuo Ido e colaboradores (17). A SPECT, por outro
lado, foi absorvida de imediato, e muitos radiofar-
macos (a maior parte marcada com #™Tc) e proce-
dimentos foram e continuam sendo desenvolvidos.

Associada ao desenvolvimento farmacols-
gico, a pesquisa para melhorar a instrumentagdo,
com o uso de detectores mais eficientes e de eletrs-
nica mais rdpida, tem impulsionado tanto a SPECT
como a PET em suas aplicagdes. Em especial, a re-
cente combinagdo da PET com a tomografia com-
putadorizada (computed tomography, CT) —o sistema
combinado PET/CT— por David W. Townsend e
equipe, na Universidade de Pittsburgh (18), aco-
plando um tomégrafo por emissdo de pdsitrons a
um outro multicortes por transmissdo de raios X,
permite a extragdo maxima dos beneficios que essas
modalidades podem oferecer, em conjunto, aos mé-
dicos e seus pacientes.

Como conseqliéncia da evolugdo instrumen-
tal e farmacoldgica, as imagens radionuclidicas
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estdo fornecendo informacgdes cada vez mais em
nivel molecular, de modo que a escolha dos méto-
dos de reconstrugdo tomografica e as corregdes,
assim como as quantificagdes em tomografia por
emissdo, tém merecido atencdo especial por parte
da comunidade. Pesquisas que enfocam a busca de
resultados quantitativos mais precisos, confidveis e
rapidos estdo sendo realizadas em intdmeros cen-
tros do mundo, inclusive no Brasil.

Segundo dados de 2002 da Comissdao Nacio-
nal de Energia Nuclear (CNEN), existem, no territ6-
rio brasileiro, mais de 250 clinicas de medicina nu-
clear, com um numero similar de cimaras SPECT,
das quais cerca de 75% estdo localizadas nas regides
Sudeste e Sul. Em 1998, entrou em operagio, na Ci-
dade de Sao Paulo, o primeiro sistema capaz de pro-
duzir imagens tomograficas com o uso de emissores
de pésitron. O equipamento, uma cdmara PET/
SPECT, podia também ser usado para a obtengdo de
imagens SPECT. Atualmente, além da Cidade de
Sao Paulo, o Rio de Janeiro e Brasilia também pos-
suem clinicas que oferecem estudos de PET.

TOMOGRAFIA POR EMISSAO DE
POSITRONS: ASPECTOS FiSICOS

A tomografia por emissdo de pdsitrons, ou
PET, como o préprio nome diz, é um mapa da dis-
tribui¢do de um radiofdrmaco emissor de pdsitrons
em um determinado corte do corpo.

O decaimento por emissao de pésitron pode
ser descrito por,

‘2X—> ZﬁY++?e+v,

onde o radionuclideo pai 24X decai para o nuclideo

filho ZﬁY, com a subseqiiente emissdo de um posi-

tron (B*) e de um neutrino (v).

A figura 1 ilustra o esquema de decaimento
do 161C para 1513, o caminho percorrido até a ani-
quilagdo do pésitron com um elétron do meio e a
conseqiiente formagao do par de fétons de 511 keV
cada, em dire¢des opostas. Esses fotons sao detecta-
dos externamente, eq informacéo é usada para a re-
construgdo das tomografias.

A idéia de utilizar emissores de positrons para
detectar tumores de cérebro foi proposta, em 1951, se-
paradamente, por Gordon L. Brownell ao neurocirur-
gido William H. Sweet (19), e por Frank R. Wrenn e
colaboradores (20). Entretanto, somente o sistema
idealizado por Brownell (21) era capaz de produzir
um mapa aproximado da distribui¢do do radiofar-
maco através da detecgdo do par de fétons de aniqui-
lagdo com dois cristais de iodeto de sédio ativado com
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FIGURA 1. Tomogratfia por emissdo de pdsitrons (PET): esquema de decaimento do 1610 para
positron com elétron e formagéo do par de fétons de 511 keV cada, em diregdes opostas®
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1B e da aniquilagéo do
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a0 positronio é o sistema formado pelo pésitron e o elétron antes de sua aniquilagao, e que resulta na produgao do par de fétons.

TABELA 1. Principais emissores de pdsitrons e suas caracteristicas

T1/2

E,, max Alcance maximo

Radionucfideo (min) gMeV em agua (mm)
Carbono-11

e 20,4 0,959 50
Nitrogénio-13

BN 9,96 1,197 54
Oxigénio-15

»Q 2,07 1,738 8,2
Figor-18

18F 109,8 0,650 2,4
Gélio-68

88Ga 68 1,899 94
Rubidio-82

82Rb 1,3 3,350 15,6

talio [Nal(T1)], colocados em lados opostos da cabeca
do paciente e acoplados a um sistema de varredura
(22). Ainda nos anos 1950, Michel M. Ter-Pogossian e
William E. Powers (23) determinaram o conteido
de oxigénio em neoplasias malignas com 0.

Os radionuclideos emissores de pdsitron usa-
dos na medicina sdo produzidos por ciclotrons. A
tabela 1 mostra os principais desses radionuclideos
e algumas de suas caracteristicas fisicas. Os radio-
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nuclideos 11C e 0 sdo de elementos constituintes
de organismos vivos, fato que os torna muito ade-
quados para a marcagdo de biomoléculas. Por outro
lado, como suas meias-vidas fisicas sdo muito cur-
tas, assim como a do 1®N, s6 podem ser utilizados se
o acelerador para sua produgdo estiver nas de-
pendéncias do préprio centro diagnéstico.

Hoje, o radionuclideo mais usado é o ®F, mar-
cando a fluordeoxiglicose (FDG), um analogo da
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glicose que é consumido por células ativas, de tal
maneira que sua presenga indica fungdo metabdlica
tecidual. Os quase 110 minutos de meia-vida do 18F
permitem que a FDG marcada seja transportada a
locais de exame razoavelmente afastados do centro
de produgdo (em torno de 100 km por transporte te-
rrestre), de modo que a PET realizada com
(¥F)FDG é a dominante, com aplicagdes principal-
mente em oncologia e, em menor extensdo, em neu-
rologia, psiquiatria e cardiologia.

As imagens por emissdo de pésitrons podem
ser obtidas com dois tipos de equipamento: os siste-
mas dedicados e os baseados em cadmaras de cinti-
lagdo. Ambos utilizam a colimagéo eletrdnica para
registrar os eventos de coincidéncia, isto é, os pares
de fétons que forem detectados em diferentes po-
sicdes, dentro de um intervalo de tempo muito
curto para caracterizar a coincidéncia, pré-definido
pelo fabricante, vao constituir esses eventos. A linha
que une os dois fétons detectados em coincidéncia

Robilotta ® Tomografia por emissao de pésitrons

define a linha de resposta, que € usada, posterior-
mente, na reconstrucdo do corte tomografico. Se os
dois fétons detectados provierem de uma mesma
aniquilagdo, sem interagir com o meio, o evento é
chamado de coincidéncia verdadeira, e o local de
aniquilagdo estara sobre a linha de resposta. Se os
fétons forem originados de uma mesma aniqui-
lagdo, porém um deles tiver interagido com o meio,
o local de aniquila¢do nao estara mais sobre a linha
de resposta e o evento é denominado espalhado. Se
ambos os fétons se originarem de aniquilages dife-
rentes, o par detectado definird uma linha de res-
posta errada, resultando em um evento aleatério. A
figura 2 ilustra esses eventos para um sistema dedi-
cado, que é usado somente em estudos de PET.

Os modernos sistemas de PET dedicados sdo
formados por mais de 15 000 elementos de de-
tecgdo, dispostos em anéis adjacentes, que vao re-
gistrar os eventos de coincidéncia dentro de inter-
valos da ordem de 10 a 12 nanossegundos. Os

FIGURA 2. Esquema de deteccédo por coincidéncia (pares de fétons) em
sistemas dedicados de tomografia de emisséo de pdsitrons (PET)?

SIM
Coincidéncia

dentro da janela
temporal?

Registra evento

SINOGRAMAS
RECONSTRUGAO

a Linhas de resposta cheias = eventos verdadeiros; linha de resposta tracejada = evento espalhado;

linha de resposta trago-ponto = evento aleatorio.

138

Rev Panam Salud Publica/Pan Am ] Public Health 20(2/3), 2006



Robilotta ® Tomografia por emissao de pésitrons

elementos de detecgio sdo pequenos cristais de cin-
tilagdo, BGO (Bi,Ge,O,,) ou LSO [(Lu,SiO-(Ce)),
agrupados e acoplados a tubos fotomultiplicadores.
As saidas dos tubos vdo alimentar um sistema com-
plexo de andlise, discriminacdo e processamento
que vai fornecer, no final, a imagem tomografica.
Como muitas aniquila¢gdes ocorrem simultanea-
mente nos volumes que contém o radiofdrmaco,
nem todos os eventos de coincidéncia registrados
sdo formados por fétons criados na mesma aniqui-
lagdo. Assim, é necessario excluir ou minimizar os
eventos nio-verdadeiros, para que a imagem re-
construida represente, da maneira mais préxima
possivel, a distribui¢do original.

Os sistemas baseados na cdmara de cintilagdo
sdo aqueles usados em SPECT dotados de circuitos
de coincidéncia, isto €, a colimacao eletronica € ins-
talada entre os dois detectores posicionados em
oposigdo, permitindo o registro de eventos de coin-
cidéncia e a posterior reconstrugdo de imagens por
emissdo de pésitrons. Assim, esse tipo de equipa-
mento constitui uma alternativa ao custoso tomé-
grafo dedicado, principalmente quando a demanda
ndo for suficiente para seu uso continuo em PET. A
grande diferenca com relagdo ao tomografo dedi-
cado estd na menor eficiéncia de detec¢do dos f6-
tons de 511 keV pela camara de cintilagdo. Mesmo
assim, em diversas situagdes, os resultados obtidos
com sistemas PET/SPECT fornecem informagdes
clinicamente importantes.

Ambos os sistemas, dedicado ou ndo, permi-
tem a aquisi¢do de informagdes nos modos 2D e 3D.
Os algoritmos de reconstrugdo mais utilizados sdo
os iterativos e implementados em 2D. No caso de
aquisicdo 3D, os dados registrados sdo reamostra-
dos para que se possa aplicar a reconstrugdo 2D,
que é menos custosa computacionalmente.

Vérias corregdes sao essenciais para se garan-
tir a qualidade das imagens reconstruidas: de de-
caimento, devido a meia-vida fisica curta do 18F; de
atenuacio e espalhamento, para reduzir os efeitos
resultantes de interagdes dos fétons de 511 keV
com os tecidos; de eventos de coincidéncia aleat4-
rios, que alocam erroneamente as origens das ani-
quilagdes; além de outras de menor impacto. Nor-
maliza¢bes também devem ser realizadas para
compensar a resposta ndo-uniforme do sistema de
formagdo de imagens. Algumas dessas corre¢des
sdo implementadas no hardware, enquanto que ou-
tras sdo executadas via software, podendo ser in-
corporadas no préprio algoritmo de reconstrugéo.

E essencial que testes de calibragio e con-
trole de qualidade sejam executados periodica-
mente, para garantir a confiabilidade e a qualidade
dos resultados, em especial se forem almejadas
quantifica¢des.
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A TOMOGRAFIA POR EMISSAO
DE POSITRONS NO BRASIL

No Brasil, a tecnologia PET foi introduzida
em 1998, com a instalacdo de uma cdmara PET/
SPECT no Servigo de Radioisétopos do Instituto do
Coragdo (InCor) do Hospital das Clinicas da Facul-
dade de Medicina da Universidade de Sao Paulo
(HC-FMUSP). Essa nova tecnologia estendeu a me-
todologia j4 bem estabelecida em SPECT a PET a
um custo reduzido e sustentivel quando compa-
rado ao custo da PET dedicada, além de permitir o
uso continuo da cdmara quando da auséncia de for-
necimento da (18F)FDG. Posteriormente, outras
cinco cadmaras PET/SPECT foram instaladas na Ci-
dade de Sao Paulo e uma na Cidade de Campinas,
distante cerca de 100 km. Dessas sete cdmaras, trés
continuam produzindo imagens PET, enquanto que
as outras sdo usadas somente em SPECT. Atual-
mente, mais dois sistemas desse tipo operam nas ci-
dades do Rio de Janeiro e Brasilia.

Os sistemas PET/SPECT familiarizaram a co-
munidade médica brasileira com a utilizacdo de
emissores de pésitrons, principalmente do ponto de
vista dos protocolos clinicos, pois, até entdo, todos
os estudos eram feitos com compostos emissores
de fétons, como o P™Tc. Estima-se que, desde a ins-
talacdo da primeira camara PET/SPECT, cerca de
5 000 exames foram realizados com esse tipo de
equipamento em pacientes de todo o Brasil e de al-
guns paises vizinhos.

No final de 2002, foi instalado o primeiro to-
mografo dedicado a PET no Servigo de Radioiséto-
pos do InCor, substituindo o sistema PET/SPECT.
Até o inicio de 2004, outros trés sistemas, do tipo
combinado PET/CT, foram instalados na Cidade
de Sdo Paulo, todos em hospitais privados. A
grande vantagem desses sistemas esta na aquisigao
de duas modalidades de imagens a partir do
mesmo referencial, isto é, o paciente ndo é deslo-
cado entre um exame e outro, facilitando a fusio
das duas imagens para a identificagdo das regides
analisadas. Devido a maior sensibilidade dos siste-
mas dedicados, é possivel realizar uma quantidade
maior de exames do que com os sistemas baseados
em camaras de cintilagao, fato ilustrado pelos cerca
de 2 200 exames executados nos primeiros 18 meses
da instalagdo dos sistemas dedicados.

Quanto a preparagdo dos pacientes, novos
cuidados foram introduzidos, j4 que a FDG é con-
sumida por tecidos metabolicamente ativos. Além
disso, a manipulagdo de material com producéo de
fétons de aniquilagdo de 511 keV, bem maior do
que os 140 keV do féton do #™Tc, o radionuclideo
mais usado em medicina nuclear, exigiu uma nova

N

abordagem quanto & prote¢do radiolégica. Por
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Fslggg% 3. Estudo de viabilidade do miocérdio com tomografias por emisséo de pésitrons (PET) e de fétons simples
a

2 Misculo viavel: as imagens de metabolismo de glicose (PET), com FDG marcada com 8F (linha superior), mostram parede inferior ativa (indicada pela seta branca),
enquanto que as imagens de perfusdo sangiiinea do miocardio (SPECT), com talio-201 (linha inferior, com fator de aumento maior que a linha superior), mostram a
mesma parede hipoperfundida (indicada pela seta branca). As imagens foram gentilmente cedidas pelo Dr. J.C. Meneghetti, Servigo de Radicisétopos do Instituto do
Coragéo, Sao Paulo (SP), Brasil.

FIGURA 4. Identificagédo a partir de tomografia por emissédo de pdsitrons (PET) de miisculo ndo-vidvel para fins de revas-
cularizagao do miocardio?

a As imagens de metabolismo de glicose (PET), com FDG marcada com '8F (linha superior), mostram parede anterior pouco ativa, enquanto que as imagens de perfusao
sangliinea do miocardio (SPECT), com MIBI marcado com %™Tc (linha inferior), mostram a mesma parede hipoperfundida. As imagens do lado esquerdo correspon-
dem a cortes segundo o eixo cardiaco longo vertical, e as do lado direito, a cortes segundo o eixo cardiaco menor. A maior intensidade é representada por tonalidade
mais clara, enquanto que a menor, por tonalidade mais escura. As imagens foram gentiimente cedidas pelo Dr. J.C. Meneghetti, Servico de Radioisétopos do Instituto
do Coragdo, Sao Paulo (SP), Brasil.

outro lado, a meia-vida fisica bastante curta facili- que atuam em medicina nuclear a ampliar seus
tou o tratamento do rejeito. conhecimentos e adaptar procedimentos de con-

A adogdo de sistemas baseados em camaras trole de qualidade (24) e protegdo radiolégica,
de cintilagdo também motivou os fisicos-médicos assim como desenvolver estudos e metodologias

140 Rev Panam Salud Publica/Pan Am | Public Health 20(2/3), 2006



Robilotta ® Tomografia por emissdo de pdsitrons

para a quantificagdo (25), reconstrugdo totalmente
3D (26) e fusao de imagens. A grande parte dos re-
sultados conseguidos pode ser facilmente estendida
aos sistemas dedicados.

Como no resto do mundo, a grande contri-
buigéo clinica dos estudos de PET com (F)FDG no
Brasil estd na oncologia, para deteccio, localizagdo
e estadiamento de tumores primarios, diferenciagéo
entre tumores benignos e malignos, detec¢do e ava-
liagdo de recorréncias e metastases, diferenciagao
entre recorréncias e alteragdes pds-cirdrgicas, segui-
mento e avaliagdo de procedimentos terapéuticos.
Os resultados obtidos, em especial aqueles com os
sistemas combinados PET/CT, tém ajudado a indi-
car, ajustar e, até mesmo, alterar procedimentos em
pacientes com tumores de diversos tipos.

A introdugdio da tomografia por emissdo de
pOsitrons, em particular o uso de sistemas PET/ CT,
estd propiciando uma interagdo maior entre médi-
cos nucleares e radiologistas no que se refere a an-
lise e a avaliagdo das imagens compostas de anato-
mia e fisiologia, e entre os médicos especialistas em
imagens e oncologistas no que tange aos resultados
obtidos. Além disso, a possibilidade de utilizagio
direta das informacgdes metabdlicas fornecidas pelas
imagens de PET, combinadas com as informagées
anatémicas presentes na tomografia computadori-
zada por raios X, estd também contribuindo para
tornar o planejamento radioterapéutico mais ade-
quado a cada paciente, principalmente quanto a
protegdo dos tecidos sdos ao redor do tumor.

Com relagao as outras aplicagdes, o impacto
tem sido menor, um pouco mais significativo em
neurologia e psiquiatria do que em cardiologia, se-
guindo a distribuigio das aplicagdes em paises mais
experientes em tecnologia PET. As figuras 3 e 4 ilus-
tram dois estudos da viabilidade do miocardio: um
mostra um caso de musculo vidvel (ou hibernante),
em que a intervengdo com o objetivo de revascula-
rizagdo pode ser bem-sucedida, enquanto que o
outro mostra que a atividade celular na regiao com
hipoperfusdo é muito baixa, indicando que o mus-
culo é pouco viavel.

Vale comentar que, segundo a legislagao bra-
sileira em vigor, a produgdo e a comercializagdo de
radionuclideos sdo exclusividade da Comissdo Na-
cional de Energia Nuclear (CNEN). No momento, s6
duas instituicdes produzem o radiofdrmaco (°F)
FDG no Brasil: o Instituto de Pesquisa em Energia
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Nuclear (IPEN/CNEN), em Sao Paulo (desde 1998),
e o Instituto de Engenharia Nuclear (IEN/CNEN),
no Rio de Janeiro (desde 2004). Esse fato limita a di-
fusdo dessa modalidade de imagem a outras regides
do territdrio. Além disso, tal exclusividade é uma
das duas causas para a tardia e lenta introdugao da
PET no cenério nacional. A outra razdo é o alto custo
da tecnologia e dos exames, que ndo sdo cobertos
pelo sistema de satde publico. Dessa maneira, so-
mente pacientes particulares e os que possuem pla-
nos de satide que autorizam o reembolso tém acesso
a essa tecnologia, que ja é adotada h4 mais de uma
década nos paises desenvolvidos.

Atualmente, vdrias clinicas de Sdo Paulo e Rio
de Janeiro iniciaram o processo de compra de novos
tomégrafos dedicados ou de sistemas PET/CT, pois
a produgao de (8 F)FDG nessas cidades ja estd em re-
gime que permite um tal aumento. Além disso,
a CNEN esta considerando a instalagdo de mais dois
ciclotrons, um na Regido Nordeste e outro na Su-
deste, com o objetivo de difundir e ampliar os estu-
dos nessa area. Certamente, isso demandara um au-
mento de recursos humanos qualificados, tanto em
termos de médicos especialistas como de fisi-cosmé-
dicos, radiofarmacéuticos, tecnélogos e pessoal de
enfermagem, aspecto que deverd ser considerado
pelas comunidades envolvidas em PET no pais.

SYNOPSIS

Positron emission tomography: a new
modality in Brazilian nuclear medicine

In nuclear medicine, radioactive substances are used to di-
agnose and treat disease. This medical specialty, that can
provide information about the human body’s physiologic
and metabolic processes, has become a key diagnostic tool for
the early detection of many different disorders, including
various types of cancer. The present article describes the his-
torical milestones in nuclear medicine; the basic physical
principles underlying positron emission tomography (PET),
which is an imaging method used to map the distribution of
radiopharmaceuticals in the body for diagnostic and thera-
peutic purposes, and the current status of this modality in
Brazil.

Key words: radiopharmaceuticals, diagnostic imag-
ing, PET, functional image, Brazil.
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SINOPSIS

La experiencia acumulada en mds de un siglo de prictica de
radioterapia ha puesto de manifiesto su importancia no sola-
mente para la atencion paliativa de una parte de los casos de
cdncer, sino principalmente para la curacion de una propor-
cién aun mayor de esos pacientes. Teniendo en cuenta la evo-
lucién tecnoldgica, el acceso cada vez mayor que tienen los
paises en desarrollo a estos métodos y la cobertura actual en
América Latina, los esfuerzos en esta drea se deben dirigir a
mejorar la calidad de los servicios y de los centros de radio-
terapia ya instalados. Para ello se debe completar su parque
tecnolégico, ampliar los servicios que prestan y cumplir los
requerimientos minimos de calidad establecidos para instala-
ciones del nivel 2. Cada centro debe estar en condiciones de
realizar todas las etapas del proceso de radioterapia —desde la
simulacion hasta la verificacion del tratamiento y el segui-
miento de los pacientes— con una calidad adecuada (nivel 2).
Para ello deben contar con la tecnologia necesaria y con el per-
sonal debidamente capacitado. Los esfuerzos cooperativos en
la Region deben tener también como prioridad contribuir a
que los paises adopten guias nacionales de tratamiento que
contemplen todas las etapas del proceso de radioterapia y fo-
mentar la puesta en marcha de programas validados de ga-
rantia de la calidad.

La radioterapia es un método de tratamiento de
lesiones malignas en el que se utilizan principal-
mente radiaciones ionizantes. El método exige una
infraestructura tecnolégica compleja, personal es-
pecializado —tanto de médicos como de otros pro-
fesionales— y la aplicacién de procedimientos y
protocolos orientados a garantizar no solamente la
eficacia del tratamiento antitumoral, sino también
la adecuada proteccién de los tejidos y 6rganos ad-
yacentes contra los efectos nocivos de la radiacién.

El nacimiento de la terapia con radiaciones io-
nizantes esta directamente relacionado con tres des-
cubrimientos que ocurrieron hace mas de un siglo y
que tuvieron una gran repercusién en el desarrollo
de la ciencia. En 1895, Wilhelm Conrad Roentgen in-
formé del descubrimiento de “un nuevo tipo de ra-
diacién” que posteriormente se denominé rayos X;
en 1896, Antoine Henri Becquerel descubrié la ra-
diactividad natural; y en 1898, Marie y Pierre Curie
produjeron por primera vez el polonio, y més tarde,
el radio puro.

Esos descubrimientos tuvieron un efecto revo-
lucionario inmediato en la concepcién que la huma-
nidad tenia acerca del mundo. Ademas, dieron ini-
cio a un intenso desarrollo cientifico que permitié
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comprender mas profundamente la estructura sub-
microscopica de la materia y crear nuevas herra-
mientas para el estudio del universo. Los rayos X
también dieron origen al campo de la observacion
del interior del cuerpo humano y fueron reconoci-
dos espontanea e inmediatamente por la comunidad
médica como una nueva tecnologia diagndstica.

Inmediatamente se comprobé que estos nove-
dosos rayos también tenian efectos biologicos (apa-
recieron zonas eritematosas y ulceraciones en la
piel de los operadores de los aparatos de rayos Xy
de los pacientes) y surgi6 la idea de usarlos para
tratar lesiones cancerosas. En enero de 1896, dos pa-
cientes comenzaron a recibir tratamiento en Chi-
cago, lllinois, Estados Unidos de América, uno de
ellos por cancer de mama; en febrero de ese afio se
traté a un paciente con cdncer nasofaringeo en
Hamburgo, Alemania, y en julio otro paciente con
cancer de estbmago comenzd a recibir tratamiento
en Lyon, Francia. Asi, en un mismo afio nacieron el
radiodiagnéstico y la radioterapia. Posiblemente la
primera curaciéon documentada de un caso de cén-
cer por medio de rayos X fue el de una mujer con
una lesién cutédnea nasal, que fue tratada por Sten-
beck en Estocolmo, Suecia, en 1899 (1).

La aparicién de lesiones provocadas por la ra-
diacién aplicada a pacientes con fines diagndsticos
y los resultados contradictorios obtenidos durante
los primeros afios en que los rayos X se usaron con
fines terapéuticos llevaron a tomar algunas precau-
ciones. La necesidad de caracterizar la cantidad y la
calidad de la radiacién empleada dio origen en 1896
a una nueva disciplina: la dosimetria. Gracias al es-
trecho trabajo de cooperacién entre fisicos y médi-
cos, entre 1896 y 1904 se elaboraron técnicas dosi-
métricas suficientemente precisas para garantizar la
reproducibilidad de las exposiciones a la radiacién
y evaluar la relacion entre la dosis y su efecto. Esos
conocimientos facilitaron el ulterior desarrollo no
solo de la radioterapia, sino también de la radiolo-
gia y de la medicina nuclear.

Aungque Becquerel y los esposos Curie ya ha-
bian observado en si mismos efectos biolégicos si-
milares a los de los rayos X, el uso terapéutico de
fuentes radiactivas demoré algtin tiempo. En 1901,
los esposos Curie prestaron fuentes de radio a algu-
nos dermatélogos para que las emplearan con fines
terapéuticos (2). Los primeros resultados fueron
poco promisorios, ya que la irradiacién era hetero-
génea, el efecto terapéutico no era suficiente y ocu-
rrian accidentes a menudo. Los primeros resultados
favorables en el tratamiento de tumores se obtuvie-
ron en 1905 en algunos pacientes con cdncer de piel
y de cuello uterino.

Esa técnica de rayos X evolucion¢ hasta con-
vertirse en una subdisciplina de la radioterapia de-
nominada teleterapia. La introduccién en la prdc-
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tica clinica de los haces de alta energia implic6 una
considerable mejoria en los resultados clinicos,
mientras que la teleterapia con cobalto-60 —utili-
zada por primera vez en octubre de 1951— vy los
aceleradores de megavoltaje —introducidos en la
década de 1960— se hicieron cada vez mds confia-
bles para la produccion de rayos X de alta energia
(2). Paralelamente se desarrollaron varias aplicacio-
nes del radio hasta formar una nueva subdisciplina
denominada braquiterapia, basada en la insercién
de material radiactivo sellado en cavidades directa-
mente adyacentes a los tumores. Esta técnica evolu-
ciond con la introduccién de diferentes materiales
radiactivos, de nuevas técnicas de aplicacién del
material en el paciente y de métodos dosimétricos
mas confiables y reproducibles.

Durante los noventa afios que siguieron al des-
cubrimiento de los rayos X se observé un gran desa-
rrollo en diversos aspectos relacionados con la radio-
terapia, como la radiobiologia, la dosimetria, la
blisqueda de materiales radiactivos adecuados para
la braquiterapia y la aparicion y el desarrollo, para
uso médico, de los aceleradores lineales de particu-
las. Como consecuencia, la radioterapia gané rapida-
mente aceptacién a escala mundial y actualmente se
la reconoce como una de las técnicas indispensables
para la atencién médica de los pacientes con cancer.

El objetivo de este articulo es identificar, a
partir de los datos publicados, las necesidades mas
importantes e inmediatas en el campo de la radio-
terapia en América Latina y proponer metas con-
cretas que ayuden a que los esfuerzos cooperativos
realizados por los paises y los organismos interna-
cionales redunden en una mejoria de la calidad in-
tegral de los procedimientos radioterapéuticos.

EL PAPEL DE LA RADIOTERAPIA

Segun la Organizacion Mundial de la Salud
(OMS), el cancer constituye una parte importante
de la carga global de enfermedad en la presente dé-
cada (3). Se estima que los casos nuevos de cancer
aumentardn en el mundo de 10 millones en el aifio
2000 a 15 millones en 2020. En los paises desarrolla-
dos, el cdncer es la segunda causa mds frecuente de
muerte y seguin las pruebas epidemioldgicas, la ten-
dencia es similar en los paises en desarrollo. Apro-
ximadamente 60% de los nuevos casos de cancer se
produciran en los paises de menor desarrollo en los
proximos afios.

Sin embargo, al menos una tercera parte de los
casos nuevos de cancer se puede prevenir mediante
el control del consumo del tabaco y el alcohol, la
adopcién de una alimentacién equilibrada y la vacu-
nacién contra la hepatitis B, entre otras medidas (3).
Otra tercera parte de los casos se puede curar si se

Rev Panam Salud Publica/Pan Am | Public Health 20(2/3), 2006



Castellanos et al. ® Necesidades y retos en radioterapia en América Latina

Articulos e informes especiales

FIGURA 1. Etapas del proceso de radioterapia moderna

logra detectar la enfermedad tempranamente y se
aplica el tratamiento adecuado de manera inmediata.
Cuando la enfermedad estd mds avanzada, se pue-
den aplicar técnicas eficaces, como la radioterapia,
que permiten brindar un cuidado paliativo integral.
El éxito de los programas de deteccién temprana de
la enfermedad depende del uso eficaz de las diversas
opciones terapéuticas.

Entre las modalidades terapéuticas més em-
pleadas en el tratamiento del cancer se encuentran
la cirugia, la radioterapia, la quimioterapia, la tera-
pia hormonal y la combinacién de algunas de ellas.
Se calcula que mas de la mitad de los pacientes
con cancer necesitan tratamiento con radioterapia,
ya sea sola o en combinacioén con la cirugia o la
quimioterapia (3).

LAS NECESIDADES

La radioterapia es un proceso complejo. La ex-
periencia acumulada en més de un siglo ha permitido
establecer procedimientos y desarrollar una infraes-
tructura tecnolégica sin los cuales no es posible brin-
dar una atencién de calidad. En efecto, una vez to-
mada la decision terapéutica de tratar a un paciente
mediante radioterapia, se deben seguir seis etapas:
la simulacién, la planificacién, la verificacion del
tiempo (o unidades de monitor), la verificacién de los
campos de radiacién previstos, la administracion de
la dosis y el registro del tratamiento (figura 1).

En su informe sobre la determinacién de la
dosis absorbida en pacientes irradiados con rayos X
o radiaciones gamma durante los procedimientos de
radioterapia (4), la Comisién Internacional de Uni-
dades y Medidas de Radiacién (CIUR) concluy6 que,
segun los estudios disponibles para ciertos tipos de
tumores, es necesario aplicar la dosis al volumen que
se ha de tratar con una exactitud de +5% si se desea
erradicar un tumor primario. Se debe tener en cuenta
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que esa tolerancia corresponde a una incertidumbre
estimada aplicando intervalos de confianza de 95%,
lo que corresponde a una exactitud de +2,5% en la
expresion de estos conceptos. Este criterio es dema-
siado estricto si se toma en cuenta la complejidad del
proceso de la radioterapia (5). Sin embargo, los re-
sultados de la radiobiologia y la radioterapia moder-
nas han confirmado la necesidad de administrar
dosis con una gran exactitud, sobre todo cuando se
aplican técnicas con escalamiento de dosis, es decir,
dosis superiores a las definidas como estiandares en
la radioterapia convencional.

Por ello debe procurarse por todos los medios
evitar errores sistemdticos en las diferentes etapas del
proceso de radioterapia y reducir los errores aleato-
rios mediante buenas técnicas y procedimientos.
Cada etapa desempefa un papel fundamental en el
proceso completo y cualquier deficiencia en alguna
de ellas puede dar origen a fallas en el resultado final.

La etapa de simulacién requiere de sistemas de
captura de imdagenes del paciente en la posicion y con
los sistemas de inmovilizacién idénticos a los que se
usaran durante el tratamiento. Para ello se debe con-
tar con un simulador convencional o un simulador
con posibilidad de realizar cortes mediante tomogra-
fia axial, o con una unidad de tomografia computari-
zada adaptada para simular el proceso de radiotera-
pia. De esa manera se pueden obtener los datos
anatémicos necesarios y las imdgenes radiogréficas o
tomograficas sobre las que el médico dibuja el volu-
men que debe tratarse y los 6rganos en riesgo, para
posteriormente definir las dosis necesarias en ese vo-
lumen y la méxima en dichos érganos. El resultado
de esta etapa debe ser la prescripciéon de un trata-
miento acorde con las recomendaciones de la CIUR.

La planificacién del tratamiento, a cargo del fi-
sico médico, se lleva a cabo en los llamados sistemas
computarizados de planificacion, que modelan pre-
viamente las fuentes y los haces de radiacién. Una
vez definidos los campos y los haces de radiacién, se
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calcula la distribucién de la dosis en el paciente con
la ayuda de un modelo tridimensional creado con
los datos del paciente. La exactitud de la distribucién
calculada depende de la exactitud con que se hayan
modelado los haces de radiacion y la anatomia del
paciente y de la comprensién que el fisico médico
tenga del algoritmo y del programa de calculo.
Como resultado de esta etapa se debe contar con un
plan de tratamiento validado por el médico especia-
lista en radioterapia (radioncélogo) responsable del
paciente, de acuerdo con su prescripcién inicial.

La administracién del tratamiento esta a cargo
del tecndlogo de radioterapia en unidades especiali-
zadas, ya sean unidades de cobalto, aceleradores li-
neales de particulas o sistemas de carga diferida au-
toméatica para braquiterapia. En todos los casos, el
tecnélogo debe reproducir los pardmetros registra-
dos en la hoja de simulacién y el plan de tratamiento.
Ademads, debe comprobar la identificacién del pa-
ciente, para lo cual se recomienda que en el plan de
tratamiento aparezca la fotografia de este (6).

Dados los muiltiples parametros geométricos,
fisicos, de posicionamiento y de accesorios que con-
tienen el plan de tratamiento y la hoja de simulacién
y, en consecuencia, las miltiples fuentes de posibles
errores que inciden en el proceso de administracién
del tratamiento, es necesario verificar los campos
de irradiacién antes de aplicar la dosis. Esta verifi-
cacién se realiza principalmente mediante peliculas
radiograficas y portapeliculas disefiados para haces
de radiacion de alta energia y los llamados sistemas
electrénicos de imagen portal. Estos Gltimos se en-
cuentran ligados al brazo de la unidad de trata-
miento y brindan una imagen en tiempo real del
campo de radiacién y de las estructuras abarcadas
en él. Las imdgenes de verificacién son evaluadas
por el médico radioncélogo, que propone las correc-
ciones pertinentes y autoriza la aplicacién del trata-
miento. Esta verificacién se debe realizar una vez
por semana mientras dure el tratamiento.

La exactitud de la dosis administrada de-
pende en gran medida de la exactitud con la que se
determine la tasa de dosis de referencia del haz de
radiacion (resultado de la calibracién) y de su cons-
tancia en el tiempo. El fisico médico es el responsa-
ble tanto de la calibracién como del control diario
de los haces de radiacién.

Por lo tanto, la radioterapia es una modalidad
de tratamiento que requiere de una infraestructura
tecnolégica de alta complejidad, compuesta por sis-
temas dosimétricos que permitan caracterizar y ca-
librar los haces de radiacién, sistemas de simula-
cién (convencional, por tomograffa computarizada
o virtual), sistemas computarizados de planifica-
cién, unidades de tratamiento (de megavoltaje y de
braquiterapia) y sistemas de verificacién. Adicio-
nalmente, los servicios modernos de radioterapia
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cuentan con una red que controla toda la informa-
cién, desde la generada por los sistemas de simula-
cién y de planificacién, hasta la utilizada en las uni-
dades de tratamiento y de verificacion.

Debido a la complejidad tecnoldgica y a los
riesgos asociados con la irradiacién de los pacientes
(6), la radioterapia exige un equipo de especialistas
en el que deben participar radioncélogos, fisicos
médicos, tecndlogos de radioterapia y personal de
enfermeria. Es indispensable también contar con el
apoyo de un servicio técnico de mantenimiento
capaz de garantizar el buen funcionamiento de los
equipos. Estos especialistas deben tener la compe-
tencia académica y técnica indispensable para utili-
zar correctamente la tecnologia a su disposicién,
comprender a cabalidad los procedimientos en cada
una de las etapas y contar con la capacidad necesaria
para tomar decisiones en caso de incidentes o de si-
tuaciones criticas. Adicionalmente, como la calidad
del tratamiento con radiaciones depende estrecha-
mente de determinados factores clinicos (diagnds-
tico, localizacién del tumor, estrategia de trata-
miento, verificacién continua y control del paciente)
y fisicos (incertidumbre en el célculo de la dosis, su
optimizacién y verificacién, y la idoneidad de los
equipos dosimétricos, de célculo y de administracion
del tratamiento, entre otros), todo el equipo debe tra-
bajar de forma conjunta. Los conocimientos y la ex-
periencia de cada uno de los miembros del equipo
influirdn decisivamente en la calidad del tratamiento
(5) y en la seguridad del paciente (6).

Requisitos minimos

Todos los servicios de radioterapia deben cum-
plir determinados requisitos minimos para alcanzar
un nivel aceptable de calidad. Cada institucién debe
tomar sus propias decisiones con relacién al personal,
los equipos, los procedimientos y las politicas, en fun-
cién del nimero de pacientes y del tipo de enferme-
dades que atienda y de su organizacién interna, pero
hay requisitos basicos propuestos por la Organiza-
cién Panamericana de la Salud (OPS) (7) y el Orga-
nismo Internacional de Energia Atémica (OIEA) (5)
que deben cumplir todas las instituciones.

Hasta finales de la década de 1990 se daba
mayor prioridad a incrementar el niimero de unida-
des de tratamiento a fin de aumentar la cobertura de
la atencion de los pacientes con cancer. Las recomen-
daciones recientes (5, 8) tienen en cuenta todas las eta-
pas del proceso de radioterapia y, en consecuencia,
son mds exigentes en cuanto a la cantidad y la calidad
del personal y de la infraestructura técnica necesaria.

En la actualidad se considera que todos los
servicios de radioterapia deben contar con los si-
guientes elementos (5, 8):
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* sistema de simulacién del tratamiento y de in-
movilizacién del paciente

 sistema computarizado de planificacion de los
tratamientos

* sistemas de alineamiento y localizacién del
paciente

¢ unidades de tratamiento que cumplan con las
especificaciones de la Comisién Electrotécnica
Internacional (CEI)

* accesorios modificadores del haz de radiacién

* protecciones personalizadas

* equipos de dosimetria absoluta y relativa para la
calibracién y el control de la calidad de las fuen-
tes de radiacién.

Las unidades de tratamiento deben ser las
adecuadas para el tipo de tratamiento ofrecido por
la institucién y contar con un programa eficiente
de mantenimiento y reparacién. Estas unidades, al
igual que los sistemas computarizados de planifica-
cién de los tratamientos, deben haber pasado satis-
factoriamente las pruebas de aceptacién y de puesta
en servicio.

En cuanto al personal, todos los centros de
radioterapia, independientemente de su tamario,
deben contar con radioncélogos, fisicos médicos,
tecndlogos de radioterapia y, en el caso de los cen-
tros de alta complejidad tecnolégica, tecnélogos do-
simetristas que apoyen las actividades de dosime-
tria clinica.

Los equipos

En 1997, la OPS propuso un esquema para
calcular la necesidad de equipos de teleterapia en
el mundo (7). Segtin este esquema, hacen falta 4 400
equipos para atender a una poblacién de 4 400
millones de personas en la cual la incidencia de
cancer es de 75 a 150 por 100 000 habitantes, asu-
miendo 4,4 millones de casos nuevos de cancer por
afio (de los cuales 50% requieren radioterapia) y
que una maquina puede atender a 500 de esos
casos. Esto significa que se debe contar aproxima-
damente con 1 unidad de megavoltaje por cada mi-
ll6n de habitantes.

Segun un estudio realizado por el OIEA en
2004 (9), en 19 paises de América Latina que tienen
una poblacién total de 516,7 millones de habitantes
hay 710 unidades de teleterapia, es decir, 1,37 uni-
dades de megavoltaje por millon de habitantes
(entre 0 y 3,32). De estos datos se puede concluir
que en América Latina existe una buena cobertura
con unidades de teleterapia (superior al minimo es-
timado de 1 unidad de megavoltaje por millén de
habitantes), pero que su distribucion es muy hete-
rogénea. En la mayoria de los paises mas poblados
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(Argentina, Brasil, Colombia, Chile, México y Vene-
zuela) hay mas de una unidad de teleterapia por
cada millén de habitantes.

Sin embargo, segin esa misma fuente, méas de
21% de los 470 centros estudiados son de nivel 0
(centros equipados tdnicamente con una unidad de
teleterapia), 51% de nivel 1 (centros que cuentan
con unidades de teleterapia, braquiterapia, sistemas
de planificacién de tratamiento y de inmovilizacién
de pacientes, un radioncélogo y al menos un fisico
médico a tiempo parcial); 25% son de nivel 2 (cen-
tros que cuentan también con sistemas de simula-
cién, posibilidades de construccién de protecciones
personalizadas —protecciones con formas adapta-
das a los volimenes de interés en cada paciente—y
un fisico médico a tiempo completo), y solamente
3% son de nivel 3 (con capacidad de ofrecer al pa-
ciente técnicas especiales, como radioterapia por in-
tensidad modulada, radiocirugia o radioterapia in-
traoperatoria) (figura 2).

Esto indica que mas de la quinta parte de los
centros de radioterapia en América Latina ofrecen
servicios sin el minimo de calidad requerido y que
otro 51% debe completar su equipo con sistemas de
simulacién y la posibilidad de protecciones perso-
nalizadas para poder ofrecer un servicio de radio-
terapia de buena calidad (5). En total, 72% de los
centros de radioterapia de los paises estudiados
deben mejorar sustancialmente sus condiciones de
funcionamiento.

Las llamadas nuevas tecnologias de radiotera-
pia son los aceleradores lineales equipados con co-
limadores multihojas y sistemas electrénicos de
imagen portal con detectores sélidos; los sistemas
de simulacién virtual; los sistemas de calculo tridi-
mensional para la distribucién de las dosis; las
redes de radioterapia; los sistemas de registro y ve-
rificacién de los parametros; los sistemas de segui-
miento de los érganos en movimiento, y los médu-
los para radioterapia por intensidad modulada,
entre otros.

En particular, las unidades equipadas con co-
limadores multihojas permiten administrar, me-
diante muchos haces, dosis distribuidas segun la
forma del volumen que se va a tratar, lo que reduce
la posibilidad de que se afecten érganos criticos. La
forma de los campos se transfiere por la red desde
el sistema de planificacién al acelerador.

De igual manera, las redes de radioterapia
son indispensables para la planificacion y la aplica-
cion eficiente y exacta de un tratamiento bien con-
formado. Por medio de ellas, las imagenes del pa-
ciente se exportan directamente a los sistemas de
planificacién del tratamiento y las radiografias re-
construidas digitalmente (con la imagen de los
campos conformados) se transfieren a la unidad de
tratamiento. Esto facilita el control rdpido y confia-

147



Articulos e informes especiales

Castellanos et al. » Necesidades y retos en radioterapia en América Latin:

FIGURA 2. Clasificacion de 470 centros de radioterapia de
19 paises de América Latina segtin su nivel de calidad, 2004

3%
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Fuente: Organismo Internacional de Energia Atémica (9).

ble de los muchos pardmetros implicados en la pla-
nificacién del tratamiento y su administracién.

La presencia de aceleradores con colimadores
multihojas y de una red interna en los centros de ra-
dioterapia constituye la base para organizar un ser-
vicio moderno. De acuerdo con los informes presen-
tados por los representantes de diversos paises en
eventos cientificos regionales, solamente una pe-
quefia parte de los centros latinoamericanos cuenta
con esos elementos. A manera de ejemplo, de los 39
centros de radioterapia que funcionan en Colombia,
solamente 8 tienen aceleradores con colimadores
multihojas y solo 4 (alrededor de 10%) cuentan con
una red informadtica para la radioterapia. La falta de
un colimador multihojas se puede compensar con la
elaboracién de protecciones personalizadas hechas
de una aleacién denominada “cerrobend”. Sin em-
bargo, debido a la dificultad para transportarlas
(por su gran peso) y a la necesidad de elaborar una
proteccién para cada campo, por lo general no se
planifica el nimero de campos de radiacién necesa-
rios para un tratamiento 6ptimo.

De manera similar, los sistemas electronicos
de imagen portal con detectores sélidos todavia son
poco frecuentes en los servicios de radioterapia de
América Latina debido al alto costo de esta tecnolo-
gia. Siguiendo el mismo ejemplo de Colombia, sola-
mente uno de los 20 aceleradores lineales que fun-
cionan en ese pais dispone de un sistema de imagen
portal con detectores sélidos. Aunque es posible
hacer una verificacién adecuada del tratamiento
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mediante peliculas, es necesario esperar su reve-
lado antes de iniciar el tratamiento.

El personal

La mayoria de los autores coinciden en que
un radioncélogo puede tratar 250 casos nuevos por
afio (5, 7, 8). Sin embargo, segtin las guias naciona-
les europeas para la infraestructura y el personal de
los servicios de radioterapia, en el Reino Unido esta
cifra asciende a 350 y en Luxemburgo a 300, mien-
tras que en Francia se recomienda que haya un ra-
dioncélogo por cada 200 a 250 pacientes en hospita-
les universitarios y uno por cada 300 a 400 pacientes
en hospitales no universitarios (10). Por lo tanto, la
referencia de contar con un radioncélogo por cada
250 pacientes se debe tomar con cautela y es preciso
tener en cuenta la complejidad de la tecnologia y los
procedimientos establecidos en un servicio de ra-
dioterapia especifico, asi como las otras funciones
diferentes de la atencién de pacientes asignadas al
personal médico.

Igualmente se recomienda la vinculacién de
un fisico médico especialista en radioterapia por
cada 400 pacientes nuevos al afio (7, 8). Aunque esta
recomendacién estd aceptada en general y se em-
plea al planear un nuevo servicio de radioterapia,
las guias nacionales vigentes actualmente en Europa
varian notablemente en este sentido: en Holanda se
recomienda tener un fisico médico por cada acelera-
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dor lineal y uno por cada 650 pacientes nuevos al
aflo, mientras que en Luxemburgo se debe contar
con un fisico médico por cada 600 y en Bélgica con
uno por cada 750 pacientes nuevos al afio (10).

En cuanto al personal técnico, hay consenso in-
ternacional y se recomienda contar con dos tecndlo-
gos por cada 25 pacientes tratados diariamente por
unidad de megavoltaje y con dos tecndlogos de
simulacién por cada 500 pacientes simulados en
un afo. Estd aceptado que siempre deben trabajar
dos tecndlogos simultdneamente en cada unidad de
tratamiento (6-8) para poder garantizar la ubicacion
precisa del paciente (control simultdneo de los indi-
cadores laterales de laser), su seguridad (vigilancia
permanente mediante cdmaras de video), el control
de diferentes registros que el tecndlogo debe inter-
pretar y diligenciar (hoja de simulacién, plan de tra-
tamiento, registro del tratamiento, imégenes porta-
les) y la atencién que necesita el paciente con céncer.

Uno de los problemas més discutidos en reu-
niones y eventos regionales sobre la radioterapia es
la deficiencia que se observa en el nimero y el nivel
de formacién de los fisicos médicos en algunos pai-
ses, particularmente en Centroamérica. De acuerdo
con los datos publicados por el OIEA en 2004, de
357 fisicos médicos en 19 paises de América Latina,
241 habian obtenido un grado especifico en fisica
médica, en su mayor parte en Argentina y Brasil (9).
Esto indica que la mayoria de los fisicos vinculados
a la practica médica en el resto de los paises se han
formado empiricamente en los hospitales. Esta ten-
dencia estd cambiando gracias a la creacién de pro-
gramas de posgrado en la fisica de la radioterapia o
la fisica médica (Argentina, Brasil, Colombia, Cuba,
Meéxico y Venezuela) y al fortalecimiento de las le-
gislaciones nacionales relacionadas con la acredita-
cién de los servicios de radioterapia.

Los programas de garantia de la calidad

Cada centro de radioterapia debe contar con
los medios necesarios para que la calidad de los ser-
vicios que ofrece a los pacientes siempre se man-
tenga dentro de los limites admitidos internacional-
mente y disponer de los mecanismos necesarios
para corregir desviaciones que puedan afectar al
paciente (5, 7, 8). Ademds, debe contar con meca-
nismos adecuados de retroalimentacién de manera
que la experiencia adquirida pueda utilizarse para
corregir las deficiencias y mejorar las diversas eta-
pas del proceso. Estos elementos constituyen la
base de los programas de garantia de la calidad en
los servicios de radioterapia y son responsabilidad
de cada institucién, en particular de los administra-
dores, los jefes de servicio, los médicos y los profe-
sionales de las distintas 4reas.
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Los casos recientes de sobreexposicion grave
de pacientes (6) se han producido debido a la falta
de programas de garantia de la calidad debida-
mente estructurados y funcionales. El analisis de
esos accidentes demuestra que existian fallas en la
aplicaciéon de los procedimientos (particularmente
el no hacer la doble verificacién del tiempo de trata-
miento); fallas en los mecanismos de comunicacién
de la informacién entre los miembros del equipo de
trabajo; la formacién insuficiente del personal (es-
pecialmente en fisica médica); la falta de segui-
miento de los pacientes, y el incumplimiento de los
protocolos de aceptacién y puesta en servicio de los
equipos y sistemas de planificacién de tratamientos.

Para acercarse a las tasas del curacién del can-
cer logradas en los paises desarrollados es preciso
mantener servicios de radioterapia con un alto grado
de precisién y fiabilidad. Tanto los aspectos clinicos
(diagnéstico, toma de decisiones, indicacion del trata-
miento y seguimiento) como los procedimientos re-
lacionados con los elementos fisicos y técnicos del
tratamiento del paciente deben controlarse minucio-
samente y planificarse de manera adecuada (6, 8). En
la actualidad se da una gran importancia a los aspec-
tos fisicos de la garantia de la calidad (5-8), lo que ha
llevado a la OPS y al OIEA a apoyar programas de
formacién continuada de fisicos médicos y radion-
cblogos en esa drea y de adquisicién de equipos de
dosimetria y control de la calidad.Aunque se ha avan-
zado notablemente en la aplicacién de procedimien-
tos de garantia de la calidad de los aspectos fisicos de
la radioterapia, atin es necesario alcanzar un enfoque
sistemético de la garantia de la calidad en todas las
etapas del proceso, principalmente en sus aspectos
clinicos, si se desea lograr un mejoramiento global de
la calidad del tratamiento.

LOS RETOS

En la mayoria de los paises de América Latina
que cuentan con servicios de radioterapia desde
hace muchos afios, el nivel de cobertura, la organi-
zacién y la estructura de los servicios disponibles
actualmente indican que los esfuerzos cooperativos
internacionales deben dirigirse a mejorar la calidad
general de cada servicio (7, 9).

Como primera meta se debe lograr que los cen-
tros de nivel 0 y 1 (aproximadamente 72% del total)
alcancen el nivel 2, de manera que puedan ofrecer
servicios de radioterapia de mejor calidad. Los orga-
nismos internacionales que apoyan proyectos de
cooperacion entre los paises deben orientar sus es-
fuerzos hacia el logro de esa meta antes de apoyar la
creacién de nuevos centros o el paso de ceniros del
nivel 2 al nivel 3. La prioridad debe ser lograr que
90% de los centros se encuentren en el nivel 2.
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En cuanto al equipamiento, otra meta priori-
taria deberia consistir en reemplazar los acelerado-
res (una vez cumplida su vida util) por nuevas uni-
dades de tratamiento con colimadores multihojas y
redes de transferencia de datos desde el sistema de
planificacién del tratamiento. Esto permitiria gene-
ralizar la aplicacién de la radioterapia conformacio-
nal, lo que beneficiaria a un mayor nimero de pa-
cientes y aumentaria la capacidad de cada servicio.
Igualmente, los equipos para instalaciones nuevas
deben contar con colimadores multihojas.

Una tercera prioridad regional es la elabora-
cién y adopcién de guias nacionales de tratamiento,
lo que permitiria establecer un estaindar minimo de
atencion, comparable entre diferentes centros. Esas
guias deben normar no solamente los esquemas de
fraccionamiento y de dosis, sino también la forma
de simular, planificar, administrar y verificar los
tratamientos, asi como los métodos de seguimiento
de los pacientes tratados. Esto debe hacerse to-
mando como base una estructura de nivel 2, ya que
es la que cumple los requisitos minimos. Las orga-
nizaciones internacionales y regionales podrian de-
sempefiar un papel muy importante en este sentido
mediante la propuesta de cédigos de préctica de re-
ferencia a los ministerios de salud. Igualmente, esas
organizaciones deben influir en la adopcién de re-
glamentos nacionales que respalden el cumpli-
miento de esas guias o cédigos de practica.

Finalmente, los esfuerzos cooperativos deben
orientarse hacia la consolidacién en cada pais de
uno o varios (en funcion de la poblacion) centros de
referencia, es decir, centros que cumplan con los re-
quisitos minimos, que tengan y apliquen guias es-
pecificas, que cuenten con programas consolidados
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de garantia de la calidad y cuyo personal (médicos,
fisicos médicos, técnicos y de enfermeria) se en-
cuentre debidamente capacitado para la radiotera-
pia. Estos centros serdn una referencia nacional y su
existencia ayudard a mejorar la calidad de los
demas servicios de radioterapia.

SYNOPSIS

New technologies: needs and challenges
in radiotherapy in Latin America

The cumulative experience gathered over more than a cen-
tury of practice of radiotherapy has demonstrated the latter's
importance not only for the palliative treatment of a fraction
of cancer cases, but mainly for the curative treatment of an
even greater proportion of such cases. In light of the changes
in technology, the ever-increasing access developing coun-
tries to such technology, and its current coverage in Latin
America, any efforts in this area should be aimed at improv-
ing the quality of the radiotherapy services and centers that
are already in place. This involves developing their techno-
logical assets to the fullest, expanding their services, and
complying with the minimum quality requirements estab-
lished for second-level facilities. Each center should be
equipped to carry out all stages of the radiotherapy process,
from simulation through treatment verification and patient
follow-up, with a high level of quality (level 2). To achieve
this, it should possess the necessary technology and properly-
trained staff that are required for the purpose. Collaborative
efforts in the Region should also prioritize helping countries
implement national treatment standards for all stages of the
radiotherapy process and promoting the implementation of
validated quality assurance programs.

Key words: radiotherapy, quality assurance, health
services needs and demand, Latin America.
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SYNOPSIS

This paper describes the biological mechanisms of normal
tissue reactions after radiation therapy, with reference to
conventional treatments, new treatments, and treatments in
developing countries. It also describes biological reasons for
the latency period before tissue complications arise, the rela-
tionship of dose to incidence, the effect of increasing the size
of the irradiated volume, early and late tissue reactions, ef-
fects of changes in dose fractionation and dose rate, and
combined chemotherapy and radiotherapy responses. Exam-
ples are given of increases in knowledge of clinical radiobi-
ology from trials of new protocols. Potential modification to
treatments include the use of biological response modifiers.
The introduction of “response prediction” modifications to
treatments might also be available in the near future. Fi-
nally, the paper points out that in some radiotherapy cen-
ters, the biologically-effective doses prescribed for combined
brachytherapy and teletherapy treatment of cervix cancer
are lower than those prescribed in other centers. This issue
needs to be addressed further. The wealth of preclinical and
clinical data has led to a much greater understanding of the
biological basis to radiotherapy. This understanding has un-
derpinned a variety of new approaches in radiotherapy, in-
cluding both physical and biological strategies. There is also
the important issue of treatment of a large number of can-
cers in developing countries, for which efficacious resource-
sparing protocols are being continuously developed. A uni-
fied scoring system should be widely accepted as the new
standard in reporting the adverse effects of radiation ther-
apy. Likewise, late toxicity should be reported on an actuar-
ial basis as a mandatory endpoint.

Radiation therapy has been used for over 100 years.
It is a proven method for controlling malignancies
and for prolonging the life of individuals who would
otherwise die from their cancer. Radiation therapy is
used in somewhat more than half of all cancer treat-
ments, and in some cases it is the preferred and most
effective treatment of all. In other cases, it is used in
combination with chemotherapy or surgery.

Despite their benefits, all treatments against
diseases are associated with side effects to some de-
gree. Cytotoxic treatments against cancer, including
radiation therapy, cause injury to normal tissues,
which ultimately limits the dose that determines
the likelihood of cure.

When cancers are irradiated, some normal tis-
sue is also irradiated, and this causes injury that
gives rise to tissue reactions. In many cases, these re-
actions are minor and transient, but in a few cases
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they can be prolonged and more severe. The re-
actions of greatest concern are those that appear
months or years after therapy, making them more
difficult to treat. Severe reactions in a small number
of patients impose a limit on the dose that can be de-
livered, not just to them individually but to any pa-
tient. Physical and biological strategies are being de-
vised to increase this limit in order to be able to
deliver a higher dose in an attempt to control more
cancers (tumors). One physical strategy is to reduce
the irradiated volume as much as possible, so that
the smaller volume can tolerate higher doses. An-
other strategy is to use very small dose fractions in
order to exploit the greater fractionation sensitivity
of late-reacting normal tissues than of tumors, so
that higher tolerable doses can be accumulated re-
sulting in more cured tumors. Three examples of bi-
ological strategies are: (1) making the radiation more
effective in killing tumor cells through the utilization
of the latest generation of molecular-pathway-based
radiosensitizers; (2) predicting which patients will
react the most, thus allowing for the remainder to be
given a higher dose; and (3) applying selective tar-
geting of radiation to the tumor cells.

MECHANISMS OF TISSUE REACTIONS

Advances in radiation technology and in ra-
diation dose-fractionation delivery patterns, as well
as the use of additional therapies, have altered the
pattern of side effects (1). Historically, early skin
reactions were generally dose-limiting due to the
depth dose profile for orthovoltage radiotherapy. Al-
though emphasis is still being placed on acute toxic-
ity, today much of the focus has shifted toward late
effects. Less aggressive radiotherapy protocols gener-
ally succeed in preventing severe morphological and
structural changes such as fistulae and chronic ulcer-
ations. However, irradiation may result in chronic
changes in the functioning of organs such as the
heart, lung, or kidney, that may become clinically
manifest several years after treatment. This picture
may change again with the recent advances and ex-
pected innovations in radiation and cancer biology,
in functional imaging, and in radiation therapy plan-
ning and delivery. All these improvements tend to
lead to an intensification of locoregional treatment.

Early tissue reactions, such as inflammation,
occur within hours to several weeks after therapy
due to changes in cell membrane permeability and
histamine release. Subsequent early tissue reactions
occur as a consequence of cell loss, causing mucosi-
tis and epidermal desquamation.

Early tissue reactions that are a result of cell
loss are a feature of renewing tissues, such as bone
marrow, epidermis, and mucosa. These tissues fol-
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low a hierarchical proliferative organization in
which stem cells and daughter precursor cells with
the ability to divide and differentiate give rise to
cells which mature to form the functional end cells
in tissues (2).

The sterilization of some or all of the stem and
precursor cells in tissues results in early desquama-
tory reactions in epithelia, as well as hemopoietic de-
pression. Such consequences ultimately result in a
transitory or permanent decrease in the production of
mature cells, depending on the radiation dosage
level. The time course of the expression and restora-
tion of tissue components generally depends on their
normal (unirradiated) rate of renewal, and it is dose-
dependent after low doses. After high doses, com-
plete denudation of such tissues occurs at a time
equivalent to the lifetime of new mature cells, includ-
ing cells produced by any radioresistant precursor
cells. This pattern of response has been well de-
scribed for many types of renewal tissues (3, 4).

On the other hand, late tissue and organ reac-
tions are a consequence of cellular damage and in-
jury to a complex network of interacting popula-
tions of cells (5). Such interacting populations of
cells include relatively resistant parenchymal cells,
which are mainly non-dividing. However, these
cells can initiate division as a consequence of slow
cell depletion due to radiation-induced abortive
divisions. These populations of parenchymal cells,
such as those in the liver and kidney, are capable of
function as well as induced multiplication. They
have been called flexible populations (3), in contrast
to the hierarchical populations in renewing tissues.

LATENCIES

In the case of hierarchical tissues, i.e. tissues
which have a hierarchical proliferative organiza-
tion, the latency period prior to the gross expres-
sion of injury is directly related to the turnover (re-
newal) time of the tissue. Therefore, the latency
period is short for intestinal reactions because the
intestinal (mucosal) tissues have a high turnover
rate. The opposite can be said for skin desquama-
tion, which has a much longer latency period. After
low radiation doses there is a dose-dependent la-
tency due to the decreasing proportion of precursor
cells undergoing successful cell division (6). At high
doses there is a plateau in the timing of the re-
sponse, when all cells are sterilized, no matter how
high the dose. In the case of slowly-proliferating
flexible cell populations, there is a characteristic
longer, more intense and dose-dependent latency
period before expression of damage. Detailed stud-
ies on telangiectasia provide a very clear example of
this effect (7). Also, there is an increasing incidence
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of injury with increasing doses before the plateau in
timing occurs at a very high dose (3).

From both a biological and clinical stand-
point, it is useful to roughly classify normal tissue
effects into early effects and late effects. Early ef-
fects are expressed during or immediately after the
end of therapy; late effects may become manifest
after symptom-free latency periods of months to
years. Indeed, there is documented evidence that
late effects continue to increase for over a decade in
surviving individuals (8).

There is no consensus in the literature con-
cerning the exact definition of “early effect” and of
“late effect.” Often an operational definition is used,
and effects are classified based on an arbitrary cutoff
for their latency period. One cutoff that has been
used is 90 days after the onset of the treatment.
However, it has also been proposed that late effects
be defined as those that occur or that have not
healed by at least 90 days after the end of therapy (9).

REACTION SCORING SCALES

There is a fairly comprehensive literature on
early morbidity after both radiotherapy and chemo-
therapy. This has resulted in the development and
implementation of comprehensive scoring systems
designed for radiotherapy (such as the RTOG/
EORTC (Radiation Therapy Oncology Group/
European Organisation for Research and Treatment
of Cancer) system) and for chemotherapy (such as the
Eastern Cooperative Oncology Group Common Tox-
icity Criteria (CTC) or the World Health Organization
system). These have been amalgamated into CTC
version 2.0 (10), which is aimed at a common system
that can apply to either radiotherapy or chemother-
apy, individually or in combination. Recently, a more
comprehensive version of the CTC criteria (CTCAE
v. 3.0) addressed an increased need for more precise
reporting of adverse events (11). These different sys-
tems have been used in a variety of clinical studies as
well as in routine clinical practice.

Toxicity criteria for late effects are much less
established than those for early effects (1). The
RTOG/EORTC Late Radiation Morbidity Scoring
Schema is widely used in multi-center trials in Eu-
rope and the United States of America. It is rather
simple and easy to use, and it is the system usually
found in the scientific literature. The most ambi-
tious attempt so far to develop a comprehensive
system for the grading and recording of late
radiation effects was the “scoring system of late
effects on normal tissues,” or the SOMA/LENT
scale (12). (SOMA is an abbreviation for “subjective
symptoms, objective signs, management, and ana-
lytical measures.” LENT is an abbreviation for
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“late effects on normal tissues.”) The characteristic
feature of the SOMA/LENT system is that each
toxicity item is classified as subjective, objective,
management-related, or analytical. In the original
publication of the SOMA /LENT system, it was sug-
gested that each individual item’s score for an
organ be added in order to then calculate the aver-
age score. This is clearly not a very sound system.
In the case of lung reactions, for example, it was
proposed to add the eight items in the SOMA part
of the scale and then divide by eight. Thus, a patient
dying (grade 5 per definition) from restricted pul-
monary function without having developed any of
the other seven signs or symptoms, or having man-
agement interventions for pulmonary injury,
would get a score of 5/8, or 0.625. This value is less
than that for a patient who has grade 1 signs and
symptoms for all the items. One obvious idea is to
record the maximum grade of any toxicity item for
a specific organ or tissue and use this as the grade
of toxicity (13). Thus, a patient experiencing, say, a
grade 3 loss of sphincter control after radiotherapy
will be recorded as having experienced a grade 3
rectal complication. This suggestion still involves a
number of assumptions regarding the comparabil-
ity of grades across toxicity items. From a biological
perspective, it seems illogical to even attempt to
pool various components of morbidity and arrive at
a single number that quantifies late effects (14).

DOSE-RESPONSE CURVES

Tissue and organ reactions vary with the dose,
in both severity and incidence. In general, the dose-
incidence relationship will be sigmoid in shape
(S-shaped) when plotted on linear axes, with the ef-
fect becoming more frequent as the dose increases.
The steepness of the curve is governed largely by the
degree of variation in sensitivity among the patients.

The severity of the pathological condition in-
creases most markedly in those individuals in a
subgroup who are most sensitive (Curve a in the
lower panel of Figure 1), reaching the threshold of
detectability at a lower dose than in the less sensi-
tive groups (Curve b, Curve ¢, and Curve d in Fig-
ure 1). The dose range over which the different sub-
groups cross the same morbidity threshold is
reflected in the upper panel of Figure 1, which
shows the frequency of morbidity in the total pop-
ulation. That frequency reaches 100% only at the
dose that is sufficient to exceed the defined thresh-
old in all members of the population.

There are many reported examples of the steep-
ness of dose-incidence curves for morbidity in partic-
ular tissues and organs in series of radiotherapy pa-
tients who are receiving different doses. One way to
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IfIGL!RE 1. How the incidence (“trequency” in the upper panel) of a reaction or clinically recognizable pathological condi-
tion increases as a function of dose (“dose” in the upper panel) in a population of individuals of varying senstivities, and
what the dose-severity relationship is for the component subpopulations of individuals with various sensitivities (lower

panel)
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describe the steepness is the absolute percentage in-
crease in the incidence of morbidity among a popula-
tion of patients when the dose is increased by 1%. Ex-
amples of this measure of steepness for different
tissues in different series of patients, calculated on a
common basis of 2 Gy per fraction and at the steepest
part of the curve (the midpoint, of 50% incidence), are
available (15). There is a wide variation in steepness
due largely to the heterogeneity in the particular pa-
tient population used. However, it should be noted
that, in general, the dose-incidence curves for mor-
bidity are steeper than they are for tumor control.
This indicates that there is even greater variation
among patients in the response of a tumor than in the
response of normal tissue.

VOLUME EFFECTS

In general, tissue reactions are greater when
greater volumes are irradiated. This effect is most
marked for very small volumes because the migra-
tion of cells from the edges of radiation fields affects
healing in smaller volumes much more than in larger
ones. For larger irradiated volumes, which are the
ones most common in radiotherapy, the volume ef-
fect is less marked but still important. The presence
of a volume effect is the rationale for new strategies
to reduce irradiated volumes. These include dy-
namic imaging (used to reduce irradiated tumor
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margins), intensity-modulated radiotherapy (used to
shape the irradiated fields more closely around the
tumor), and protons (which can be used to provide a
sharper edge to the irradiated volume than is possi-
ble with X rays, gamma rays, or electrons).

For skin, the tolerance of a larger irradiated re-
gion may be reduced compared to that of a smaller ir-
radiated region, although the reaction level may be
little increased. This is because the likelihood of any
area within the irradiated region not healing properly
increases with an increase in the number of such irra-
diated areas. Also, the architecture of organ systems
has an influence on the volume effect. Some organ
systems are comprised of functional tissue subunits
arranged in parallel, such as nephrons in the kidney
and alveoli in the lung. In these cases, parts of the
organ can be irradiated and injured with no func-
tional defects because the other regions can compen-
sate. In contrast, organs or tissues comprised of func-
tional components in a serial arrangement, such as
the spinal cord, intestine, and blood vessels, can be
functionally damaged to irreparable levels by injury
in one small region (16).

GENERIC AND CONSEQUENTIAL LATE
REACTIONS

In recent years it has become clear that late re-
actions in tissues and organs can be caused primar-
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ily in two ways. One is through direct injury to the
responsible tissues, for example, the vasculature
(causing, for instance, ischemia) or stroma (fibro-
sis). These injuries are referred to as generic late
reactions. The other is through early injury to over-
lying protective tissues, such as mucosa or epider-
mis, causing later injury in the underlying tissues.
These are referred to as consequential late reactions.

Unconventional, more aggressive irradiation
protocols are usually associated with an aggrava-
tion of acute reactions. Overexposures of patients,
which happen occasionally, can have this same ef-
fect. Thus, aggressive irradiation protocols and the
incidence of overexposure to radiation predomi-
nantly generate consequential late reactions. Such
consequential late reactions are found in organ sys-
tems where the acute response is associated with
an impairment of the tissue barrier against me-
chanical or chemical stress (17). Hence, the reac-
tions are found mainly in the urinary and intestinal
tracts, in mucosa anywhere, and to some extent in
skin. The presence of consequential reactions can
often confound the interpretation of late reactions
when unconventional radiation protocols are used.
Also, the prediction of reaction levels may be inac-
curate when new schedules are trialed (18, 19). In
addition, amelioration of the acute response to ir-
radiation may be a useful approach to minimijze
some of the consequential late side effects of cura-
tive radiotherapy.

FRACTIONATION AND DOSE-RATE
EFFECTS

The benefit of hyperfractionated treatments
(using lower doses per fraction than are given with a
normal schedule, and giving more treatments per
day) is now well established (20). However, this has
not yet led to wider application of this strategy in clin-
ical practice. This technique prevents generic late re-
actions. Generic late reactions have a high fractiona-
tion sensitivity, which is characterized by a low o/f§
ratio in the commonly-employed linear-quadratic for-
malism (20). (The o/p ratio is a measure of the frac-
tionation sensitivity of a tissue). The technique also
permits the delivery of a more biologically effective
dose to the tumor, while keeping the level of compli-
cations acceptably low. One milestone in this strategy
was the successful implementation of the continuous
hyperfractionated and accelerated radiation therapy
(CHART) regimen for lung cancer and for head and
neck cancer, delivering the total treatment in 12 days,
with three fractions of 1.5 Gy per day (21). Another
milestone was the EORTC 22791 trial of pure hyper-
fractionation for head and neck cancer, using conven-
tional treatment times (22). Unfortunately, these new
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schedules are labor-intensive for staff and often diffi-
cult to implement in conventional radiotherapy de-
partments. Therefore, less-modified schedules are
being sought as a compromise. A recent interesting
development that reverses this trend toward using
hyperfractionation has to do with prostate cancer. In
this case, the slow-growing tumor responds as if it
were more sensitive to dose fraction size than even
late-reacting normal tissue. Trials are being con-
ducted to test whether high doses per fraction and
fewer fractions (hypofractionation), rather than low
doses per fraction, are beneficial (23, 24).

Another aspect of fractionation is the dura-
tion of the schedule. Longer schedules are benefi-
cial in allowing regeneration of early-reacting re-
newing tissues, and longer schedules also reduce
any consequential late reactions. However, such
schedules may allow tumor cell repopulation,
which is detrimental to tumor cure. It is now well
established that for head and neck cancers, repopu-
lation of tumor clonogens starts after three to four
weeks of treatment (25, 26). On the other hand, ac-
celerated (shorter) treatments, which will be com-
pleted before tumor cell repopulation becomes im-
portant, can increase acute reactions and thus may
increase consequential late reactions as well.

Fractionated doses should be delivered with
an interval of at least six to eight hours between frac-
tions, so that intracellular repair is virtually com-
plete. Otherwise, the total dose must be reduced to
avoid increasing morbidity (27). However, there are
data showing that even shorter interfraction inter-
vals in hyperfractionation regimens, alone or with
concurrent chemotherapy (28), have led to more
acute toxicity, but not to late toxicity (29). No differ-
ence was observed between shorter and longer in-
tervals in terms of both acute and late toxicity (30).
Finally, multivariate analyses with 536 patients
confirmed that the interfraction interval was not
a predictor of high-grade acute or late toxicity. Ad-
ditionally, recent analysis in locally advanced, un-
resectable (stage III) non-small cell lung cancer
showed that patients treated with hyperfractionated
radiation therapy using shorter interfraction inter-
vals (4.5-5.0 hours) fared even better than patients
treated with longer intervals (5.5-6.0 hours) (29).
Contrary to these findings, the Radiation Therapy
Oncology Group (RTOG) (31) found more high-
grade late toxicity in patients with upper respiratory
and digestive tract cancers treated with hyperfrac-
tionation. Due to a lack of clinical investigations in
other tumor sites, every caution should be exercised
when hyperfractionated regimens are planned and
carried out. Another aspect of this is repair occur-
ring during delivery of a fraction (32). If cobalt-60 is
the radiation source, as in many developing coun-
tries, and it has decayed so that the dose rate is
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There are few publications from developing
countries reporting their results for radiotherapy
outcome in cervical cancer patients. Negative re-
sults or poor outcomes are not published as often as
positive or good results. That could be a reason for
the paucity of such publications. Moreover, follow-
ups are difficult and usually deficient, which makes
it impossible to know the real situation. For exam-
ple, in one study (40), with 16 patients with stage I
cervical cancer, only 9 of them (56%) showed tumor
control and no complications after radiotherapy.
This is a lower rate of tumor control than would be
expected from other published series. Such a low
rate might be attributed to long overall treatment
time, setup or field-margin factors, or low total bio-
logically effective doses (40).

TRIALS AND ACCIDENTS

As mentioned above, many radiotherapy tri-
als have been undertaken to test hypotheses about
the potential benefits of modified schedules. The
most successful of these trials have been based on
prior knowledge and logical expectations, such as
the Danish Head and Neck Cancer Study Group
(DAHANCA) sequential series of trials on dose
fractionation and chemoradiotherapy (41).

Other trials have been implemented because of
safety legislation, and sometimes these have pro-
vided very illuminating results. One example is the
use of LDR remote-controlled afterloading brachy-
therapy, which was introduced because of concern
over the safety of staff. At the time, it was not appre-
ciated clinically that patients’ tissue reactions would
be different from the reactions in normally-treated
patients using the even lower dose rates produced
by the manually-inserted radium sources that had
been used for many years. When increasing the dose
rate from approximately 50 cGy per minute to ap-
proximately 150 cGy per minute, a dose reduction of
between 20% and 25% was required in order to
achieve a similar low incidence of bowel and urinary
morbidity (42—44). These results were consistent
with findings in experimental systems as well as
with clinical results for more-homogeneous intersti-
tial irradiations. Also, for both tumor control and
complications, a high o/ value and a short half-time
for repair best fitted the data. This result suggested
that consequential late reactions rather than generic
late reactions may be responsible for the incidence of
morbidity resulting from such treatments (42).

Trials such as this or CHART often provide
data that give useful additional knowledge about
one or more underlying parameters that govern nor-
mal tissue response. In addition, the results from
cases that entail the rare overexposure of groups of
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patients to radiation can provide information to sup-
plement this knowledge. For example, in a cohort of
56 cervical and prostate cancer patients in Panama,
half of them received some doses per fraction ap-
proximately double those prescribed. Seventeen of
the 28 overexposed patients died from 35 days to 21
months after treatment; 13 of the fatalities were
caused by rectal complications (40). Survival was im-
proved by performing colostomies. Using the doses
that were actually delivered to these patients, it was
possible to estimate the tolerance dose, and above
this dose there were some deaths. Thus, although it
is hoped that such accidents will never occur, the
knowledge provided from these rare events can help
strengthen the knowledge of the upper limit of the
tolerable dose in conventional treatments.

RESPONSE PREDICTION AND PROTECTION
OF NORMAL TISSUES

As noted above, dose-incidence curves for
normal tissue injury are sigmoid in shape. The first
5% incidence is often considered a general upper
limit to acceptability (except in special cases, such
as paralysis, for which it is less than 1%). Less than
one-fifth of this small fraction is comprised of indi-
viduals with known syndromes that predispose
them to being radiosensitive. Therefore, the dose
that induces, for example, a 5% incidence is de-
noted the tolerance dose, and all patients with a
given stage of a certain type of tumor would be pre-
scribed that dose. This means that 95% of patients
do not develop a severe reaction. Therefore, in the-
ory, a higher dose could be administered to these
less sensitive patients in order to provide more ef-
fective control of their tumors (45). In order to im-
plement this strategy, it is necessary to perform an
assay to predict which patients are in the 5% cate-
gory and which patients are in the remaining, 95%
category. One of the problems is that there is a ran-
dom statistical component to the likelihood of a
particular individual placing in a given category.
Analysis of the occurrence of telangiectasia of the
skin in patients treated with bilateral mammary ra-
diotherapy fields showed that as much as 90%
(with 95% confidence limits of 65% and 100%) of
the variability in the radioresponsiveness in the
right-sided field was explained by the radiorespon-
siveness in the left-sided field (46). Hence, the ran-
dom statistical component was fairly small, at ap-
proximately 10% of the total variation. However,
this is the only example in the literature where
these components of variability have been deter-
mined, and the general applicability of this result
needs to be addressed for other endpoints and
other tissues. To predict the nonrandom compo-
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nent, many assays have been tested, from molecu-
lar to chromosomal and cellular ones, with varying
degrees of success. None of them has proved suffi-
ciently robust to allow implementation of this type
of dose-prescription-variation strategy. The best
assay—that is, the one with the highest positive
predictive value, in this case 90%—has been the en-
zyme marker Transforming Growth Factor beta
(TGEB), used to predict, in a high percentage of
lung cancer patients, the progression of marked
radiation-induced fibrosis (47, 48).

It is increasingly recognized that the radiation
response of normal tissues can be modified through
the use of various agents. This could provide a
strategy for all patients if the modification were se-
lective for normal tissues and not for tumor. How-
ever, if the financial resources available are limited,
this treatment should bé used first with radiosensi-
tive patients, so that the largest possible number of
people would benefit for a particular given expen-
diture of financial resources. Early reactions in irra-
diated renewing tissues can be alleviated by the ap-
plication of radical scavengers, such as amifostine,
before irradjation. A recent randomized compara-
tive trial confirmed that amifostine can reduce the
severity and incidence of acute esophageal, pul-
monary, and hematological toxicity resulting from
intensive concurrent chemoradiation used for non-
small cell lung cancer (49). Importantly, amifostine
had no apparent effect on the survival of these pa-
tients, suggesting that it does not have a tumor-
protective effect. This finding implies that therapeu-
tic benefits should be achievable for amifostine-
treated patients, and this will be tested in further
clinical trials. Early tissue reactions can also be alle-
viated by the application of factors, in particular
growth factors, after irradiation (50). These include
hemopoietic growth factors in the case of bone mar-
row, epithelial growth factors for mucosa and ep-
ithelium, and essential fatty acids (EFAs) for skin.
The mechanism is either for growth factors to ac-
celerate the repopulation and differentiation of pre-
cursor cells, or for growth factors to help decrease
the vascular component of radiation-induced injury,
in the case of EFAs (51). The decreased reactions in-
dicate that up to double the radiation dose can be
tolerated by oral mucosa in the presence of kera-
tinocyte growth factor (52). These radioprotective
effects may be very useful in accelerated treatments,
where early reactions are often more severe than
they are in conventional treatments.

Late reactions can also be modified (50) by
various vascular-associated compounds such as
EFAs in the skin (51) and angiotensin Il enzyme in-
hibitors or receptor blockers in the kidney (53).
These agents at least delay the onset of functional
injury, and they may also reduce its incidence.
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Hence, in principle, these agents might not only re-
duce late reactions, which are dose-limiting, but
also allow for the possibility of some dose escala-
tion. The latter, in turn, would ultimately increase
tumor control rates.

RESIDUAL INJURY AND RETREATMENT

Following radiotherapy, there is a recovery of
normal tissues in surviving patients, but usually
not to pre-irradiation levels of tolerance. For exam-
ple, skin cells may become more susceptible to me-
chanical trauma. Moreover, bone marrow may be
compromised in terms of its stem cell content, mak-
ing it more susceptible to subsequent cytotoxic
agents. These results indicate that retreatment may
be possible, but only through the use of lower
doses. There are now many cases of recurrences
treated with reasonable success. Many findings
within experimental animal systems, particularly
on the kidney and spinal cord, provide evidence for
increasing tolerance to retreatment after the first
course of irradiation (54).

CONCLUSIONS

A wealth of preclinical and clinical data has
led to a much greater understanding of the mecha-
nistic basis to radiotherapy. This understanding has
underpinned a variety of new approaches in radio-
therapy, including the use of both physical and bi-
ological tools that range from conformal/IMRT
techniques to biological response modifiers of vari-
ous types. Examples of such technically advanced
approaches include the use of radiosensitizers, pro-
tectors, growth factors, and inhibitors of molecular
signaling pathways.

In addition to new advances, there is also the
important issue of the treatment of a large number
of cancers in developing countries, where resources
are often very limited. Resource-sparing protocols
of hypofractionation are under development, as are
designer treatments for special situations, such as
the radiotherapy of cancer in radiosensitive AIDS
patients.

From the clinical standpoint, recent decades
have witnessed numerous clinical trials that slowly
introduced first acute toxicity and then late toxicity
as important endpoints in treatment outcome. The
problem of the use of different scoring systems
must be addressed, leading eventually to a unified
scoring system that is widely accepted as the new
standard in reporting the adverse effects of radia-
tion therapy. Unfortunately, much of the work has
focused on acute toxicity, as is understandable,
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since it directly influences treatment delivery. This
influence sometimes leads to poor compliance and
treatment interruption, which negatively affect the
outcome (30). Late toxicity was largely overlooked
in the past, possibly due to the lack of uniform cri-
teria for reporting it. It is now well recognized that
late toxicity must indeed be reported as a manda-
tory endpoint on an actuarial basis. This may result
in requests for prolonged follow-up, which may ad-
ditionally burden both follow-up procedures and
health care systems. However, if these difficulties
are overcome, the ultimate benefit will be improved
overall treatment outcomes.

SINOPSIS

Las complicaciones de la radioterapia en los
tejidos sanos

En este articulo se describen los mecanismos bioldgicos que
intervienen en las reacciones provocadas por la radioterapia,
tanto con tratamientos convencionales como con los mds nue-
vos, Y los aplicados en paises en desarrollo. Asimismo, se des-
criben las bases bioldgicas del periodo de latencia que precede a
la aparicion de las complicaciones tisulares; la relacion entre la
dosis de radiacién y la incidencia de complicaciones; las conse-
cuencias de aumentar el volumen irradiado; las reacciones t-
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sulares tempranas y tardias; los efectos de cambios en el frac-
cionamiento de las dosis y en las tasas de dosis; y las reacciones
observadas al aplicar una combinacion de quimioterapia Y ra-
dioterapia. Se ofrecen ejemplos de nuevos conocimientos en el
campo de la radiobiologia clinica que se han adquirido me-
diante ensayos con nuevos protocolos. Entre las posibles modi-
ficaciones de los tratamientos figura el uso de modificadores de
la respuesta biologica; en el futuro préximo, podria contarse
también con modificaciones de los tratamientos para poder
“predecir la respuesta”. Por tiltimo, las dosis cuya eficacia bio-
légica estd demostrada y que estdn prescritas para tratar el
cdncer cervicouterino usando una combinacion de braquitera-
pia y teleterapia son menores en algunos centros que en otros,
como se explica en este trabajo. El asunto debe examinarse mds
a fondo. Una gran abundancia de datos de cardcter preclinico
y clinico ha permitido comprender mucho mejor las bases bio-
logicas de la radioterapia, y ello a su vez ha llevado a una serie
de innovaciones en este campo, tanto en forma de estrategias
fisicas como bioldgicas. También es importante prestar aten-
cidn al tratamiento de una gran variedad de cdnceres en paises
en desarrollo, para los cuales continuamente se elaboran pro-
tocolos terapéuticos eficaces orientados a ahorrar recursos. De-
beria adoptarse en todas partes un tdnico sistema de puntua-
cién para documentar los efectos nocivos de la radioterapia.
Asimismo, la toxicidad tardia deberia ser un pardmetro clinico
de valoracion obligatoria y figurar en las estadisticas de los re-
sultados del tratamiento.

Palabras clave: neoplasias, radioterapia, relacién dosis-
respuesta en la radiacién, traumatismos por radiacién.
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SYNOPSIS

Since 1969 the International Atomic Energy Agency and
the World Health Organization (along with the Pan Amer-
ican Health Organization, working with countries in Latin
America and the Caribbean) have operated postal dosimetry
audits based on thermoluminescent dosimetry (TLD) for ra-
diotherapy centers. The purpose of these audits is to provide
an independent dosimetry check of radiation beams used to
treat cancer patients. The success of radiotherapy treatment
depends on accurate dosimetry. Over the period of 1969
through 2003 the calibration of approximately 5 200 photon
beams in over 1 300 radiotherapy centers in 115 countries
worldwide was checked. Of these audits, 36% were per-
formed in Latin America and the Caribbean, with results
improving greatly over the years. Unfortunately, in several
instances large TLD deviations have confirmed clinical ob-
servations of inadequate dosimetry practices in hospitals in
various parts of the world or even accidents in radiotherapy,
such as the one that occurred in Costa Rica in 1996. Hospi-
tals or centers that operate radiotherapy services without
qualified medical physicists or without dosimetry equip-
ment have poorer results than do hospitals or centers that
are properly staffed and equipped. When centers have poor
TLD results, a follow-up program can help them improve
their dosimetry status. However, to achieve audit results
that are comparable to those for centers in industrialized
countries, additional strengthening of the radiotherapy in-
frastructure in Latin America and the Caribbean is needed.

Since 1969 the International Atomic Energy
Agency (IAEA), in conjunction with the World
Health Organization (WHO) (and the Pan Ameri-
can Health Organization (PAHO), working with
countries in Latin America and the Caribbean), has
operated a program to validate the calibration of
radiotherapy beams used for the treatment of can-
cer patients with radiation therapy (1-6). Using
thermoluminescence dosimeters (TLDs), this IAEA /
WHO program provides an independent verifica-
tion or a quality assurance (QA) audit of the dose
delivered by radiotherapy treatment machines. In-
dependent external quality audits are widely rec-
ognized as an effective method for verifying that
the quality of dosimetry practice in a radiotherapy
center is appropriate. Precise clinical dosimetry is
essential to maximize the probability of success
in cancer therapy using radiation, which demands
knowing the exact radiation dose delivered to the
patient’s tumor. The IAEA/WHO TLD program
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aims at improving the accuracy and consistency of
clinical radiotherapy dosimetry worldwide.

In 1991 the program was expanded to include
high-energy photon beams from medical linear ac-
celerators, in addition to those produced by cobalt-
60 machines. Through this program the IAEA has
also monitored the performance of secondary stan-
dards dosimetry laboratories since 1981 (7, 8). (Sec-
ondary standards dosimetry laboratories (SSDLs)
are national laboratories that maintain secondary-
standard-class dosimetry systems and that calibrate
dosimetry instruments that are used for beam out-
put measurements at radiotherapy centers.) The au-
dits are coordinated with national audit networks
operating in several countries, and with organiza-
tions that provide dose audits in industrialized
countries (5).

The operation of the TLD program is carried
out through close collaboration among the IAEA,
WHO, and PAHO. Based on the requests collected
by WHO and PAHO, the IAEA prepares packages
with TLDs for radiotherapy centers. Each center
receives two TLDs for irradiation. TLDs are in the
form of capsules 2.5 cm long and 0.5 cm in diame-
ter. They are accompanied by instructions for their
irradiation, data sheets for reporting doses, and
special TLD holders. WHO and PAHO distribute
TLD packages to radiotherapy centers, where they
are irradiated by hospital staff and returned
through WHO or PAHO to the JAEA for evalua-
tion. The dose given to the dosimeters is deter-
mined at the JAEA’s Dosimetry Laboratory, and
the result is compared with the dose stated by the
hospital staff.

Centers are requested to irradiate the TLD
using a special holder that is placed in a tank filled
with water. The holder has an opening for the TLD,
with the TLD being placed at a depth of 5 cm in the
water. The irradiation should be done in the same
way as for a patient with a tumor located at a depth
of 5 c¢m, following the normal practice at the center
and calculating the dose to the TLD the same way
as for patient treatments (i.e., using routine clinical
data). The TLD irradiation is to be performed either
by a medical physicist, if one is available, or by
other medical personnel. In the TLD data sheet the
participants report data related to the treatment
machines, such as the machine model, its date of in-
stallation, and the beam parameters, including the
beam output as used clinically. Determination of
the dose measured with an ionization chamber may
be made following the TLD irradiation if the hospi-
tal has a medical physicist and dosimetry equip-
ment available. The beam output is then calculated
following a dosimetry code of practice (dosimetry
protocol), and the details of the procedure are re-
ported on the data sheet.
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Discrepancies of less than 5% between the
participant-stated dose and the TLD-measured
dose are considered acceptable. This 5% acceptance
limit defines the maximum discrepancy between
stated and measured doses that does not require
any further investigation. For centers with results
outside the 5% acceptance limit, the IAEA has es-
tablished a follow-up program that uses a second
TLD check to give centers a chance to correct the
discrepancy. However, if the follow-up TLD check
is still unsuccessful and the errors cannot be re-
solved through communication with the center or
by the national SSDL, on-site visits by IAEA experts
in radiotherapy physics are organized to help iden-
tify and rectify the dosimetry problems.

The information that participants provide on
the TLD data sheets is systematically analyzed at
the IAEA. This is done in order to evaluate the sta-
tus of calibration dosimetry, to trace the source of
any discrepancies in the dose measurement and cal-
culation, and to gain an understanding of the status
of the use of different dosimetry equipment and
procedures and various dosimetry codes of prac-
tice (protocols). Different dosimetry protocols are
used in countries around the world, ranging from
old exposure-based protocols of the early 1970s,
through air kerma-based protocols developed in
the 1980s, up to the recently-developed modern ab-
sorbed dose to water-based protocols.

This paper discusses the results of the IAEA/
WHO TLD audits in Latin America and the Carib-
bean, taking into account the staffing and the avail-
ability and status of equipment and dosimetry prac-
tices in radiotherapy centers in those countries. The
results from the TLD audits in Latin America and
the Caribbean are compared with the results from
other geographical regions of the world.

CALIBRATION AND QUALITY ASSURANCE
OF THE IAEA TLD SYSTEM

The IAEA TLD system has been described
previously (3). The calibration of the system is de-
rived from ionization chamber measurements of
the absorbed dose to water at the position of the cal-
ibration TLD. The calibration follows the IAEA
TRS-398 code of practice for dosimetry in radio-
therapy (9). The ionization chamber calibration is
traceable to the International Bureau of Weights
and Measures (Bureau international des poids et
mesures, BIPM), which is an international organiza-
tion that ensures worldwide uniformity of mea-
surements and their traceability to the International
System of Units (SI).

A thorough set of quality control procedures
is maintained for the JAEA TLD system in order to
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ensure its high-quality operation. In addition to in-
ternal quality control by the IAEA Dosimetry Labo-
ratory itself, external checks of the system’s perfor-
mance are carried out through a program of
reference TLD irradiations provided by the BIPM
and several primary standards dosimetry laborato-
ries (PSDLs). (PSDLs maintain primary standards
in dosimetry. Calibration of instruments by SSDLs
is traceable to primary standards.) The IAEA also
exchanges dosimeters and compares measurements
with other TLD-based QA networks in Europe and
the United States of America. One of those net-
works is the ESTRO Quality Assurance (EQUAL)
network for radiotherapy, which was set up for the
countries of the European Union. (ESTRO is the Eu-
ropean Society for Therapeutic Radiology and On-
cology). Another of the networks is the Radiological
Physics Center (RPC), which operates in North
America (5). These linkages ensure that the three in-
ternational TLD networks operate at similar levels
of performance, based on consistent standards. In
addition, a few radiotherapy centers, from different
world regions, that have good records in dosimetry
provide reference TLD irradiations for the IAEA,
using their clinical beams. The reference irra-
diations by these reference institutions are syn-
chronized in time with TLD irradiations by radio-
therapy centers so that the consistency of the TLD
measurements is assured for each TLD run orga-
nized by the IAEA for the centers.

The reference TLD irradiation program men-
tioned in the paragraph above has been carried out
by the IAEA since 1997. The results of 116 irradia-
tions by the BIPM and PSDLs during 1997-2003
showed that the IAEA TLD system performed very
well. The mean of the distribution of the ratio of the
IAEA’s determined doses to the doses stated by
the BIPM or the PSDL was 1.001, with a standard
deviation of 0.008, and with all the data falling be-
tween 0.982 and 1.025. Similar to the results with
the reference irradiations performed by the BIPM
and the PSDLs, 260 results from the irradiations
provided by the major TLD networks and reference
centers showed very good international consistency
in the measurement of doses for 1997 through 2003.
The mean of the distribution was 1.001, the stan-
dard deviation was 0.011, and all the results fell be-
tween 0.953 and 1.033.

PARTICIPATION OF RADIOTHERAPY
CENTERS IN THE IAEA TLD PROGRAM

Over the 34-year period of 1969 through 2003,
the IAEA/WHO TLD program checked the calibra-
tion of 5 163 photon beams. The checks were made
in 1 339 radiotherapy centers in 115 countries, in
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Latin America and the Caribbean (1 856 checks), the
Western Pacific (1 099 checks), Europe (942 checks),
Southeast Asia (632 checks), the Eastern Mediter-
ranean (462 checks), and Africa (172 checks).

In Latin America and the Caribbean over that
1969-2003 period the 1856 audits were conducted
in 327 centers of 24 countries. These 1856 audits
comprised 36% of the 5 163 checks done around the
world through the IAEA/WHO TLD program. The
1856 figure included audits done at 73 centers in
Argentina and Brazil, but those two countries later
developed national TLD programs of their own and
became independent of the IAEA/WHO services.
The other 254 centers, in 22 countries of Latin
America and the Caribbean, have continued to par-
ticipate in the IAEA/ WHO TLD audits.

The respective numbers of audits in individ-
ual countries of Latin America and the Caribbean
performed by IAEA/WHO in 1969-2003 varied
from a few in Haiti to about 400 in Colombia. Some
centers, especially newly-established ones, received
TLDs only once, whereas others received TLDs up
to 20 times for each beam. The number of beam
checks in Latin America and the Caribbean started
with 15 in 1969 and steadily increased in each sub-
sequent decade, from approximately 220 beam
checks in the 1970s, to approximately 400 in the
1980s, and to over 760 in the 1990s. For the 2000-
2003 period there were 470 beam checks.

Close cooperation of the IAEA with WHO
and PAHO has resulted in a systematic improve-
ment in the return rate of irradiated TLDs from
radiotherapy centers, from 60% to 70% in the early
years to more than 90% at present. Currently, some
geographical regions have a nearly perfect record
for returning TLDs, whereas other regions are not
as efficient. In some instances, due to problems
with local mail services, the TLDs do not reach the
centers. In other instances, the TLDs are received,
but they are not irradiated and mailed back to the
IAEA for analysis.

In Latin America and the Caribbean, the re-
turn rate of irradiated TLD batches has gradually
improved, reaching the 95% level in 2002-2003. A
disruption in the TLD distribution happened in
Latin America and the Caribbean in 2001, when two
batches of TLDs that two national TLD coor-
dinators had ordered for local centers remained
unirradiated due to organizational problems in
these countries. These difficulties have now been
resolved, and the centers in both countries have
participated in TLD audits in subsequent years.

For participants around the world the typical
time between the TLD irradiation and the return of
irradiated TLDs through WHO or PAHO to the
IAEA for analysis is about one to two months. The
longest delay occurs during the collection of the ir-
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radiated TLDs by country coordinators, WHO re-
gional offices, and PAHO. In Latin America and the
Caribbean the average delay in returning the irra-
diated TLDs to the IAEA is approximately two
months, with the delay generally in the range of
one to three months, depending on the country. Un-
fortunately, in some countries, excessive delays are
still too frequent. For example, in two countries of
Latin America and the Caribbean, the delay in re-
turning the TLD batches after the irradiation ex-
ceeded four months in 2000-2003. When errors in
the radiotherapy beam calibration occurred, possi-
bly resulting in inferior quality of patients’ treat-
ments, the errors remained unnoticed for pro-
longed periods. The number of patients’ treatments
potentially affected by poor dosimetry could be re-
duced if there were a more rapid resolution of the
discrepancies.

RESULTS OF THE TLD AUDITS
FOR RADIOTHERAPY CENTERS

Figure 1 shows the distribution of the 1 856
results in Latin America and the Caribbean for the
1969-2003 period. The histogram includes 1458
checks of cobalt-60 (Co-60) beams and 398 checks of
high-energy X-ray beams. The respective bars in the
histogram indicate the ratio of the IAEA’s deter-
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mined dose (D ;) relative to the dose stated by the
hospital (D,,,,).

Table 1 compares the distribution of the TLD
results for Latin America and the Caribbean with
those for other geographical regions of the world.
The table provides data for the entire 19692003 pe-
riod as well as for just 2000-2003. As can be seen
from the upper part of Table 1, the distribution of
results in Latin America and the Caribbean for the
period of 1969-2003 had a mean of 1.011 and a stan-
dard deviation of 0.095. The mean of the distribu-
tion of results of 1.011 differs from unity by 1.1%.
As the IAEA TLD system has been verified by
BIPM and PSDLs, this difference may be attributed
to the differences in dosimetry equipment in radio-
therapy centers and traceability of the dosimetry
equipment calibration to different standards labo-
ratories. The values include a minimum of D,/
D,,, = 0.00 (TLDs received no dose, although the
data sheet indicated they had been irradiated) and
a maximum of Dy p/ D,..=219 (by mistake, TLDs
were irradiated twice). In 75% of the cases (1 388/
1 856), the results were within the acceptance limit,
whereas 4% (68/1856) had major discrepancies
(ones larger than 20%), indicating serious problems
in dosimetry practices in those centers. In other ge-
ographical regions of the world the results were
slightly better, with 78% of the checks (2 568/3 307)
being successful in that same 1969-2003 period. In

FIGURE 1. Frequency distribution of the results of 1 856 IAEA/WHO thermoluminescent
dosimetry (TLD) audits of radiotherapy centers in Latin America and the Caribbean,
1969-2003, for the ratios of the IAEA’s determined dose (Dy, ;) relative to the dose

stated by the hospital (D, )
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a The mean of the distribution was 1.011, and the standard deviation was 0.095. The minimum was 0.00 and the maxi-
mum 2.19. The two border bins show the results below 0.8 and above 1.2.
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TABLE 1. Results of the IAEA/WHO thermoluminescent dosimetry (TLD) audits in Latin
America and the Caribbean compared to those for other geographical regions of the

world, for 1969-2003 and for 2000-2003

Latin America

and the Other world
Period/Parameter Caribbean regions All regions
1969-2003
Number of audits 1856 3307 5163
D
Mean of the distribution, —/=22 1.011 1012 1.012
stat
Standard deviation 0.095 0.075 0.083
Percentage of acceptable results® 75% 78% 77%
20002003
Number of audits 470 1073 1543
D
Mean of the distribution, —+2-a 1.007 1.008 1.008
stat
Standard deviation 0.085 0.072 0.076
Percentage of acceptable results® 87% 85% 86%

DTLD N

D

stat

ative to the dose stated by the center (D,

a

slal) °

is the mean of the distribution of the TLD results expressed as ratios of the IAEA-determined dose (Drp) rel-

b The “acceptable” TLD results were those that were within a 5% limit of the TLD-measured to center-stated dose, i.e.,

0.95 < Dy /D, < 1.05.

stat

2000-2003 the fraction of acceptable results in all
regions increased compared to the results for the
entire 19692003 period, with more noticeable im-
provement in Latin America and the Caribbean (in-
crease from 75% to 87%) than in other regions (in-
crease from 78% to 85%) (Table 1). These increases
indicate an overall improvement in dosimetry prac-
tices in radiotherapy centers around the world.
Centers that have been regularly participating
in the JAEA/WHO and other external dosimetry
audits achieve better results than do institutions
that are participating in an audit for the first time
(5). In general, over the 20002003 period, only 78%
of the radiotherapy centers in the world that re-
ceived TLDs from the IAEA /WHO for the first time
had results within the 5% acceptance limit, whereas
90% of the institutions participating regularly had
acceptable results. The proportion of poor results
with large deviations (beyond 10%) is also signifi-
cantly higher for new centers than for those having
participated in the audits previously. The differ-
ence between Latin America and the Caribbean and
other world regions is that centers in Latin America
and the Caribbean have a longer history of partici-
pating in the audits (see previous section, entitled
“Participation of Radiotherapy Centers in the IAEA
TLD Program”). Of the 470 beam checks performed
in Latin America and the Caribbean in the 2000-
2003 period, only 43 of them (9%) were from insti-
tutions participating in the IJAEA/WHO program

Rev Panam Salud Publica/Pan Am | Public Health 20(2/3), 2006

for the first time. In the same period in the other re-
gions, 480 of the 1 043 beam checks (45%) were per-
formed for centers participating for the first time.
Compared with other regions of the world in the
20002003 period, fewer centers in Latin America
and the Caribbean were first-time participants in
the JAEA/WHO TLD program. That difference
helps explain the fact that the percentage of accept-
able results increased more in Latin America and
the Caribbean during the last four years of that
1969-2003 period than it did in other parts of the
world.

TLD RESULTS FOR THE COBALT-60 BEAMS
AND THE HIGH-ENERGY X-RAY BEAMS
FROM LINEAR ACCELERATORS IN 2000-2003

The 1543 TLD results presented in the lower
part of Table 1 consist of the checks of 837 Co-60
beams and of 706 high-energy X-ray beams from
linear accelerators performed around the world in
the 2000-2003 period. To gain a better understand-
ing of the impact of basic radiotherapy infrastruc-
ture on the performance of radiotherapy centers in
the TLD program, Table 2 analyzes the TLD results
separately for Co-60 units and for linear accelera-
tors, and it also compares the results in Latin Amer-
ica and the Caribbean with those for other world
regions.
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TABLE 2. Results of the JAEA/WHO thermoluminescent dosimetry (TLD) audits in Latin
America and the Caribbean compared to those for other geographical regions of the
world, for 837 Co-60 beams and 706 high-energy X-ray beams, 2000-2003

Latin America

and the
Beam/Parameter Caribbean Other regions All regions
Co-60 beams
Number of audits 242 595 837
D
Mean of the distribution, —-2a 1.006 1.010 1.008
stat
Standard deviation 0111 0.092 0.098
Percentage of acceptable resuits? 87% 78% 81%
Fraction of deviations beyond 10% 8% 10% 9%
High energy X-ray beams
Number of audits 228 478 706
D.
Mean of the distribution, —+2a 1,009 1.006 1.007
stat
Standard deviation 0.041 0.035 0.037
Percentage of acceptable results® 85% 94% 92%
Fraction of deviations beyond 10% 4% 2% 2%

D,
2 Pno

stat

ative to the dose stated by the center (D).

D__ isthe mean of the distribution of the TLD results expressed as ratios of the IAEA-determined dose (Dy, ) rel-

5 The “acceptable” TLD results were those that were within a 5% limit of the TLD-measured to center-stated dose, i.e.,

0.95 < Dy /Dy < 1.05.

Overall, the results for all regions of the world
(shown in the last column of Table 2) were better for
X rays from linear accelerators than for Co-60
beams, with 92% (646/706) of results within the ac-
ceptance limit for high-energy X rays, versus 81%
(674/837) for Co-60 beams. Similarly, large de-
viations (beyond 10%) for high-energy X rays oc-
curred on 2% of occasions (17/706) versus 9% (76/
837) for Co-60 beams. This is also reflected by the
standard deviations of the distributions, which are
0.037 for high-energy X rays from linear accelera-
tors and 0.098 for Co-60 beams.

In Latin America and the Caribbean, 66 de-
viations outside the 5% limit were detected in
470 checks, including 32/242 deviations (13%) for
Co-60 beams and 34/228 deviations (15%) for high-
energy X-ray beams. Although the occurrence of
the deviations is approximately the same for Co-60
units and for medical linear accelerators, the spread
of the distribution for Co-60 beams is significantly
larger than that for high-energy X-ray beams. This
indicates that the accuracy of calibration of high-
energy X-ray beams is generally better compared to
that for Co-60 beams. The fraction of large de-
viations (beyond 10%) is higher for Co-60 beams
(8%, 19/242) than for high-energy X rays (4%,
10/228), an effect that is not inherent to the machine
type (linear accelerator versus cobalt machine). This
result might be explained by the fact that the cen-
ters with linear accelerators are supported by better
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medical physics services, whereas the institutions
with only Co-60 units do not always have access to
well-qualified medical physicists and to dosimetry
equipment. Indeed, the results for Co-60 beams in
the centers that have both linear accelerators and
Co-60 units are similar to the results for centers that
only have linear accelerator beams.

When comparing the results of the TLD audits
for 2000-2003 for Co-60 beams in different world
regions, Latin America and the Caribbean had a
noticeably higher fraction of acceptable results (87%,
or 210/242) than did other regions (78%, or
463/595). There was a similar pattern for deviations
beyond the 5% level, with it being only 13%
(32/242) in Latin America and the Caribbean, com-
pared to 22% (132/595) in other regions. Poor re-
sults are related to obsolete, malfunctioning Co-60
units and unreliable or out-of-date dosimetry sys-
tems used by medical physicists for Co-60 beam cal-
ibrations. In Latin America and the Caribbean the
dosimetry equipment age and quality do not consti-
tute a large-scale problem (see the subsection below
entitled “Status of dosimetry equipment”). In addi-
tion, the age of the Co-60 units in Latin America and
the Caribbean, as reported on the TLD data sheets
for 2000-2003, was quite balanced, with 60% of the
machines being more than 10 years old and 40%
being newer than that. Of the Co-60 units, 20% of
them had been installed after the year 2000, and 25%
were more than 20 years old. In a few cases, poor
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maintenance led to malfunctions in the radiother-
apy machines, producing major TLD discrepancies.

The situation is quite different for the results
of the IAEA/WHO TLD audits for high-energy
X-ray beams from linear accelerators. Discrepan-
cies in dosimetry occurred more frequently in
Latin America and the Caribbean than in the other
geographical regions (Table 2). In other regions the
institutions operating linear accelerators are typi-
cally staffed with well-trained medical physicists
and are equipped with the relevant dosimetry sys-
tems, which is not the case in some hospitals of
Latin America and the Caribbean. Unfortunately,
some linear accelerator-based facilities in Latin
America and the Caribbean are operated without
the appropriate medical physics support (see the
subsection entitled “Availability of medical
physics staff in radiotherapy centers”), which typi-
cally leads to poorer TLD results and may consti-
tute a potential risk of errors in the dose delivered
to patients treated at these facilities. Also, approxi-
mately 20% of linear accelerators in Latin America
and the Caribbean are older than 20 years, and, if
not properly maintained, they may not be as reli-
able as new machines.

IMPROVEMENT OF THE TLD RESULTS
IN LATIN AMERICA AND THE CARIBBEAN

There was a systematic rise in the fraction of
TLD results within the acceptance limit of 5% in
Latin America and the Caribbean between 1990 and
2003 (Figure 2). Although less pronounced, a simi-
lar rise occurred in other world regions over the
same period. The improvement in Latin America
and the Caribbean was considerable, with an in-
crease in acceptable results from approximately
55% in 1990 to 90% in 2003. This is mainly due to
greater interest in quality assurance in radiotherapy
and the regular participation of centers in the TLD
audit program. The rate of increase in the percent-
age of beams within the acceptance limit is ex-
pected to be slower in the future, as more institu-
tions with limited resources (having no medical
physicists or dosimetry equipment) join the TLD
program. To bring the new participants to the level
of well-performing centers, an increased allocation
of resources for equipment and for training of med-
ical physicists would be required. Since 1996 all
hospitals worldwide participating in the IAEA/
WHO program that have had poor TLD results
have been contacted by IAEA/WHO to identify
and resolve the problems in dosimetry and have
been offered a second, follow-up TLD check. In in-
stances where deviations are not corrected during
the follow-up process, the next step involves sup-
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FIGURE 2. Percentage of the results of the IAEA/WHO
thermoluminescent dosimetry (TLD) audits within the 5%
acceptance limit for radiotherapy centers in Latin America
and the Caribbean?®

110

100

©
o

80 -

70 -

50

Percentage of acceptable results

m Aftter correction

40 o Before correction

30
1990 1992 1994 1996 1998 2000 2002

Year

2 The light gray area indicates results obtained in the first check, and the dark
gray area corresponds to the percentage of results that were improved in the
follow-up process and that achieved the 5% acceptance level. The smooth lines
refer to average values.

port to the local medical physicists by experts in
medical radiation physics, either recruited nation-
ally or, in cases where such expertise does not exist
in the country, recruited internationally. In Latin
America and the Caribbean the follow-up proce-
dures are managed by PAHO, with the help of the
national TLD coordinators. In isolated cases in
Latin America and the Caribbean, the TAEA di-
rectly contacted centers to assist in the resolution of
the discrepancies. A few persistent deviations re-
quired the assistance of IAEA experts, who ana-
lyzed the reasons for the discrepancies during on-
site visits and assisted local staff in implementing
corrective actions.

Thanks to these actions by the IAEA, PAHO,
and local experts, several participants in Latin
America and the Caribbean improved their results
in the follow-up TLD irradiation, which resulted in
an increase in the fraction of acceptable TLD results
for the beam calibration to approximately 95% in
1996-2003. This 95% included the correct results
that did not require being followed up as well as
the poor results corrected in the follow-up process.
Unfortunately, 5% of the results remained uncor-
rected, either due to a failure to respond to the
IAEA and PAHO efforts or due to local problems
that could not be resolved without the allocation of
additional resources.
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REASONS FOR THERMOLUMINESCENT
DOSIMETRY RESULTS OUTSIDE THE
ACCEPTANCE LIMIT

For all data sheets, the IAEA verifies the par-
ticipant’s calculation of the dose delivered to the
TLD based on the data reported. Any discrepancy
between the dose calculated by a participant and the
dose calculated by the IAEA is investigated. How-
ever, special attention is given to data sheets where
discrepancies between the participant’s stated dose
and the dose determined with the TLD occur.

Three of the most common errors that oc-
curred in all the geographical regions in 2000-2003
pertained to: (1) the confusion of the clinical geom-
etry setup for TLD irradiation; (2) incorrect calcula-
tion of the irradiation time for the wrong depth,
even though the TLD was placed at the prescribed
depth; and (3) errors related to the combination of
various mistakes in the dose calculation. More than
half the deviations had reasons that could not be
traced because of a lack of dosimetry data or be-
cause of an inconsistency in the data that were re-
ported. When either the information related to the
clinical output of the audited radiotherapy machine
or the details of dose measurement are missing, it is
not possible to provide an explanation of the devia-
tion detected between the dose reported by the in-
stitution and the dose measured by the TLD. Some
problems are caused by improper use of dosimetry
equipment or poor treatment-machine conditions.
Other problems are due to insufficient training of
staff working in radiotherapy.

The frequencies of deviations outside the ac-
ceptance limit in Latin America and the Caribbean
due to TLD setup errors were similar to those ob-
served in other world regions during 2000-2003.
However, several typical errors registered in other
regions did not occur in the TLD audits in Latin
America and the Caribbean. These errors occurring
only in the other regions included some that were
caused by incorrect use of old, exposure-based
dosimetry codes of practice, misunderstanding of
calibration coefficients, and incorrect use of plastic-
to-water dose conversion factors for the measure-
ments made in plastic phantoms. (Although they
are not recommended by the modern dosimetry
codes of practice, plastic phantoms are occasionally
used for beam calibrations in centers not having the
proper water phantoms.) The radiotherapy beam
calibration is usually performed by medical physi-
cists in a water phantom, and the dose calculation
follows up-to-date dosimetry codes of practice that
are based on air kerma calibrations or on absorbed
dose to water calibrations. As noted in a subsequent
subsection entitled “Use of dosimetry codes of
practice for dose determination,” in general, old,
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exposure-based dosimetry protocols are not used
anymore in Latin America and the Caribbean.
However, in Latin America and the Caribbean the
percentage of “unknown reasons” for poor TLD re-
sults is significantly higher compared to that in
other world regions, due to the large number of
data sheets in Latin America and the Caribbean
submitted without dosimetry data.

In several instances that took place in 1969-
2003 in various parts of the world, large TLD devi-
ations confirmed clinical observations of inade-
quate dosimetry practices in centers, or the devia-
tions even uncovered accidents in radiotherapy. In
an overexposure of patients in Costa Rica in 1996,
more than 100 patients were given, in a one-month
period, almost twice the prescribed dose (10). This
resulted in the death of 42 patients within 9 months
of the accident and in serious injuries to many oth-
ers. In another hospital the ratios of Dy, ,/D,,,, var-
ied from 0.61 to 1.20 in subsequent TLD audits, due
to erratic functioning of the Co-60 shutter system,
which was attributable to poor maintenance of the
Co-60 unit. No output measurements had been
made for a few years, and several patients treated
with this Co-60 beam might have been affected. A
patient underdosage that leads to a decrease in the
local tumor control rate and thereby jeopardizes the
success of radiotherapy treatment may not be de-
tected by clinical observation for several years (11).
If beam output measurements are not performed
regularly, the TLD audit becomes a useful tool to
recognize and correct the problem before clinical re-
sults are affected.

Nevertheless, poor TLD results do not always
reflect errors in the beam output routinely used to
treat patients in clinics. Even if TLDs indicate doses
that are not consistent with the reported doses, the
doses routinely given to patients might still be cor-
rect. Typically, this occurs where the TLD dose was
calculated and reported in the data sheet for the spec-
ified geometry setup but, by mistake, the actual TLD
irradiation was conducted using another geometry.
The differences in geometry result in discrepancies
between the reported dose and the TLD-measured
dose. Mishaps during the TLD irradiation are not rel-
evant to routine clinical procedures if quality control
procedures for clinical dosimetry are well estab-
lished and ensure that the beam data are properly
implemented in the clinical routine. Problems with
TLD irradiations pertain especially to the circum-
stances where junior physics or medical staff are
given the special task of TLD irradiation without
their fully understanding the instructions. A few ex-
treme deviations that were caused by communica-
tion problems have been observed. For example, in
one case, TLDs were irradiated twice, resulting in the

ratio of Dy; /Dy, being close to 2. In another cen-
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ter, TLDs were irradiated with 2-Gy fractions for four
days in a row, resulting in the ratio of Dy;,/D,,,
being close to 4. (This result is not included in the
TLD statistics reported in this report.) Fortunately,
these cases had no direct clinical relevance.

DOSIMETRY INFORMATION FROM
THE TLD DATA SHEETS IN 2000-2003

Of the 470 data sheets submitted by the par-
ticipants of the IAEA/WHO TLD dosimetry audits
in Latin America and the Caribbean in 2000-2003,
the information on procedures for dose determina-
tion from ionization chamber measurements was
given for only 310 of them (66%); that is, 160 data
sheets were submitted without reporting data re-
lated to the beam calibration. In contrast, in other
world regions, approximately 80% of the partici-
pants in the TLD audit program reported at least
some dosimetry data.

Availability of medical physics staff
in radiotherapy centers

The participating institutions are requested to
indicate in their data sheets whether the TLD irra-
diation was performed by a medical physicist or by
medical personnel (either a radiation oncologist or
a radiotherapy technologist). With the audits in
Latin America and the Caribbean in 2000-2003, the
availability of a medical physicist responsible for
dosimetry was confirmed in 391 of the 470 cases
(83%), including 8 in which the services of a visiting
physicist were used. On 79 of the 470 data sheets
(17%), the centers reported no medical physicist on
staff, so no beam calibration details were provided.
These 79 cases were part of the 160 data sheets that
were submitted without providing information on
ion chamber measurements. The remaining 81 of
the 470 data sheets (17%) without measurement in-
formation most likely indicate that the local med-
ical physicist could not perform measurements due
to the lack of dosimetry equipment.

Table 3 shows the distribution of the results
(in terms of Dy /D,,,,) for the centers in Latin
America and the Caribbean in 2000-2003 that had a
medical physicist on duty for regularly treating pa-
tients and for the centers that did not have a physi-
cist on duty. The spread of the TLD results is
smaller (standard deviation of 0.070) for institu-
tions with medical physicists on duty than for those
without such staff (standard deviation, 0.134). In
addition, 89% (345/391) of the centers with medical
physicists had TLD results within the acceptance
limit, whereas only 70% (55/79) of the centers with-
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TABLE 3. Results of the IAEA/WHO thermoluminescent
dosimetry (TLD) audits in 2000-2003 for Latin America
and the Caribbean, performed with and without medical
physics support for treating patients on a regular basis,
for 242 Co-60 beams and 228 high-energy X-ray beams
from linear accelerators

Medical No medical
physicist physicist
Parameter on duty on duty
Number of audits 391 79
. Dpp
Mean of the distribution, a 1.011 0.989
stat
Standard deviation 0.070 0.134
Percentage of acceptable resultsP 89% 70%
D
2 Dm is the mean of the distribution of the TLD results expressed as ratios of

stat

the IAEA-determined dose (D) refative to the dose stated by the center

(Dgy)-
®The “acceptable” TLD results were those that were within a 5% limit of the TLD-

measured to center-stated dose, i.e., 0.95 <Dy /D, < 1.05.

out a medical physicist performed successfully in
this TLD audit. This compares with the worldwide
average of 86% (Table 1).

Although not shown in Table 3, there are a
large number of radiotherapy centers running med-
ical accelerators in Latin America and the Caribbean
without the regular support of a medical physicist.
For example, in some hospitals a visiting physicist
performed the calibration of linear accelerator beams
several months before the date of the TLD irradia-
tion. Such sporadic or infrequent beam calibrations
are considered inadequate. The output of radiother-
apy beams should be checked on a regular basis.
Both the American Association of Physicists in Med-
icine (AAPM) (12) and the JIAEA (13) strongly rec-
ommend that radiotherapy centers implement QA
programs and employ a full-time medical physicist,
especially if they operate linear accelerators. Using
the services of visiting physicists may be necessary in
some cases due to the insufficient number of quali-
fied medical physicists in Latin America and the
Caribbean. However, the data in Table 3 show that
hospitals providing radiotherapy services without
medical physicists or dosimetry equipment had no-
ticeably poorer results, which may have had a nega-
tive impact on the accuracy of the dose delivered and
on patient outcomes.

Status of dosimetry equipment
As mentioned earlier, at least partial informa-
tion on dosimetry equipment and procedures was

given on 66% (310/470) of the data sheets obtained
from Latin America and the Caribbean in 2000-
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2003. The sheets indicated that the most commonly
used dosimetry equipment, referred to as modern,
0.6 cm® Farmer-type chambers, was from well-
known manufacturers such as Nuclear Enterprises
or Physikalisch-Technische Werkstatten (PTW).
Sometimes small waterproof chambers of 0.1-0.3
cm? were used for beam calibration, but they are not
generally recommended by modern dosimetry
codes of practice for calibrating radiotherapy
beams. There are practically no users of old or atyp-
ical dosimetry equipment in Latin America and the
Caribbean, whereas in other regions about 10% of
the centers use obsolete or locally-made ionization
chambers and electrometers. Most chambers in
Latin America and the Caribbean have valid cali-
bration certificates from SSDLs or manufacturers,
with the percentage reporting calibration coeffi-
cients in terms of absorbed dose to water (N, ), air
kerma (N), and exposure (N,) being approxi-
mately 18%, 60%, and 22%, respectively.

Use of dosimetry codes of practice for dose
determination

Using the data sheets from the audits carried
out in Latin America and the Caribbean in 2000-
2003, the physicists also provided information on
the dosimetry code of practice used for dose deter-
mination, including numerical values of the correc-
tion factors and interaction coefficients applied for
the calculation of absorbed dose to water from ion-
ization chamber measurements. Table 4 shows the
results (in terms of Dy, ,/D,,.)) for the centers using
different dosimetry protocols. The results based on
modern N, protocols showed a smaller standard
deviation (0.021) than did the results based on N
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protocols (0.038). The groups based on old N, pro-
tocols or “unknown” protocols had a standard de-
viation (0.036) that was similar to the one for the Ny
protocols. These standard deviations are consistent
with the results from other world regions. The use
of old N,-based protocols has practically ceased in
Latin America and the Caribbean (Table 4). In com-
parison, approximately 10%-15% of the partici-
pants of the TLD dose quality audit in other world
regions report the use of N,-based protocols.

Table 4 shows that the air kerma-based codes
of practice (IAEA TRS-277 (14) and AAPM TG-21
(15)) were the main dosimetry protocols used for ra-
diotherapy beam calibration in Latin America and
the Caribbean as of 2000-2003. The use of recently-
developed absorbed dose to water-based codes of
practice (IAEA TRS-398 (9) and AAPM TG-51 (16))
was limited but growing. Previous research (4) has
shown that despite the differences in protocols,
traceability to different laboratories, and variations
in dosimetry equipment used worldwide, there is a
good agreement in the determination of absorbed
dose to water for photon beams when the different
dosimetry protocols are used correctly. The TLD re-
sults in Latin America and the Caribbean shown in
Table 4 support this conclusion.

SUMMARY AND CONCLUSIONS

Over a period of 34 years of operation, from
1969 through 2003, the IAEA/WHO TLD audits
checked the calibration of approximately 5 200 pho-
ton beams in over 1 300 radiotherapy centers in 115
countries around the world. Of these beam audits,
more than 1 850 of them were performed in Latin
America and the Caribbean. For the 2000-2003 pe-

TABLE 4. Results of the IAEA/WHO thermoluminescent dosimetry (TLD) audits in 20002003
for Latin America and the Caribbean, grouped according to the dosimetry codes of practice

used by the radiotherapy centers

Dosimetry codes of practice

Old N,-based

Parameter Np ,-based® Ny-based® or unknown®
Number of audits (percentage) 42 (14%) 245 (80%) 23 (6%)
Mean of the distribution, Pno 4 1.011 1.008 1.014
Standard deviation o 0.021 0.038 0.036

2Ny, is ionization chamber calibration coefficient in terms of absorbed dose to water.
® Ny s fonization chamber calibration coefficient in terms of air kerma.
¢ Ny is ionization chamber calibration coefficient in terms of exposure.

) DTLD

D

stat

relative to the dose stated by the center (Dg,,)-

170

is the mean of the distribution of the TLD results expressed as ratios of the IAEA-determined dose (Dy, )
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riod, the fraction of acceptable results in all regions
was higher than in previous periods, but with a
more pronounced improvement in Latin America
and the Caribbean than in the other regions.

The improvement in dosimetry performance
in Latin America and the Caribbean has been con-
siderable, with an increase in acceptable results
from less than 60% before 1990 to about 95% in
2000-2003. This is mainly due to a greater interest
in quality assurance in radiotherapy and to regular
participation in the TLD audit program. For centers
to reach and maintain an adequate level of dosime-
try, it is important for them to regularly participate
in external TLD audits. Compared to institutions
that have participated in audits for a longer period
of time, centers that participate in a TLD audit for
the first time are less likely to achieve results within
the 5% acceptance limit.

The TLD results for high-energy X rays from
linear accelerators are generally better than those
for Co-60 beams in all world regions. However, in
Latin America and the Caribbean, discrepancies in
X-ray beam calibrations occurred more frequently
than in other geographical regions. This was espe-
cially true in centers where linear accelerator-based
facilities were being operated without the appropri-
ate medical physics support, which typically leads
to poorer TLD results.

For the results outside the 5% acceptance
limit, the IAEA has established a follow-up pro-
gram, which increased the percentage of acceptable
results to approximately 95% in 20002003 for the
world overall. All centers with poor results are con-
tacted, but some (5%) have not yet responded to ef-
forts by the IAEA/WHO to help identify and re-
solve the problems.

In all world regions in 1969-2003, large devia-
tions were observed in terms of over- and under-
dosage of TLDs. In several instances the overdosage
confirmed clinical observations of inadequate
dosimetry practices. On the other hand, a patient
underdosage may not be detected by clinical obser-
vation for several years. Therefore, the TLD audit is
a very useful tool for recognizing and correcting a
problem before it becomes clinically evident.

In 2000-2003 the frequency of deviations out-
side the acceptance limit in Latin America and the
Caribbean that was due to setup errors or to incor-
rect calculations of irradiation time was similar to
the frequency found in the other world regions.
However, typical errors registered in other regions,
such as confusion in the use of old N,-based do-
simetry protocols and a misunderstanding of cali-
bration coefficients, did not occur in the TLD audits
in Latin America and the Caribbean. This is because
old N, -based protocols are now used less frequently,
with centers in Latin America and the Caribbean
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switching to up-to-date Ny-based codes of practice
and the recently-developed N -based codes of
practice. In all world regions the institutions run-
ning radiotherapy services without qualified med-
ical physicists and without dosimetry equipment
attain poorer results than do the centers that are
properly staffed and equipped. Lack of medical ra-
diation physicists is a particularly serious problem
in Latin American and Caribbean countries.

We can conclude that the unsatisfactory TLD
results seen in past decades in Latin America and
the Caribbean have improved considerably. Never-
theless, to achieve parity with the dose audit results
for centers in the industrialized countries of North
America and the European Union (5), further
improvement will be needed. For this to occur,
strengthening of the radiotherapy infrastructure in
Latin America and the Caribbean will be required,
both in terms of qualified medical radiation physics
staff and appropriate dosimetry equipment.
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SINOPSIS

Auditorias de las dosis usadas en centros de
radioterapia en América Latina y el Caribe:
tendencias observadas en el perfodo de 19692003

Desde 1969, el Organismo Internacional de Energia Atomica
y la Organizacion Mundial de la Salud (junto con ln Organi-
zacién Panamericana de la Salud en paises de América Latina
y el Caribe) han puesto en marcha un programa de auditorias
dosimétricas por correo que se basa en la dosimetria termolu-
miniscente (DTL) para servicios de radioterapia. El objetivo
del programa es ofrecer una verificacion dosimétrica indepen-
diente de la calibracion de los haces de radiacidn que se usan
para tratar a los enfermos de cdncer. La obtencion de buenos
resultados en radioterapia depende de una dosimetria exacta.
Entre 1969 y 2003 se verificé la calibracién de aproximada-
mente 5 200 haces de fotones en mds de 1 300 centros de 115
paises de todo el mundo. El 36% de esas auditorias se efec-
tuaron en América Latina y el Caribe, donde a lo largo de los
afios se observé un mejoramiento de los resultados. Por des-
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gracia, ha habido varios casos en servicios de radioterapia de
varias partes del mundo en los que las grandes desviaciones
de la DTL han confirmado las observaciones clinicas de prdc-
ticas dosimétricas inadecuadas e incluso de accidentes de ra-
dioterapia como el ocurrido en Costa Rica en 1996. Los hos-
pitales o centros cuyos servicios de radioterapia funcionan sin
contar con fisicos médicos calificados o que carecen de equipo
de dosimelria obtienen peores resultados que los dotados de
personal y equipo adecuados. Cuando se obtienen malos re-
sultados en las mediciones de DTL en un determinado centro,

Izewska * Postal dose audits for radiotherapy centers in Latin America and the Caribbean

un programa de seguimiento puede ayudarlo a mejorar la do-
simetrig. No obstante, para lograr resultados de auditoria
semejantes a los obtenidos por los centros de los paises indus-
trializados, es necesario seguir fortaleciendo la infraestruc-
tura de la radioterapia en América Latina y el Caribe.

Palabras clave: radioterapia, control de calidad,
auditoria médica, cooperacién internacional, paises
en desarrollo, América Latina, region del Caribe.
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SYNOPSIS

This report summarizes and analyzes the responses of vari-
ous organizations that provided assistance to the National
Oncology Institute (Instituto Oncologico Nacional, ION)
of Panama following the overexposure of 28 radiation ther-
apy patients at the ION in late 2000 and early 2001. The re-
port also looks at the long-term measures that were adopted
at the ION in response to the overexposure incident, as well
as implications that the incident has for other cancer treat-
ment centers worldwide. In March 2001, the director of the
ION was notified of serious overreactions in patients under-
going radiation therapy for cancer treatment. Of the 478 pa-
tients treated for pelvic cancers between August 2000 and
March 2001, 3 of them had died, possibly from an overdose
of radiation. In response, the Government of Panama invited
international experts to carry out a full investigation of the
situation. Medical physicists from the Pan American Health
Organization (PAHO) were among those invited. They as-
certained that 56 patients treated with partially blocked
teletherapy fields for cancers of the uterine cervix, endome-
trium, prostate, or rectum, had had their treatment times
calculated using a computerized treatment planning system.
PAHO's medical physicists calculated the absorbed doses re-
ceived by the patients and found that, of these 56 patients,
only 11 had been treated with acceptable errors of £5%. The
doses received by 28 of the 56 patients had errors ranging
from +10 to +105%. These are the patients identified by
ION physicists as overexposed. Twenty-three of the 28 over-
exposed patients had died by September 2005, with at least
18 of the deaths being from radiation effects, mostly rectal
complications. The clinical, psychological, and legal conse-
quences of the overexposures crippled cancer treatments in
Panama and prompted PAHO to assess radiation oncology
practices in the countries of Latin American and the Ca-
ribbean. ION clinicians evaluated the outcome of 125 non-
overexposed patients who had been treated in the same time
period and for the same cancer sites as the overexposed pa-
tients. The clinicians uncovered a larger recurrence of cervi-
cal cancers than expected. The finding prompted PAHO to
launch an initiative for the accreditation of radiation oncol-
ogy centers in Latin America and the Caribbean, working in
collaboration with professional societies for radiation oncol-
ogists, medical physicists, and radiotherapy technologists.
The Latin American Association for Radiation Oncology
(Asociacion Latinoamericana de Terapia Radiante On-
cologica) has established an accreditation commission. Ac-
creditation will require that centers implement a compre-
hensive radiation oncology quality assurance program that
follows international guidelines. Statistical data on patient
outcomes will be collected in order to document needs in ra-
diotherapy centers in Latin America and the Caribbean and
to define future strategies for cancer treatment.
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TABLE 1. Chronology of events related to the investigation of the overexposure of radiation therapy patients at the National
Oncology Institute (Instituto Oncoldgico Nacional, ION) of Panama

Time period

Event

March 2001

than double the prescribed value

Aprit 2001

.

Patient overreactions first reported; 3 deaths had occurred

The ION medical physicists identify 28 cases with dosimetry errors

The Ministry of Health of Panama requests assistance from the Pan American Health Organization (PAHO)
PAHO’s medical physicists calculate that the radiation dose received by the first deceased patient is more

PAHO'’s medical physicists calculate absorbed doses of 28 patients
Experts from the M.D. Anderson Cancer Center confirm ION/PAHQ findings and explain error with treatment

planning system manufactured by Multidata Systems International Corporation

May 2001

.

June—September 2001

Panama

The ION reports problem to the Panamanian regulatory authority for radiation safety

The International Atomic Energy Agency (IAEA) sends expert mission at the regulatory authority’s request
PAHO’s lead medical physicist joins the 1AEA team

PAHO’s medical physicists calculate 11 patients’ brachytherapy doses

PAHO's lead medical physicist reviews 530 patients’ physics charts

The United States Food and Drug Administration (FDA) investigates the Multidata software

The IAEA publishes experts’ report, Investigation of an Accidental Overexposure of Radiotherapy Patients in
ION's clinicians and PAHO’s medical physicists undertake joint study of dosimetry and clinical outcome of 153
PAHO launches initiative on accreditation of Latin American and Caribbean radiation oncology centers

FDA issues an injunction to stop Multidata from manufacturing and distributing radiation therapy medical de-

Clinical effects in a cohort of cancer patients overexposed during external beam pelvic treatment, article by

2002 .

patients
May 2003 .

vices in the United States

+ Criminal trial of three local physicists starts in Panama

June 2004 .

PAHO and ION staff members, is published
November 2004 .

Two of the indicted physicists are sentenced to four years in prison and barred from practicing their profes-

sion for seven years; they appeal the sentence. The third physicist is acquitted.

Cancer is the leading cause of death in Pan-
ama. In a country with a population of some 2.8
million, more than 4 000 new cancer cases are diag-
nosed each year (1). Treatments include surgery,
chemotherapy, and radiation therapy. The coun-
try’s largest radiation therapy institution is the
National Oncology Institute (Instituto Oncoldgico
Nacional). The ION is also Panama’s only public ra-
diation therapy institution.

The radiological health program? of the Pan
American Health Organization (PAHO) started
providing technical assistance to the JON in No-
vember 2000 to review their plans to acquire new
linear accelerators and expand the ION’s radiation
oncology services. In March 2001, Panama’s Min-
istry of Health (Ministerio de Salud de la Repiiblica de
Panamd) asked PAHO to investigate some serious
overreactions—including three deaths—among

2 The author, a medical physicist, was working in PAHO’s radiologi-
cal health program as a staff member until 2003, and as a consultant
thereafter.
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cancer patients undergoing radiation therapy treat-
ment. PAHO’s medical physicists® carried out the
investigation using information on radiation ther-
apy treatment techniques and data from copies of
patient charts provided by the clinical and medical
physics staff at the ION. The actual chronology of
the investigation is shown in Table 1.

After reviewing 530 treatment charts at the
ION, PAHO'’s lead medical physicist ascertained
that between 1 August 2000 and 2 March 2001, 478
cancer patients were treated at the JON. The cancer
site treatment distribution for those 478 persons, ac-
cording to ION’s records, was: 71 breast, 40 brain, 38
lung, 67 head and neck, 3 bladder, 96 cervix, 13
colon, 19 endometrium, 48 prostate, 6 pelvis, and
77 other sites. Of these patients, 191 received tele-
therapy pelvic irradiation treatments, and 60 of
them also received brachytherapy insertions. Of the

3 At the time, a second medical physicist, Damian Rudder, was work-
ing in PAHO's radiological health program as a consultant.

Rev Panam Salud Publica/Pan Am | Public Health 20(2/3), 2006



Borras ® Overexposure of radiation therapy patients in Panama

191 patients, 153 of them were irradiated for tumors
of the cervix, endometrium, uterus, prostate, or rec-
tum. (This tumor site classification is the one used
by the ION.) Until August 2000, these pelvic cancers
had been treated with anterior/posterior (AP/PA)
and lateral radiation fields without shielding blocks.
To protect part of the small bowel and the femoral
heads, in August 2000 the technique was modified
to include corner blocks. A fifth block was some-
times also used to protect scar tissue in those pa-
tients who had undergone hysterectomies as part of
their cancer treatment.

This modified treatment procedure was dis-
continued at the end of March 2001, after three
deaths had occurred. By that time, the ION medical
physicists had identified 28 patients who might
have been overexposed. This paper reports on the
managerial and dosimetric aspects of the investiga-
tion carried out by PAHO medical physicists in col-
laboration with the ION, and the resulting measures
taken to alleviate the problem at the ION and to pre-
vent a similar mishap elsewhere in the future. The
dosimetric results were presented at medical
physics conferences in 2001* and 2002.5 The clinical
outcome of the cohort of 153 patients treated for the
same cancer sites was published in 2004 (1).

THE INVESTIGATION

Logistical aspects of radiation oncology
at the National Oncology Institute

In 1999, the ION moved all its services except
radiation therapy from its location on Justo Arose-
mena Avenue in Panama City to the old Gorgas
Hospital, located in Ancén, a neighborhood of
Panama City located in the old Panama Canal
Zone.® The Gorgas Hospital had been a United
States Army hospital before it was transferred to
the Panamanian Government in 1997. When under
United States Army control, the Gorgas Hospital
had had a cobalt therapy room for radiation ther-
apy treatments. Unfortunately, the structural
shielding in the treatment room did not meet the
1995 Panamanian radiological protection regula-
tions.” Modification of the existing room would
have required significant structural changes, which

Borras C, Rudder D, Amer A, Hendry ]. Sobreexposicién de pa-
cientes de radioterapia en Panama—aspectos dosimétricos. On: CD-
ROM. 2° Congreso Iberolatinoamericano y del Caribe de Fisica
Médica. Caracas: ALFIM; 2001.

5 Borras C, Rudder D, Barés JP, Millan F. Overexposure of radiother-
apy patients in Panama. [Abstract]. Med Phys. 2002:29(6);1326.
Personal communication, Juan Pablo Barés, ION.

7 Repiiblica de Panam4. Ministerio de Salud. Resolucién No 27. (De 24
de octubre de 1995). “Por medio de la cual se adopta las normas bési-
cas de proteccién radioldgica no. 110.”
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the architects contracted by the Ministry of Health
of Panama decided were too difficult and costly to
implement. Therefore, the Ministry of Health de-
cided to keep the external beam therapy treatments
in the old facility on Justo Arosemena Avenue,
while brachytherapy treatments, patient hospital-
ization, and clinical follow-up of patients were to be
performed in the remodeled Gorgas Hospital. The
Gorgas Hospital became the new “National Oncol-
ogy Institute.” At the end of 1999, a project was de-
veloped by the ION to relocate the radiotherapy
services into this remodeled facility and to pur-
chase new, modern radiotherapy equipment. In De-
cember 2000, the Ministry of Health approved the
project.8

While the new radiotherapy facility was
being built, external beam therapy treatments were
given at the Arosemena Avenue site, from 6 a.m. to
9 p.m., using only a Theratron 780C cobalt unit, the
source of which had been replaced in April 2000. In
the same facility there was also a decommissioned
ATC /9 Picker unit. The staff consisted of five radi-
ation oncologists, six radiotherapy technicians, and
three medical physicists. The radiation oncologists
rotated between the two hospital facilities. Two of
them were assigned to the Arosemena Avenue site
for a month in two work shifts. The idea was that a
radiation oncologist should always be present
while patients were being treated, but, in practice,
there was no physician on site after 6 p.m.

The treatment planning information for both
external beam and brachytherapy treatments was
kept in the “physics” patient data sheet at the Arose-
mena Avenue site. Clinical patient management
was recorded in a “clinical” data sheet, which was
kept in the Gorgas Hospital facility. Patients were
seen at the Gorgas Hospital in the middle and at the
end of the treatment, usually not by the same radia-
tion oncologist who had prescribed the treatment.

Treatment and dosimetry protocols

Treatment planning and dose prescription
were done at the Arosemena Avenue facility. Fol-
lowing published techniques (2, 3), most patients
were treated with multiple fields on a daily basis,
five days per week. Four of the five ION radiation
oncologists treated pelvic fields without shielding
blocks; the other oncologist required at least four
blocks for the AP/PA fields. Between 1 August
2000 and 2 March 2001, a total of 153 ION patients
were irradiated for tumors of the cervix, en-
dometrium, uterus, prostate, or rectum; 56 of the
153 were treated using shielding blocks. Their can-

8  Personal communication, Juan Pablo Bares, ION.
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cer site distribution was as follows: 23 cervix, 20
prostate, 7 endometrium, 3 uterus, and 3 rectum.
These 56 patients constitute the patient cohort of
this investigation.

A review of the treatment charts—including
the isodose distributions—for these 56 patients
showed that all the pelvic irradiations used multi-
ple treatment fields, but not all of the fields were
blocked. For example, oblique fields and boost
fields were not blocked, and that was also true in
some cases for lateral fields. External beam doses
prescribed for patients with cancer of the cervix, en-
dometrium, or rectum were around 50 Gy, with a
central boost of 10-20 Gy for patients who only par-
tially responded to the treatment. Prescribed doses
to prostate tumors were 45-50 Gy to large field
sizes, followed by a 20-Gy boost to a reduced field
box technique or skip scan rotation, totaling be-
tween 65 and 70 Gy to the center of the tumor. Pre-
scribed dose fractions ranged from 1.8 to 2 Gy per
fraction. The radiation oncologists at the ION pre-
scribed the dose either to the intersection of the ra-
diation beams or to the isodose level that involved
the tumor. The JON medical physicists performed
the dosimetry calculations with a computerized ra-
diation therapy treatment planning system (TPS)
manufactured by Multidata Systems International
Corporation (Saint Louis, Missouri, United States of
America), with the isodose distributions and treat-
ment times being generated using the “External
Beam” Version 2.1.1 software for that TPS.

Depending on the stage of the disease, can-
cers of the cervix and the endometrium were
treated both by external beam radiation therapy
and by brachytherapy. Of the 56 patients in this
study, 17 of them had received brachytherapy as
well as external beam therapy. Brachytherapy was
delivered using a manual afterloading technique
with cesium-137 sources in Suit-Delclos applicators.
The number, activity, and placement of the sources
used depended on the clinical conditions (1).

According to Panamanian radiation protec-
tion regulations,® patients undergoing brachyther-
apy treatments or nuclear medicine therapy proce-
dures using iodine-131 needed to be hospitalized
in specially shielded rooms. There were only four
of these rooms in the new Gorgas site. Because of
the large number of iodine-131 patients, the availa-
bility of these rooms for brachytherapy patients was
limited. As a consequence, brachytherapy treat-
ments could not be given in the middle of the ex-
ternal beam treatment course or immediately after

9 Personal communication, Eloy Gibbs, Caja del Seguro Social de
Panamd, Departamento de Salud Radiol6gica, technical unit em-
powered by the Ministry of Health (the radiation regulatory author-
ity) to develop and implement radiation protection regulations.
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completing it, as many other institutions do. Often,
brachytherapy was scheduled two to three months
afterwards, when insertion in the uterine canal was
difficult, and was frequently not done. To compen-
sate for this lack of sources in the uterine canal, ex-
ternal beam fields were given a dose higher than
recommended in published protocols (3). Patient
treatment protocols were not documented, and in-
dividual patient cases were not referred to a tumor
board, where the optimal treatment modality for
that patient could have been considered by a multi-
disciplinary group of cancer physicians.

Starting in January 2001, brachytherapy inser-
tions were quantified from a dosimetric point of
view. The applicators loaded with dummy sources
were inserted manually by a radiation oncologist in
a minor surgery room at the new Gorgas site. The
position of the applicators within the patient was
then checked with a portable X-ray machine in the
presence of a medical physicist, who filled out the
appropriate data forms. Once the insertion geome-
try was approved by the radiation oncologist, the
films were taken by the medical physicist to the
Arosemena site and digitized into the TPS. Doses
were individualized depending on the clinical stage
of the disease. A typical prescription was 40 Gy to
Point A (4); external beam doses to the whole pelvis
were between 40 and 45 Gy. The TPS software pro-
gram calculated doses to specified points, such as
point A, the bladder, and the rectum, and displayed
the isodose curves.

Identification of the computational error

The first step taken in March of 2001 by the
PAHO medical physicists, when they were alerted
to a potential overexposure of patients treated with
the cobalt-60 therapy unit at the ION, was to assess
whether there had been a problem with the calibra-
tion of the unit, as had happened in Costa Rica in
1996 (5, 6). The ION was participating in the postal
audit of the World Health Organization (WHO)
and the International Atomic Energy Agency
(IAEA) that verifies the calibration of radiotherapy
beams in hospitals, using thermoluminescent do-
simetry (TLD). Therefore, the PAHO medical
physicists reviewed the TLD results for the ION
cobalt-therapy unit. The last verification, which had
been carried out in August 2000, had given an error
of 4%, which was within the 5% tolerance specified
by the IAEA.

The PAHO medical physicists then calculated
the dose to the first patient who had died in De-
cember 2000, using data from a copy of his treat-
ment chart, made available by the ION. The physi-
cists determined that the patient had received a

Rev Panam Salud Publica/Pan Am | Public Health 20(2/3), 2006
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dose of 94 Gy, more than twice the prescribed dose
of 40 Gy.1° By mid-April 2001, the PAHO medical
physicists calculated the doses received by 28 pa-
tients selected by the ION physicists as having pos-
sibly been overexposed. It is not known what crite-
rion the ION physicists used for the selection. The
standard of practice for dose delivery accuracy, set
in 1976 by the International Commission on Radia-
tion Units and Measurements, is = 5% (7). The
PAHO physicists found out that, except for one pa-
tient who had not completed the treatment at the
ION, the delivered doses for the other 27 patients
had errors that ranged from 10% to more than
100%.!! (In this paper, percentage error is defined
by the difference between delivered dose and pre-
scribed dose, divided by the prescribed dose, mul-
tiplied by 100).

At the end of April 2001, a team of experts
from M.D. Anderson Cancer Center, in Houston,
Texas, United States of America, was invited to
Panama by the ION’s director to investigate the
problem. Those experts determined that the algo-
rithin used in the TPS software gave treatment
times differing by a factor of about two, depending
on how the data for the partially shielded treatment
fields were entered into the computer program.!?
The instructions from the TPS manual were to enter
the coordinates of the perimeter of the unshielded
field and then to digitize one block at a time, to a
maximum of four blocks. However, digitizing each
block separately was time-consuming, and some of
the radiation oncologists at the ION wanted to treat
some cervix cancer patients with five blocks (one in
each corner of the field and one over the hysterec-
tomy scar). Therefore, the ION physicists circum-
vented the Multidata TPS software block entry lim-
itations by digitizing all the blocks in a continuous
fashion, as if it were a single block. When the out-
side and inside perimeters of the field were entered
into the computer program in the same direction
(performing a double loop), the computed treat-
ment times were double those obtained when the
outside perimeter was digitized in one direction
and the inside perimeter in the reverse direction.
The Multidata system did not alert the user that an
improper data sequence had been entered.

These findings were confirmed in May 2001
by an IAEA expert team, which was sent to Panama
at the request of the Panamanian regulatory au-

10 Borras C. Preliminary point dose calculations for patients treated at
the National Oncology Institute of Panama. Washington, D.C.: Pan
American Health Organization; 2001. (PAHO report to the ION).

11 Borrds C. Patient dosimetry at the National Oncology Institute of
Panama. Washington, D.C.: Pan American Health Organization;
2001. (PAHO report to the ION).

12 Aguirre F, Almond P, Lindberg R. Report of a consultation visit to
the National Oncology Center, Panama City. Panama City; 2001. (Ex-
pert team report to the ION).
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thority for radiation safety (8). As the Ministry
of Health of Panama had also invited PAHQO, the
IAEA team was joined in Panama by the PAHO
lead medical physicist.

Dose calculations

The dosimetric assessment by the PAHO
medical physicists fell into two categories: (1) exter-
nal beam dosimetry for the 56 patients treated for
cancer of the cervix, endometrium, uterus, prostate,
or rectum and (2) brachytherapy dosimetry for 17
female patients treated for cancer of the cervix
and /or endometrium. The dosimetry calculations,
first performed in March and April 2001 at the
PAHO Headquarters in Washington, D.C., were re-
fined in the following months by this author after
analysis of the information she had collected at the
ION in May-June 2001. During that visit to
Panama, she had reviewed 530 patient charts, from
which a patient database, including dosimetric and
clinical parameters, was generated.

External beam dosimetry methodology

The doses received by the 56 patients were as-
sessed by performing manual point dose calcula-
tions at the point of intersection of the radiation
beams. The following data were taken from the pa-
tients’ charts for each treatment field: field sizes, at-
tenuation factors for any beam modifiers used (e.g.,
blocking and /or wedges), depth of the point of in-
tersection of the treatment fields from the patient’s
skin surface, treatment times, and radiation output
of the cobalt-60 unit. Backscatter factors and per-
centage depth doses to the points of calculation for
each treatment field were taken from published ta-
bles (9). Calculations were also performed for all pa-
tients whose clinical outcomes showed significant
complications, for unusually heavy patients, and on
a spot-check basis. Each patient record was carefully
reviewed. Since patient field sizes and depths were
similar, the parameter most closely examined was
the treatment time per dose fraction for each field.

By May 2001 the ION physicists had pro-
duced two sets of isodose distributions for each of
the 28 overexposed patients. One set, generated at
the onset of treatment, was the result of entering
the block coordinates by the double-loop method.
For the second set, which was generated retrospec-
tively, the block coordinates were entered individu-
ally. The two sets of isodoses were analyzed by the
PAHO medical physicists. Figure 1 compares the
resulting isodose distributions for a particular pa-
tient when the coordinates for the shielding blocks
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FIGURE 1. Comparison of isodose distributions for a rectum four-field treatment plan for a radiation therapy patient when
the coordinates for the shielding blocks were incorrectly entered in the computerized radiation therapy treatment planning
system using the double-loop method (Figure 1a) and when the coordinates for each block were correctly digitized indi-
vidually (Figure 1b), with the block configuration given in Figure 1b for both treatment plans, National Oncology Institute,

(/nstituto Oncoldgico Nacional, ION) of Panama, 20002001
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FIGURE 1a. Double-loop method; the computed
treatment time per dose fraction was 1.01 minute

FIGURE 1b. The coordinates for each block en-
tered separately; the computed treatment time
per dose fraction was 0.50 minute
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were entered in the TPS using the double-loop
method (Figure 1a), and when the coordinates for
each block were digitized individually (Figure 1b).
(This isodose distribution was chosen by this au-
thor as the most illustrative example among the two
sets of isodose distributions that the ION physicists
had generated for each of the 28 patients they stud-
ied.) The ION physicists did not notice that the
shape of the isodoses generated by the double-loop
method (Figure 1a) did not resemble typical isodose
curves for that particular type of treatment (Figure
1b). Had they realized this at the time the patients
were treated, they would have uncovered the prob-
lem with the TPS sooner.

Manual calculations were done for the 17 pa-
tients who had received brachytherapy, using the
data supplied with the patients’ charts, including
the number of sources used, their arrangement, and
their activity (10). Assuming typical anatomical di-
mensions (1), doses were determined to point A,
the bladder, and the rectum. The ION brachyther-
apy prescription, in mgh of radium, was converted
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into Gy by multiplying the mgh by 0.9, following
Perez et al. (11).

As was mentioned earlier, 153 ION patients
were irradiated for tumors of the cervix, endome-
trium, uterus, prostate, or rectum between 1 August
2000 and 2 March 2001; 56 of these 153 patients were
treated using shielding blocks and had their treat-
ment times improperly calculated. However, not all
of these incorrect treatment-time calculations led to
doses exceeding the + 5% accuracy tolerance. By
chance, the double-loop calculation method was
used only in half of the 56 cases. Teletherapy and
approximate brachytherapy absorbed doses to the
tumors of these 56 patients have been published (1).
Figure 2 is a histogram of the percentage errors
found in the teletherapy absorbed doses received by
the 56 patients whose treatment times were calcu-
lated by digitizing the blocked field using a single
outline. The histogram shows the number of pa-
tients with absorbed dose errors, with 5%-error in-
tervals; the absorbed dose errors range from -5% to
+105%. The mean error for the doses received by the

Rev Panam Salud Publica/Pan Am | Public Health 20(2/3), 2006
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Figure 2. Errors in absorbed doses of teletherapy treatments received by 56 patients (percentage
error (%) = [(delivered dose - prescribed dose)/prescribed dose] x 100), National Oncology Institute
(Instituto Oncoldgico Nacional, ION) of Panama, 2000-2001
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28 patients identified by the ION physicists as over-
exposed (their treatment times had been calculated
by the double-loop method) had a mean value of
+65%, with a standard deviation of 29%. Among
these 28 patients, there was one who had initiated
prostate treatment in November 2000 at the ION
and, because of intestinal complications, interrupted
his treatment after six sessions and completed the
treatment at a private center shortly thereafter. At
that private center the medical physicist (the same
medical physicist working at the ION) calculated
the treatment time by taking the ratio of dose rates
of the ION cobalt unit and that of the private center
cobalt unit, without realizing that an error had oc-
curred in the original treatment time determination.
An earlier report (8) indicated that the patient had
not completed the treatment and therefore had not
been overexposed. The PAHO medical physicists
found out that, while the prescribed dose was 65 Gy,
the dose received was 93 Gy (1), not 19.35 Gy, as
originally reported (8).

The mean absorbed dose error for the 28 ad-
ditional patients identified by the PAHO physicists
as having had their treatment times also calculated
by the TPS was +6%, with a standard deviation of
2.5%. These patients also had their block coordi-
nates entered as a single outline, but the internal
and external perimeters of the blocked field were
digitized in reverse directions.

In summary, of the 56 patients, only 11 re-
ceived doses within the accepted + 5% tolerance.
How many were overexposed? Did the ION physi-
cists use the +10% error as the criterion for overex-
posure? The International Commission on Radio-
logical Protection (ICRP) says that “10% or more
overdosage should be detected by a well-trained
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clinician, based upon an unusually high incidence
of adverse patient reactions” (12). The Nuclear Reg-
ulatory Commission of the United States used to
call a 10% deviation between a prescribed and de-
livered dose a ”"misadministration” (13), but be-
cause of the potential implication of “malpractice,”
the term "medical event” is now used, with a 20%
tolerance for an overall treatment, and 50% for a
dose fraction in a series (14).

In order to be consistent with previous publi-
cations (1, 8, 15), this paper will use the term “over-
exposed patients” to refer to the cohort of 28 pa-
tients originally identified by the ION physicists as
overexposed.

CLINICAL DOSE EFFECTIVENESS
AND EVALUATION OF OVEREXPOSED
PATIENTS’ CLINICAL OUTCOME

From a radiobiological perspective, total ab-
sorbed doses are not the only important variable;
high doses per fraction enhance the radiobiological
response, especially for late-responding normal tis-
sues (16). To take this fact into account, clinical dose-
effectiveness calculations use the concept of biologi-
cally effective dose (BED). The BED is the maximum
dose equivalent using very low doses per fraction or
low dose rates. This useful concept incorporates in
the calculations the estimated cell repair times, and
allows comparisons to be made of the effects of doses
delivered using different fractionation regimes. It
also allows external beam and brachytherapy doses
to be combined. Alternatively, both treatment doses
can be converted to the equivalent dose delivered in
conventional 2-Gy fractions (1).
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Status of overexposed patients by May 2002

The clinical dose effectiveness and the clinical
outcome of the 56 patients included in this study
were determined as part of a clinical investigation of
a total of 153 patients who had received external
beam radiotherapy to the pelvis at the ION during
the same time period, August 2000 to March 2001;
that information was published in June 2004 (1). The
investigation was performed along the lines estab-
lished by the TAEA for the overexposed patients one
year earlier (8), but it extended the study by analyz-
ing normal tissue (colon and bladder) reactions using
both the RTOG (17) and the LENT/SOMA (18-20)
scoring methods. (RTOG and LENT/SMA are the
acronyms for “Radiation Therapy Oncology Group”
and “late effects on normal tissues”/“subjective
symptoms, objective signs, management, and analyt-
ical measures”)

By May 2002, 17 of the 28 overexposed pa-
tients had died within 35 days to 21 months after
being treated. Thirteen of the fatalities were caused
by rectal complications. Death started occurring
when rectal doses reached the equivalent of 70-80
Gy in 2-Gy fractions (rectal BED values greater than
120-130 Gy). After doses equivalent to 130 Gy in
2-Gy fractions (rectal BED values of 200 Gy), all the
patients died (1). The patients who died in the first
few months after treatment had severe injury in the
small and large intestine, which resulted in a high
level of secondary sepsis. The patients who died
later, approaching one year after radiotherapy, had
damage in the large bowel, resulting in obstruc-
tions, necrosis, and perforation (1). Two of the three
patients who had been treated with five blocks in-
stead of four survived longer, as did the patients
who had received colostomies (1).

Status of overexposed patients after May 2002

The surviving patients continued to be fol-
lowed up clinically at the ION. Information on their
status was obtained by the author in June 2004, No-
vember 2004, and August 2005. By June 2004, 21 of
the 28 overexposed patients had died. Seventeen of
these deaths could be ascribed to radiation effects.!
There was also additional morbidity. One of the
cervical cancer patients, who had received an ab-
sorbed dose of 92 Gy to the pelvis from the external
beam treatment and 25 Gy from brachytherapy, de-
veloped spastic gait in August 2002, 23 months
after the end of the teletherapy treatment. She was
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diagnosed with bilateral motor and sensory radicu-
lopathy affecting L1-L4. In February 2003, the neu-
rophysiological lumbosacral plexopathology was
confirmed and attributed to the radiation therapy
overexposure. By April 2004, 32 months after the
end of the radiation therapy treatment, the patient
had developed total paraplegia of the lower limbs.
By November 2004, she had died; the exact date of
her death was not recorded at the TON.

By August 2005, 23 patients had died, at least
18 of them from radiation effects, mostly rectal
complications. The 5 surviving overexposed pa-
tients continue being followed up by and receiving
medical care from ION physicians. Their clinical
condition, as of August 2005, is shown in Table 2.14
The patients all suffer from gastrointestinal ail-
ments; one of them had to undergo a colostomy.
Based on previous clinical experiences (21), they are
expected to develop more late effects over the com-
ing years.

Comparison with overexposure in Costa Rica
in 1996

The morbidity and mortality found in the
Panama study are consistent with the data in the lit-
erature (12, 22, 23). Of particular interest, because of
its geographical and cultural proximity, is the Costa
Rica case that occurred in 1996 (5, 6).

In the San Juan de Dios Hospital, a facility of
the Costa Rica Social Security Agency (Caja Costarri-
cense de Seguro Social) in San José, Costa Rica, a physi-
cist made a mistake in the calibration of a cobalt-60
unit. He interpreted decimals of minutes as seconds,
and provided the facility with dose rate charts that
were in error by 45%. The miscalculation resulted in
the overexposure of 114 radiotherapy patients be-
tween 26 August and 27 September 1996. The over-
exposure was studied by PAHO and the IAEA (5, 6).
Patient outcome was evaluated weeks after (5), one
year after (6), and two years after (24, 25) the com-
pletion of the radiotherapy treatment. Of the 114
overexposed patients, 35 of them had received pelvic
doses from 40 to 70 Gy in numbers of fractions rang-
ing from 12 to 25, and doses per fraction from 2.7 to
5 Gy, about 60% higher than prescribed. Six of these
patients died between 6 weeks and 13 months after
treatment from one or more of the following compli-
cations: bowel fistulas, perforation, intestinal necro-
sis, and peritonitis. These complications were the
same as the ones that occurred in the overexposed
patients in Panama (1), but the morbidity and mor-

13 Personal communication, Fernando Milldn and Juan Pablo Barés,
ION, November 2004.
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14 Personal communication, Juan Pablo Barés and Fernando Millan,
ION, August 2005.
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TABLE 2. Radiotherapy doses that had been prescribed and received at the National Oncology Institute (/nstituto On-
colagico Nacional, ION) of Panama between August 2000 and March 2001 and the clinical condition of the five surviving

overexposed patients as of August 2005

Patient number? 7 13 15 18 24
Uterine

Cancer site Endometrium Prostate Endometrium Prostate cervix
Prescribed tumor absorbed dose (Gy)

Teletherapy 50 45 45 45 45

Brachytherapy 18 -b 14 - 21
Received tumor absorbed dose (Gy)

Teletherapy 79 54 77 54 49

Brachytherapy 16 - 13 - 19
Biological effective dose (BED) (Gy)

Tumor: o/B = 10; (/B = 1.5) 123 71 (167) 116 73 (132) 83

Bladder: o/f = 5 152 88 141 92 98

Rectum: BED, o/f = 10 118 7 112 73 77

Rectum: BED, a/f =3 186 110 174 118 116
2-Gy/fraction dose-equivalent (Gy)

Tumor: wp = 10; (P = 1.5) 102 59 (71) 97 61 (78) 69

Bladder: o/ = 5 108 63 101 66 70

Rectum: BED, a/f = 10 98 59 94 61 64

Rectum: BED, /f =3 1 66 104 7 69
Clinical findings as of August 2005 Diffuse pain Surgery for Frequent urinary Colostomy for Stable

of the cancer of infections; actinic colitis condition

gastrointestinal

ascending colon;

vaginal fistula

tract stable condition

2 The patient numbers are taken from Table 2 of Borras et al. (1).
b The "~" symbol indicates that the patient did not receive brachytherapy.

tality in Costa Rica were less severe than in Panama
because the doses were lower.

PLANNED ACCREDITATION PROGRAM
FOR LATIN AMERICAN AND CARIBBEAN
RADIATION ONCOLOGY CENTERS

The clinical study performed in May 2002 and
published in June 2004 (1) had a cohort of 153 pa-
tients; 28 of them constituted the overexposed
group, and 125 made up the control group. Clinical
follow-up was performed on 98 of these 125 pa-
tients. The most interesting finding was the high in-
cidence of tumor recurrence among patients in this
control (non-overexposed) group with cervical and
endometrial cancer, especially for cancer stages 1
and 2 (1). This suggested that either the teletherapy
field margins were not set up optimally (26) or that
the doses were not high enough (27). The latter con-
clusion is supported by the fact that tumor activity
was found only among patients who had no rectal
complications. However, both the teletherapy and
brachytherapy absorbed doses were within pub-
lished recommended ranges (2—4). Recurrences for
cancer of the cervix have been reported extensively
(28-31). The literature review of Hendry et al. (32)
indicates that there is a 5.6% loss of tumor control
for each week of additional treatment duration.
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This amounts to a 22% loss of tumor control for
each month of additional treatment duration.
Hence, the gap of one or more months between the
teletherapy and brachytherapy treatments, caused
by the scarcity of hospital beds in the specially
shielded rooms at the Gorgas Hospital, could well
have had a detrimental effect on the outcome. Perez
et al. showed that after the initial treatment for can-
cer in any stage, 80% of recurrences appear within
24 months (33).

The unexpectedly high level of cervical cancer
recurrence among the ION patients prompted the
PAHO medical physicists to evaluate cancer recur-
rence in other cancer centers in Latin America and
the Caribbean, and to compare those findings with
published results. The PAHO medical physicists
contacted the officers of two radiation oncology
professional societies, the Group of Iberian and
Latin American Radiation Oncologists (Circulo de
Radioterapeutas Ibero-Latinoamericanos) and the Latin
American Group of Brachytherapy-Oncological
Radiation Therapy (Grupo Latinoamericano de
Curieterapia-Radioterapia Oncoldgica). The PAHO
medical physicists also contacted the directors of
some large radiation oncology facilities, including
the National Cancer Institute of Colombia, where a
comprehensive evaluation of its 43 radiation oncol-
ogy centers had been conducted with PAHO’s sup-
port (34). The PAHO medical physicists hoped to be
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able to collect data from these professional societies
and national cancer institutes that would allow
them to analyze the results of representative clinical
quality-assurance practices, in particular those
dealing with patient follow-up.

The evaluation of the Colombia radiation on-
cology centers showed that the centers did not have
documentation on long-term patient follow-up (34).
The officers of the two radiation oncology profes-
sional societies reported the same kind of informa-
tion: In most countries of Latin America and the
Caribbean, assessment of clinical outcome, and
therefore of radiotherapy success or failure, is per-
formed by the referring physicians.

This prompted PAHO in 2002 to launch an
initiative on the accreditation of radiotherapy de-
partments in Latin America and the Caribbean.
This was done in collaboration with the two radia-
tion oncology societies mentioned above, and with
two other organizations, the Latin American Med-
ical Physics Association (Asociacién Latinoamericana
de Fisica Médica) and the International Society for
Radiographers and Radiological Technologists. The
objective of the initiative was to promote a cultural
change in the countries of Latin America and the
Caribbean, towards an acceptance of external eval-
uations of radiation oncology services as a mecha-
nism for raising and standardizing the quality of ra-
diation oncology practices.

In 2005 the two Latin American and Carib-
bean radiation oncology societies merged to form
one association, the Latin American Radiation On-
cology Association (Asociacion Latinoamericana de
Terapia Radiante Oncoldgica) (35). To improve the
quality of standards in the health care of cancer pa-
tients undergoing radiation therapy treatments in
Latin America and the Caribbean, the Association
officers decided to set up the “Commission on Ac-
creditation of Radiation Oncology Centers.” The
Commission’s goal is to increase the survival rates
for and the quality of life of oncological patients, by
better controlling tumors and by reducing the com-
plications and toxicity due to radiation therapy.

The Commission on Accreditation is expected
to be fully functional by 2007. The Commission’s
first task is to develop accreditation criteria for all
the stages of the radiotherapeutic process: clinical
history, diagnosis and staging of the disease, thera-
peutic decision, localization/simulation of the treat-
ment, physical and clinical dosimetry, teletherapy /
brachytherapy treatments, and clinical follow-up
and statistics. Of main concern is the adequacy of
treatment protocols. Are patients receiving doses
high enough to ensure cancer control and to im-
prove survival? Are radiation oncologists reluctant
to cause even a small and normally acceptable per-
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centage of patient overreactions? Are radiation on-
cologists prescribing doses lower than what is rec-
ommended in the literature? Is the fear of violating
radiation safety regulations affecting decisions re-
garding patient treatment?

The Commission on Accreditation will pay
particular attention to clinical patient follow-up
procedures in order to ensure that radiation late
effects are documented, and that appropriate pa-
tient support is provided. Centers will only be ac-
credited if they have implemented a comprehen-
sive quality assurance program that follows
international guidelines (36-38). Statistical data on
patient outcome will be collected in order to docu-
ment needs in Latin American and Caribbean ra-
diotherapy centers and to define future strategies
for cancer treatment. The Commission will also
identify a cadre of radiation oncology experts to
audit the centers that wish to be accredited.

CONSEQUENCES OF THE PANAMA
OVEREXPOSURES

The lessons from the Panama overexposures
are not limited to how to manage the affected pa-
tients. Regulatory authorities in Panama and in the
United States and two international organizations
launched a series of investigations to help prevent
future occurrences of this type of “accident.” A key
question is, were all the overexposures at the ION
really an “accident”? And what does “accident”
mean? One dictionary defines “accident” as
”chance or what happens by chance.” The IAEA de-
fines “accident” as “any unintended event, includ-
ing operating errors, equipment failures, or other
mishaps, the consequences or potential conse-
quences of which are not negligible from the point
of view of protection or safety” (12). The ICRP de-
fines the term as “an unintended event that has or
may have adverse consequences” (22). When deal-
ing with medical exposures, both the IAEA and the
ICRP also use the term “accidental medical expo-
sures.” One of the connotations is that of a dose or
dose fractionation differing substantially from the
values prescribed by the medical practitioner. In
these latter definitions, “accidental” has the conno-
tation of unintended and not unexpected, with an
emphasis on the difference between prescribed and
delivered. Somehow it is assumed that the pre-
scribed dose is correct and that “adverse effects”
are rare. However, to cure cancer, a certain percent-
age of “adverse effects” may occur in normal tis-
sues at a level that is accepted in medical practice.
This includes up to 1% of patients who are very ra-
diosensitive because of various repair-deficiency
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TABLE 3. Major accidental exposures of radiotherapy patients that have happened around the world over the last three

decades?

Patients overdosed

Type of accident Country Year(s) or underdosed

Miscalibration of cobalt-60 units United States 19741976 426 overdosed
Germany 1986—-1987 86 overdosed
United Kingdom 1988 207 overdosed
Costa Rica 1996 114 overdosed
Hardware/software problems Canada and United States 1985-1987 3 overdosed
with linear accelerators Spain 1990 27 overdosed
Poland 2001 5 overdosed

Low dose rate brachytherapy problems United Kingdom 1988-1989 14 underdosed
12 overdosed
United States 1992 1 overdosed

Treatment planning errors United Kingdom 1982-1990 1 045 underdosed
United States 1987-1988 33 overdosed
Panama 2000-2001 28 overdosed

2 The data presented in the table come from IAEA (12) and ICRP (22).

syndromes.’> Both the IAEA and the ICRP have
published reports that illustrate different types of
accidents and their root causes (12, 22). Table 3 lists
major instances of radiotherapy accidents that have
happened around the world over the last three
decades. While most of the incidents involve over-
exposures, there have also been several instances of
patients being underdosed, leading to lack of can-
cer control. The most notable case of underexpo-
sure occurred from 1982 to 1990 in the United King-
dom, at the North Staffordshire Royal Infirmary, in
the city of Stoke-on-Trent in the county of Stafford-
shire. It was due to an incomplete understanding
and testing of a treatment planning system (12). Of
the 1045 impropetrly treated patients, 492 of them
developed local recurrences (39).

Cancer recurrence is not the concern of radia-
tion regulatory authorities. Those regulatory author-
ities only investigate overexposures (often without
understanding the clinical aspects of radiation ther-
apy), and they assign the responsibilities for patient
treatment to the physicists performing the dosim-
etry. Two key publications, the International basic
safety standards for protection against ionizing radiation
and for the safety of radiation sources (40) and the EU
Council Directive 97/43/Euratom (41), emphatically
state that medical exposures are the responsibility
of the medical practitioner prescribing or delivering

15 Hendry JH, Zubizarreta EH. Variation in biologically-effective dose
(BED) prescriptions among centres using brachytherapy/external-
beam treatment of cervical cancer [abstract]. Radiother Oncol. 2004:
73(Supplement 1):519.
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the dose. However, since errors are clearly dose-
related (5, 6, 8, 12, 22, 24, 25), physicists are being
taken to court for radiation therapy overexposures,
while the physicians in charge are not being
charged (42-45).

Regulatory actions

The Panamanian regulatory authority for ra-
diation safety investigated the overexposures im-
mediately after receiving notification from the ION.
The ”lessons learned” generated a series of correc-
tive actions, among them stringent requirements
for the establishment of quality assurance and qual-
ity control programs, and for adequate training of
professionals of the ION’s radiation oncology de-
partment (46).

The Center for Devices and Radiological
Health of the United States Food and Drug Admin-
istration (FDA), which oversees medical devices,
approved Multidata’s TPS software in 1997. In
May-June 2001, right after the FDA became aware
of the Panama overexposures, the FDA sent exam-
iners to investigate Multidata. The FDA found that
Multidata had received at least six complaints
about calculation errors related to the failure of the
firm'’s radiation treatment planning software to cor-
rectly handle certain types of blocks (polygons)
(47). The FDA also found out that even the most re-
cent version of Multidata’s TPS algorithm was ca-
pable of the same error. Consequently, the FDA
forced the company to issue a warning to all its TPS
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users, in order to prevent any other accidental over-
exposures (48).

The FDA found that Multidata had failed to:
(1) establish, maintain, and follow procedures to
control the design of the radiation treatment plan-
ning software in order to ensure that the specifica-
tions were met; (2) establish and follow procedures
for taking preventive and corrective action; (3) es-
tablish and follow procedures for investigating all
complaints; and (4) adhere to other standard good
manufacturing practices. In addition, the firm
failed to identify the root cause of the software code
problems when they were brought to the com-
pany’s attention.

The Nuclear Regulatory Commission (NRC)
of the United States published the findings of the
IAEA investigation in an “information notice”
dated 20 November 2001. The NRC sent the notice
to all its medical licensees, and attached the June
2001 and August 2001 “urgent notices” that Multi-
data had sent to its customers in response to the
FDA'’s action (49).

Legal actions

On 18 May 2004 a court trial for the three ION
physicists began in Panama City. The prosecutor
had asked for them to be convicted of second-
degree murder. Neither the ION nor the five radia-
tion oncologists involved were charged. On 18 No-
vember 2004 it was announced that one of the
physicists was acquitted, but the other two were
found guilty, sentenced to four years in prison, and
barred from practicing their profession for seven
years (45). They have initiated an appeal process,
but they are very worried, given the precedent es-
tablished by the Costa Rica case.

The trial for the Costa Rican physicist who had
miscalibrated the cobalt therapy unit began on
26 February 2000, in the presence of 35 surviving pa-
tients and the relatives of 80 patients who had died.
He was accused of negligence in 30 homicides and
59 radiation injuries. He was also accused of falsify-
ing documents and of using false documents. On 30
July 2001 he was absolved of the latter two charges,
but he was found guilty of 14 homicides and 50 ra-
diation injuries. He was sentenced to six years in
prison and barred from practicing his profession for
five years. The plaintiffs had also sued the Costa Rica
Social Security Agency, claiming that the indemnifi-
cations paid to them by the Agency did not preclude
them from obtaining additional compensation from
the Agency in connection with the overexposures.
The court ruled against the plaintiffs and in favor of
the Agency. Both decisions were appealed to the
Supreme Court of Costa Rica. On 12 August 2003
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the Supreme Court upheld the verdict and the sen-
tence of the lower court regarding the physicist’s
culpability. The Supreme Court, however, over-
turned the lower court’s decision precluding the
plaintiffs from seeking additional compensation
from the Agency (44). This decision cleared the way
for surviving patients or their heirs to file suit against
the Agency in civil court.

Plaintiffs from Panama also sued Multidata,
both in the state of Missouri (United States) and in
Panama. The Missouri court dismissed the action,
concluding that the case could have and should
have been brought up in Panama. The court cited a
variety of reasons, such as the fact that the ION
could not be sued in Missouri and that it would be
highly inconvenient to conduct pretrial discovery if
the case were pending in the United States (50). The
Panamanian court dismissed the charges brought
against Multidata, saying that the case had been
filed in two courts simultaneously (43). Now that
the case has been dismissed in the United States,
the plaintiffs are free to again sue Multidata in
Panama. Depending on the outcome of the litiga-
tion, the potential judgment could be substantial. In
the Stoke-on-Trent (United Kingdom) case, 80 of
the 492 patients who developed local recurrences
sued the North Staffordshire Health Authority, al-
leging that tumor recurrence was due to underex-
posure. They won the suit and were awarded a
total of £2 million (39).

THE NATIONAL ONCOLOGY INSTITUTE
TODAY

Many things have changed at the ION since the
patient overexposures occurred. The radiation oncol-
ogy department has moved into a new building
within the remodeled Gorgas Hospital. New treat-
ment rooms have been built with the structural
shielding specified by the Panamanian regulations.
Thanks to a donation of US$ 6.5 million made by the
Government of Taiwan to the Government of
Panama, the equipment now consists of three Jinear
accelerators (two of them with dual energy photons
and electrons), a superficial X-ray machine, a simu-
lator, and a treatment planning system. Except for
the superficial X-ray machine, all the units are net-
worked. Access to a computed tomography scanner
for virtual simulation is also available. The staff con-
sists of six radiation oncologists, five physicists, four
dosimetrists, and 12 radiation therapy technologists.
The ION also has a radiological protection depart-
ment, with 1.5 full-time-equivalent staff. The quality
and safety of the radiation therapy procedures are
monitored by the Inter-institutional Committee on
Radiological Protection and Quality Control (Comité
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Interinstitucional de Proteccién Radiolégica y Control de
Calidad), which meets weekly. The Committee is com-
posed of members of the ION’s radiology, radiation
oncology, nuclear medicine, and radiological protec-
tion departments, and it is chaired by the ION’s di-
rector. Although it was established in response to the
radiotherapy overexposures, it now oversees all the
activities that involve ionizing radiation.

CONCLUSIONS

The Panamanian overexposure incident is per-
ceived as one of the worst radiation therapy accidents
ever. It had devastating consequences, not just for the
patients but also for the practice of radiation therapy
in Panama. As had happened in other patient over-
exposures, such as the ones in Costa Rica, patients in
Panama began avoiding the public institution and in-
stead sought treatment in private facilities. They did
not realize, however, that because of staffing short-
ages, the same radiation therapy personnel worked
in both the public and private facilities.

While the Panama overexposures were caused
by a violation of the TPS instructions, a good software
program would have alerted the user that the proce-
dure was not authorized. In any case, treatment times
generated by a TPS require manual verification.
However, no TPS quality control existed at the ION,
even though a comprehensive report on quality as-
surance for TPSs was available at the time (51). This
experience prompted the IAEA to publish a report
that describes how to commission a TPS, and with
what frequency its algorithms should be tested (52).

There were other factors that contributed to the
error with the TPS at the ION. One was the large pa-
tient workload, with more than 70 patients per ma-
chine per day. Another factor was that teletherapy
treatments were done in one hospital (where the
physics charts were kept), and brachytherapy treat-
ments and patient follow-up were done (and clinical
charts kept) in another hospital. The shortage of med-
ical physics staff also played a significant role.

Radiation-safety regulatory authorities inves-
tigate accidental medical exposures, focusing on
overexposures. However, the most interesting find-
ing in Panama was the high level of recurrence of
cervical cancer among the patients for whom no un-
acceptable error in dose delivery had occurred. The
finding prompted PAHO to launch an initiative for
the accreditation of radiation oncology centers in
Latin America and the Caribbean. Accreditation
will require that the centers implement a compre-
hensive radiation oncology quality assurance pro-
gram that follows international guidelines. Statisti-
cal data on patient outcome will be collected in
order to document needs in Latin American and
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Caribbean radiotherapy centers and to define fu-
ture strategies for cancer treatment (1). The newly-
established Commission on Accreditation should
ensure that cancer patients are treated with doses
that are not only “safe” but effective.
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SINOPSIS

La sobreexposicién de pacientes tratados
con radioterapia en Panama: reconocimiento
del problema y medidas de seguimiento

Este informe resume y analiza la respuesta de varias orga-
nizaciones que brindaron asistencia al Instituto Oncoldgico
Nacional (ION) de Panami después de la sobreexposicion de
28 pacientes sometidos a radioterapia que ocurrié en el ION
a finales de 2000 y principios de 2001. Ademds, se examinan
las medidas de largo plazo adoptadas en el ION en respuesta
al accidente de sobreexposicién y las implicaciones que tiene
este accidente para todos los centros de tratamiento oncold-
gico en el mundo. En marzo de 2001 se le comunicaron al di-
rector del ION las reacciones adversas graves sufridas por
algunos pacientes sometidos a radioterapia contra el cincer.
De los 478 pacientes tratados entre agosto de 2000 y marzo
de 2001 por canceres localizados en la regién pélvica, tres
habian fallecido, presumiblemente por sobredosis de radia-
cién. A raiz de ello, el Gobierno de Panamd invit6 a exper-
tos internacionales a realizar una investigacion a fondo de la
situacion. Entre los especialistas invitados se encontraban
fisicos médicos de la Organizacion Panamericana de la
Salud (OPS), quienes comprobaron que 56 pacientes con
cdncer cérvico-uterino, de endometrio, de préstata o de recto
tratados mediante campos de teleterapia parcialmente blo-
queados recibieron dosis calculadas mediante un sistema
computarizado de planificacion de tratamientos. Los fisicos
médicos de lan OPS comprobaron que solo 11 de esos 56 pa-
cientes recibieron una dosis absorbida dentro de los limites
aceptables de +5%. Veintiocho de los 56 pacientes recibieron
dosis con errores entre +10 y +105%. De esos 28 pacientes
que fueron sobreexpuestos, segiin los fisicos del ION, 23
murieron antes de septiembre de 2005, de ellos, 18 murieron
a causa de los efectos de las radiaciones, principalmente
complicaciones rectales. Las consecuencias clinicas, psico-
légicas y juridicas de esta sobreexposicion menoscabaron
gravemente los tratamientos contra el cincer en Panamd y
llevaron a la OPS a examinar de cerca las précticas de ra-

185



Articles and special reports

dioterapia oncolégica en América Latina y el Caribe. Los
médicos del ION evaluaron los resultados del tratamiento de
125 pacientes atendidos en ese mismo intervalo de tiempo
por los mismos tipos de cdncer sin haber sufrido sobreexpo-
sicién y encontraron una tasa de recurrencia de cdncer cer-
vicouterino mayor de la esperada. Esto llevé a la OPS a lan-
zar una iniciativa para la acreditacion de los centros de
radioterapia oncolégica en América Latina y el Caribe, en
colaboracién con las sociedades profesionales de radioncélo-
80s, fisicos médicos y tecnélogos de radioterapia. La Asocia-
cién Latinoamericana de Terapia Radiante Oncolégica esta-
blecié una comisién de acreditacion que exigird que los
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centros establezcan programas integrales de garantia de la
calidad en radioterapia oncoldgica segiin los lineamientos
internacionales. Asimismo, se recogerdn datos estadisticos
acerca de los resultados observados en los pacientes tratados
para documentar las necesidades de los centros de radiotera-
pia en América Latina y el Caribe, con vistas a definir futu-
ras estrategias en el tratamiento del cincer.

Palabras clave: Neoplasias pélvicas, radioterapia,
traumatismos por radiacién, control de calidad,
Panama.
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FIQUBE 2. Values of linear-quadratic equivalent dose (LQED) in Gy for cervical tumor dose pre-
scriptions (solid squares and upper, solid line) and for calculated rectal doses (triangles and
lower, dashed line) among 25 radiotherapy centers around the world
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reduced, then the dose per fraction may need to be
increased to compensate for the decreased effective-
ness of the radiation. The same applies to more so-
phisticated technology, such as intensity-modulated
radiation therapy (IMRT). With prolonged fraction
delivery needed to execute sophisticated IMRT
plans, a loss of biological effect may occur.

The influence of repair has been observed in
numerous detailed studies using cell cultures or an-
imal systems, particularly during irradiation at low
dose rates (32). Brachytherapy treatments are one
of the cornerstones of the treatment of cervical can-
cer, often in addition to external beam therapy (33).
The brachytherapy is delivered using either low-
dose-rate (LDR) irradiation (between 0.5 and 1.5 Gy
per hour) in two sessions or, increasingly more
commonly, several high-dose-rate (HDR) sessions
(~100 cGy per minute). The total dose is adjusted
accordingly to give the same acceptable low level of
morbidity, which is predominantly rectal injury.
HDR is not better than LDR for these treatments
(34), but it gives an acceptable result, and more pa-
tients can be treated with the equipment, although
more staff resources are needed.

Around the world, LDR brachytherapy is
being gradually replaced by HDR brachytherapy.
Some randomized trials have shown that HDR can
be as effective as LDR in terms of tumor control and
late complications (35-37), but no formal trials have
been performed to test different HDR schedules.
The American Brachytherapy Society (ABS) pub-
lished guidelines about dose and fractionation (38),
based on a review of HDR schedules (39).

156

We have collated known dose prescriptions
for cervical cancer used in 25 radiotherapy centers
around the world. These dose prescriptions were
converted to values of linear-quadratic equivalent
dose (LQED) for the dose to the tumor (by conven-
tion, quoted at point A) and the lower dose received
by the rectum (assuming 70% of the point A dose in
the rectal wall). The conversion was done by calcu-
lation, using the L(Q) formalism and the following
parameter values: o/p for tumor = 10 Gy, half time
of repair = 1.5 hours; o/p for rectum = 3 Gy, half
time of repair = 1.5 hours. The 25 values of tumor
LQED were placed in ascending numerical order
from the lowest to the highest, and the tumor LQED
values were then plotted in Figure 2 along with
their corresponding values of LQED for the rectum.
The prescriptions used a variety of high-dose-rate
treatments (21 schedules) and low-dose-rate treat-
ments (4 schedules), plus external beam therapy.
Trend lines are shown for visual clarity, and the
centers using the ABS-recommended dose prescrip-
tions for cervical cancer are circled. When the dose
prescriptions are compared in terms of LQED, there
is up to 25% less dose prescribed in those centers on
the left side of Figure 2 compared to the higher
doses on the right (including the ABS values, which
are circled). As there exists some fear about the risk
of increased late effects with the use of high-dose
fractions in high-dose-rate cervical brachytherapy,
it is possible that some of these lower-LQED sched-
ules have been designed with excessive prudence.
Randomized trials will be needed to determine the
schemes with the optimal dose and fractionation.
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SINOPSIS

En este articulo se presenta una breve sintesis de la evolucion
de la proteccion contra las radiaciones ionizantes y se hace
una interpretacion de su filosofia actual. Se analiza el papel
decisivo que deben desemperiar las organizaciones regula-
doras en proteccion radiolégica y la importante contribucion
que pueden brindar las autoridades sanitarias. Estas debe-
rian participar activamente al menos en tres aspectos: la pro-
mocién de la educacion formal del personal de salud en lo
concerniente a la proteccién radiolégica, la atencion médica
de las personas sobreexpuestas accidentalmente y la protec-
cién radiolégica de los pacientes en relacion con los proce-
dimientos radioldgicos. Para lograr esos objetivos, los profe-
sionales sanitarios han de tener los conocimientos necesarios
en materia de proteccion radioldgica, promover el uso de los
equipos adecuados y aplicar los procedimientos necesarios de
garantia de la calidad. La apropiada intervencion de las au-
toridades nacionales de salud puede contribuir en gran me-
dida a reducir las dosis innecesarias en los procedimientos
médicos con fuentes de radiacion y reducir la probabilidad de
que ocurran accidentes radiologicos en este campo.

La posibilidad de obtener imdgenes del interior de
la materia sorprendié al mundo cuando Wilhelm
Conrad Roentgen descubri6 los rayos X en la Uni-
versidad de Wiirzburgo, Alemania, en 1895. Un afio
después, Antoine Henri Becquerel comenzé a ex-
plorar otro fenémeno que Marie Curie denominé
mas tarde “radiactividad”. Todos ellos fueron acree-
dores del Premio Nébel de Fisica en reconocimiento
a descubrimientos que abrian un amplio campo al
conocimiento y a la imaginacién.

En la actualidad, innumerables aplicaciones
derivadas de aquellos primeros conocimientos son
préctica habitual en diversas dreas de la produccion,
la investigacién y —de manera muy especial— la
medicina. Pocos descubrimientos han tenido un im-
pacto tan grande en el campo médico. La radiologia
convencional, la tomografia computarizada, la radio-
logia intervencionista, las técnicas de medicina nu-
clear, la tomografia por emision de positrones y la
radioterapia con fuentes radiactivas y aceleradores
de particulas son procedimientos frecuentes en la
medicina moderna.

Sin embargo, casi a raiz de su descubrimiento
se hizo evidente que los rayos X y la radiactividad
también podian causar dafios a la salud. Ya en 1896
se observaron problemas de depilacién, eritemas,
quemaduras, amputaciones —e incluso la muerte—
en las personas que empleaban tubos de rayos
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X y materiales radiactivos en sus investigaciones. A
medida que los pioneros de la radiologia sufrian
afecciones o morian prematuramente, los cientificos
comprendieron una contradictoria realidad: estos
nuevos descubrimientos que podian contribuir a
salvar la vida también podian destruirla.

En este articulo se presenta una breve sintesis
de la evolucién de las medidas de proteccién contra
las radiaciones ionizantes y se hace una interpreta-
cién de la filosofia actual al respecto. Ademas, se
analizan la importancia de contar con organizacio-
nes reguladoras que sean eficaces en este sentido y
la significativa contribucién que pueden aportar las
autoridades de salud, especialmente en la protec-
cién de pacientes sometidos a procedimientos mé-
dicos de diagnéstico o a tratamientos en que se em-
plean fuentes de radiacién ionizante.

ORIGEN Y EVOLUCION )
DE LA PROTECCION RADIOLOGICA

En la figura 1 se resume la evolucién de los li-
mites de dosis, concepto central de la proteccioén ra-
dioldgica, es decir, de la disciplina dedicada a la
proteccion de las personas contra los peligros de las
radiaciones. Sin embargo, para interpretar correcta-
mente esta figura es necesario comprender cémo ha
progresado el conocimiento en radiobiologia, el sig-
nificado de las magnitudes y unidades de medida
adoptadas para correlacionar la exposicién a las ra-
diaciones con sus riesgos y los criterios adoptados a
lo largo del tiempo en torno a la proteccion de las
personas (1, 2).

FIGURA 1. Limites de exposicién anual recomendados
para los trabajadores por la Comisién Internacional de
Proteccion Radioldgica, 193419902
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Fuente: Datos tomados de las referencias 1y 2.
2 En la actualidad est4 vigente el limite establecido en 1990.
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Los rayos X, las emisiones radiactivas (alfa,
beta y gamma, entre otras) y las particulas resultan-
tes de reacciones nucleares (como los neutrones, los
protones y los deuterones) pueden afectar a la salud
de las personas —aun cuando la energia absorbida
sea muy pequefia— debido a la capacidad que po-
seen estas radiaciones de ionizar los 4tomos que en-
cuentran en su trayecto, peculiaridad que les vali6 la
denominacién de radiaciones ionizantes. Las molé-
culas que poseen atomos ionizados aumentan su
reactividad quimica y pueden provocar alteraciones
en las estructuras celulares, siendo de particular im-
portancia las que ocurren en las moléculas de acido
desoxirribonucleico (ADN). Otras radiaciones elec-
tromagnéticas de mayor longitud de onda —y por
consiguiente de menor energia foténica—, denomi-
nadas radiaciones no ionizantes, no tienen esa posi-
bilidad y solo pueden afectar a la salud mediante
otros procesos biofisicos que requieren niveles de
exposicién miles de veces superiores en términos de
la energia absorbida (3).

Los efectos de las radiaciones ionizantes
y el inicio de la protecci6én radiolégica

Los médicos fueron los primeros en emplear
fuentes de radiaciones ionizantes para realizar ex-
ploraciones radioldgicas y también en sufrir los da-
fios provocados por las radiaciones. Esto llevd a que
en el Segundo Congreso Internacional de Radio-
logia, celebrado en Estocolmo, Suecia, en 1928, se re-
comendara la creaciéon de un organismo internacio-
nal para ocuparse de este problema. Asi naci6 la
proteccion radioldgica como disciplina y se cred un
organismo que en la actualidad se denomina Comi-
sion Internacional de Proteccién Radioldgica (CIPR).

Durante el Primer Congreso Internacional de
Radiologia, celebrado en Londres, Reino Unido, en
1925, se habia creado la Comisién Internacional de
Unidades y Medidas de Radiacién (CIUR) con el fin
de proponer magnitudes y unidades de medida
apropiadas para evaluar la exposicién a las radia-
ciones. Tanto la CIUR como la CIPR —dos organi-
zaciones nacidas de la radiologfa médica— han con-
tribuido a definir las magnitudes y unidades que se
emplean en la proteccion radioldgica (cuadro 1).

Algunos experimentos llevados a cabo en ani-
males e investigaciones realizadas con personas ex-
puestas a radiaciones ionizantes por razones médi-
cas o laborales han contribuido a conocer los efectos
biolégicos de dichas radiaciones. Sin embargo, la
mayor investigacion epidemiolégica llevada a cabo
hasta la fecha es la realizada en las poblaciones ja-
ponesas de Hiroshima y Nagasaki con la participa-
cién de los sobrevivientes de las explosiones atomi-
cas de agosto de 1945. En ese estudio, que atin no ha
concluido, han participado alrededor de 86 000 per-
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CUADRO 1. Magnitudes y unidades empleadas en la pro-
teccion radioldgica

Dosis absorbida en un 6rgano: relacioén entre la energia total
de radiacién absorbida por un érgano o tejido y la masa
del mismo.

Unidad: gray (Gy), equivalente a 1 julio’kg

Dosis equivalente en un érgano: dosis de radiacion absorbida
en un érgano o tejido, ponderada segun la efectividad
relativa del tipo de radiacién. El factor de ponderacién varia
entre 1y 20.

Unidad: sievert (Sv), equivalente a 1 julio/kg

Dosis efectiva: suma de las dosis equivalentes recibidas por
todos los 6rganos y tejidos de una persona, ponderadas
segun la radiosensibilidad refativa de cada 6rgano o tejido.
Unidad: sievert (Sv), equivalente a 1 julio/kg

Dosis efectiva colectiva: se clasifica la poblacién expuesta en
varios grupos segun la dosis efectiva media recibida y se
define la dosis colectiva como la suma de los productos de
las dosis efectivas medias en cada grupo por el nimero
de personas que integran ese grupo.

Unidad: sievert-persona (Svp)

Fuente: Datos tomados de las referencias 1y 4.

sonas. Ademads, como consecuencia del accidente
nuclear que ocurrié en 1986 en Chernobyl, antigua
Unién Soviética, se ha reunido informacién impor-
tante sobre la incidencia de cdncer de tiroides en
nifios y nifias expuestos a las radiaciones.

En 1955, la Organizacién de las Naciones Uni-
das cred el Comité Cientifico para el Estudio de los
Efectos de las Radiaciones Atomicas (ONU/CCEERA)
con el fin de recopilar informacién sobre ese parti-
cular. Desde entonces, este comité publica periédi-
camente informes sobre las fuentes de radiacion
existentes en el mundo, los niveles de exposicion de
las personas y los resultados de las investigaciones
sobre los efectos de la radiacion en la salud (5).

;Se pueden evitar del todo los efectos
de las radiaciones ionizantes?

Esta pregunta refleja la esencia del problema
atafiente a la filosofia de la proteccién radiolégica.
Ciertos efectos denominados “deterministas”, tales
como la esterilidad, la catarata, el eritema, los tras-
tornos hematopoyéticos y el sindrome agudo por
radiacién, pueden evitarse del todo si las dosis que
reciben las personas no sobrepasan determinados
umbrales; estos son de alrededor de 0,5 gray (Gy)
en el caso de la exposicién aguda y de 0,1 Gy en el
de la exposicién crénica. Sin embargo, otros efectos
llamados “estocdsticos” (la induccién del cincer y
algunos trastornos hereditarios) no pueden evitarse
por completo. No hay datos comprobatorios que
permitan establecer una dosis umbral para la apari-
cién de estos efectos y se considera que cualquier
exposicién a las radiaciones ionizantes, por pe-
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quefia que sea la dosis, contribuye a aumentar la
probabilidad de induccién de cancer y, si la exposi-
cién es de las gonadas, también de trastornos here-
ditarios. Los términos “determinista” y “estocas-
tico” aluden a la naturaleza pronosticable o
probabilistica de estos efectos.

Segtin estimaciones de la CIPR, los trabajado-
res que se exponen a dosis pequefias y a tasas de
dosis de radiacién bajas en su lugar de trabajo tie-
nen una probabilidad de 4% de morir de un cancer
radioinducido por cada sievert (Sv) de dosis efec-
tiva recibida (1). En el caso de miembros de la po-
blacién en general, que en algunas circunstancias
pudieran verse expuestos a dosis pequefias y a
tasas de dosis de radiacién bajas, la probabilidad de
morir de un cancer inducido por las radiaciones es
de 5% por cada Sv de dosis efectiva recibida. Estas
cifras se conocen como coeficientes de riesgo y la di-
ferencia entre los valores correspondientes a los tra-
bajadores y a personas de la poblacion en general se
debe a que en la categoria de los “trabajadores” no
se incluye a los menores de 18 afios de edad, cuya
sensibilidad a las radiaciones es mayor. Estas cifras
podrian verse ligeramente modificadas en las nue-
vas recomendaciones generales de la CIPR, no sola-
mente debido a la actualizacién de la informacion
epidemiologica, sino a una posible revisién del cri-
terio empleado para definir los coeficientes de
riesgo.

Hasta el momento no se han comprobado efec-
tos hereditarios en la descendencia de las personas
expuestas a las radiaciones; sin embargo, estudios re-
alizados en animales permiten suponer que esos efec-
tos estocdsticos pueden ocurrir también en los seres
humanos. Se estima que la relacién entre los efectos
hereditarios observados en la primera generacién y la
dosis de radiacién es 10 veces menor que la relacién
entre los efectos cancerigenos y la dosis (6).

Por lo tanto, los efectos estocésticos de las ra-
diaciones no se pueden evitar por completo si la
exposicién no es nula. A los fines de la proteccién
radiologica se acepta la hipotesis de que la probabi-
lidad de que ocurran estos efectos aumenta en pro-
porcién con las dosis cuando estas y las tasas de
dosis son pequefas.

LA PROTECCION RADIOLOGICA
EN LA ACTUALIDAD

Las ultimas recomendaciones generales elabo-
radas por la CIPR sobre la proteccién radiolégica
datan de 1990 (1) y se ha anunciado su actualizacién
para fines de 2006 o principios de 2007. Aunque no
se esperan cambios sustanciales en cuanto a la filo-
soffa de la proteccién radiolégica, es posible que en
las nuevas recomendaciones generales se modifique
el énfasis que antes se ponia en algunos conceptos.
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Las bases filoséficas de la proteccion radiolégica

Los riesgos asociados con la exposicién a las
radiaciones dependen de las dosis de radiacién que
reciben las personas expuestas. Por lo tanto, para re-
ducir esos riesgos se deben reducir las dosis que se
reciben y la exposicién innecesaria a las radiaciones.

La proteccién de las personas contra los diver-
sos riesgos originados en el medio ambiente laboral
o publico siempre se ha basado en el establecimiento
de limites a la presencia de sustancias contaminantes
o0 a la exposicién individual. Si bien en sus inicios la
proteccion contra las radiaciones ionizantes se rigi6é
por ese criterio, a partir de la década de 1970 el con-
cepto de limite comenz6 a concebirse como una refe-
rencia de riesgo maximo, tolerable solo en situacio-
nes excepcionales. El protagonismo en la filosofia de
la proteccién radiolégica se desplazé entonces gra-
dualmente hacia la justificacién de las practicas ba-
sadas en el uso de fuentes de radiacion y la optimi-
zacién de la proteccién radioldgica.

Para un organismo internacional no es una
tarea sencilla recomendar valores limites de riesgo.
El conocimiento actual sobre los efectos de las ra-
diaciones ionizantes en los seres humanos se aplica
a diversas culturas y nacionalidades pero, a pesar
del llamado proceso de globalizacién, la situacién
econdmica y social de los diversos paises es extre-
madamente desigual. Si los limites recomendados
fueran muy bajos, muchos paises no podrian adop-
tarlos debido al alto costo que implicaria la protec-
cién, mientras que la recomendacién de limites ele-
vados no contribuirfa a disminuir los riesgos en
grado significativo. En ambos casos, las recomen-
daciones resultarian desacertadas. Ante este di-
lema, la CIPR decidi6é recomendar limites de riesgo
intermedios y aplicar principios de justificacién y
optimizacion.

Dado que toda exposicién a las radiaciones
implica cierto riesgo, la aceptacién del uso de las
fuentes de radiaciones debe verse justificada por los
beneficios que aporta a toda la sociedad o a una
parte de ella. Por ejemplo, en la década de 1940, al-
gunas zapaterias empleaban equipos de fluorosco-
pia con rayos X para determinar el tipo de calzado
adecuado para cada cliente y hasta hace unos 15
afios se montaban fuentes radiactivas en los extre-
mos de algunos pararrayos, a pesar de que nunca se
logré demostrar que esto aumentara su eficacia du-
rante las tormentas eléctricas. En la actualidad, tales
aplicaciones de las fuentes de radiacién no se consi-
deran justificadas y no se autorizan.

Optimizar la proteccién significa comprender
que el uso de las fuentes de radiacién conduce a la
exposicién inevitable de algunas personas que esta-
ran tanto mejor protegidas cuanto menor sean las
dosis de radiaciones que reciben, y actuar en conse-
cuencia. Pero, shasta dénde se deben reducir las
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dosis? La respuesta no la pueden proporcionar so-
lamente los estudios cientificos; también es necesa-
rio tener en cuenta las condiciones econdémicas y so-
ciales imperantes en cada pais.

No les corresponde a los organismos interna-
cionales determinar el grado de esfuerzo econé-
mico que cada pais debe realizar para proteger a
sus ciudadanos contra un riesgo laboral o ambien-
tal. Por consiguiente, el concepto de optimizacién
es un criterio genérico —sin alusiones a valores
especificos— que ha pasado a tener mayor trascen-
dencia que los limites numéricos. Seguin la CIPR, se
deben reducir las dosis individuales de radiacién,
el nimero de personas expuestas y la probabilidad
de que ocurran exposiciones accidentales tanto
como sea razonablemente posible (por debajo de
los limites) teniendo en cuenta los factores econé-
micos y sociales, es decir, las restricciones econémi-
cas y las necesidades de la sociedad (1). De este
modo, los organismos internacionales compatibili-
zan su responsabilidad de ofrecer la mejor reco-
mendacién con la ineludible realidad de que lo
mejor no es igual para todos. Queda a criterio de
cada pais definir sus objetivos en materia de pro-
teccion radiolégica tomando los limites recomen-
dados como una cota superior. Solo en casos excep-
cionales, una persona quedaria expuesta a riesgos
cercanos a los limites.

Cuando una fuente de radiacién funciona en
condiciones normales —es decir, cuando la exposi-
cién de las personas ocurre segtin lo planificado— se
puede controlar el riesgo radiolégico mediante la
aplicacién de los limites de dosis y las restricciones
derivadas de los procesos de optimizacién. Los limi-
tes de dosis aplicables a los trabajadores y a los
miembros del publico son distintos, debido a que la
relacion riesgo-beneficio es diferente en cada uno de
estos grupos. Las dosis que las personas reciben de-
bido a la exposicién a las radiaciones de caracter na-
tural y las que reciben durante los procedimientos
radiolégicos con propésitos médicos no se deben
contabilizar a efectos de la aplicacién de los limites.

En el cuadro 2 se resumen los valores de los li-
mites anuales de dosis recomendados por la CIPR
en 1991. Estos limites no establecen una frontera
entre el riesgo y la seguridad, sino que indican los
valores de riesgo madximos tolerables recomenda-
dos por la CIPR. En el mismo cuadro se indican los
valores de la probabilidad de morir de un céncer
inducido por la radiacién, correspondientes a los li-
mites de dosis, segtin los coeficientes de riesgo in-
dicados por esa entidad (1). Muchos paises han
adoptado estos valores limite y se espera que se ra-
tifiquen en la préxima edicién de las recomendacio-
nes de la CIPR.

Otro objetivo de la proteccién radioldgica es
reducir los riesgos asociados con los accidentes ra-
diolégicos. La CIPR ha introducido la expresion
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CUADRO 2. Limites anuales de dosis efectiva recomendados por fa Comisién internacional de Pro-

teccion Radioldgica y riesgos asociados

Grupo poblacional

Limite de dosis efectiva

Riesgo anual de morir®

Trabajadores
Miembros de la poblacién

20 m8va
1 mSv 5 por cada 100 000 personas

8 por cada 10 000 trabajadores

Fuente: Datos tomados de la referencia 1.
2 Promedio de las dosis efectivas recibidas en 5 afios.

® Riesgo anual de morir de un cancer inducido por radiaciones si se recibe una dosis anual de radiacion igual al limite de dosis efectiva.

“exposicién potencial” para aludir a la exposicién
originada durante situaciones accidentales hipotéti-
cas y a partir de 1990 ha prestado una atencién es-
pecial a la prevencién de los accidentes con fuentes
de radiacién (7, 8). Con tal propdsito recomienda el
criterio de reducir la probabilidad de que ocurran
accidentes mediante sistemas de seguridad apro-
piados, de modo que los riesgos radiolégicos deri-
vados de situaciones accidentales en que pueda
estar involucrada una fuente de radiacién sean del
mismo orden de magnitud que los riesgos asocia-
dos con la exposicion a las radiaciones en condicio-
nes de operacién normal de dicha fuente (8).

A pesar de los reparos formulados por la
CIPR acerca de la naturaleza colectiva del criterio
de optimizacién durante el proceso de revisién de
las actuales recomendaciones (9), no cabe duda de
que la aplicacién conjunta y sistematica de los crite-
rios de limitacién de dosis y optimizacién ha cons-
tituido una estrategia eficaz para reducir los riesgos
asociados con las radiaciones. Segtin las estadisticas
compiladas por el ONU/CCEERA a partir de la in-
formacién brindada por las autoridades nacionales,
se observa que los valores de dosis de radiacién re-
cibidas por los trabajadores muestran una tenden-
cia decreciente a lo largo de las tultimas décadas, al
menos en los paises que cuentan con estructuras re-
guladoras apropiadas. Esos datos indican que la
dosis efectiva promedio recibida anualmente por
los trabajadores de distintos pafses se ha reducido
33% en 30 afios (5). Sin embargo, se debe tener en
cuenta que no todos los paises cuentan con meca-
nismos para documentar las dosis ocupacionales y,
por lo tanto, en tales casos no se tiene informacion
sobre la evolucién de las mismas.

(Consideraciones individuales o colectivas?

Desde 1976, la CIPR promueve el empleo de
otro indicador del nivel de proteccién radiolégica: la
dosis colectiva. La dosis colectiva consiste esencial-
mente en la suma de las dosis efectivas que reciben
las distintas personas que trabajan con procesos en
que se utilizan fuentes de radiacién (dosis colectiva
ocupacional), o la suma de las dosis efectivas que re-
ciben o recibiran en el futuro los miembros de una
poblacién como consecuencia del funcionamiento
de una instalacién con fuentes de radiacion (dosis
colectiva del publico). La dosis colectiva se expresa
en sievert-persona (Svp). Para facilitar su calculo, se
clasifica a la poblacién expuesta en grupos segtin los
niveles de dosis efectiva media y se la define for-
malmente como se menciona en el cuadro 1.

La dosis colectiva se utiliza como indicador
del detrimento colectivo que la exposicién a las ra-
diaciones ionizantes puede provocar en un grupo de
trabajadores o en la poblacién en general. Su validez
estd condicionada por las hipotesis de linealidad y
de ausencia de umbral aplicables a los efectos esto-
casticos, por lo que el concepto de dosis colectiva
puede emplearse solamente cuando las dosis y las
tasas de dosis individuales son bajas. La amplia
aceptacién que ha ganado este concepto se debe a
que permite comparar la eficacia de diferentes estra-
tegias de protecciéon radiolégica aplicables a una
misma fuente, asi como los efectos radioldgicos ad-
versos provocados por diferentes fuentes (cuadro 3).

En el proceso de revisién Ilevado a cabo por
la CIPR durante los tiltimos afios se ha cuestionado
(9) y revalorizado (10) este concepto. Cabe suponer
que en sus préximas recomendaciones la CIPR

CUADRO 3. Dosis efectivas anuales promedio y dosis efectivas colectivas mundiales anuales
correspondientes a la exposicion natural y a la exposicidn artificial por diversas causas

Fuentes de exposicién en el mundo

Dosis efectiva anual
per cépita (mSv)

Dosis efectiva colectiva
mundial {millones de Svp)

Radiacion natural

Radiodiagndstico médico

Pruebas nucleares en la atmdsfera

Accidente de Chernobyl, antigua Unién Soviética
Produccién de energia nuclear

24 14 400
0,4 2400
0,005 30
0,002 12
0,0002 1.2

Fuente: Datos tomados de la referencia 5.
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mantendra el concepto de la dosis colectiva, aunque
probablemente con algtin condicionamiento.

EL EQUILIBRIO ENTRE LOS BENEFICIOS
Y LOS RIESGOS: LA REGULACION

La proteccién radiolégica no debe reducirse a la
formulacion de buenos propésitos. ;Cémo lograr que
el disefio, la construccién, la operacién y el desman-
telamiento final de una instalacién cumplan con los
recaudos técnicos necesarios? La capacitacién y el en-
trenamiento de las personas implicadas es, sin duda,
una condicién esencial, pero no es suficiente. Es nece-
sario que en cada pais funcione una organizacién in-
dependiente para supervisar el cuamplimiento de los
principios y las normas especificas, es decir, una
autoridad reguladora en materia de proteccién radio-
légica. Su organizacion es responsabilidad de los go-
biernos y los organismos internacionales especializa-
dos pueden brindar asistencia al efecto.

Enlas Américas, la Organizacién Panamericana
de la Salud (OPS) ha colaborado desde la década de
1960 con los Estados Miembros en la elaboracién de
normas de proteccién radiolégica y en el desarrollo
de actividades de control de las fuentes de radiacién
(11). En 1997, la OPS publicé un libro con abundante
informacién sobre la organizacion y el desarrollo de
los servicios de imaginologia y radioterapia, en el que
se presentan los principales conceptos sobre protec-
cién radiolégica y aspectos reguladores (12).

El Organismo Internacional de Energia Ato-
mica (OIEA), junto con la OPS, la Organizacién Mun-
dial de la Salud (OMS), la Organizacién Internacional
del Trabajo (OIT) y la Organizacién de las Naciones
Unidas para la Agricultura y la Alimentacién (FAO),
asi como la Agencia Nuclear de Energia (NEA) de la
Organizacién de Cooperacién y Desarrollo Econdmi-
cos, han elaborado varios documentos orientados a
apoyar el establecimiento de organizaciones regula-
doras nacionales. El primero de ellos, “Normas basi-
cas internacionales para la proteccion contra las ra-
diaciones ionizantes y la seguridad de fuentes de
radiacién” (NBIS) (13), que se publicé en inglés en
1996 y en 1997 en castellano, constituye una guia
préctica para la estructuracién de las normas de pro-
teccién radiolégica y las funciones reguladoras en los
paises.

El OIEA brinda asistencia a los Estados
Miembros que la requieran para la creacién y el de-
sarrollo de organizaciones reguladoras de la protec-
cién radiolégica mediante el llamado Proyecto Mo-
delo. En la actualidad, 13 paises latinoamericanos
participan en ese proyecto?.

2 Para mayor informacién se puede consultar la pagina del OIEA en
Internet http:/ / www iaea.org
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Los gobiernos y las funciones reguladoras

Los gobiernos deben prestar atencién a asun-
tos muy disimiles y administrar los recursos de los
paises para satisfacer las necesidades basicas de sus
pueblos de acuerdo con el grado de desarrollo alcan-
zado. Cabe preguntarse, ;en qué medida la atencién
de los riesgos asociados con la evolucién de la tecno-
logia puede ser un objetivo central en paises donde
las necesidades elementales —como la atencién mé-
dica o el saneamiento bdsico— no estdn satisfechas
aun? ;Qué prioridad puede tener un programa de
proteccién radiol6gica en tales circunstancias?

Sin embargo, es frecuente encontrar instala-
ciones médicas con fuentes de radiacién ionizante
de cierta complejidad en paises que tienen grandes
carencias tecnolégicas. Por lo tanto, el analisis no
debe estar dirigido a considerar la prioridad que
puede tener un programa de proteccion radiolégica
en el contexto del desarrollo general de un pais,
sino en el marco del desarrollo de un campo especi-
fico de aplicacién de las fuentes de radiacion en ese
pais. Los costos de proteccién radiolégica y del sis-
tema regulador deben formar parte de los costos de
la tecnologia que emplea tales fuentes y, desde esa
perspectiva, tales costos son relativamente bajos.

No todos los paises cuentan con organismos re-
guladores apropiados. En algunos casos esto puede
atribuirse a una subestimacién de los riesgos asocia-
dos con las fuentes de radiacién ionizante. Sin em-
bargo, no es desdefiable la exposicién de la poblacién
provocada por las fuentes artificiales de radiacién, en
particular las de uso médico (cuadro 3), a lo que
deben agregarse los numerosos accidentes que se
producen en el mundo con fuentes industriales y mé-
dicas. Los accidentes ponen en evidencia la existencia
de fallas extremas en los sistemas de seguridad ra-
diolégica, pero cabe suponer que fallas menos graves
—que impliquen sobreexposiciones menores— pue-
den pasar inadvertidas o no notificarse.

Las autoridades reguladoras

En muchos paises, la regulacién de la protec-
cién radiolégica se organizé a medida que se desa-
rrollaban las aplicaciones con fuentes de radiacién
ionizante y materiales nucleares. En la mayoria de
los casos, la organizacién de la regulacién recay6 en
los organismos de energia atémica o sus equivalen-
tes. Sin embargo, en algunos paises los organismos
de salud asumieron esa responsabilidad. Durante las
dltimas décadas aumenté la conviccidon de que los
organismos reguladores debian constituir estructu-
ras gubernamentales diferentes de las instituciones
que empleaban fuentes de radiacién o que promo-
vian su uso y gradualmente se fueron creando es-
tructuras reguladoras independientes en varios pai-
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ses. Es facultad de cada pais decidir la organizacion
mds apropiada para sus condiciones especificas.

Las autoridades reguladoras deben establecer
normas de proteccién radiolégica y verificar su cum-
plimiento durante todas las etapas de desarrollo de
las diferentes practicas que empleen fuentes de radia-
cién jonizante. Estas autoridades deben tener la sufi-
ciente capacidad de accién técnica, legal y ética que
les permita ejercer su autoridad sobre las personas y
entidades encargadas de tales practicas. El principal
mecanismo con que cuentan las autoridades regula-
doras para aplicar su autoridad consiste en un sis-
tema de licencias institucionales que autorizan tener,
utilizar, transferir y trasladar fuentes de radiacion io-
nizante o realizar cualquier operacién con ellas. Estas
autorizaciones o licencias institucionales estdn condi-
cionadas al cumplimiento de determinados requisitos
de disefio y operacién de las instalaciones, equipos y
fuentes. Ademds, es preciso contar con un sistema de
autorizaciones o licencias personales que se otorgan
al personal segiin su nivel de capacitacién y entrena-
miento en proteccion radioldgica y en la practica es-
pecifica en que utilizaran las fuentes de radiacion.

Las autoridades reguladoras no se pueden li-
mitar a cumplir funciones administrativas, sino que
deben estar en condiciones de evaluar la proteccion
y la seguridad radioldgicas en el dmbito de cada
fuente y en las condiciones particulares de cada tipo
de practica, y de exigir las mejoras que resulten ne-
cesarias. Esto solo es posible si se cuenta con perso-
nal profesional y técnico altamente capacitado, con
experiencia en la proteccién radiolégica y —lo que
no es menos importante— experiencia en la opera-
cién del tipo de instalaciones que se supervisa.

Se debe recordar que en condiciones normales,
las dosis de radiacion que reciben las personas no pro-
vocan alarma sensorial ni manifestaciones clinicas in-
mediatas, aunque ello no significa que los riesgos sean
nulos ni pequefios. Por consiguiente, la autoridad re-
guladora debe exigir que cada instalacién cuente con
sistemas de vigilancia radiolégica que permitan eva-
luar las dosis de radiacién recibidas por las personas.

Desde la publicacién de las NBIS (13), el OIEA,
junto con los demds organismos responsables de esa
publicacién, ha promovido el fortalecimiento de es-
tructuras reguladoras nacionales y ha brindando asis-
tencia técnica al respecto. La Conferencia Internacio-
nal sobre Infraestructuras Nacionales Reguladoras en
Seguridad Radiolégica, celebrada en Rabat, Marrue-
cos, en septiembre de 2003, constituye una prueba de
la importancia que se le otorga a la regulacion (14).

LA FUNCION DE LAS AUTORIDADES
DE SALUD

Las funciones de las autoridades nacionales de
salud en el proceso de regulacion difieren segiin el
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pais. Sin embargo, las autoridades sanitarias tienen
la responsabilidad de emitir opiniones autorizadas
en materia de salud, asf como las autoridades regu-
ladoras en proteccién radiolégica tienen la mision de
preservar la salud de las personas ante este riesgo es-
pecifico. Por ello, independientemente de cémo se
estructuren las funciones reguladoras en un pafs, las
autoridades sanitarias no deberian estar desvincula-
das del sistema regulador. Su opinién especializada
puede contribuir de manera importante a validarlo.

Las autoridades de salud pueden participar
activamente al menos en tres aspectos de la protec-
cién radiolégica: la promocion de la educacién for-
mal del personal de salud en lo concerniente a la
proteccién radiolégica, la atencién médica de las
personas sobreexpuestas y la proteccién radiolégica
de los pacientes.

Formacion del personal de salud

La formacién universitaria y los procesos for-
males de entrenamiento para los profesionales de la
salud deben aportar los conocimientos necesarios
sobre el empleo de las radiaciones ionizantes en las
aplicaciones médicas, sus riesgos y beneficios. En el
caso de los especialistas, esto se debe complementar
con una profunda capacitacién y un intenso entre-
namiento en las aplicaciones médicas especificas.
Los fisicos médicos son indispensables en los servi-
cios de radioterapia, conviene su presencia en los
de medicina nuclear y deberian asesorar en los de
radiodiagndstico. Aunque esta no es una especiali-
dad nueva, en algunos paises no se cuenta con un
nimero suficiente de fisicos médicos ni con insti-
tuciones apropiadas para su formacién. Las autori-
dades de salud pueden contribuir de un modo
importante al desarrollo, la consolidacién y el reco-
nocimiento de esta especialidad.

La atencién médica de las personas
sobreexpuestas a radiaciones

Otro aspecto en el que las autoridades de
salud deberian desempefiar un papel protagénico
es la atencion médica de las personas sobre-
expuestas accidentalmente. La evaluacién diagnds-
tica, la estrategia terapéutica que debe seguirse y las
derivaciones apropiadas incumben directamente a
los profesionales de la salud y deben planificarse
estableciendo los acuerdos correspondientes con las
instituciones médicas involucradas.

La proteccion radiolégica de los pacientes

Las fuentes de radiacion ionizante de uso mé-
dico son las mas numerosas y las que contribuyen
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en mayor medida a la exposicién artificial de la po-
blacién (cuadro 3). En la actualidad hay mds de un
millén y medio de fuentes de radiacién ionizante
declaradas en el mundo, tanto para diagnéstico
como para tratamiento médico, y con ellas se reali-
zan mas de dos mil millones de procedimientos
anualmente (cuadro 4). Ademads de provocar la ine-
vitable exposicién de los trabajadores y de algunos
miembros de la poblacién —como todas las fuentes
de radiacién ionizante—, estas fuentes estan conce-
bidas para irradiar deliberadamente a determina-
das personas: los pacientes. La CIPR ha dedicado
una docena de publicaciones al tema de la protec-
cién de los pacientes y en una de ellas (15) ha sinte-
tizado los criterios apropiados para las practicas de
diagnoéstico y tratamiento.

La proteccién radioldgica del paciente estd re-
lacionada con el ejercicio de la profesién médica. En
ocasiones, los organismos reguladores se limitan a si
mismos en aras de no “invadir” el campo médico
(16) y se produce entonces un vacio que ningun or-
ganismo cubre. Por ello es deseable que las autori-
dades de salud se interesen especialmente en la pro-
teccion radiol6gica del paciente y establezcan una
accién coordinada con los organismos reguladores.

;Coémo proteger a personas irradiadas
deliberadamente?

Para obtener una imagen radiolégica o tratar
un tumor es indispensable que el paciente reciba
cierta dosis de radiacién. Puede entonces hacerse re-
ferencia a una dosis necesaria. Sin embargo, en oca-
siones la exposicién es mayor que la requerida para

CUADRO 4. Principales equipos médicos que emplean ra-
diaciones ionizantes y nimero de procedimientos realiza-
dos anualmente en el mundo

Aplicacion médica Numero de equipos

Radiodiagnéstico (1 910 millones
de procedimientos por ano)

Convencional 700 000
Tomografia computarizada 34 000
Mamografia 40 000
Radiodiagnéstico dental (520 millones
de procedimientos por afio)
Convencional 900 000
Medicina nuclear (32 millones
de procedimientos por afio)
Escaner rectilineo, camara gamma 14 000
Tomografia por emisién de positrones 300
Radioterapia
(4,7 miliones de tratamientos por afio)
Rayos X 5 000
Cobalto 4 000
Acelerador lineal 5 000

Fuente: Datos tomados de la referencia 5.
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el procedimiento o se exponen tejidos que estan fuera
del campo de interés, lo que genera una dosis inne-
cesaria. No se pueden establecer limites de dosis para
los pacientes, ya que la relacién dosis-beneficio es di-
ferente en cada caso. Los conceptos de justificacién y
optimizaciéon adquieren entonces mayor importan-
cia: el médico debe analizar la justificacion de cada
procedimiento que prescribe y el equipo médico es-
pecializado que lo realiza debe optimizarlo (16).

La optimizacion estd estrechamente relacio-
nada con la calidad de los procedimientos. En algu-
nas instituciones las dosis son hasta 10 veces
mayores que las empleadas en otras para realizar
estudios radiodiagndsticos equivalentes desde el
punto de vista de la informacién obtenida. Esto sig-
nifica que la dosis innecesaria puede ser muy ele-
vada en algunos casos. Se debe tener en cuenta que
la dosis colectiva mundial generada por los procedi-
mientos de radiodiagnéstico médico es la mayor de
las atribuibles a la exposicion artificial a las radia-
ciones ionizantes (cuadro 3). Se puede suponer que
si se lograra mejorar la calidad de los procedimien-
tos radiolégicos se podria reducir la correspon-
diente dosis colectiva mundial al menos a la mitad
sin menoscabar los beneficios del radiodiagnéstico.

Las dosis efectivas individuales en los pro-
cedimientos de radiodiagndstico pueden variar,
segan el tipo de estudio, desde decenas de uSv
hasta mas de 100 mSv. Algunas técnicas pueden
originar dosis absorbidas de 10 a 100 mGy en algu-
nos tejidos, como la tomografia computarizada (17),
o de 1 Gy o mas en la piel, como la radiologia inter-
vencionista (18). En ocasiones, la dosis absorbida
puede sobrepasar los umbrales de los efectos deter-
ministas y producir lesiones en los pacientes.

En radioterapia, las dosis prescritas para el
tratamiento de los tumores son elevadas (entre 20 y
85 Gy). La eficacia de estos procedimientos de-
pende en gran medida de la exactitud con que se
irradia al paciente y del grado en que se logra mini-
mizar la exposicién de los tejidos sanos, es decir,
depende tanto del valor de la dosis como de la lo-
calizacién del campo de irradiacién. Dosis superio-
res a la prescrita aumentan el riesgo de lesiones y
muerte provocadas por las radiaciones, mientras
que dosis inferiores aumentan el riesgo de un trata-
miento ineficaz. La desviacién aceptable para mini-
mizar estos efectos indeseables es de 5%.

Accidentes con fuentes médicas

En un estudio realizado por el OIEA en el que
se investigaron 90 accidentes relacionados con la ra-
dioterapia en diversos paises, los errores detectados
de sobreexposicién son tres veces mas numerosos
que los de subexposicion (19). Esta asimetria podria
relacionarse en parte con el hecho de que la detec-
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cién de sobreexposiciones se ve favorecida por reac-
ciones clinicamente observables en el paciente, en
tanto que la subexposicién no produce manifesta-
ciones clinicas, aunque puede dar lugar a un trata-
miento menos eficaz y a la posible muerte del pa-
ciente por la evoluciéon de su enfermedad. Esas
consecuencias, aunque graves, pueden no ser tan
patentemente atribuibles a subexposiciones provo-
cadas por errores en los procedimientos.

Durante la dltima década, en las Américas se
han producido dos accidentes con fuentes de radiote-
rapia que han provocado la muerte de decenas de pa-
cientes por sobreexposicién (20, 21). Graves fallas con-
dujeron a esos accidentes. Cabe preguntarse, ;cudntos
casos sin detectar o sin notificar pueden haber ocu-
rrido en el mundo, con desviaciones menos patentes
en los valores de las dosis, pero con un detrimento
significativo de la eficacia de los tratamientos?

El empleo de un medio terapéutico como la
radiacién se justifica si el procedimiento se planifica
con la mejor técnica disponible y se aplica con la
mayor calidad (22). La prevencién de accidentes en
la practica de la radioterapia vincula estrechamente
dos especialidades: la proteccién radiolégica y la fi-
sica médica (23).

El plan de accién internacional para la
proteccion radioldgica de los pacientes

En marzo de 2001 se celebré en Malaga, Es-
pafia, la Conferencia Internacional sobre Proteccion
Radiolégica del Paciente, patrocinada por varias
organizaciones internacionales (OIEA, OMS, OPS,
entre otras). Como resultado de esa conferencia se
aprobd un plan de accién internacional para la pro-
teccién radiolégica de los pacientes {24) que con-
templa, entre otras, las acciones siguientes:

¢ promover la educacién y el entrenamiento de mé-
dicos clinicos, especialistas, tecn6logos, enferme-
ros, fisicos médicos, radiofarmaceutas, disefiado-
res de equipos, ingenieros de mantenimiento,
administradores, entre otros, en la proteccién ra-
dioldgica, el control de la calidad y la reduccién
de las dosis innecesarias y de los riesgos de expo-
sicién accidental en las aplicaciones médicas

e promover el intercambio de informacién sobre
esos temas entre instituciones de diversos paises

e promover el reconocimiento de la importancia de
los tecnélogos en la proteccion radiolégica de los
pacientes y mejorar su capacitacién

e promover el reconocimiento de la importancia
de los fisicos médicos como profesionales de la
salud

e preparar guias apropiadas destinadas al personal
de los servicios médicos que emplean fuentes de
radiacién
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* reconocer que existen aspectos relacionados con
la transferencia de equipos de segunda mano a
paises en desarrollo que inciden en la proteccién
radiolégica y proporcionar gujas destinadas a los
donantes de equipos de segunda mano, los re-
ceptores y las organizaciones intermediarias. En
particular se debe tomar en cuenta la necesidad
real del pais receptor, la provisién de herramien-
tas, accesorios; piezas de recambio y manuales; la
formalizacién de acuerdos para las pruebas de
aceptacion, instalacién y mantenimiento, y el en-
trenamiento en el uso de equipos con sus dispo-
sitivos especificos de proteccién.

Se espera que las autoridades de salud conoz-
can este documento y participen activamente en la
puesta en practica de estas acciones.

CONCLUSIONES

Lejos estaban Roentgen y Becquerel de imagi-
nar la extraordinaria expansién de las aplicaciones
practicas de sus descubrimientos. Pero en la actua-
lidad no se desconocen, como en aquellos tiempos,
los riesgos asociados con esos fenémenos y no se
justifica que las practicas con fuentes de radiacién
ionizante, que tantos beneficios pueden aportar,
provoquen dafios por la falta de medidas eficaces
de proteccién radiolégica y de procedimientos ade-
cuados de garantia de la calidad.

Ese equilibrio entre beneficios y riesgos se
puede controlar mediante sistemas reguladores
nacionales adecuados. Es responsabilidad de los
gobiernos crear condiciones juridicas y administra-
tivas apropiadas para que las autoridades regula-
doras de la proteccién radioldgica lleven a cabo su
labor eficazmente.

Las autoridades de salud, aun cuando no ejer-
zan funciones reguladoras directas en esta materia,
pueden contribuir de un modo importante me-
diante su accién coordinada con los érganos regula-
dores para proteger la salud de los trabajadores y
miembros de la poblacién contra los riesgos que im-
plican las fuentes de radiaciones ionizantes. Tam-
bién deberian cumplir una importante funcién en la
organizacién de los medios necesarios para la aten-
cién de personas sobreexpuestas por accidentes con
fuentes de radiacién. Pero cabe esperar que las au-
toridades sanitarias desempefien un papel protagé-
nico en la proteccion de los pacientes debido a su re-
lacién directa con la profesién médica. Para ello,
deben contar con profesionales sanitarios con co-
nocimientos en materia de proteccién radiolégica,
promover el uso del equipo adecuado y aplicar pro-
cedimientos apropiados de garantia de la calidad.

La intervencién oportuna de las autoridades
nacionales de salud puede contribuir en gran me-
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dida a reducir las dosis innecesarias en las practicas
médicas con fuentes de radiacién y reducir las pro-
babilidades de que ocurran accidentes radiolégicos
en este campo.

SYNOPSIS

Regulating radiological protection and the role
of health authorities

This article summarizes the development of protection against
ionizing radiation and explains current thinking in the field.
It also looks at the decisive role that regulatory agencies for ra-
diological protection must play and the important contribu-
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tions that can be made by health authorities. The latter should
take an active part in at least three aspects: the formal educa-
tion of health personnel regarding radiological protection; the
medical care of individuals who are accidentally overexposed,
and the radiological protection of patients undergoing radio-
logical procedures. To this end, health professionals must pos-
sess sufficient knowledge about radiological protection, pro-
mote the use of proper equipment, and apply the necessary
quality assurance procedures. Through their effective inter-
vention, national health authorities can greatly contribute to
reducing unnecessary doses of radiation during medical pro-
cedures involving radiation sources and decrease the chances
that radiological accidents will take place.

Key words: radiation, ionizing; radiation protection;
radiation control; standards.

diol Prot. 2003;23:129-42.

cal Protection. Managing patient dose in
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SYNOPSIS

Health physicists and knowledgeable clinicians have the re-
sponsibility to counsel women of reproductive age about the
reproductive risks of ionizing radiation exposure before con-
ception or during pregnancy. It is important to realize that
lay individuals have many misconceptions about the repro-
ductive risks of ionizing radiation. Many patients who have
already had or will undergo some type of radiological test
are apprehensive about the reproductive and developmental
risks of diagnostic radiological procedures. Epidemiological
studies and animal studies indicate that high exposures of
ionizing radiation can cause miscarriage, congenital malfor-
mations, growth retardation, stillbirth, and cancer. With the
exception of cancer, there are threshold exposures for those
outcomes, with exposures below certain radiation doses not
increasing the reproductive or developmental risks. The
threshold exposure for birth defects at the most sensitive
stage of development is 0.2 Gy, and the threshold for growth
retardation and miscarriage is even higher. However, em-
bryonic loss can occur from low exposures during the pre-
implantation and presomite stages of development (“the all
or none period”). This is a stage when the embryo is more
likely to die than survive malformed. The most sensitive pe-
riod for the induction of mental retardation is from the 8th
week to the 15th week of gestation. The threshold for deter-
ministic effects increases after early organogenesis and also
as the exposure is protracted, e.g., with radionuclides or
multiple radiological procedures. Awareness that the thresh-
old dose for developmental effects increases as the fetus de-
velops complicates counseling because we do not have defin-
itive data on threshold exposures at all stages of gestation.
Ionizing radiation exposures prior to pregnancy represent a
very low risk for the increased incidence of genetic disease in
the offspring of the parents who have had radiation expo-
sures to the ovary or testes. Counseling patients requires
knowledge of embryology, genetics, radiation teratology,
and the principles of teratology in order for the counselor to
provide sympathetic, accurate, scholarly advice.

Health physicists and knowledgeable clinicians
have the responsibility to counsel women of repro-
ductive age about the reproductive risks of ionizing
radiation exposure that occurs either before con-
ception or during pregnancy. Medical personnel
need to realize that lay individuals have many mis-
conceptions about the reproductive risks of ioniz-
ing radiation. Further, many patients are apprehen-
sive about the reproductive and developmental
risks of diagnostic radiological procedures. Coun-
seling patients requires knowledge of embryology,
genetics, radiation teratology, and the principles
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of teratology in order for the counselor to provide
sympathetic, accurate, scholarly advice. This paper
will help inform medical personnel about the real
risks to the embryo from ionizing radiation, pro-
vide suggestions on counseling patients, recom-
mend procedures to follow when evaluating a
patient, and offer guidance on when to schedule
elective X-ray studies that are needed.

RISKS TO THE EMBRYO FROM IONIZING
RADIATION

There is no question that an acute exposure to
ionizing radiation above 0.5 Gy represents a signifi-
cant risk to the embryo, regardless of the stage of
gestation (1-8). The threshold dose for low linear en-
ergy transfer ionizing radiation that results in an in-
crease in major anatomical congenital malformations
is approximately 0.2 Gy. Although congenital mal-
formations are unlikely to be produced by radiation
during the first 14 days of human development,
there would be a risk of embryonic loss if the dose
were high. From approximately the 18th day to the
40th day postconception, the embryo is at risk for an
increased frequency of anatomical congenital mal-
formations if the embryonic exposure is greater than
0.2 Gy. Studies in mice have reported rib variation or
other skeletal variations below 0.2 Gy, but these
studies cannot be translated to human risks. The em-
bryo maintains an increased susceptibility to central
nervous system (CNS) effects, e.g., major CNS mal-
formations early in gestation and mental retardation
and microcephaly in midgestation. Of course, with
very high doses, e.g., an exposure to a few Gy in the
latter part of gestation, there can be a decrease in in-
telligence. While it is true that the embryo is sensitive
to the deleterious effects of these mid-range expo-
sures of ionizing radiation, the measurable effects
decrease as the exposure approaches the usual expo-
sures that the embryo receives from diagnostic radi-
ology procedures, which are predominantly less
than 0.05 Gy. In fact, many studies indicate that the
threshold for most embryonic radiation effects is in
the 0.2-Gy range, and that this threshold for deter-
ministic effects is raised by protraction of the radia-
tion exposure (9, 10). For example, following several
clinical diagnostic radiological procedures occurring
over a period of days, the exposure may be greater
than 0.05 Gy (8). In this case, the counselor can more
readily reassure the patient that the reproductive
risks are not increased because the exposure was
protracted. The newer techniques using CT scans
have the potential for exposing the embryo or fetus
to doses above 0.05 Gy, although there has been a
major effort by the radiologists and manufacturers to
reduce the exposure from CT scans (11-14).
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That is why the recommendation of most offi-
cial organizations, including the National Council
on Radiation Protection and Measurements (NCRP),
indicate that exposures of 0.05 Gy or less will not in-
crease the risk of birth defects or miscarriage (3, 7, 8).
However, when the exposure exceeds the threshold
dose, the risks of radiation exposure to the human
embryo include embryonic loss, growth retarda-
tion, congenital malformations, microcephaly and
mental retardation, infertility, and carcinogenesis
(with the magnitude of the oncogenic risk to the
fetus being controversial) (15-18).

Except for carcinogenesis, all of those effects are
threshold phenomena. Therefore, radiation exposure
below 0.05 Gy represents no measurable increased
deterministic risks to the embryo. Even if one accepts
the controversial concept that the embryo is more
sensitive to the carcinogenic effects of radiation than
the child is, the risk at these low exposures is much
smaller that the spontaneous risks (Table 1). Further-
more, other studies (16~18) indicate that the estimate
of the risk of radiation-induced leukemogenesis
made by Stewart et al. (15) is exaggerated.

Table 1 presents the spontaneous risks facing
an embryo at conception and the additional risks that
would come from a low exposure of ionizing radia-
tion (0.05 Gy). The hazards of exposures in the range
of diagnostic radiology (0.2 mGy-0.05 Gy) represent
an extremely low risk to the embryo, when compared
with the spontaneous mishaps that can befall human
embryos. Approximately 15% of clinically recog-
nized pregnancies abort spontaneously, but many
more pregnancies do not survive even to the first
missed menstrual period. Human infants have a 3%
major malformation rate at term, which rises to ap-
proximately 6% once all minor and major malforma-
tions are recognized. In spite of the fact that doses of
<0.05 Gy can produce cellular effects and the fact that
diagnostic exposures during pregnancy may have a
small risk of malignancy in the child, the maximum
theoretical risk to human embryos exposed to doses
of 0.05 Gy or less is extremely small. When the risks
are explained to the patient, the family with a wanted
pregnancy invariably continues with the pregnancy.
It is of interest that most mothers who have been ex-
posed to ionizing radiation during their pregnancy
are concerned about all congenital malformations.
However, if they are concerned about cancer, it is pri-
marily a concern about childhood leukemia. The risk
of leukemia following fetal exposures from diagnos-
tic radiological studies is a small fraction of the spon-
taneous leukemia risk, even when the risk published
by Wakeford and Little (18) is utilized, and the risks
estimated by other investigators (16-17) are lower
than those of Wakeford and Little.

The difficulty that frequently arises is that
the risks from diagnostic radiation are evaluated out-
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TABLE 1. Spontaneous risks facing an embryo at conception and the additional risk that would come from a low exposure
of ionizing radiation (0.05 Gy)?

Spontaneous risks facing
an embryo at conception

Type of risk (0 rad exposure) Additional risk from a 0.05-Gy exposure
Risk of very early pregnancy loss, before 350 000/108 pregnancies 0

the first missed period

Risk of spontaneous abortion in known- 150 000/10° pregnancies 0

pregnant women

Risk of major congenital malformations 30 000/1Q° 0

Risk of severe mental retardation 5 000/10° 0

Risk of childhood leukemia/year 40/10%/year <?1-3/10%/year

Risk of early- or late-onset genetic disease 110 000/10° Very low risk; the risk is in the next
generation and is not measurably
increased with small populations

Prematurity 40 000/10° pregnancies 0

Growth retardation 30 000/10° pregnancies 0

Stillbirth 20-2 000/108 pregnancies 0

Infertility 7% of couples 0

2 Modified from Brent (4) and Brent {5).

side the context of the significant normal risks
of pregnancy. Furthermore, many physicians ap-
proach the evaluation of diagnostic radiation expo-
sure with either of two extremes: a cavalier attitude,
or panic. The usual procedures in clinical medicine
are ignored, and an opinion based on meager infor-
mation is given to the patient. Frequently, it reflects
the physician’s bias about radiation effects, or his or
her ignorance of the field of radiation biology. In our
consultation records—obtained from the Internet,
telephone contacts, and correspondence over the past
five decades—we have records of patients who, fol-
lowing radiation exposure from a very low-exposure
diagnostic radiological procedure, were not properly
evaluated, but were advised to have an abortion.

COUNSELING PATIENTS ABOUT
REPRODUCTIVE AND DEVELOPMENT RISKS

The responsibility for evaluating risks of en-
vironmental toxicants to the pregnant patient and
her embryo may be that of the family physician, ob-
stetrician, radiologist, or health physicist. When
evaluating the risks of ionizing radiation, the coun-
selor can be faced with various clinical situations.
Four types of encounters are briefly described in the
following paragraphs.

The first situation involves a pregnant or pos-
sibly pregnant patient who presents with clinical
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symptoms that need to be evaluated. What is the ap-
propriate utilization of diagnostic radiological pro-
cedures that may expose the embryo or fetus to ion-
izing radiation? A pregnant or possibly pregnant
woman complaining of gastrointestinal bleeding or
pain or an abdominal or pelvic mass that cannot be
attributed to pregnancy deserves the appropriate
studies—including radiological ones—to diagnose
and treat her clinical problems. The studies should
be performed in a timely and appropriate manner in
order to minimize the exposure and maximize the
goal of making the correct diagnosis. The studies
should be performed at the time they are clinically
indicated, whether or not the woman is in the first or
second half of the menstrual cycle. Furthermore,
these studies should not be relegated to one portion
of the menstrual cycle. The first half of the men-
strual cycle is a time when the woman is not preg-
nant. Conception occurs midway during the men-
strual cycle. The second half of the menstrual cycle
is when the embryo has not yet initiated differentia-
tion and is less sensitive to the teratogenic effects of
radiation, although it is more sensitive to the lethal
effects of radiation. Animal studies indicate that the
threshold for lethality during this very early stage of
development is above 0.1 Gy, but one cannot apply
these results directly to the human embryo.

In another example of this first situation, if a ra-
diologist has been asked to perform an elective radi-
ological diagnostic study for employment or follow-

Rev Panam Salud Publica/Pan Am | Public Health 20(2/3), 2006



Brent * Counseling patients exposed to ionizing radiation during pregnancy

up that is not an emergency, then the approach
should be different. The radiological study can be
postponed until the beginning of the next menstrual
period. If the patient and physician are certain the pa-
tient is not pregnant or has a negative pregnancy test
and has not had intercourse for a lengthy period, then
the elective examination can be performed at that
time. The situation is complicated when the woman
has irregular menstrual cycles. In that situation, the
diagnostic study can be performed after the next
menstrual cycle begins. However, even in that situa-
tion, a pregnancy test should be performed.

A second clinical situation that the counselor
may face is that the patient has completed a diag-
nostic procedure that has exposed her uterus to ion-
izing radiation, such as a procedure needed to rule
out a gastrointestinal disease because of abdominal
pain. The examination revealed that the patient had
a duodenal ulcer. The procedure was necessary, but
the patient now believes she was pregnant at the
time of the procedure. If you are the counselor,
what is the proper response to this situation?

Explain that you would have proceeded with
the necessary X-ray diagnostic test whether she was
pregnant or not, since diagnostic studies that are in-
dicated in the mother have to take priority over the
possible risk to her embryo, because almost no di-
agnostic studies increase the developmental risks to
the embryo. At this time, obtain the calculated dose
to the embryo and determine the woman'’s stage of
pregnancy. If the dose is below 0.05 Gy (that is, 0.05
Sv, or 5 rads), you can inform the mother that her
risks for birth defects and miscarriage have not
been increased. In fact the threshold for these ef-
fects is 0.2 Gy or greater, thus the 0.05-Gy exposure
is far from the threshold exposure.

A third clinical situation that the counselor
may face is that a woman delivers a baby with a
serious birth defect. On her first postpartum visit,
the woman recalls that she had a diagnostic X-ray
study early in her pregnancy. What is your re-
sponse when she asks you whether the baby’s mal-
formation could be caused by the radiation expo-
sure? In most instances, the nature of the clinical
malformation will rule out radiation teratogenesis.
Radiation-induced malformations have a confined
group of malformations that identifies the radiation
teratogenic syndrome, and many malformations
have never been reported even following intrauter-
ine radiation exposures that are known to produce
congenital malformations. In this situation a clinical
teratologist or radiation embryologist could be of
assistance. On the other hand, if the exposure is
below 0.05 Gy or even 0.10 Gy, it would not be sci-
entifically supportable to indicate that the radiation
exposure was the cause of the malformations. As
mentioned before, the threshold for major malfor-
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mations is 0.20 Gy. Dose, timing, and the nature of
the malformation would enter into this analysis. A
genetic disease is diagnosed with approximately
15% to 25% of malformed children. If that is the
case, the malformations could not have been caused
by an intrauterine exposure to ionizing radiation.

For a counselor the most difficult situation of
the four possible ones mentioned here is when ex-
ternal radiation therapy or high exposures of ra-
dionuclides have been utilized in a pregnant
woman or in a woman who became pregnant dur-
ing the therapy. While this is a serious situation,
there are instances when the exposure to the em-
bryo is low. Low exposures to the embryo may
occur when radiation therapy is directed toward
the head, neck, upper chest, or the extremities. Ad-
ministered radionuclides are special problems be-
cause each radionuclide has a different half-life,
metabolism, and excretion. Therefore, each patient
needs the expert evaluation of a competent medical
or health physicist to determine what the fetal ex-
posure will be or has been, depending on the nature
of the radiation exposure. Rarely, the patient may
have received the course of therapy or be in the
middle of the therapy when the pregnancy is dis-
covered. That can be very upsetting to both the pa-
tient and physician. The exposure to the fetus can
be calculated and appropriate counseling can be de-
livered. When the radiation therapist knows that
the patient is pregnant, then the situation is much
more advantageous, because the fetal exposure can
be estimated before the onset of therapy.

In order to appropriately and more com-
pletely respond to all these situations, the counselor
should rely on the extensive amount of information
that has accumulated on the effects of radiation on
the embryo. In fact, there is no environmental haz-
ard that has been more extensively studied or on
which more information is available (2-8).

Case report

The following consultation occurred by tele-
phone. Unfortunately, it is not an uncommon oc-
currence among the thousands of consultations that
the author has performed. A 27-year-old woman
(gravida 3, para 2, abortus 0) called on a Friday af-
ternoon because she was eight weeks pregnant and
was scheduled for a therapeutic abortion on Mon-
day morning. The paternal family did not accept
abortion as an option, which caused much dissen-
sion within the family. Her obstetrician and a pedi-
atric genetic counselor had advised her to have a
therapeutic abortion because at the time of concep-
tion she had had several X-ray examinations of the
abdomen, and the obstetrician and the counselor
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were concerned that the embryo would be mal-
formed. Dosimetry had not been performed, and an
evaluation had not been initiated. It took about 10
minutes on the telephone, by taking a reproductive
history, to determine that she became pregnant after
the diagnostic radiation studies had been com-
pleted, and that her two boys had developmental
problems (hemangioma and pyloric stenosis). The
radiology department was contacted, and they had
already calculated a fetal exposure that was < 0.01
Gy. The advice that was given to the patient over the
telephone was that the outcome of the pregnancy
still had the background risk for reproductive and
developmental risks: 30 major malformations per
1 000 births as a minimum, and 15% for miscarriage.
She canceled the abortion, and later delivered a nor-
mal, fullterm girl. This case history illustrates the
inadequate amount of data that was collected by the
physicians before counseling the patient.

EVALUATING THE PATIENT

Case histories similar to the case just discussed
have been frequently referred to our laboratory at the
Thomas Jefferson University or to the duPont Hospi-
tal for Children. In most instances the dose to the em-
bryo is < 0.05 Gy, and frequently it is < 0.01 Gy. Our
experience has taught us that there are many vari-
ables involved in radiation exposure to a pregnant or
potentially pregnant woman. Therefore, there is no
routine or predetermined advice that can be given in
this situation. However, if the physician and the
health physicist take a systematic approach to the
evaluation of the possible effects of radiation expo-
sure, they can help the patient make an informed de-
cision about the pregnancy. This systematic evalua-
tion can begin only when the following 10 essential
pieces of information have been obtained: (1) stage of
pregnancy at the time of exposure; (2) menstrual,
medical, and reproductive history; (3) date of con-
ception (sometimes the patient knows when she con-
ceived); (4) previous pregnancy history; (5) family
history of congenital malformations and reproduc-
tive problems; (6) other potentially harmful environ-
mental factors that occurred during the pregnancy;
(7) ages of the mother and father; (8) types, dates, and
number of any radiation studies performed; (9) cal-
culation of the embryonic exposure by a medical or
health physicist or a radiologist who is familiar with
this type of evaluation; and (10) status of the preg-
nancy (wanted or unwanted).

The information contained in the evaluation
should be communicated to the patient so that the
family can arrive at a decision. The physician
should also place a summary in the medical record
stating that the patient has been informed that
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every pregnancy begins with a background risk of
problems and that the decision to continue the
pregnancy does not mean that the counselor is
guaranteeing the outcome of the pregnancy. In each
pregnancy, the individuals involved will need to
make a decision about using amniocentesis or ul-
trasound to evaluate the fetus.

DIAGNOSTIC OR THERAPEUTIC
ABDOMINAL RADIATION IN WOMEN
OF REPRODUCTIVE AGE

In women of reproductive age it is important
for the patient and physician to be aware of the
pregnancy status of the patient before performing
any type of X-ray procedure in which the ovaries or
uterus will be exposed. If the embryonic exposure
will be 0.05 Gy or less, the radiation risks to the em-
bryo are small when compared with the sponta-
neous risks (Table 1). Even if the exposure is 0.10
Gy, this exposure is below the threshold or no-
effect dose of 0.2 Gy for congenital malformations.
It is important to discuss the risks of radiation as
part of the preparation for the X-ray studies, at a time
when both the physician and patient are aware that
a pregnancy exists or may exist. The pregnancy sta-
tus of the patient should be determined and noted.

Because the risk of 0.05 Gy is so small, the im-
mediate medical care of the mother should take pri-
ority over the risks of diagnostic radiation exposure
to the embryo. X-ray studies that are essential for
optimal medical care of the mother and evaluation
of medical problems that need to be diagnosed or
treated should not be postponed. Once a diagnosis
has been made, elective procedures, such as em-
ployment examinations or follow-up examinations,
need not be performed on a pregnant woman, even
though the risk to the embryo is very small. If other
procedures (e.g., ultrasound) can provide adequate
information without exposing the embryo to ioniz-
ing radiation, they of course should be used. Natu-
rally, there is a period when the patient is pregnant
but the pregnancy test is negative and the men-
strual history is of little use. However, the risks of
0.05 Gy or less are exiremely small during this pe-
riod of gestation (the “all or none period,” that is,
the first two weeks post conception) (1) (Table 1).

Scheduling elective X-ray studies

In those instances in which elective X-ray
studies need to be scheduled, it is difficult to know
whether to schedule them during the first half of
the menstrual cycle (before ovulation) or during the
second half of the cycle (when most women will not
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be pregnant, but could be pregnant). Both the ge-
netic risks of diagnostic exposures to the oocyte and
the embryopathic effects on the preimplanted em-
bryo are extremely small, especially at low expo-
sures. Also, there are no data available to compare
the risk of 0.05 Gy to the oocyte (first half of the
menstrual cycle) to the risk of 0.05 Gy to the preim-~
planted embryo (second half of the menstrual cycle,
following fertilization). If the diagnostic study is
performed in the first 14 days of the menstrual
cycle, should the patient be advised to defer con-
ception for several months, based on the assump-
tion that the deleterious effect of radiation to the
ovaries decreases with increasing time between
radiation exposure and a subsequent ovulation?
The physician is in a quandary because he or she is
warning the patient about a very low risk. On the
other hand, avoiding conception for several months
is not an insurmountable hardship, as indicated in
the following quote from the Biological Effects of
Ionizing Radiation (BEIR) committee report (2): “It
is not known whether the interval between irradia-
tion of the gonads and conception has a marked ef-
fect on the frequency of genetic changes in human
offspring, as has been demonstrated in the female
mouse. Nevertheless, it may be advised for patients
receiving high doses to the gonads (> 0.25 Gy) to
wait for several months after such exposures before
conceiving additional offspring.”

Because the patients exposed during diagnos-
tic radiologic procedures absorb considerably less
than 0.25 Gy, the recommendations to perform all
diagnostic elective radiological studies in the first
half of the menstrual cycle may be unnecessary.

The importance of determining the pregnancy
status of the patient

Why expend energy to determine the preg-
nancy status of the patient if exposures < 0.05 Gy do
not measurably affect the exposed embryos, and if
it is recommended that diagnostic procedures be
performed at any time during the menstrual cycle if
necessary for the medical care of the patient?

There are various reasons why the physician
and the patient should share the burden of determin-
ing the pregnancy status before performing an X-ray
or nuclear medicine procedure that exposes the em-
bryo. One key reason is that if the physician includes
the possibility of pregnancy in the differential diag-
nosis, a small percentage of diagnostic studies may
no longer be necessary. Early symptoms of preg-
nancy may mimic certain types of gastrointestinal or
genitourinary disease. Another essential reason is
that if the physician and the patient are both aware
that pregnancy is a possibility, the physician can ex-
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plain the necessity of the procedure and answer ques-
tions about the risks. It is more likely that the patient
will be reassured, having discussed these issues, if
she subsequently proves to be pregnant.

Carefully evaluating the reproductive status
of women undergoing diagnostic procedures will
prevent many unnecessary allegations of malprac-
tice (19). Surprise and anxiety stimulate many law-
suits. In some instances, the jury that considers
the lawsuit is not concerned with cause and effect
but with the fact that something was not done prop-
erly by the physician (20, 21). In this day and age,
failure to communicate adequately can be inter-
preted as less-than-adequate medical care. These
factors are eliminated if the patient’s pregnancy sta-
tus has been evaluated properly and the situation
has been discussed with the patient. The patient will
have more confidence if the decision to continue the
pregnancy is made before the medical X-ray proce-
dure is performed, because the necessity of per-
forming the procedure will have been determined
with the knowledge that the patient was pregnant.

SINOPSIS

El asesoramiento de pacientes expuestas a
radiaciones ionizantes durante el embarazo

Los fisicos que trabajan en el dmbito de la salud y los clinicos que
tienen conocimientos de radiologia tienen la responsabilidad de
asesorar a las mujeres de edad fecunda acerca de los riesgos re-
productivos de la exposicién a radiaciones ionizantes antes de la
concepcion o durante el embarazo. Es importante entender que
las personas legas albergan muchas nociones equivocadas acerca
de los riesgos asociados con ese tipo de radiaciones. Muchas pa-
cientes que ya se han somelido o serdn sometidas a algiin tipo de
prueba radioldgica les temen a los correspondientes riesgos re-
productivos y a las posibles consecuencias de estas pruebas diag-
ndsticas para el desarrollo fetal. Segtin estudios epidemioldgicos
y con animales, un alto grado de exposicion a radiaciones ioni-
zantes puede provocar un aborto, anomalias congénitas, retraso
del crecimiento, muerte fetal y cdncer. A salvedad de esto tiltimo,
hay umbrales de exposicion establecidos en relacién con cada
uno de estos problemas, y una exposicion por debajo de ciertas
dosis de radiacion no se asocia con ninguna elevacién del riesgo
de sufrir dafios reproductivos o del desarrollo. El umbral de ex-
posicién asociado con anomalias congénitas durante la etapa del
desarrollo de mayor vulnerabilidad es de 0,2 Gy, y el umbral en
el caso del retraso del crecimiento y del aborto espontdneo es aun
mayor. No obstante, la pérdida de un embrién puede ocurrir in-
cluso a dosis bajas durante las fases del desarrollo que preceden
a la implantacion o en la fase presomdtica (el llamado periodo de
“todo 0 nada”). Esta es la etapa en que un embrién corre un
mayor riesgo de morir que de sobrevivir con malformaciones. El
periodo de mayor vulnerabilidad para la induccion de retraso
mental dura desde la octava hasta la decimoquinta semana de
gestacion. EI umbral para la aparicion de efectos deterministas
aumenta después de la embriogénesis temprana y a medida que
la exposicién se prolonga, sea, por ejemplo, por el uso de radio-
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nuclidos o durante una serie de procedimientos radioldgicos. El
saber que la dosis umbral que afecta al desarrollo aumenta a me-
dida que crece el feto complica el asesoramiento porque no tene-
mos datos contundentes acerca de los umbrales de exposicion

Brent » Counseling patients exposed to ionizing radiation during pregnancy

para todas las etapas de la gestacion. Las exposiciones a radia-

ciones ionizantes antes del embarazo acarrean un riesgo muy pe-
quefio de que aumente la frecuencia de enfermedades genéticas
en hijos/hijas de madres que han recibido radiaciones en los ova-
rios o de padres que las han recibido en los testiculos. Para ase-
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Las nuevas tecnologias que utilizan campos electromagnéti-
cos (CEM) ofrecen a la humanidad inmensos beneficios.
Ademds de emplearse en la transmision de energia eléctrica,
las telecomunicaciones y en equipos industriales, médicos y
electrodomésticos, los CEM tienen otras muchas y muy di-
versas aplicaciones. Algunos estudios demuestran que la ex-
posicién a los CEM podria producir efectos adversos a la
salud, como céncer y cambios en el comportamiento de las
personas. Aungue hasta el presente no se ha demostrado que
Ia exposicién a CEM de baja intensidad provoque estos efec-
tos, se trabaja por lograr un consenso cientifico al respecto y
por establecer normas de seguridad adecuadas. La responsa-
bilidad de desarrollar y promover los estdndares de seguridad
ha recaido fundamentalmente en organizaciones y agencias
especializadas reconocidas internacionalmente; sin embargo,
las autoridades sanitarias nacionales deben participar activa-
mente en ese proceso. La Organizacién Panamericana de la
Salud ha decidido promover investigaciones cientificas y epi-
demiolégicas con vistas a proponer guias y estdndares armo-
nizados. Algunos paises de América Latina, como Argen-
tina, Bolivia, Brasil, Chile, Colombia, Costa Rica, Ecuador,
Meéxico, Perii y Venezuela ya cuentan con leyes especificas,
aungque generalmente parciales o incompletas, basadas en las
recomendaciones internacionales. En este articulo se descri-
ben las normas establecidas en América Latina y se analizan
los diferentes enfoques de cada una de ellas.

Los problemas asociados con el uso de las ra-
diaciones no ionizantes han cobrado importancia a
medida que aumenta la utilizacién de las fuentes
que las generan. Entre estas fuentes se encuentran
las lineas de transmisién de energia eléctrica (1) y
las estaciones de transformacién que generan cam-
pos de muy baja frecuencia (5060 Hz), las fuentes
de alimentacion conmutadas, las estaciones de ra-
diodifusién de amplitud modulada (525-1735
kHz), las estaciones de radiodifusién de frecuencia
modulada (88-108 MHz), las estaciones de televi-
sién “por aire” en las bandas de frecuencias muy
altas (VHF) y ultraaltas (UHF) y los sistemas de co-
municacion méviles por celdas (800 y 1 900 MHz),
la soldadura por radiofrecuencia de uso industrial,
los equipos de tecnologia médica que utilizan ra-
diaciones de radiofrecuencias y los rayos laser y del
espectro ultravioleta cercano en sus diversas aplica-
ciones clinicas, entre otros (figura 1). Los dispositi-
vos de mantenimiento de energia eléctrica que al
cargarse generan grandes campos estéticos, los sis-
temas de resonancia magnética nuclear y los ferro-
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FIGURA 1. Espectro electromagnético de las radiaciones ionizantes
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carriles eléctricos por corriente continua (de 0 Hz),
si bien no se propagan por ser estticos, también
son objeto de estudio de los especialistas en radia-
ciones no ionizantes.

Los campos electromagnéticos (CEM) genera-
dos por las mencionadas fuentes en los grandes
centros urbanos han dado origen a las disciplinas
que estudian la accién de las radiaciones no ioni-
zantes sobre las personas, asi como la compatibili-
dad y la interferencia electromagnéticas con equi-
pos y sistemas electrénicos o electromecanicos.

En el presente articulo se examina la proble-
matica que plantea el uso de las radiaciones no io-
nizantes en América Latina y el Caribe, se analizan
las normas establecidas para proteger a la pobla-
cién contra estas radiaciones y sus fundamentos y
se expone la legislacién al respecto adoptada por al-
gunos paises latinoamericanos.

LAS RADIACIONES NO IONIZANTES

Para este andlisis se tomaron en cuenta solo
las fuentes emisoras de radiaciones no ionizantes
destinadas a los servicios de comunicaciones (de 30
kHz a 300 GHz). Se debe destacar que las radiacio-
nes provenientes de fuentes de menor frecuencia
merecen igual atencién; sin embargo, el andlisis de-
tallado de sus particularidades excede el alcance
del presente trabajo.

Magnitudes y unidades de campos
electromagnéticos

Los CEM de radiofrecuencias y microondas
(de 0,3 GHz a 300 GHz) se caracterizan mediante la
intensidad del campo eléctrico (E), expresada en
voltios por metro (V/m), y la intensidad del campo
magnético (H), medida en amperios por metro
(A/m) o en teslas (T). El flyjo de energia de la onda
electromagnética, conocido como densidad de po-
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tencia, se propaga perpendicularmente a estos dos
componentes y se cuantifica mediante un parame-
tro conocido como vector de Poynting (S). La longi-
tud de onda (A) de la propagacién y su frecuencia
(f) son dos caracteristicas relacionadas entre si por
la velocidad de propagacion de las ondas electro-
magnéticas (c), que es igual a la velocidad de la luz
en el vacio (300 000 km/s).

Otro aspecto importante relacionado con los
efectos bioldgicos de las radiaciones no ionizantes
provocados por la interaccién de los campos de ra-
diofrecuencias con sistemas biologicos es la tasa de
absorcién especifica, que estd dada por la energia ab-
sorbida por unidad de tiempo (potencia) expresada
en vatios (W) por unidad de masa corporal en kilo-
gramos (W/kg). La tasa de absorcién especifica es la
unidad dosimétrica empleada para cuantificar los
efectos bioldgicos y definir los limites de exposicion.

La necesidad de una norma

Si en un punto urbano se detecta un CEM pro-
veniente de una emisora de radio de frecuencia mo-
dulada y de una radiocelda de telefonia mévil cer-
cana, cabe preguntarse: ;Cudl es el nivel de CEM
permitido? ;Qué diferencia hay entre el CEM pro-
veniente de la estacién de frecuencia modulada y el
proveniente de la radiocelda? ;La radiocelda y la
estacién de frecuencia modulada estan situadas en
lugares adecuados? ;Cémo se deben medir los
CEM para poder caracterizarlos correctamente?

Para responder a estas preguntas se deben
tener en cuenta las normas que establecen las con-
diciones y pardmetros fundamentales para el tra-
bajo con radiaciones no ionizantes (2), entre ellos:

* los valores de exposicién mdxima permitida para
un espectro de frecuencias dado;

* los lugares donde se pueden emplazar los siste-
mas que emiten radiaciones y las condiciones
que deben cumplir;
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* los procedimientos (protocolos de medicién) que
deben emplearse para caracterizar los CEM, a fin
de obtener valores confiables que puedan com-
pararse con las normas que establecen los niveles
de exposicién maxima permitida.

La elaboracién de estas normas corresponde a
diferentes ramas institucionales; sin embargo, esta-
blecer los valores maximos permitidos de exposi-
cién es competencia de las autoridades sanitarias
(nacionales e internacionales), especialmente de las
dedicadas a la aplicacién de técnicas vinculadas con
la radiofisica y la biocompatibilidad electromagné-
tica (3). No obstante, la elaboracion de las normas
que regulan los procedimientos y la ubicacién de
los sistemas de transmision es competencia de enti-
dades especializadas designadas por los Estados
para controlar y regular los servicios de comunica-
ciones, y pueden seguir o no las pautas internacio-
nales. Por su parte, el establecimiento de los proto-
colos de medicién es tarea tanto de los organismos
de control sanitario como de las autoridades de
control de las comunicaciones y en su elaboraciéon
deben participar académicos, cientificos y técnicos
—tanto nacionales como extranjeros— a fin de ga-
rantizar que el sistema de control se base en valores
confiables que permitan fiscalizar correctamente la
intensidad de los CEM.

LOS EFECTOS ASOCIADOS Y LA POLITICA
DE CONTROL DE RIESGOS

La necesidad de contar con una norma que es-
tablezca los valores de exposicién médxima permi-
tida se debe a los trastornos que las radiaciones no
ionizantes pueden ocasionar en los organismos
vivos. Segun la Organizacién Mundial de la Salud
(OMS) estos efectos se clasifican como bioldgicos
cuando la exposicién a un CEM produce alteracio-
nes en algun sistema biolégico, tales como cambios
en la concentracién o el transporte de alguna sus-
tancia. Los efectos bioldgicos pueden sobrepasar el
umbral que el cuerpo humano puede compensar y
asi menoscabar la salud. Estos efectos sanitarios ad-
versos por exposicion a radiofrecuencias y micro-
ondas pueden ser térmicos o atérmicos.

Los efectos térmicos son el resultado de la inte-
raccion entre un CEM y un sistema biolégico, con la
posterior transformacién de la energia electromagné-
tica del campo en energia térmica debido a las pér-
didas dieléctricas y resistivas que sufren los tejidos
bioldgicos. Esto provoca el incremento de la tempe-
ratura, ya sea en la zona irradiada por el CEM o en
todo el organismo, en dependencia de las condicio-
nes de exposicién y de la frecuencia del CEM. Los
efectos térmicos mas estudiados estdn relacionados
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FIGURA 2. Variacion de la tasa de absorcion especifica
(SAR®) promedio segun la frecuencia y la zona del cuerpo
irradiada
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Fuente: Referencia 6. (Reproducido con permiso del Ministerio de Salud y
Accion Social de la RepUblica Argentina).
2 Por fa sigfa inglesa correspondiente a specific absorption rate.

con el deterioro o la pérdida de la visién y de la ferti-
lidad, ya que al estar el cristalino y las génadas en
zonas de poca irrigacion sanguinea, el calor generado
por la accién del CEM no se disipa con facilidad.

Los efectos atérmicos se producen como re-
sultado de la exposicién a CEM de muy baja inten-
sidad sin elevacién de la temperatura en los siste-
mas bioldgicos. Si bien los efectos nocivos del efecto
atérmico no se han podido corroborar mediante
grandes estudios epidemiologicos, uno de los pro-
blemas de mayor actualidad relacionado con las ra-
diaciones no ionizantes es el andlisis de la exposi-
cién prolongada a la radiacién de baja intensidad y
su posible asociacion con algunas afecciones endo-
crinas, malformaciones congénitas, cambios de ca-
réacter (efectos etolégicos) y el cancer.

Las normas que fijan los valores de exposicién
méaxima permitida a las radiaciones no ionizantes
de distintas frecuencias en la mayoria de los paises
se basan en los efectos térmicos, es decir, para cada
grupo de frecuencias se fija un valor de exposicién
maéaxima permitida por debajo del cual la absorcion
promedio del CEM por el cuerpo humano no re-
presentara un incremento nocivo de la temperatura
(en general de alrededor de 0,1 °C). De esta forma
se pueden elaborar gréficos que ilustren el compor-
tamiento de la tasa de absorcién especifica (SAR,
por la sigla inglesa correspondiente a specific absorp-
tion rate) en funcioén de la frecuencia y se pueden
fijar los valores permitidos de densidad de poten-
cia, de campo eléctrico y de campo magnético, ya
sea para trabajadores (exposicion a CEM durante 8
horas diarias) o para el piblico en general (exposi-
cién a CEM de duracién indefinida) (figura 2).

207



Articulos e informes especiales

De acuerdo con los efectos mencionados ante-
riormente y a fin de evitar el dafio que la exposicién
a los CEM podria provocar, en los ultimos 25 afios
se han definido criterios y limites de exposicién de
caracter obligatorio que ayudan a reducir los ries-
gos asociados con la exposicién a los CEM.

Debido a la falta de consenso acerca de las nor-
mas que se deben adoptar —y hasta que diversos es-
tudios epidemiolégicos atin no concluidos permitan
establecer los criterios mas racionales— se han esta-
blecido principios de cumplimento voluntario (4)
que pueden contribuir a reducir al minimo los dafios
ocasionados por las emisiones de radiofrecuencias.

1. Principio de precaucién o de incertidumbre cien-
tifica. Segtin este principio, se deben tomar pre-
cauciones para evitar la exposicién a los CEM
hasta que los conocimientos cientificos y la infor-
macién epidemiolégica permitan definir de ma-
nera mas precisa los efectos de los CEM, incluso
de las emisiones de baja intensidad o de la expo-
sicién a largo plazo.

2. Principio de prudencia. Establece que se deben
tomar medidas de proteccién de bajo costo que
permitan disminuir la intensidad de los CEM.

3. Principio de exposicién tan baja como sea razo-
nablemente posible. Se debe tratar de emplear la
menor potencia posible para una tarea dada.
Este es un principio de precaucién conocido en el
campo de las radiaciones ionizantes y que se
adopté como politica para el control de los ries-
gos por radiaciones no ionizantes.

Estos principios no establecen ni recomiendan
valores maximos o minimos, sino que enuncian
conceptos que pueden interpretarse subjetiva-
mente. Como resultado, en la actualidad se ha de-
satado un gran debate sobre el alcance y la aplica-
cién de cada uno de ellos (5).

LOS LIMITES DE EXPOSICION A LAS
RADIACIONES NO IONIZANTES

Al igual que para las radiaciones ionizantes,
para las radiaciones no ionizantes se han estable-
cido limites de exposicion para personas expuestas
en su profesion y para el publico. El uso de radiofre-
cuencias con fines médicos se excluye de este anéli-
sis, ya que no puede establecerse un limite para los
pacientes expuestos a las radiaciones —tanto para
el diagndstico como para el tratamiento— porque el
beneficio que se espera es superior al posible dafio
ocasionado.

Para ilustrar la forma en que se regula la ex-
posicion a las radiaciones no ionizantes, se expon-
dréd con mayor detalle la situacién existente en Ar-
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gentina. Los limites de exposicién promulgados por
el Ministerio de Salud y Accién Social de ese pais
mediante la Resolucién 202/95 se basaron en la
propuesta de la Direccién Nacional de Calidad Am-
biental, adscrita a la Secretaria de Salud (6-7), y
aunque fueron concebidas mucho antes que los re-
comendados por la Comisién Internacional de Pro-
teccion contra Radiaciones no Ionizantes (CIPRNI)
(8), son muy parecidos.

La exposicién ocupacional

El criterio empleado para determinar el limite
de exposicion para las personas expuestas a radio-
frecuencias por razones de trabajo se basé en una
jornada laboral de 40 horas semanales (con breves
periodos de exposiciones elevadas) durante 50 se-
manas al afio. Se les debe informar claramente a los
trabajadores de los posibles riesgos asociados con
sus ocupaciones (9). Los limites de exposicién ocu-
pacional se aplican en dependencia de la frecuencia
de la exposicion del cuerpo completo.

Estos limites de exposicién ocupacional equi-
valen aproximadamente a la densidad de poten-
cia de una onda plana incidente necesaria para pro-
ducir una SAR promedio de cuerpo completo de
0,4 W/kg (una SAR de 4 W/kg provoca un au-
mento de la temperatura corporal de aproximada-
mente 1 °C).

El valor minimo de la densidad de potencia
para la exposicién ocupacional es de 1,0 mW/ cm?,
lo que coincide con el espectro de frecuencias
donde el cuerpo humano se comporta como una an-
tena receptora ideal (figura 3). Como se sabe, la
energia radiante se transmite y se recibe a través de
elementos llamados antenas. Las configuraciones y
dimensiones de las antenas dependen de diversos
factores, como la frecuencia y su polarizacién, y en
el caso mas simple son irradiantes verticales (cual-
quier elemento conductor) con una longitud acorde
con la frecuencia de emisién. Una persona de apro-
ximadamente 1,80 metros de altura puede compor-
tarse como una antena ideal de 0,25 longitud de
onda en determinado espectro de frecuencias (por
ejemplo, 40 MHz) y por lo tanto puede absorber con
mayor eficiencia la energia irradiada.

La exposicién poblacional

La poblacién en general -——que obviamente es
mucho mds numerosa que la poblacién expuesta a
las radiaciones por razones laborales— puede co-
rrer riesgos que por lo general no se pueden con-
trolar individualmente. Por ello se establece que los
valores limite de exposicién de la poblacién en ge-
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FIGURA 3. Valores limite para la densidad de potencia
segun la frecuencia (f) en Argentina®
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2 Estas curvas reflejan el valor promedio de la densidad de potencia medida du-
rante 6 minutos para entornos ocupacionales ¢ durante 30 minutos para en-
tornos poblacionales.

Leyenda:

Curva A: Representa los valores limite de exposicion para entornos ocupacio-
nales con una exposicién diaria de 8 horas.

Curvas B y C: Representan los valores limite de exposicién para entornos po-
bfacionales con una exposicién diaria de 24 horas, que entrardn en vigencia con
el aumento planificado de nuevas fuentes radiantes, produciéndose un mayor
nivel de exposicién para el piblico. Cuando el aumento de las fuentes es signi-
ficativo, se toma como referencia la curva C en lugar de la B.

Curva D: Se aplica a entornos poblacionales cercanos a campos de antenas de
frecuencia media.

(Reproducido con permiso del Ministerio de Salud y Accion Social de la Repu-
blica Argentina).
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neral deben ser la quinta parte de los valores limite
aceptados para la exposicién ocupacional en la
mayor parte del espectro (de 10 MHz a 300 GHz) y
equivaler a la densidad de potencia de una onda
plana incidente necesaria para producir una tasa de
absorcion especifica promedio de cuerpo completo
de 0,08 W/kg (figura 3).

Cuando los campos estdn cercanos se observa
una distorsién del campo de radiofrecuencias, por
lo que la exposicién limite se debe determinar
segln la intensidad (E) y el vector (H) del campo
magnético (figuras 4y 5).

LOS PROTOCOLOS DE MEDICION

Para que las normas que regulan la exposi-
cién maxima permitida a las radiaciones no ioni-
zantes tengan utilidad practica, se debe establecer
una metodologia de medicién que permita determi-
nar correctamente los valores de los CEM o su den-
sidad de potencia (10).

En los centros urbanos pueden emplearse
CEM de distintas frecuencias, pertenecientes a dis-
tintos servicios, por lo que es posible que en un
punto dado se sienta de manera simultinea el
efecto de mas de una fuente. A fin de realizar una
caracterizacién con la mayor precisién posible, a
continuacién se enumeran las reglas basicas que se

FIGURA 4. Valores de exposicion maxima permitida para campos eléctricos en el espectro de ra-
diofrecuencias y microondas en entornos poblacionales, segun la frecuencia (f)
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Leyenda;

------------- Valores fijados por la norma de Bolivia, tomados de la Comisién Federal de Comunicaciones de los Estados Unidos de América

(FCC);

—— Valores fijados por las normas de Argentina, Brasil y Per(, todos coinciden con los valores CIPRNI;
------ Valores fijados por 1a norma de la Republica Bolivariana de Venezuela.
(Reproducido con permiso del Ministerio de Salud y Accién Social de la Republica Argentina).
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F!GURA 5. Valores de exposicion maxima permitida para campos magnéticos en el espectro de ra-
diofrecuencias y microondas en entornos poblacionales segun la frecuencia (f)
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Leyenda:

------------- Valores fijados por la norma de Bolivia, tomados de la Comisién Federal de Comunicaciones de los Estados Unidos de América
(FCC); valores fijados por las normas de Brasil, Perd y Venezuela, coincidentes con los valores CIPRNI.

—— Valores fijados por la norma argentina (de 1MHz en adelante coincide con la CIPRNI);

------ Valores coincidentes en todas las normas.

(Reproducido con permiso del Ministerio de Salud y Accién Social de la Repdblica Argentina).

deben tener en cuenta para medir correctamente los
pardmetros de los CEM.

Por lo general, los puntos de medicién en los
centros urbanos no suelen ser zonas abiertas en las
que los CEM se reciben de forma directa, sino pun-
tos donde el CEM resultante se construye mediante
la suma vectorial de los mdltiples efectos que pro-
vocan los obstdculos circundantes. Ya sea en luga-
res cerrados —como un hospital, un colegio o una
vivienda-— o en zonas de transito —como una calle
de la ciudad o un parque—, el punto de medicién
se ve afectado por diversos CEM provenientes de
distintas fuentes conocidas previamente o no.

La medicién del valor individual de los cam-
pos eléctrico y magnético, o de la densidad de po-
tencia asociada con el CEM se puede realizar me-
diante la integracién por banda ancha o por banda
angosta.

La integracién por banda ancha se realiza me-
diante monitores de radiacién con sondas isotrépi-
cas sensibles a los campos eléctricos 0 magnéticos,
en dependencia de la magnitud que se desee medir.
Estos equipos ofrecen el valor resultante de la in-
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tegraciéon de todos los componentes del campo
{eléctrico o magnético, seglin el caso) en las tres di-
recciones principales y captan todas las emisiones
provenientes de los distintos servicios y fuentes,
aunque no pueden discriminarlas. Por tanto, el mé-
todo de integracién por banda ancha solo permite
obtener un valor total de los campos actuantes, sin
una discriminacién espectral.

Cuando es necesario identificar las fuentes que
emiten radiaciones en un punto dado, se debe utili-
zar el método de integracién por banda angosta. Esta
técnica utiliza un analizador de espectro capaz de
integrar la potencia de las emisiones, pero cuenta
ademds con un conjuntos de antenas de pardmetros
conocidos, calibradas en el entorno espectral de tra-
bajo, que le permite caracterizar cada una de las
fuentes emisoras, aunque sean de distintos servicios.
De esta forma se puede saber qué componente del
campo (eléctrico o magnético, en dependencia de la
antena utilizada) aporta cada una de las emisiones.

Una vez escogido el método de medicién
apropiado, se debe prestar atencién al tipo de tarea
o actividad que se realiza en el punto que se desea
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caracterizar. Si estd ubicado dentro de una institu-
cién dedicada a la salud o a la educacion, es estric-
tamente necesario realizar la medicién en el lugar
donde se encuentra el paciente o el alumno, segin
el caso, pues se deben medir los campos a la altura
en que la persona realiza sus tareas. Estas particula-
ridades deben mencionarse explicitamente en el
protocolo de medicién.

Ademds, se debe establecer que solo se utilicen
instrumentos calibrados y respaldados con certifica-
dos de validez internacional, de manera que las me-
diciones presenten un grado de exactitud adecuado,
independientemente del organismo o del profesional
que las realice. Esto permitird comparar los valores
con los de otros estudios y perfeccionar la técnica.

NORMAS ESTABLECIDAS EN AMERICA
LATINA

Solo diez paises latinoamericanos poseen
normas que regulan las dosis de exposicién permi-
tida a las radiaciones no ionizantes. Algunos esta-
blecieron los valores limite segtin las recomenda-
ciones del Instituto Nacional de Normas de los
Estados Unidos de América (American National
Standards Institute, ANSI) aprobadas en 1974 por su
Comité C-95. En 1991, el ANSI recomendé su
nuevo estindar C-95.1-1991, en el que establecié
el limite de exposiciéon ocupacional de 1 mW/cm?
en el espectro de frecuencias de 30 a 300 MHz. So-
lamente Bolivia adopté el estindar del ANSI de
1991, basado en limites de la Comisién Federal
de Comunicaciones de los Estados Unidos de Amé-
rica (Federal Communications Commission, FCC) (11),
mientras que los otros paises establecieron normas
basadas en las recomendaciones del CIPRNI de
1998 (12). Algunas normas, como la de Chile, no tie-
nen representacién en frecuencias y solo fijan valo-
res puntuales. A continuacién se resume la infor-
macién disponible.

Argentina. Resoluciones del Ministerio de Salud,
MS 202/1995, y de la Secretaria de Comercio,
SeCom 530/2000. Los limites ocupacionales y pu-
blicos son similares a los de las normas de la
CIPRNI y se presentan en las figuras 2 y 3.

Bolivia: Estdndar Técnico de la Superintendencia
de Telecomunicaciones, SITTEL 2002/0313.

Brasil: Resolucién 303 del 2 de julio de 2002 de la
Agencia Nacional de Telecomunicaciones (Agéncia
Nacional de Telecomunicacdes, ANATEL) que regula
los limites de exposicién a campos eléctricos, mag-
néticos y electromagnéticos en el espectro de radio-
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frecuencias entre 9 kHz y 300 GHz. Se basa en los li-
mites recomendados por la CIPRNL

Chile: Decreto 594 /00 Salud, Titulo 4, sobre la con-
taminacién ambiental y Resolucién 505/00 de la
Subsecretaria de Telecomunicaciones, SUBTEL.

Colombia: Norma Técnica UIT K52, basada en los
limites recomendados por la CIPRNI.

Costa Rica: Resolucién No 2896-98 de la Sala Cons-
titucional que establece protocolos de medicion
para las lineas de alta tensién.

Ecuador: Norma Técnica que establece los limites
de méxima exposicién permitida, aprobada en
2004. Se basa en los limites recomendados por la
CIPRNL

México: La Comision Federal de Telecomunicacio-
nes de México, COFETEL, reitera en su Programa
Nacional de Normalizacioén 2005 (PNN-2005) la ne-
cesidad de aprobar una norma oficial mexicana
(NOM) que regule las radiaciones no ionizantes en
todo el espectro radioeléctrico. Este reclamo, plan-
teado hace varios afios en la NOM-126, refleja la
preocupacién social expresada por sectores cada
vez mas amplios de la poblacién.

Pert: Decreto Supremo del Ministerio de Transpor-
tes y Comunicaciones, MTC 038-2003, sobre la adop-
ci6én de limites de exposicién en el espectro de ra-
diofrecuencias de 9 kHz a 300 GHz. Se basa en los
limites recomendados por la CIPRNI.

Venezuela: Norma del Comité Venezolano para
Normas Industriales, COVENIN: Norma Venezo-
lana Covenin, NVC 2238-00. Es una norma nacional
que fija los limites de maxima exposicién permitida.

Como se puede observar, los paises que han
aprobado recientemente normas con los limites de
exposicién maxima permitida se han basado en las
recomendaciones del ICNIRP o de la FCC.

Como conclusién, se puede afirmar que las
normas y estandares empleados en algunos paises
de la Region se deben actualizar, completar y armo-
nizar, de manera que abarquen todo el espectro de
radiofrecuencias. Los paises que atin no cuentan
con este tipo de normas o estdn en el proceso de mo-
dernizarlas pueden utilizar como marco general la
informacién actualizada y armonizada que brinda
la Organizacién Mundial de la Salud mediante su
proyecto internacional sobre CEM, que se basa en
los principios de precaucién, prudencia y exposi-
cién tan baja como sea razonablemente posible.
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Articulos e informes especiales

SYNOPSIS

Norms and standards for radiofrequency
electromagnetic fields in Latin America:
guidelines for exposure limits and
measurement protocols

New technologies that use electromagnetic fields (EMF) have
proved greatly beneficial to humankind. EMF are used in a
variety of ways in the transmission of electrical energy and
in telecommunications, industry, and medicine. However,
some studies have shown that EMF could be detrimental to
one’s health, having found an association between exposure
to EMF on the one hand, and the incidence of some types of
cancer as well as behavioral changes on the other. Although
50 far there is no concrete proof that exposure to low-inten-
sity EMF is hazardous, researchers continue to study the

Skvarca y Aguirre et al. ® Normas para las radiaciones no ionizantes

issue in an attempt to reach a consensus opinion and to es-
tablish safety standards. While developing and establishing
such norms and standards have traditionally been the re-
sponsibility of international specialized agencies, national
health authorities should take an active part in this process.
Currently the Pan American Health Organization is pro-
moting scientific research, often in the form of epidemiologic
studies, in order to propose uniform norms and standards.
Some Latin American countries, including Argenting,
Brazil, Chile, Colombia, Costa Rica, Ecuador, Mexico, Peru,
and Venezuela, have already enacted incomplete or partial
legislation based on recommended international standards.
This article describes the norms established in Latin America
and the particular approach taken by each country.

Key words: environmental quality standards,
electromagnetic fields, radiation exposure, Latin
America.
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Acerca de la OPS La Organizacion Panamericana de la Salud (OPS) es un
organismo internacional integrado por los Estados y territorios del continente americano.
Su secretaria, la Oficina Sanitaria Panamericana, funciona simultdneamente como
Oficina Regional de la Organizacién Mundial de la Salud (OMS) para las Américas y
tiene por mision brindar apoyo técnico a sus paises miembros y fomentar la cooperacion
entre ellos, a fin de lograr condiciones ambientales y de desarrollo humano sostenible
que les permitan alcanzar la meta de salud para todos y por todos. La OPS tiene,
ademads de su Sede en Washington, D.C., numerosas oficinas de representacion en los
paises y varias instituciones cientificas denominadas centros panamericanos. También

cuenta con el apoyo técnico de centenares de centros colaboradores designados por la
OMS.
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525 TWENTY-THIRD STREET, N.W.
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About PAHO The Pan American Health Organization (PAHO) is an intera-
tional agency composed of the States and territories of the Americas. Its secretariat,
the Pan American Sanitary Bureau, is also the Regional Office of the World Health
Organization (WHO) for the Americas, and its mission is to cooperate technically with
its member countries and to stimulate cooperation among them so that, by attaining a
healthy environment and sustainable human development, they may achieve health
for all and by all. PAHO has, in addition to its Headquarters in Washington, D.C.,
numerous country offices and several scientific institutions known as Pan American
centers. It also receives technical support from hundreds of collaborating centers des-
ignated by WHO.
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