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ABSTRACT

The biodistribution of radiopharmaceuticals may be modified by drug interaction.
Unknowledge of such factor can induce a poor misvisualization of the scintigraphy images,
leading to the repetition of the examination, increasing the radiation dose for the patient. We
are trying to develop a model to evaluate the influence of drugs on the biodistribution of
radiopharmaceuticals. Mitomycin-C is a drug that has been used as a component of many
chemotherapeutic regimens. We have studied the effect of mitomycin-C on the biodistribution
of the pyrophosphate labelled with technetium-99m (*™Tc-PYP). Mitomycin was administered
in three doses into Balb/c mice. One hour after the last dose *™Tc-PYP (7.4 MBq) was
administered and after 0.5 hour the animals were sacrificed. The organs were isolated, the
radioactivity determined and the percentages of radioactivity (%AT]I) in each organ calculated.
The results have shown that the % ATI of ®™Tc-PYP: (i) has decreased in spleen, thymus, heart
and brain; (ii) has increased in lung, liver and bone; (iii) has not altered in ovary, uterus,
kidney, stomach and thyroid. These results can be justified by the metabolic process and/or the
therapeutical effect of mitomycin-C and this alteration on the biodistribution of the studied
radiopharmaceutical was capable to increase the radiation dose in some organs.

INTRODUCTION

Technetium-99m (**™Tc) is the radionuclide of choice for imaging in nuclear medicine of its
optimal physical and chemical characteristics. Nowadays, there are a large variety of molecules
and cells that have been labeled with *™Tc¢ ( 1).

The biodistribution or the pharmacokinetics of radiopharmaceuticals used in diagnostic
imaging is grossly and recognizably altered by a wide variety of drugs and other treatment
modalities, such as surgery and radiotherapy (2). The alterations on the biodistribution may be
related to the chemotherapeutic drug interaction (3). A lack of knowledge of such altered
biodistribution is important both in making diagnostic inferences from scans and in dosimetric
considerations (4).

The *™Tc-pyrophosphate (**"Tc-PYP) is used for bone, myocardial infarct imaging and also
in red cell labeling for use in gated blood pool and gastrointestinal blood loss studies (1).

Mitomycin-C is a drug that has been used as a component of many chemotherapeutic
regimens. This antibiotic was isolated from Streptomices caespitosus (5). This drug inhibits
deoxyribonucleic acid (DNA) synthesis and cross-links DNA (6).

As the radiopharmaceuticals normally are fixed in specific targets and drugs can modify
their biodistribution, we are trying to use these knowledges to develop a methodology to
evaluate the mechanism of drug’s toxicity. Furthermore, as a patient under chemotherapeutic
can be submitted to a nuclear medicine procedure, we decided to study the effect of mitomycin-
C on the biodistribution of the *Tc-PYP in mice.
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MATERIAL AND METHODS

Mitomycin-C (Bristol-Myers Squib, Brazil) solution (0.45mg) was administered by
endovenous via into female isogenic Balb/c mice (n=15), in three doses with a 72 hrs interval.
One hour after the last dose, 0.3mL of *™Tc-PYP (7.4 MBq) were injected by the same via. To
prepare the *™Tc-PYP, *™Tc, as sodium pertechnetate eluted from *Mo/*™Tc generator, was
added to a kit of pyrophosphate (Laboratério de Radiofarmacia, INCa, Brazil). The
radiochemical control was performed by ascendent chromatography, using paper Whatman n° 1
and 0.9% NaCl solution and acetone as mobile phases. The labeling efficiency was > 95% and
the percentage of free pertechnetate was < 5%. After 0.5 h the animals were rapidly sacrificed.
The organs were isolated (pancreas, thyroid, brain, thymus, ovary, uterus, spleen, kidney, heart,
stomach, lung, liver and bone) and the radioactivity of the *"T¢c-PYP counted in a well counter
Nal(T1) (Automatic Gamma Counter, 1272 Clinigamma, LKB, Wallac, Finland). The
percentages of administered activity (%ATI) was determined for each organ. The results were
compared with the control group, without mitomycin, and statistical analysis were performed
(Wilcoxon test, p< 0.05).

RESULTS

Table 1 shows the relationship between the uptake of *™Tc-PYP in the group of the mice
that was treated with mitomycin-C and control group (not treated). The analysis of the results
reveals significant (p<0.05) reductions of the % ATI in spleen, thymus, heart and brain,
increases of the % ATI in lung, liver and bone and no significant alteration of the % ATI in
ovary, uterus, kidney, stomach and thyroid.

DISCUSSION

Radiopharmaceuticals have been in use for many years for the diagnosis and therapy of a
wide variety of diseases (7). There is considerable evidence that the biodistribution of
radiopharmaceuticals may be altered by a variety of drugs (8, 9). If unknown, such factor may
lead to poor organ visualization, a requirement to repeat the procedure resulting in an
unnecessary irradiations of organs (10, 11).

With the aim of developing an animal model to study the toxic effect of drugs, and due to a
patient under chemoterapeutic treatment can be submitted to a nuclear medicine procedure, we
decided to evaluate the effect of mitomycin-C on the biodistibution of the **™Tc-PYP. This
radiopharmaceutical has been widely used both for myocardial infarct imaging and skeletal
scintigraphy. The period of time between the administration of the radiopharmaceutical and the
acquisition of the scintigraphic image can be different in the examinations. However, we have
chosen the same period of time between the administration of the radiopharmaceutical and the
sacrifice of the animals to compare the various radiopharmaceuticals and to try to establish an
animal model to evaluate the drug interaction.

In our study, was observed that the treatment with mitomycin-C did not alter the uptake of
*¥™T¢-PYP in ovary, uterus, kidney, stomach and thyroid. The scintigraphy with this
radiopharmaceutical should be compromised due to the alterations in spleen, thymus, heart,
brain, lung, liver and bone.

Some toxic effects after the injection of mitomycin-C have been reported. Bone marrow
supression was the most frequent complication. Mitomycin induced thrombocytopenic in mice
as a consequence of its bone toxicity (12). This fact would contribute to the alterations of the
uptake of *"Tc-PYP in the bone after the use of mitomycin-C. It has already reported an
alteration on the uptake of the *Tc-MDP in bone with the same drug (13).

The uptake of *™Tc-PYP was modified in spleen. In other recent report about the effect of
mitomycin-C on the %ATI/g of the *™Tc-MDP, was observed that mitomycin altered the spleen
uptake (13).
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Mitomycin cause interstitial pulmonary fibrosis (12). Due to its toxicity, mitomycin may
cause abnormal pulmonary uptake of *™Tc-PYP.

Hepatic dysfunction is other mitomycin's complication. As it is reported that the mitomycin
is rapidly inactivated in the microsomal fraction of the liver (5), this fact could contribute to
increase the uptake of the radiopharmaceutical *™Tc-PYP in this organ.

None relate about thymus failure or cardiomyopathy. Moreover, it also may cardiotoxic
when used in conjunction with doxorubicin (12).

The effects of this drug on the biodistribution of the studied radiopharmaceutical were
statistically significant (Wilcoxon test, p<0.05) (14) and could be justified by the
pharmacokinectic or the therapeutical effect of mitomycin C. As mitomycin’s treatment altered
#mTc-radiopharmaceuticals uptake in some organs, any hot spots should be evaluated carefully
to avoid a misdiagnosis. Moreover, we suggest to consider the drug interaction with
radiopharmaceuticals and the possibility of the uptake of the radiotracer changes to non-target
organs in the dosimetric calculations. The effect of this chemotherapeutic drug on the
biodistribution of other ®*™Tc-radiopharmaceuticals are now in progress.
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Table 1. Effect of mitomycin-C on the biodistribution of *™Tc-PYP in mice: organs with
alteration of the uptake.

%ATI

Organs Control Treated
Spleen 0.4252 + 0.0676 0.1606 + 0.0117
Thymus 0.1019+0.0125 0.0580 + 0.0055
Heart 0.7463 + 0.0711 0.4902 + 0.0856
Brain 0.4487 £ 0.0736 0.1997 £ 0.0194
Lung 0.3378 £ 0.0472 1.1478 £ 0.1519
Liver 1.9835 + 0.6694 34778 £ 0.6783
Bone 0.0485 + 0.0083 0.4084 + 0.0507
Pancreas 0.0549 + 0.0060 0.0357 + 0.0045
Ovary 0.0312 + 0.0058 0.0399 + 0.0072
Uterus 0.1135 + 0.0252 0.1036 + 0.0135
Stomach 0.3196 + 0.0462 0.2981 + 0.0395
Kidney 2.2187 £ 0.5538 2.6650 £ 0.5556
Thyroid 0.0193 + 0.0047 0.0195 + 0.0037

The %ATI of **™Tc-PYP was calculated dividing the activity in each organ by the total activity
administered and the results were compared with the control group. Statistical analysis were
performed (Wilcoxon test, p<0.05). The values are averages * standard deviations.
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RESUMEN

El estudio se realizd en dos etapas, la primera en enero de 1997, antes de la aplicacién de las nuevas normas
oficiales mexicanas de proteccion radiolégica y control de calidad en el diagndstico médico con rayos X y la
segunda después de dos afios de vigencia de las normas. En la primer etapa se realizé6 un muestreo en 40
departamentos de radiologia del area metropolitana de la Ciudad de México, obteniéndose 272 encuestas de
personal médico y técnicos radiélogos. La segunda etapa terminé en enero de 2000, se evaluaron aspectos de
seguridad radiolégica y control de calidad en 33 departamentos de radiologia diagnéstica con las mismas
caracteristicas de la primera etapa, pero se incluy6 también médicos residentes de radiologia y estudiantes
técnicos, obteniéndose 257 encuestas. Al comparar los resultados de la primera etapa con la segunda se
encuentra una mejoria en la capacitacioén en los aspectos de proteccién radioldgica y control de calidad pero
todavia los resultados son pobres. En la segunda etapa se incluyo un muestreo de control de calidad y se
determiné que el 62% de las mediciones de kVr estan dentro del intervalo del 5%, el 44% de las mediciones de
tiempo estan dentro del intervalo del £5%. En la medicién del punto focal el 64% de los equipos tienen un
punto focal menor o igual a 1.2 mm. En las mediciones del rendimientos del tubo de rayos X monofisicos el
38% tienen un rendimiento dentro del intervalo que considera aceptable conforme a la norma. El 82% de los
tubos de rayos X tienen una capa hemirreductora dentro del intervalo que establece la norma con una tendencia
a incrementarse conforme aumenta el envejecimiento de los tubos. Debido a la falta del control de calidad en los
servicios de radiologia y de capacitacion, los estudios repetidos al paciente se incrementan, asi como estudios
los estudios radioldgicos no justificados.

Palabras Clave: Radiologia diagndstica, seguridad radiolégica, control de calidad, capacitacion.

ABSTRACT

The study was carried out in two stages, the first one in January of 1997, before the application of the new
Mexican official norms of radiological protection and quality control in diagnostic radiology. The second stage
was carried out two years after of application of the norms. In the first stage we were carried out a sampling in
40 departments of radiology of the metropolitan area of Mexico City, being obtained 272 surveys of personnel
medical and technical radiologists. The second stage finished in January of 2000 in the same area. We were
evaluated radiological safety and quality control aspects in 33 radiology departments, but in this stage were
included medical radiology residents and technical students also, being obtained 257 questionnaires. The
comparing the results of the first and second stages, we find an improvement in radiological protection and
quality control training but the results are still poor. In the second stage a sampling of quality control were
includes and the results were that 62% of the kVp measures are inside of the 5%, 44% of the measures of time
are inside of the 5%. In the measures of the focal point 64% of the X-ray units have a < 1.2 mm focal point. In
the measures of the rate (mR/mAs) of the X-ray tube with single phase generators 38% has a yield inside the
interval that considers acceptable according to the norm. 82% of the X-ray tubes has a half layer < 1.2 mm. Due
to the lack of the control of quality in the radiology services and training, the repeated radiological studies to the
patient are increased, as well as radiological studies not justified.

Key words: radiology diagnostic, radiological safety, quality control, training.
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INTRODUCCION

La capacitacion y actualizacién continua del personal médico y técnico de los departamentos de radiologia en
los aspectos de seguridad radiolégica y control de calidad son una parte esencial de un proceso de certificacion
que permita garantizar a la poblacion solicitante de estudios radioldgicos que las instituciones tienen los
recursos: humanos, materiales y tecnoldgicos, asi como la capacidad fisica instalada para brindar una calidad
excelente de atencién médica. La calidad de la atencién médica en radiologia en México empieza a ser una
preocupacién no solo por la entrada en vigor de las nuevas normas sino porque en los ultimos afios la
innovacion tecnoldgica del equipamiento de rayos X, la demanda de imagenes con mayor probabilidad de un
diagndstico certero a menor costo y menor dosis, y los cambios en los métodos de ensefianza han modificado la
forma de hacer radiologia. Las normas actuales en seguridad radioldgica y control de calidad son los primeros
esfuerzos sélidos en México después de cien afios de radiologia, tendientes de evaluar y garantizar la calidad de
los servicios de radiologia actuales al menos en un primer nivel de control de calidad, aunque el costo inicial de
mejorar la calidad de la atencién médica en radiologia podria ser alto en un principio, pero mas tarde los costos
serian menores a los actuales, ya que en ausencia de normas los equipos de rayos X envejecieron muy
rapidamente hasta llegar a convertirse muchos de ellos en no ttiles para fines diagnésticos, algo similar sucedié
con la capacitacion del personal médico y técnico en seguridad radioldgica y control de calidad, sin olvidar que
también el personal que proporciona el servicio de mantenimiento preventivo y correctivo que esta en
condiciones similares o peores. El propdsito de éste estudio es tener una evaluacién de la seguridad radioldgica
en radiologia y el control de calidad durante los dos primeros afios de la aplicacion de las nuevas normas. En la
primera etapa del estudio que se termin6 en enero de 1997, justamente en el momento en que las nuevas Normas
Oficiales Mexicanas entraban en vigor. En esta etapa se evaluaron aspectos relacionados con la seguridad
radiolégica en 40 departamentos de radiologia de Institutos Nacionales de Salud, Hospitales de Especialidades y
Hospitales Generales pertenecientes a la Secretaria de Salud, Instituto Mexicano del Seguro Social, Instituto de
Seguridad y Servicios Sociales de los Trabajadores del Estado e instituciones privadas de la Ciudad de México
y su drea metropolitana. La informacion se obtuvo mediante un muestreo. El muestreo incluy6 sélo al personal
médico radidlogo y técnico, obteniéndose 272 encuestas. La segunda etapa del estudio se terminé en enero de
2000 y se evaluaron aspectos de la seguridad radiolégica y el control de calidad en 33 departamentos de
radiologia diagnéstica con las mismas caracteristicas de la primera etapa. El muestreo en esta segunda etapa
incluyé personal médico radidlogo, técnicos titulados, técnicos no titulados, médicos residentes de radiologia y
estudiantes técnicos, obteniéndose 257 encuestas, se incluye en esta etapa un muestreo de varios parametros de
los equipos de rayos X, como la medicién de kV, tiempo, rendimiento, capa hemirreductora y punto focal en
equipo convencionales distribuidos en toda la repiiblica mexicana.

MATERIALES Y METODOS

En la primera etapa del estudio terminada en enero de 1997, se evaluaron los aspectos de seguridad radioldgica
mediante la aplicacion de una encuesta a personal de 40 departamentos de radiologia, 37 publicos y 3 privados,
pertenecientes a Institutos Nacionales de Salud, Hospitales de Especialidades y Hospitales Generales
pertenecientes a la Secretaria de Salud, Instituto Mexicano del Seguro Social, Instituto de Seguridad y Servicios
Sociales de los Trabajadores del Estado e instituciones privadas del area metropolitana de la Ciudad de México.
La informacién se obtuvo mediante un muestreo en dos etapas con la aplicacién de una encuesta disefiada con
35 variables dicotomicas que se aplico al personal médico y técnico de radiologia, obteniéndose 272 encuestas.
La segunda parte del estudio se terminé en enero de 2000, se evaluaron los aspectos de la seguridad radiolégica
en 33 departamentos de radiologia diagnéstica, 17 piblicos y 16 privados, la encuesta aplicada consistié de 46
variables dicotémicas con las mismas caracteristicas de la primera parte y se obtuvieron 257 encuestas.

Los criterios para seleccionar y procesar las encuestas contestadas fueron: 1. Se procesaron todas las encuestas
que fueron contestadas en el momento de su aplicacion sin consultar literatura ni a otros colegas, 2. Sélo se
consider6 la primera encuesta contestada cuando el personal entrevistado trabajaba en dos Instituciones
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seleccionadas. La base de datos obtenida de las encuestas contestadas fueron procesadas con métodos
estadisticos entre ellos el modelo logistico de regresioén. El modelo logistico usado fue:

Lo%%}mgmﬁwm*&

Las B, son los pardametros del modelo y se estiman a partir de los valores observados y representan la
magnitud del efecto de la variable predictora en la variable de respuesta. Las variables de respuesta se evalian
en funcién de las variables X,y X,. El término $; representa la interaccion entre las variables X, y X;, que en
este modelo sera considerada como una medida de asociacion. La poblacién en estudio en relacion al control de
calidad fueron los equipos de rayos X instalados en la Republica Mexicana y en el caso de la seguridad la
poblacién en estudio fueron los especialistas en radiologia, médicos especialistas, médicos residentes, técnicos
titulados y técnicos no titulados y estudiantes técnicos que laboran en los departamentos de radiologia del 4rea
metropolitana de la Ciudad de México. Los equipos de rayos X que participaron en este estudio habian tenido
mantenimiento preventivo y correctivo sin control de calidad, se incluyeron equipos monofasicos, trifasicos, alta
frecuencia y potencial constante. Con la verificacion se inicid el control de calidad. El muestreo de control de
calidad tuvo una sola etapa realizada durante 1999, con la informacién generada se obtuvieron histogramas y
graficas de barras mostrando las distribuciones de las variables evaluadas.

RESULTADOS
Seguridad Radiolégica

En la primera etapa del estudio se obtuvieron los siguientes resultados generales: las variables de
respuesta son independientes del tipo de personal, esto es, no hay diferencia significativa en la frecuencia de
respuestas entre el personal médico y técnico, los mismos resultados se obtienen para miembros y no miembros
de una asociacién profesional y para ambos turnos laborales con una p < 0.05. Mas del 50% del personal
ocupacionalmente expuesto de radiologia usa dosimetro, pero sélo el 17% de ellos conocen los reportes de
dosis. El 16% del personal considera que el dosimetro les protege contra la radiacion y sélo el 17% conoce la
dosis méxima permisible anual para efectos estocasticos. El 26% del personal tiene expediente médico pero
menos de la mitad de ellos conoce los resultados de los exdmenes médicos. Menos del 1% conocen los efectos
biolégicos de la radiacién sobre todo considerando que el 73% del personal tiene mas de 3 afios e experiencia.
Sélo el 21% del personal conoce los principios de proteccion radioldgica y el 14% conoce que son los rayos X.
Del personal con experiencia mayor a 3 afios y que usa dosimetro, el 88% son técnicos y el 12% médicos. Del
personal que tiene mds de tres afios de experiencia y conoce los principios de proteccién radioldgica, el 86% son
técnicos y el 14% son médicos, lo mismo sucede con el personal con una experiencia menor a 3 afios. La
afiliacion a las asociaciones profesionales de radiologia es 6.2 veces a favor del médico radiélogo con relacién
al técnico.

La segunda etapa del estudio incluyé personal médico radidlogo, técnicos, médicos residentes de
radiologia y estudiantes técnicos, cuya distribucién se muestra en la figura 1.

PERSONAL PARTICIPANTE

EN EL MUESTREO
14.40%

2WB3%

Figura 1, Personal participante en la segunda etapa del estudio.
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Como resultado del muestreo se encontré que en la segunda etapa si hay diferencia significativa en la
frecuencia respuestas entre el personal médico y técnico, los mismos resultados se obtienen para miembros y no
miembros de una asociacién profesional en radiologia con una p < 0.05. Del personal encuestado el 71%
pertenecen a instituciones publicas, el 68% tiene mas de 2 afios de experiencia en radiologia, el 37% ha
participado en cursos de seguridad radiolégica, el 75% conoce el contenido de las normas, el 71% son miembros
activos de una asociacién profesional de radiologia, el 32% tiene expediente médico, el 42% tiene dosimetria
personal, €l 26% conocen el manual de seguridad radiolégica de su departamento y el 35% conocen los
principios de proteccion radiolégica. El 20% de la muestra son médicos radiélogos, de los cuales el 81% estan
certificados por el consejo de radiologia, el 55% son miembros de una asociacién profesional de radiologia, el
19% de ellos tiene més de dos afios de experiencia, el 33% conoce al menos 3 pruebas de control de calidad en
los equipos de rayos X convencionales y el 31% conoce los principios de proteccion radiolégica. El 55% de la
muestra son técnicos radilogos, de los cuales el 60% estéan titulados, el 42% son miembros de una asociacion
profesional en radiologia, el 60% tiene mas de 2 afios de experiencia, el 31% conoce al menos 3 pruebas de
control de calidad en los equipos de rayos X y el 60% conoce los principios de proteccioén radioldgica. El
conocimiento sobre las normas en dos afios del 20% al 80%. Solo el 35% del personal conoce los principios de
proteccion radiolégica y entre el 15% y 18% del personal conoce que son los efectos biolégicos de la radiacion.
La carencia de los principios de proteccion radioldgica y el desconocimiento de los efectos biologicos de la
radiacién puede ocasionar un exceso de confianza o un temor no justificado a la radiacién. En radiologia
diagnoéstica no podemos separar los aspectos de seguridad radioldgica del control de calidad, ya que la seguridad
radiologica del personal y del paciente va a depender también del programa control de calidad que tenga cada
departamento de radiologia. el 33.3 % del personal de médicos radi6logos conocen al menos tres pruebas de
control de calidad en equipos de rayos X convencionales. El efecto que tienen las asociaciones profesionales de
radiologia en la capacitacion de sus miembros, es 2:1 a favor de los miembros de una asociacion.

Control de Calidad

El muestreo del control de calidad se realizd durante el afio de 1999. En la evaluacién de la exactitud de
los kV» participaron 70 equipos de rayos X distribuidos en toda la Repiblica Mexicana de las diferentes marcas,
incluyendo monofasicos, trifasicos, alta frecuencia y potencial constante, estos dos tltimos con tecnologia de
microprocesadores son los que presentan una mayor exactitud en los kVp en el rango medido de 60 a 100 kVp.
Se encontrd el 62% de las mediciones de kVp estan dentro del intervalo del £ 5%, lo cual es razonable debido a
que fueron las primeras verificaciones de control de calidad que se realizarén a los equipos de rayos X
posiblemente desde su instalacion. El 44% de las mediciones de tiempo estan dentro del intervalo del £5%.
En la medicién del punto focal grueso participaron 45 equipos de rayos X, de los cuales el 64% tienen un punto
focal menor o igual a 1.2 mm. En la medicién del punto focal fino participaron 27 equipos de rayos X y el 81%
tienen un punto focal menor o igual a 0.8 mm. En las mediciones del rendimientos del tubo de rayos X
participaron 21 equipos de rayos X monofésicos y el 38% tienen un rendimiento dentro del intervalo que
considera aceptable conforme a la norma vigente (4 — 6 mR/mAs). Solo el 43% de los equipos trifasicos, alta
frecuencia y potencial constante se encuentran dentro del intervalo que establece la norma (6 — 8 mR/mAs). El
82% de los tubos de rayos X tienen una capa hemirreductora dentro del intervalo que establece la norma (> 2.3
mm Al), con una tendencia a incrementarse conforme aumenta el envejecimiento de los tubos.

CONCLUSIONES Y DISCUSION

Como resultado de la aplicacién y cumplimiento de las normas de seguridad radiolégica y control de
calidad en el diagnéstico médico con rayos X durante los dos primeros afios, se muestran avances y tendencias a
mejorar la seguridad radiolégica y el control de calidad, aunque los resultados son todavia pobres considerando
que los resultados del muestreo en seguridad radiologica son del area metropolitana de la ciudad de México
donde el personal tiene un mayor acceso a la capacitacién y la actualizacion, se espera que si se realiza un
muestreo en toda la repiiblica mexicana los resultados posiblemente sean que el personal esta menos capacitado

4
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y actualizado. El muestreo de control de calidad se encontr6 que la mayoria de los ingenieros de servicios no
cuentan con capacitacion en control de calidad.
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ASSESSMENT OF RADIATION DOSES TO THE PATIENTS IN MEDICAL X-
RAY DIAGNOSIS

V.Yu. Golikov, A.N. Barkovski, N.K.Baryshkov and A.Yu Vlasov

Institute of Radiation Hygiene, Mira Str. 8, 197101, St.-Petersburg, Russia, e-mail:

bazil@SG5816.spb.edu

It is well-known fact that the radiation doses from diagnostic radiology are the largest
contribution to the collective dose from all man-made sources of radiation. So, for example,
its contribution to a collective dose of the population of Russian Federation reached 40%.
Thus more than 95 % of this contribution was stipulated by X-ray diagnostic examinations of
the patients. From this, it is obvious that diagnostic radiology should be of major concern for
radiation protection and that, consequently, the guidelines established by the ICRP for
occupational radiation protection should be applied also to diagnostic radiology as far as
possible (justification, optimisation, limitation). Key link for the solution of these problems is
the information about patient doses in view of parameters of the concrete radiological
procedure. Besides according to the Federal Law of Russian Federation “About radiation
safety of the population” the citizen has the right on deriving of the information as about the
value of a dose of a medical exposure, and value of additional risk connected to such
exposure. In the present work using “fast” calculation methods and computational models of
human body of various age numerous studies concermning an evaluation of organ doses and
effective dose to the patients undergoing X-ray examinations were performed. The values of
an effective dose for the patients of various age for most mass X-ray examinations in Russia
are represented. The influence of exposure condition as, e.g., tube voltage, filtration, field
size and location, focus-to-skin distance, on organ and effective dose of patient of various age
were studied with the purpose of optimisation in X-ray diagnosis.
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ESTIMATION OF AN EFFECTIVE DOSE FOR THE PATIENTS UNDERGOING X-
RAY EXAMINATION WITH THE HELP OF PHANTOM EXPERIMENTS

V.Yu. Golikov', A.N. Barkovski', A. Cederblad’, E Wallstrom®, and M Alpsten2

'Institute of Radiation Hygiene, Mira St 8, St Petersburg, Russia
*Dept. of Radiation Physics, Goteborg University, Sahlgren University Hospital, SE-413 45
Goteborg, Sweden
*Dept. of Radiology, Trollhattan Hospital - NAL, SE-461 85 Trollhattan, Sweden

In the report the results of six phantom experiments, fulfilled with the purpose of definition
of an effective dose for the patients of different age undergoing X-ray examination are
represented. In experiments have used physical phantoms of the adult man (Alderson Rando)
and child of five years (“ATOM Itd” production). Doses inside the phantoms were measured
using TL-detectors (TLD-100, Harshaw). In experiments for both phantoms imitated chest
and urography examinations with parameters typical for their running in Russia and Sweden.
The values of organ and effective doses are represented. The experimental values compared
to the relevant calculation values.
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MEDICAL EXPOSURE IN RUSSIA

Kalnitsky S.A., Bazukin A.B., Viasova M.M., Ivanov S.I., Ivanov E.V., Jakubovskiy-
Lipsky Y.O., Gontsov A.A.

Ministry of Health, Moscow, Russia

Institute of Radiation Hygiene, St.-Petersburg, Russia,

City center of radiation diagnostics and therapeutics, St.-Petersburg, Russia,
Administration of Health, Tumen, Russia

Recently there have been considerable changes in radiology, which is because of
coming to a new form of property, reforms of health services and crisis in the society.
Big area, bad means of communication and low density of population in most regions
of the country should be also mentioned among the factors, influencing the level of
both health protection and radiology services. Al this factors don’t allow to create an
effective radiology system in a short time. Meanwhile the main nearest task of
radiology is the integration and optimization of all means of visualization on the base
of solving fundamental problems of health protection according to the Federal
program, normative acts and decrees of the government. In this connection it seemed
to be an urgent task to estimate various aspects of radiology activity of Russian Health
in the dynamics for the recent period of time. The data of the state statistics are to be
used to cope with this task. These data on the base of the computer program “Region”
the quantity indices of various visualization methods used in Russia and the doses of
exposure of the population have been estimated and the reference book “Medical
irradiation of the population in Russia.1980-1997 years™ has been published.

It turned out that the average annual number of X-ray examinations per thousand
population in Russia before 1988 year was constantly up to 1600. And only then
because of Chernobyl accident its increase stopped and its gradual decline began
(table 1). Such high frequency of the examinations was caused mainly by the large
scales of mass preventive fotofluorography (more than 40%), held for early
tuberculosis exposure.
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Table 1 The dynamics of medical radiation exposure in Russia

Index Years
1965 1970 1975 1980 1985 1990 1997

X-Ray Examinations
Number examinations 1120 1204 1332 1488 1682 1177 1230
per 1000 population

Contribution,%
Fluoroscopy 47 40 27 13 7 5,5 5
Radiography 27 27 36 49 43 54 54
Photofluorography 26 33 37 38 50 41 39
Dental * * * * 4,7 70 7,8
Mammography * * * 0,6 0,4 03 04
CT * * * * * * 0,5
Chest 81 76 71 64 62 51 45
Digestive organs 6 8 10 13 14 12 6
Skeleton 10 12 14 18 19 24 36
Other 3 4 5 5 7 13 13

Nuclear medicine
Number examinations * * * 9,0 10,5 15,3 12,6
per 1000 population

Ultrasound diagnostic

Number examinations * * * * * 80 270
per 1000 population

Radiation therapy
Number examinations * * * 0,98 0,99 1,57 1,66

per 1000 population

* the data are not provided by statistical form

It was as a result of reorganization of fluorographic examination system started in
the late 80-s early 90-s that this pemicious tendency was overcome and the number of
fluorography was reduced almost twice from 90 to 56 millions a year, which
considerably contributed to reducing the exposure. Unfortunitely as a result of it, the
rate of tuberculosis has increased, which led to the recommencement of mass
fluorographic screening in former or ever larger scales.

Recently the number examinations per 1000 population has reduced to 1200. The
specific feature of modern X-ray diagnostic is its competing with new non-radiation
Examinations, in particular with ultrasound and endoscopic ones. These methods are
very efficient and recently have been developing very actively. Nevertheless, the
classical radiology is not going to surrender and it spite of some reducement of
examinations amount it is still the leader among all ways of visualization. The
structure of X-ray examinations has changed considerably during the last decades: the
number of the most dose-making examinations has become 8 times less, the number
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of the most informative and the least dose-making radiography examinations has
twice, and only the amount of fotofluorography examinations , including screening,
has declined inconsiderably.

Among all X-ray examinations the maximum quantity is still that of chest and
skeleton. The amount of X-ray examinations is equal for male and female parts of
population, 53,7% and 46,3% accordingly . Speaking of the age of the examined , it
should be noted that the most part of X-ray examinations is held among middle-aged
and especially elderly people. Children’s contribution is inconsiderable. This
correlation has been stable for the recent period of time.

A detailed study of X-ray examinations shows that the main contribution to it is
made by diagnostics and screening of lung, stomach examinations as well as
examinations of skull and extremity. Recently there has increased the number of
special X-ray examinations among which are angiography and intervention methods.
They are the most informative, but at the same time they are accompanied by very
high dose, including the influence on skin.

Considerably yielding to traditional X-ray examinations are dental and
mammography. Their contribution to the general number of X-ray examinations is
inconsiderably, inspite of their importance and significance. However the speed of
the development of this methods is rather high.

The most rapid is the development of ultrasound diagnostic and computed
tomography. Presently magnetic-resonance tomography (MRT) has joined them,
positron-emission tomography (PET) is coming up and the future radiology belongs
to these new methods.

There are 4150 physicians, 103 radiologist and 235 X-ray unit for 1 million
population in Russia. On one equipment 5260 examinations a year are held. An
average X-ray examinations for 1 radiologist is 12385 a year.

Recently an average effective dose from X-ray examinations has had a 20%
decline from 1,0 to 0,8 mSv which is caused by changed in the structure of X-ray
examinations (table 2).
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firstly the whole range of equipment for full-scale examinations, including
angiographic, CT, MRT, PET etc., and secondary to introduce new methods of
radiology, including intervention ones.

The exceptional significance of medical exposure is detriment not only by the level
of its contribution to a population dose, but also by possessing the most considerable,
economically not burdensome reserves to reduce this contribution and consequently to
provide a considerable decline of the whole dose on population from all the sources of
radiation.
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RESULTS AND CONSEQUENCES OF MEDICAL EXPOSURE

LIMITATION AFTER CHERNOBYL ACCIDENT
Ivanov E.V.,Kalnitsky S.A.,Komarov E.1I.

Institute of Radiation Hygiene. St.-Petersburg. Russia

Counter measures for prevention of public over exposure after accident include

optimization of medical radiological procedures.

Applying the conventional methodology of reducing medical exposure such as the

improvement of equipment, management, education of personal and strict selection of

patients for radiological procedures resulted in reduction of individual effective dose

more than 3 times and population dose up to 20%. The results are presented in table.

Table

Reducing annual individual effective dose from medical exposure in Briansk
region after Chernobyl accident (mSv)

Year

Region 1985 1986 1987 1988 1989 1990 1991 1992 1993
Novozybkov 1,11 08 067 0,18 0,12 009 0,11 0,25 0,30
Klintzy 094 1,03 038 069 0,54 020 0,72 0,30 0,25
Klimov 1,06 0,84 0,60 0,56 0,23 0,20 020 0,51 0,48
Krasnogorsk 093 0,79 0,65 0,42 0,21 0,11 031 0,13 0,15
Zlynka 0,57 0,38 0,37 0,20 0,12 0,29 0,52 0,22 0,28
All 1,08 0,79 0,55 041 031 0,18 0,28 0,30 0,29

The must effective way to reduce public medical exposure was extensive education

and training of personnel based of WHO publications, reducing the unnecesary

procedures with strict justifications.

,/’}?‘N&
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The additional rules and guidelines for reducing anaban of radiography in favor of
fluoroscopy, limitation of mass fluorography depending on relatively low medicine of
tuberculosis in 80s. The effectiveness of the measures is demonstrated in the Table.
In comparision to the average individual effective dose from medical exposure in
Russia - 1 mSv the averaged dose in Briansk region is up to 0,3 level.

Due to the optimization of medical exposure with limitation and decrease of
medical radiological procedures the increase in morbidity might be observed for
some specific diseases, e.g. tuberculosis, cancer, chronic lung diseases a. oth. The
data obtained indicate that such a situation might be prevented by the balanced

optimization procedures (relevant).
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Abstract

Data from 1200 cardiac examinations recorded during the past ten months have been analysed.
The DAP's obtained for most of the examinations are comparable to the published data.
Moreover, an excellent correlation has been found between the high DAP value and the
experience of the operator. DAP measurements for "high dose examinations" are getting
mandatory in several countries, and medical physicists should help the physicians to interpret
these measurements in order to improve the safety of the ionising radiation use. In our centre it
appeared that for their first examinations physicians should be more closely guided by seniors.

Introduction

Several studies have shown that during cardiac procedures carried out under fluoroscopy, such as
coronary angiography or percutaneous transluminal coronary angioplasty (PTCA), the amount of
radiation delivered to the patient could be relatively high. It is therefore important to monitor
patient dose so that radiologists or cardiologists can make an objective assessment of the
justification of the procedure. The most convenient quantities to monitor patient dose are the
fluoroscopy time and the dose-area product (DAP). The main limitation of the DAP quantity is
that it cannot give directly a precise information concerning the determinist risk associated with a
procedure. However, it can be used to set warning and action levels to avoid skin injuries as
demonstrated by Bibbo et al. [1]. The other limitation of the DAP information is that there is a
lack of reference or guidance values published in the literature concerning cardiac procedures.
Thus, even if the DAP information is recorded in the patient files, it remains very difficult to
estimate if a DAP delivered to a patient for a specific procedure was expectable or high.

In such a context it was decided in our hospital to record during almost one year, the total dose
area product (DAP), the fluoroscopy time, the examination description and the operator
references. The goals of the study were the followings :

» Assess the third quartile of the DAP for the most common examinations and compare them to
the available data in order to verify the good practice of operators;

* Verify if a lack of training existed among the operators;

+ Give a set of DAP values to the operators to enable them to assess if the DAP they deliver can
be justified by the simplicity or complexity of the procedure;

» Propose a warning level to the operators.



Material and method

The examinations were performed using two units (advantix LC+ and LCLP, GE Medical
Systems, Milwaukee, Wis) of the hospital which are equipped with a DAP-meter (PTW, Freiburg,
Germany) traceable to the Swiss Federal Office of Metrology. The total DAP, the fluoroscopy
time, the examination description and the operator references were systematically recorded by the
radiographers at the end of each procedure for about 1200 patients.

Results and discussion

The number of examinations, the medians, 3rd quartiles and ranges of the DAP values and
fluoroscopy times are reported in Table 1. The data have not been corrected according to patient
size, since the goal of the study was to define a set of reference DAP values for the operators
which could be directly compared with the data available on the DAP-meters at the end of the
procedure, without any data processing. The third quartile obtained for the coronary
angiographies and angioplasties (PTCA) are comparable to the ones published in the literature.

Table 1 - DAP and fluoroscopy times recorded during the survey

procedure proced. # | DAP_ .4ian | DAP34 range time pedian timesy4 range
Angiocardiography 25 15.3 22.5 4-102 13 17 4-23
L and R catheterisms + 95 66 125 13 -286 10 17 3-59
coronary angiography

PTCA 210 60 80 10-272 9 16 4-70
Coronary & Ventriculo. 780 49 84 3-702 7 12 1.5-65
angiography

Left vent. coronary 35 59 66 10-203 8 11 1.5-40
angiography

Coronary angiography 35 40 70 5-390 6 22 3-50
Cardiac biospsy 20 4.7 7.6 2-23 1 1.7 0.5-6

The angiocardiography examination is performed most of the time on young patients and the
DAP's are generally quite low in spite of relatively long fluoroscopy times. Thus, no correlation
between the DAP values and the fluoroscopy times have been evidenced between these two
quantities (r=0.08). However, an excellent correlation appeared between the DAP values and the
age of the patients (r = 0.88). This result clearly shows that for young patients DAP guidance
values should be weighted with the age of the patient.

As opposed to the angiocardiography procedures, an excellent correlation between the DAP and
the fluoroscopy times have been systematically obtained for the other procedures which were
always performed on adults (r = 0.88 + 0.05). Thus, for adults it seems that guidance levels can
be expressed either in term of fluoroscopy time or DAP value.

Figure 1 present the distribution of the DAP percentiles concerning the coronary-ventriculo
angiography examinations per operator. The reference DAP proposed in our centre is also
indicated on the figure by a thick line. From this figure it appears clearly that all the operators
having more than 5 years of experience, have their DAP third quartile below or close to the
proposed reference value, and that even if they often involved with more difficult cases. The data
concerning younger cardiologists are presented on the ride side of the figure. All of them are
clearly above the proposed reference value.
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The DAP data should not only be used to verify if the dose delivered to the patient after a
procedure could be expected, but should be also used during the procedure to indicate if one gets
close to the deterministic risk associated with fluoroscopy. The difficulties in using DAP to
evaluate skin dose is that the irradiated area of the skin change size and location during the
procedure. Thus, it is not possible to evaluate a precise entrance dose from a DAP measured
during an interventional procedure. Nevertheless, one can adopt a conservative approach in order
to define warning and action levels to avoid skin injuries. Taking into account the diameter of the
amplifier which is the most frequently used during these procedures (g 23 cm), and the focal spot
to skin of the patient (50 cm when the distance from the focal spot to the amplifier is 90 cm), an
averaged area of 130 cm? has been obtained. Taking this averaged irradiated area into account
and considering that the tube does not move during the procedure, a warning level of 130 Gy.cm?
has been proposed to our staff performing cardiac procedures. This would correspond to an
entrance dose of 1 Gy. In spite of being quite conservative, this level is however lower than the
DAP's third quartile measured during this survey. Above the warning level proposed here, a
senior operator should take over. He should try to work in the lowest dose mode available and
distribute the dose by changing the tube angles.
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Figure 1 - percentiles of the coronaro-ventricolu angiography per operator
Conclusion

The systematic recording of the DAP and fluoroscopy times has been integrated in our quality
assurance programme. It has enable us to verify if the doses delivered during the most common
cardiac examinations were comparable to the data available in the literature. This study has also
enabled our medical staff to take advantage of DAP data displayed during the procedures, in
particular to avoid skin burns. Finally, a change in the training of our new medical staff is being
implemented with an emphasis on the optimal use of the fluoroscopy units.
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Abstract
The purpose of this work is to present a methodology in order to define reference levels for chest
or abdominal CT examinations performed on children. For children aged from O to 6 the CTDI,,

measured in the head test object (i.e. @ 16 cm) should be used as a dose indicator. For children
older than 12 years old the CTDI, measured in the body test object (i.e. 32 cm) should be used as

a dose indicator. For children aged between 6 to 12 we propose to use an intermediate CTDI, in

order to avoid an over or underestimation of the dose delivered in the slices. Finally a set of dose
length products (DLP) measured in our centre for standard abdominal acquisitions will be given.

Introduction

In conventional radiology the use of a screen film system as a detector assures, if the films are
correctly processed, that the dose delivered to the patient is within a predictable limit. As a matter
of fact, the latitude of exposure available on a screen film system is relatively limited (typically
one order of magnitude) and a constant exposure is required to produce a satisfactory film density.
On the contrary, digital detectors are characterised by a wide latitude of exposure (typically 3 to 4
orders of magnitude). This property eliminates the typical relationship between the radiation
exposure and the image optical density. With digital detectors the only parameter which will be
linked to the dose is the image noise. Thus, radiation protection of the patient have to be
emphasised with the use of digital detector

CT examinations represent about 5 % of all the radiological examinations performed on adults.
However, its contribution to the effective dose delivered in radiology is within 27 to 35 % [1-2].
To avoid an uncontrolled increase of the CT contribution on the effective dose delivered by
medical applications a recommendation has been published by the CEC [3]. This
recommendation indicates together with a reference dose some image quality requirements for the
most common examinations. Manufacturers are now offering on their units the possibility to get a
dose indicator corresponding to the examination performed on each patient (i.e. indication of the
CTDI, and the DLP). Thus, it seems now relatively easy for the radiological community to assess

the dose delivered to the patient for CT examinations. Those can be compared to the reference
levels in order to begin an optimisation process.

The use of CT in paediatrics is more limited than for adults and at the present time there is no
recommendation to verify if the radiological constants used (kV, mA, pitch ...) are adequate.



Very often, the mA reduction (if any) performed by radiographers to scan children has no strong
scientific background.

For adults, two CTDI,, has been defined : one to be applied for head of neck examinations
(CTDI,, head measured with a test object of 16 cm in diameter) and one to be applied to chest or
abdominal examinations (CTDI,, body measured with a test object of 32 cm in diameter). In
paediatrics it seems that these two quantities are not sufficient to introduce reference levels.

In this paper we will propose an intermediate CTDI,, which can be derived from the standard
CTDI,, used for adults. This CTDI, will be based on the variation of an equivalent abdomen

diameter with age. This concept will be used to present the doses delivered for abdominal
examinations in our centre. These results will be given for a single-slice CT (SSCT) and a multi-
slice CT (MSCT).
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Material and method

The SSCT used in this study is the HiSpeed CT/i system (GE Medical Systems, Milwaukee, Wis)
and the MSCT used in this study is the LightSpeed QX/i (GE Medical Systems, Milwaukee, Wis)
which allows the sampling of four slices per tube rotation. The CT units involved in this study
calculates and displays the Dose-Length Product (DLP) corresponding to the acquisition protocol
used. The indicated CTDIy, and DLP values were verified.

Equivalent abdominal diameters have been estimated by using weight and height tables
corresponding to the paediatric population of Switzerland. To begin with, a PA abdominal
thickness has been estimated by means of the relationship established for fluoroscopy examination
by Leug et al. [4] : PA thickness = 2 [Weight /(1000 x ©n x Height)]. Since the abdomen section
is closer to an ellipse than a circle an equivalent CT diameter has been proposed by simply
multiplying the PA thickness described previously by 1.5. Using these data an intermediate
CTDI,, has been calculated for children aged between 6 to 12 years.

Results and discussion

Figure 1 presents the variation of the proposed equivalent CT diameter in function of age. These
data are based on the 3 percentile of the weights and heights distributions mentioned previously.
It appears that the use of the CTDI,, measured with the head test object as a dose indicator is

adequate for very young children (i.e. 0 to 6 years old). One can notice that a diameter of 32 cm is
obtained for the age of 18. Thus, the CTDI,, measured with the body test object appears to be a

rather good dose indicator for that particular age. In order to simplify the approach we propose to
use this dose indicator for patient older than 12. For children aged between 6 to 12 the use of a
CTDI,, measured in a body test object will underestimate the dose delivered in a slice, whereas

the use of a CTDI, measured in a head test object will overestimate that dose. In order to find a
compromise we propose to use a mean CTDI, : average of the head and body CTDI,,.

2x PAg
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Figure 1 - Equivalent CT diameter versus to age



The head and body CTDI,,'s have been measured and two CT units at different kilovolts. Using

these data a mean CTDIw have been calculated for both units. The results are summarised in
Table 1.

Using the data presented in Table 1 and the acquisition protocols used in our centre the doses
delivered per slice (i.e. CTDI, divided by the pitch value) have been calculated. For each

category of ages an average scan length has been estimated allowing the DLP calculation. These
data are summarised in Table 2.

Table 1- CTDI, data of the CT used in this study

CTDI,, (mGy/mAs) 100 kV 120 kV 140 kV
head 0.07 0.10 0.14
SSCT mean 0.06 0.08 0.11
body 0.05 0.06 0.08
head 0.17 0.26 0.36
MSCT mean 0.26 0.20 0.27
body 0.09 0.13 0.19
Table 2 - Dose estimators comparison between the two CT used in this study
Unit Age Acquisition protocol * Dose per slice (mGy) DLP (mGy.cm)
>12 120kV-290mA-1s-p=1.2 14.5 32 cm** -> 464
SSCT 6-12 120kV-230 mA-1s-p=1.2 15.3 22 cm -> 337
1-6 120kV-190mA-1s-p=1.0 19.0 17 cm -> 323
0-1 120kV-170 mA-1s-p=1.0 17.0 11 cm -> 187
>12 120 kV-200mA-08s-p=1.5 13.9 32cm -> 445
SSCT |6-12 120 kV-140mA-0.8s-p=1.5 14.9 22 cm -> 328
1-6 120kV-120mA-08s-p=1.5 16.7 17 cm -> 284
0-1 120kV-100 mA-0.8s-p=1.5 13.9 11 cm -> 153

*) the numbers correspond to the tube high voltage, tube current, time of one tube rotation and
pitch
**) average scan length

The data presented in this study show that for the standard abdominal acquisition presented here
the dose per slice as defined remains almost constant with the age of the patient (i.e. 15 mGy).
From our data it appears that the following DLP reference values could be applied : [0 - <1 year]
: 170 mGy.cm ; [1 - < 6 years] : 300 mGy.cm; [6 - < 12 years] : 350 mGy.cm ; and [12 - <18
years] : 450 mGy.cm.

The same methodology was applied to the examinations of the chest. The results show that a
significant lower dose delivered in the slice could be used (i.e. 7 mGy). This particular situation
is due to the lower X-ray absorption of the tissue.

Conclusion

DLP's have been proposed for the standard abdominal examinations in paediatrics CT. The
acquisition protocols presented here are considered optimised by our radiographer, since a dose
reduction would lead to a drastic image quality reduction. Using these data, the image quality
obtained is accepted by our radiologists. It is interesting to notice that the dose per slice remains
almost constant for a wide variation of CT equivalent diameter. This result should now be
integrated in a simulation in order to verify if a better solution could be reached.
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A proto-type of a remote-control brachytherapy unit was installed in our hospital in
April 1989. The unit has 5 channels with 5 Ir-192 sources, each source contains about
400mCi of Ir-192. It was check every week. After checking, the panel showed that one
source could not return to the proper position automatically so the source was returned
manually. The factory was asked to come to check the unit but due to some reason
they could not come in time. Unfortunately the survey meter was broken. Meanwhile,
an urgent treatment was needed, so a patient was treated by using the other 4 sources.
The next day, by using another survey meter and a source was found outside the unit
due to the breakage of the source and the cable. The patient and the technician were
followed for sometime and no adverse reaction was found. It might have been due to
the low energy and small dose delivered to the patient and technician. Since then this
unit has not been used anymore. Every brachytherapy treatment room is equipped with
an alarm survey meter .



TAEA-CN-85-141

0¥ (e é}“"“’ﬁ .
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FLUOROSCOPY AND COMPUTED TOMOGRAPHY SCANNING
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Abstract

The total of 16 fluoroscopic units was selected in this study. Basic QC tests were performed on
all the units with RMI QC kit and a TRI SOLIDOSE 400 dosimeter. 20 patients for 4 fluoroscopic
units were selected for barium meal (upper GI) and the doses were measured using two calibrated
DAP meters (a RTI DOSEGUARE 100 and a FJ 2020).

3 CT scanner were selected in this study. The QC tests were made with VICTOREEN CT
performance phantoms. The doses were measured with pencil ionization chamber and standard
head/body phantoms. The dose profile and CTDI in free air were measured using a set of 36 LiF chips
inside a specific holder.

The results of QC tests for 16 fluoroscopic and 3 CT units reveal that most performance
parameters are satisfactory.

The DAP values varied from 8 to 48 Gycm® with an average value of 21 Gycm®. According to
chest examination procedure used and CT characteristics, weighted CTDI,,, Dose-Length product
(DLP) and effective dose (E) for 15 patients were estimated. The average values of them were 29mGy,
612mGycm and 10 mSv respectively.

The conclusion from this study was drawen that possible to choose dose reference level can be
valid worldwide for all X-ray examinations.

Introduction

A co-ordinated research programme (CRP) in 9 countries of Asia and Far East with IAEA, entitled
“Radiation Dose in Diagnostic Radiology and Methods for Dose Reduction”, has been launched since
1994. The aim of the project was to explore the potential for dose reduction for some types of X-ray
examination, "' to assess whether available dose reference values could be applied in Asia region. !
The programme of four years has been instituted in two phases. The first phase of the CRP dealed
with conventional radiographic units and the second phase with fluoroscopy and computed
tomography. This paper reports work on second phase of the CRP.

Materials and Methods

The fluoroscopic systems selected in the programme included: 3 mobile C-arm systems, 12
remote conirol tables, and 1 system without image intensifier. The total 16 units were selected from 4
hospitals.

The service lives of CT scanners selected in the programme are: 2 years for 1 CT , 4 years for
1CT and 5 years for 1 CT.

The 2nd round of intercomparison and calibration of TLD systems was finished in January 1998.
50 chips of China-made LiF-TLD were sent to National Radiation Laboratory(NRL) in New Zealand
which was responsible for the TLD intercomparison and calibration.!”)

The quality control(QC) tests for fluoroscopic units were made with RMI QC kit. The dose and
dose rate for the fluoroscopic units were measured with the PTW DIADOS and TRI Solidose 400
dosimeters.

Five patients per hospital(room) were selected for barium meal(upper GI) fluoroscopic
examinations and the dose was measured using a calibrated DAP meter consisting of made Sweden
RTI DOSEGUARD 100, or China made FJ2020.

The QC tests for CT scanners were made with VICTOREEN 76-410-4130 and 76421 phantoms.
The dose for CT scanner was measured with VICTOREEN Model 660, 660-6 CT probes and the
head/body dose phantoms.

In order to use the Monte Carlo data to calculate effective dose to patients for a CT examination,

1
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it is necessary to know the absorbed dose free-in-air on the axis of rotation of the CT scanner.”! This
can be determined using a set of 36 LiF-TLD chips stacked together inside a specific holder which
can be aligned along the axis of rotation of the CT scanner using simple support jig. The TLD were
calibrated in air kerma with calibration factor from NRL, New Zealand.

The dose descriptor relating to a single CT slice is expressed as the CTDI. A weighted
CTDI(CTDIw) and the Dose —~Length Product(DLP) in the head or body CT dosimetry phantoms were
derived from the measured CTDL; 5o. @ The organ doses and effective dose(E) to patients in the study
may be derived from kVp, mAs, slice thickness, number of slices, couch increment, start and finish
positions and the CTDI/mAs measured free-in-air on axis for the CT scanner, using CTDOSE
programme supplied by New Zealand and NRPB250 data base by UK. The patient weight of 5510kg
was selected for the chest CT examination.

Results and Discussion

From results of TLD calibration a precision of 5% or better at 0.1 mGy could be achieved. This
fact makes the system attractive for low dose measurements in diagnostic radiology with satisfactory
accuracy and precision.

The results of QC tests for 16 fluoroscopic units are summarized in Tablehe and for 3 CT
scanners in Tablean. A large majority of the units is satisfactory.
Tablebl. Quality control of CT units; summary of QC results for a 10 mm slice thickness.*

Hospital/Room E/Nl F/1 G/l

kV 120 125 130
mAs 320 455 210
Scan time (s) 4 7 3
FOVOVemm_ 25 24 24
Matrix 51212512 51212512 51212512
Algorithm(soft tissue) standard Standard standard
High contrast resolution 1.0 1.0 1.0

CT number calibration:

air -976.0971.0 -999992.2 -1000.7102.5
polye -71.8713.1 -101104.8 -81.3813.0
polys -35.2353.4 -51513.3 -23.6232.8
water 1.1.13.0 -28284.6 1.6.63.0
nylon 85.95.3.5 744 4.1 100.5003.9
polyc 93.33.3.1 911_6.1 104.0043.2
acrylic 116.0163.6 955 2.7 127.1273.2
CT# contrast scale -1/977 1971 -1/1002

CS = 1/S CTairTaCTwaterTw
Low contrast delectability (mm)

3.0 3.0 3.0
Noise: SD of water
SD*100*CS(%) 0.30 0.44 0.42
Uniformity(min-max) 3.0 5.0 2.0
nCTDI10cmOcairirmGy/mAsGy 0334 0.215 0.302

* Standard head techniques for the CT units.

Table b summarizes all mean values of the radiological factors and the DAP for barium meal
examination.

Assessing dose to patients from fluoroscopic examinations was always difficult, mainly due to
the dynamic nature of the investigation: many parameters (kVp, mA, field position and size ) were
variable during the same examination and others (number of exposures, fluoroscopy time ) from
patient to patient. From Tables kV it can be seen that the range of mean DAP values (13.6 - 27.9
Gycm?) as encountered in clinical practice at 4 fluoroscopic units for the upper GI studies is relatively
small, especially when it is taken into account that large variation existed in numerous aspects of each

2
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examination, all were closely related to patient dose. This involves, for example, the variations in the
fluoroscopy time(0.57 — 8.7 minutes), in the dose rate at the entrance surface of image intensifier(9.0
— 108tiGy/min), in the entrance dose at the surface of phantom(3.9 — 23.5mGy/min) and in number of
exposures(3 — 12 images).The highest Dose-Area Product was measured at fluoroscopic unit A/1
which can be explained by the combination of high required entrance dose at the surface of the image
intensifier during fluoroscopy and radiography, long fluoroscopy time and great number of exposures.

Table ab. Patient dose measurement; barium meal(upper GI, not follow through) examination *

Parameters A/l B2 Cn DA

(tolerances indicated with)

‘ia“:te‘::;‘ sge(yearsd) 526 514 3919 4019

- Average weight(kgsd) 57.29.8 59.85.2 636.7 59.48.4

Mean number of images(nsd) 929 9.21.6 5224 60

Mean fluoroscopy time (minutessd) 4.83.0 6.12.3 6.12.6 4412

Dose Area Product(Gy.cmzsd) 279143 13.62.5 18.89.7 22.06.8
(27.9-47.89)" (9.84-15.38)"  (10.37-35.50)""  (15.49-31.24)"

* The data for 5 patients per room has been recorded and the patient weight 60 10kg has been selected.
** Range in parentheses

The results of patient dose evaluation in CT chest examination are summarized in Table e. The
table shows the average weighted CTDI for a single slice in the patient chest examination, the Dose-
Length Product for the complete examination and the average effective dose. These average dose
values in hospitals E/1 and G/1 compare rather well with the CEC reference dose values for the chest
CT examination, the average in hospital G/1 is higher than the reference value.

Table ab. patient dose evaluation in CT; chest, general examination *

Hospital Room E/ F/1 G/1
Average age 666_5.3 555_4.6 588 _6.0
Average weight (kg) 57727 600_1.5 555_3.5
Technical parameters:

Average kV 120 130 125
Average mAs vevve 300 455 150
Scan time(s) 3.0 7 3.0
Slice thickness(mm) cecce 10 10 10
Average no. of slices vevve 222 4 200 3 222 2
Average couch increment (mm) 10 10 10
i s ] B
Dose evaluation:

Average CTDIw = nCTDIw.C (mGy) 27.1 43.0 17.2
Average DLP = nCTDIw.C. TN(mGy.cm) 596.2 860.0 378.4
Average Effective Dose (mSv) 9.8 10.4 8.2

* The data for 5 patients per room has been recorded and the patient weight 5510kg has been selected.

Conclusions

Quality assurance programme for X-ray diagnosis were begun in China in the mid 1980s and

became firmly established in early 1990s, when the national regulations and standards were made.
This kind of CRP is considered a good and cost effective start for national projects on radiation

3
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protection and quality assurance in diagnostic radiology in developing countries.

It was noted in the studies that the traditional fluoroscopy (without II), upper GI with barium
meal for fluoroscopy, and the CT examinations often caused higher absorbed doses to patients than
these of conventional radiography.! It seems possible to choose reference levels of dose indicator that
are valid worldwide for all X-ray examinations, including radiography, fluoroscopy and CT
scanning.™
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Abstract

The research contract between the International Atomic Energy Agency (IAEA) and
laboratory of Industrial Hygiene(LIH), China, was conducted from 1994 to 1998 and entitled
“Radiation Dose in Diagnostic Radiology and Methods for Dose Reduction”, involving some of
Asia and Far East countries. The results of the research have demonstrated significant dose
reduction has been achieved without any loss of diagnostic information. The CEC diagnostic
reference dose values can be valid for conventional radiography examinations in China.

Introduction

A Coordinated research programme of IAEA in cooperation with 9 countries in Asia and the
Far East has been launched since 1994.["!

The programme of four years was instituted in two phases. Phases 1 of the CRP dealed with
conventional radiographic units and phases 2 with fluoroscopy and computed tomography units.
The report is the results obtained in the phase 1.

The scope of the phase was the participant to be asked to assess the radiation dose reduction
due to implementation of QC procedures in the sample of hospitals. This assessment was
involved: classification by type and frequency of X-ray examinations; Analysis of film-reject rate;
Measurement of patient dose in radiography pre and post-QC implementation of each selected
examination; QC measurements of X-ray performance; Dissemination of Information and training
of the hospitals and image quality evaluation of using image quality criteria in the CEC working
document.?)

Materials and Methods

Four hospitals were selected as the co-ordinator on implementing the project. In each hospital
two X-ray conventional radiography rooms were chosen to collect information of eight X-ray
projections which should estimate the frequency of examinations and the film reject rate during a
period of two weeks for pre- and post -QC implementation.

In order to obtain entrance surface dose (ESD) values for each projection performed in each
hospital, measurements should be carried out on a sample of 10 adult normal sized patients
(65K g5) using sets of 4 chips of LiF TLD to the patient's skin in the center of the beam for pre-
and post-QC implementation. The organ dose and effective dose were calculated using software
programmes provided by IAEA from NRPB in English and NRL in New Zealand. The TLD
systems were sent to the NRL to perform calibration and intercomparison exercise.

QC tests for each X-ray unit were made with RMI QC kit (U.S.A) according to the technical
prerequisites of the CRP. Once the QC tests are finished, the results were analyzed in order to
identify possible improvement and to implement corrective actions with the relevant parameters
which may influence the ESD.

Results
Table I presents the results of measured ESD by projection type and by hosbital.
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Table I . The results of measured ESD mmean me1SD, mGy1S

Projection Types
Hospital Chest Skull Lumber Spine Pelvis
PA PA LAT AP LAT AP
pre-QC
A 0.270.0.04 3.813.0.66 3.533.0.87 12.36121.30* 14.883.30*  11.702.60*
B 0.450.0.13 3.233.0.57 2.242.0.40 8.242.20 19.062.54 5.071.26
C 0.280.0.05 5.055.1.47 4.024.091 7.001.00 15.701.80 2.601.20
D 0.380.0.06 b i 6.541.40 13.502.90 7.160.87
post-QC
A 0.290.05  5.881.09 4.840.77 8.390.68 8.030.62 1.740.49
B 0.330.03  3.701.00 2.970.64 5.350.94 15.21.39 4.600.70
CH* 0.090.02  4.702.10 o 3.901.40 8.401.20 1.200.30
D 0.240.05 *rx ok 7.782.07 16.265.43 6.421.94

*: Tube potential is incorrect.
***. Patient number is less than 10.

Table II shown the results of calculated effective doses E(ICRP 60) .

Table II . The results of E (mean .1SD,mSv)

**; Adopted high speed class of screen film combination.

Projection Types
Hospital Chest Skull Lumber Spine Pelvis
PA PA LAT AP LAT AP
preprQC
A 0.040.0.008 0.020.0.06 0.030.0.005 1.131.0.14  0.240.0.06  1.671.0.42
B 0.070.0.02  0.030.0.01 0.020.0.01 0.760.0.21  0.300.0.04 0.690.0.17
C 0.060.0.04  0.040.0.01 0.030.0.01 0.760.0.14  0.290.0.04  0.390.0.19
D 0.060.0.01 * * 0.670.0.17  0.240.0.06  1.071.0.16
postpoQC
A 0.050.0.01  0.040.007 0.030.006 0.930.09 0.160.01 0.270.09
B 0.050.0.003  0.030.01  0.020.006 0.480.09 0.220.03 0.620.12
C 0.010.004 0.030.02 * 0.410.15 0.140.02 0.190.05
D 0.040.01 * * 0.820.24 0.290.11 1.110.52

*: Patient number is less than 10.

Table III shows the percentage of average dose reduction where different kinds of technical

actions were adopted.

Table III. Results of Different dose reduction actions.

Dose Reduction Hospital/ Projection Average Dose

Action Room Reduction(%)
Increased Tuble Potential A2 Lumber Spine (AP) 32
A2 Lumber Spine (LAT) 45
Increased Screen Film Sensitivity cn Chest (PA) 67
CR2 Lumber Spine (AP) 44
Cr Lumber Spine (LAT) 46
C/2 Pelvis (AP) 54
Increased Filtration B/1 Chest (PA) 27

Increased Tube Potential &

Increased Screen Film Sensitivity A2 Pelvis (AP) 85
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Table IV presents the examination frequencies of each hospital during 2 weeks for pre-and post-

QC implementation.

Table IV. Examination frequencies by hospital (%)

Total Projection Types

Hospital  Patients Chest Skull Lumber Spine Pelvis
Number PA LAT PA LAT AP LAT AP

Pre-QC
A 908 37.7 10.6 0.7 0.8 24.9 23.7 3.0
B 1269 55.7 17.3 21 2.0 10.3 9.9 2.7
C 1091 53.8 10.4 0.01 0.01 17.4 16.0 24
D 766 41.8 11.0 0.0 0.0 23.0 214 2.8
post-QC
A 929 372 12.9 0.01 0.01 27.1 22.8 0.02
C 522 35.6 14.8 0.02 0.02 27.8 21.8 0.02

Table V presents the film reject rate of each hospital during 2 weeks for pre-and post-QC
implementation.

Table V. Film reject rate by hospital and by case

Films Rejected Rejected Cases
Hospital No. Films No. Rate(%)  Too Dark Too Light Position _ Others
Pre-QC
A 908 34 3.7 12 18 1 3
B 1269 72 5.6 28 36 3 5
C 1091 39 3.6 14 15 3 7
D 766 25 33 11 9 2 3
Post-QC
A 929 12 1.3 5 1 0
C 522 4 0.8 3 0 1
Conclusions

1. The High chest (PA) frequency projection is 50% and the Low skull frequency projections
(AP and LAT) are less than 1% because of the use of CT scanner.

2. The film reject rate varied from 3.3% to 5.6% in these four hospitals pre-QC due to the
inappropriate set of the parameters. After the corrective actions for post-QC the reject rate
reduced to less than 1.3%.

3. Most of the measured ESD for the projections is lower than the CEC reference values.

4. Four kinds of dose reduction methods used in different X-ray rooms, the dose reduction varied
from 27% to 85%.
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MEDICAL AND BIOLOGICAL APPLICATION OF

RADIOPHARMACEUTICALS IN BANGLADESH
Atia H.Jehan

Abstract

The application of nuclear medicine techniques in Bangladesh started as early as 1961
with limited investigations for liver and thyroid diseases .In the mid sixties under joint
collaboration of Bangladesh Atomic Energy Commission and IAEA, plans for the
peaceful use of atomic energy in the field of medical diagnosis and treatment were
undertaken. IAEA assisted TC Projects helped the installation of sophisticated
equipment and training of manpower. At present there are thirteen Nuclear Medicine
Centers and an Institute of Nuclear Medicine which offers diagnostic and therapeutic
services to the ailing humanity. Introduction and expansion and of RIA and IRMA
facilities to most of the centers were an added advantage for assessment of thyroid
disorders and their follow up. Static and Dynamic studies are routinely performed in all
the centers along with therapeutic application of radioisotopes. The Nuclear safety and
Radiation Control Division of BAEC, is vigilant in the implementation of safety
regulatory procedures and reserves the right to deny license to practice. In the present
context Nuclear medicine practice is considered as a safe, non invasive, beneficial and
effective means of diagnosis and therapy with minimum radiation hazard.

Dr. Atia H. Jehan,

Director , Nuclear Medicine Center
SSMCH, Mitford,

Dhaka, Bangladesh.

Nuclear Medicine is globally practiced as a safe, non-invasive and effective mode in
the diagnosis and treatment of human diseases. Radionuclide imaging is based in the
detection of spatial and temporal distribution of an administered radiopharmaceutical
into the body. A Radiopharmaceutical is a compound of a radionuclide and an organ
specific pharmaceutical.

In Bangladesh only generator produced isotopes are available as there is no cyclotron
and of these 95% are used for diagnostic purposes , while 5% for therapeutic
treatment.. Radiolabelling procedures are carried out in the hot labs of the individual
centers. The common isotopes,radiopharmaceuticals and their applications in
Bangladesh are shown in Table 1 .



RADIOPHARMACEUTICAL STUDY
#™Tc  HDP/MDP Bone Scintigraphy .
¥aTc DTPA Renogram , GFR, , Brain .
#”=Tc DMSA Renal Scan .
»»Tc HMPAO Functional Imaging of Brain.
#¥mT¢  TETROFOSMIN(MIBI) Cardiac Perfusion , STRESS , REST, Scintimammography.
¥™Tc  HIDA Hepatobiliary Scan .
$mTe SULPHUR COLLOID Liver , Spleen , GIT ( Gastric Emptying ).
Ymre MAA Lung perfusion.
¥mT. PERTECHNETATE Thyroid , Testicular Scan, Salivary Gland , Parathyroid.
Wwr. PYROPHOSPHATE RBC Labeling , gastric blood loss.
By Na- Thyroid Uptake , Thyroid Scan , Whole body scan for Ca Thyroid.

*'T1 CHLORIDE

51Cr

RBC LABELING

Myocardial Stress & Rest , Parathyroid , Whole body scan for Ca
Thyroid.
RBC Volume & Survival .

Table 1 : Diagnostic Application of Radiopharmaceuticals

Therapeutic uses are limited to the treatment of Ca. Thyroid, and Thyrotoxicosis with
311 and the doses are given either in the form of capsule or liquid. Besides this **Sr for
Pterygium **P for Polycythemia are also used for therapeutic purposes (Table 2).

ISOTOPE SOURCE THERAPY
CAPSULE Ca. Thyroid
By LIQUID Thyrotoxicosis .
p Polycythemia .
Sr Pterygium

Table : 2 Therapeutic Application of Radiopharmaceuticals

There are sixteen Nuclear medicine centers in the country of which 14 are under the
Bangladesh Atomic Energy Commission (BAEC ) and two are privately run. SPECT
facilities are available in seven centers .

Man made exposure to radiation’ is 14 % of which 4 % is from nuclear medicine
installations, 10 % from diagnostic X — rays and <1 % from other sources while 86 %
comes from natural sources. Percentage of Radiation Exposures are shown in Fig. 1
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Figure 1Percentage of Radiation Exposure

1-Nuclear Medicine;  2-Diagnostic X-rays; 3- Internal (Inside Human Body);  4-Terresterial Radiation
(Rocks & Soil ); 3- Cosmic Rays ; 6- Radon ; 7-Others(<1%)

At the centres, in the process of generator handling, dose preparation ,
dispensing and imaging the nuclear medicine personnel are directly or indirectly
exposed to ionizing radiation. Occupational workers , patients , attendants and the
general public carry associated risks and detriments of special type and nature.
Uncontrolled use increases stochastic effects on human as well as the environment.
Time of exposure, distance and shielding plays an important role as a protective device.
The B.A.E.C has bestowed legal responsibility to The Nuclear Safety and Radiation
Control Division( NSRCD ) for issuing licence to practice Nuclear Medicine in
Bangladesh under NSRC Act No. 21 of 1993( Government of Bangladesh) . The total
number of licence applications received from October 1997 to June 2000 were 134 and
the number of lincences issued were 104 ( Fig. 2.)

Numbers

Period
B Numbers of Applicant Numbers of Licence Issued

Figure 2 Status of Licence Applications received and Issued



Misuse and uncontrolled sources may cause burn injury while long term or stochastic
detriments may cause cellular mutations or genetic disorder. There is no threshold on
the amount of exposure required for causing these disorders in the human body.
Wearing gloves and film badge monitoring , act as a filter against radiation hazard.

An IAEA sponsored workshop on Radiation Protection and Quality Assurance was
held recently in the capital with participants from nuclear medicine , radiology and
radiotherapy department. Radiation protection and the importance of quality assurance
were highlighted in the workshop.

The society needs assurance that safety to the occupational workers and protection of
the environment shall not be compromised. Implementation of quality assurance
program is mandatory for every licence holder. The applicants are advised to prepare
quality assurance program in their respective centers so that maintenance of nuclear
medicine equipment like gamma camera are systemic and satisfactory. Protective
gloves , film badge, lead syringe , lead glass shielding , fume hood,safe disposal of
radioactive substances , building design , construction, consumption and operation
greatly reduces the risk of radiation exposure. Apart from this, quality assurance is
specially important for composite image performance. Poor quality image production
may lead to false positive results. Therapeutic patients given 'I are specially
vulnerable of causing radiation hazard to the general public and the environment. In

1131 Excretion Curves

e Theyrtoaticosis
Co. Thvrodd
Ca. Followr-up

Figure 3 I-131 excretions curves in percentages of administered activities

spite of all precautions these patients fail to realize the importance and ignore all the
advise given to them. Indiscriminate disposal of excreta and saliva cause environmental
pollution. The rate of lodine excretion is shown in fig.3.

CONCLUSION

The risk of radiation exposure associated with nuclear medicine practice is
comparatively is lower than that of radiotherapy and radiological investigations. The
possibility of contamination and isotope spill is high but limited within the dispensing
room and laboratories. The radiation hazard to the general public and the environment



must not outweigh the benefit to the patient. The practice demand attention of the
facility management and regulators. The quality of radioisotope , quantity , supply and
storage plays an important role in prevention of radiation hazard to the occupational
workers and patients. Using standardized equipment, trained personnel and proper
radiopharmaceuticals, nuclear medicine practice may be considered as one of the safest
non invasive and accurate method in the diagnosis and treatment of medical disorder.

REFERENCE
1. Proceedings of the IAEA/BAEC National Workshop on Radiation Protection and
Quality Assurance in Nuclear Medicine. Vol.I PP 70 , NSRC 2 (63)2000.
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STUDY ABOUT DIAGNOSTIC QUALITY IN A PUBLIC-CENTER OF
MAMMOGRAPHY OF SANTA FE - ARGENTINA
Abstract

The objective is to apply a method that allows us to evaluate the diagnostic quality of a
public-center of mammography and to validate it.

The representative centers of a social class were grouped; this one is evaluated
measuring the mechanics, electrics, dosimetrics and personal parameters of the process to get the
mammography diagnostic. The original study and the respective report, was submitted to the
valuation of a panel of experts, who evaluated image, technique and diagnostic. The equipment
and techniques used are described in this case.

The judgment of the ACR and the Argentine legislation are applied. The dosimetric
results of the mammography practice, serve to determine the local reference levels. The whole
people who has intervened in the diagnosis is evaluated, and the services that can influence it.
Seeking the parametric sensibility in relationship with the succeeded and precocious diagnosis,
the success of it is confirmed by the panel of experts.

We concluded indicating that the success percentage in the diagnosis is about 98,36%,
that there is 100% of coincidence among the perception and the value of the study quality. The
valuation of the image reaches 69,2% of the maximum score, and the placement technique,
73,9%. The parametric sensibilities of the principal variables are discussed.

ESTUDIO SOBRE CALIDAD DIAGNOSTICA EN UN CENTRO PUBLICO DE
MAMOGRAFIA DE SANTA FE - ARGENTINA.

R. Lescano, J. Kiguen, L. Gaitdn y C. Caspani*

Radiofisica Sanitaria. DiGAM- Mnisterio de Salud de Santa Fe

Obispo Gelabert 3586. (3000) Santa Fe. Argentina.

*Escuela Superior de Sanidad. FBCB- Universidad Nacional del Litoral
Paraje “El Pozo”. (3000) Santa Fe. Argentina. ccaspani@fiqus.unl.edu.ar

OBJETIVO

El objetivo es evaluar la calidad que tiene el centro para emitir un diagnostico
precoz y certero sobre mastologia y relacionarlo con los diferentes parametros que
intervienen en el proceso de obtencion de dicho diagnostico.-

METODO Y EQUIPOS :

Se seleccion6 un centro al azar que representara al acceso que tienen un
determinada clase social y se evaluaron cada uno de los pardmetros cuya nomina se puede
apreciar en la tabla de resultados que se informa como N° 1.

Con la aceptacién de las pacientes, el centro y el médico que diagnosticod
originalmente los estudios, se realiz6 la copia del diagnostico y de las placas y se hacen
todos an6nimos para someterlos a la evaluacion de un panel de expertos, reconocidos por
la sociedad profesional, que evalua la calidad de la imagen ( Blanda / Normal / Quemada
— Sobrexpuesta / Normal / Subexpuesta ); la técnica utilizada para el posicionamiento y
proceso de obtencion de la imagen ( Identificacién — Artefactos — Sucia - Mal
comprimida — Movida - Vista del musculo pectoral — Pliegues - Nariz de camello - Pezén
incluido — Axila — imagen cortada); el Diagndstico ( Coincidencia total / parcial / no hay
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coincidencia — informe inespecifico — sugerencias explicitadas correctas / incorrecta ) y
por ultimo se considera la evaluacién general de la placa con su capacidad para emitir el
diagnostico y si ha lugar, se explicite un comentario general de la mismas.

Para la evaluacion de los parametros mecanicos, eléctricos y dosimétricos del
centro se aplicaron los criterios de la ACR (1) y de la legislacién Argentina (2) ademas de
las recomendaciones que se explicitan en el material no impreso (3) y la tesina (4)

Los equipos y herramientas utilizadas fueron: Densitometro Digital Tobias
Associates Modelo TBX, Sensitometro Nuclear Ass. , Precision Photometer Nuclear Ass.
, Thermometer Digital RMI, HVL of Al and Cu , Mamographic Resolution Estandar ,
Star X-Ray Test Patterns 0,50° y 1° , Slit Cameras, Mamographic Step Wedge 18-239
Nuclear Ass., Control Tools Screen Film, duplicator AGFA, mAmeter UNFOR vy
Dosimeter PTW DI4/DLA con camera PTW Modelo 3223, para baja energia.

RESULTADOQOS:

El equipo evaluado es un GE Senographic 600T- Senix HF, 1a maquina reveladora
automatica es AGFA y se usa compartida con el servicio de Radiologia general, las
pantallas reforzadoras y las peliculas usadas son KODAK. La carga de trabajo es de 200
estudios por mes.
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Los pardmetros evaluados y su resultados se explicitan en la tabla N° 1

Tamafio de la mancha focal |{Nominal: 0,3 Medido: i 0,34 - 0,39 | Tol = 0,45 {Pass
kVp — Reproducibilidad R=0 Tol = 2% |Pass
kVp — Precision P=1,9% Tol = 4% |Pass
Tiempo de exposicion A24kVp,R=0,7 Tol = 10% | Pass
HVL A 24 kVp, <0,3 mm de Al Pass
Rendimiento a24 kVp 9,8 mR/mAs Tol=8 Pass
Distancia foco imagen Nominal 65cm Medido 63 cm A1,8% | Tol = 2% |Pass
Fuga <de ImGyalm Pass
Campo de luz / de radiacién | 1,5 mm en la peor condicién <%5 Pass
Dosis Kerma en aire 18,7 mGy
Dosis Glandular Media 3,12 mGy Tol=4mGy | Pass
Revelado Temp.. y tiempo | Revel 34,8°C/Fija 34,1°C Total 210s
Sensitometria v+b=0,19 IV=1,2 paso 15 IC=2,69-

0,54=2,15P 17-P 14
Cuarto oscuro Hermeticidad = Buena, Luz de seg.=

no usa, Frecuencia de limpieza y

cambio = 15 dias
Negatoscopio, luminancia | Centro 2012 nit Fail
Negatoscopio, homogenidad |31% Fail
Lectura Iluminacién ambient |25 lux < 50 lux Pass

El médico informante es uno (1)( por lo que no se realizan la doble lectura del
film) y su especialidad es en mastologia, no es radiélogo tiene entre 15 a 20 afios de
experiencia y ha asistido a 37 cursos, conferencias, talleres y congresos en los ultimos 5

afios.

Las técnicas de mamografia son dos ambas con titulo terciario, especializacién no
estructurada en mamografia y con asistencia a conferencias y congresos en los ultimos 5

afios.

El centro tiene servicio de mantenimiento interno de malas condiciones de
prestacidn, no tiene servicio de fisica médica y el oficial de proteccién radioldgica es el
medico con reciente autorizacion individual para el manejo de equipos Rayos-X.




Para
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la evaluacién de la calidad diagnéstica de la placa se us6 dos grupos
diferentes de evaluadores, arrojando el resultado que se muestra en la tabla N° 2

N IMAGEN TECNICA DIAG. EV.GRAL |JTOTAL JOBSERVACIONES
1{2 13[4 1{2 (3|4 1{2 13145011213 |4

1 X X X X 13 Sucio,Rayas,Falta
pectoral,Falla revelado

2 X X X X 13 Sucio,Rayas,Pez6n incluido

3 X X X X]| J13 Sucio,Rayas

4 X X X X 13 Sucio,Rayas,Pliegues,
Pezo6n incluido,Artef Cal

5 X X X X 13 Sucio,Rayas,Imagen
cortada,Blanda, Artef Cal

6 X X X| 16 Sucm ,Rayas, Quemada

7 X X X X 12

8 X X X X 14 Sucio Rayas Falta pectoral
Artef Cal

9 X X X X 11 Sucio,Rayas,Falta pectoral

10 X X X X| §17 Sucio,Rayas,Pezén
incluido,Pliegues, Artef Cal

11 X X X X 13 Sucio,Rayas,Pezon
incluido,Pliegues

12 X X X X 14 Sucio,Rayas,Blanda,Imagen
cortada

13 X X X X| 114 Sucio,Rayas,Blanda, Falta
compresion

14 X X X X 13 Sucio,Rayas,

15 X X X X| 317 Sucio

16 X X X X 14 Sucio,Pliegues,Pezon
incluido

171 |X X X 14 Sucio,Rayas, Artef,Imagen
cortada

18 X X X X[ |6 Sucio,Blanda,Pezén ‘1nc1u1

19 X X X X 13 Sucio, Pezon inc u1d0 Artef

20 X X X X 13 Sucio,Pezén incluido,Artef

21 X X X X 14 Sucio,Rayas,Artef

221 X X X X 12 Sucio,Rayas,Pezén
incluido,Artef

23 X X X X 17 Pezon incluido

24 X X X X 11 Sucio, Imagen cortada,

25 X X X X 10 Sucio,Pezén incluido,Artef,
I
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En el 92% de las placas, la calidad diagndstica fue evaluada como Regular o
Buena, (58% Regular y 42% Buena), solo dos estudios resultaron con una valoracion por
debajo de regular. La evaluacion total fue el 82,4% del valor méximo.

El diagnéstico fue coincidente en 24/25 de los casos, solo se observd en 1 caso
que faltaba la descripcién de microcalcificaciones agrupadas, en 1 faltaba describir
microcalcificaciones vasculares, en 1 falta descripcidn de microcalcificaciones benignas y
2 se observaron por informe escueto.

La imagen fue calificada con un promedio de 2,88/5, porque el 96% de las placas
se encontré que estaban sucias, en el 68% rayadas, en el 48% con artefactos que
simulaban microcalcificaciones y/o masa y 16% estaban blandas o quemadas. Se lleg6 a
la conclusién que existen severos inconvenientes antes y durante el procesado de la
pelicula.

La técnica se evalu6 en promedio con 3,28/5, por el posicionamiento y la
compresion de la mama, (se encontré que en el 50% de los estudios tenian alguna placa
con pezon incluido, en el 16% de los estudios alguna placa con pliegues, en alguna placa
del 10% no se tomaba el pectoral y solo en el 16% de los estudios alguna placa estaba
recortada y en 1 le faltaba compresion.

La evaluacion por item de las placas arroj6é que la Imagen se valuaba con 2,88/5,
La técnica con 3,28/5, el diagnéstico con 4,12/S y en Percepcion general 3,25/5.
Arrojando la Evaluacion general del Servicio 10,28/15.

CONCLUSIONES:

Los parametros del equipo dan en todos los casos como cumpliendo con las
tolerancias establecidas, excepto los negastoscopios que dan francamente mal.

Se destaca primero la validez del método elegido ya que la Percepcion de la
calidad del Servicio para emitir un diagnostico certero (0,66), coincide con la valoracion
que se desprende de cada uno de sus items (0,68).

La otra cosa importante es la relacion encontrada entre la evaluacién de los
expertos y las causas de esa valoracion, asi mencionamos cuatro:

1°) La falta de un revelador cautivo, la mezcla de marcas, asi como el descuido en
la limpieza de los chasis, pantallas y peliculas traen como consecuencia la suciedad,
rayas, artefactos, placas blandas y duras, que encontraron los evaluadores y que hacen
perder calidad diagnéstica a la placa.

2°) Por otro lado la falta de posibilidad de contar con un chasis de mayor tamafio
(24 x 30) y las peliculas correspondientes (a pesar de contar la maquina con la platina
compatible), traen como consecuencia directa las Iméagenes cortadas en las placas de
mamas grandes y concurren con otras causas que también influencian, a encontrar
pliegues, pezon incluido y falta del misculo pectoral.

3°) La alta carga de trabajo, junto con la expertice de las dos técnicas radidlogas y
los detalles enunciados en el items anterior tienen que ver con la la falta de compresién y
problemas de posicionamiento como pezoén incluido y pliegues.

4°) Las imdagenes sucias y rayadas sumada a los artefactos y a 1a muy mala calidad
de los negatoscopios, agravado por la imposibilidad de doble lectura, son la consecuencia
de los inconvenientes detectados en el diagnéstico.
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THE RADIATION PROTECTION ASPECTS IN GENERAL RADIODIAGNOSTIC

About 13 611 cases occured in 1998 in
BONDEKO clinic D.R C {Kinshasa ?
By '
MABUNDU NSATEN C. Technician in Radiology
Email : clmabundu@ yahoo.f
C.T.KASWENDE NTAMBWE V.,Technician in Radiology and demographier.

1. SUMMARY

The assessment of the collective dose absorbed within a medical formation, is a
difficult exercise. This difficulty worsens more again in a situation of crisis where the

acquirement of quantification dosimetric materials curls the commits suicide. ?

e

»

In spite of these asperities, we imagined to measure the dose as well as effects
there pertaining through the transmitted irradiation and received on X-Ray films of different
radiological explorations during one year.

These explorations left in two strata: the special exams (to accumulated strong
irradiation) and the standard exams (to reduced irradiation). The big number of the plain exams

added to a reduced population of special exams led us to 13.611 various measurements clichés.

It is these clichés that have been considered as dosifilms having received a X
irradiation that it was necessary to quantify; then, this irradiation has been extrapolated to search

for the hypothetical detriment caused by this X. radiances.

The comparison with the descended data of other countries having long
radiological tradition cleared a difference statistically meaningful testifying the precariousness
of our detection means there and imploring a revision of radiotechnical situation on the human

plan as well as on the one of infrastructures : radiological devices and dosimeters
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Fig.1 Graphical interface of the EMERALD Image Database with Thumb+Plus browser. An
example from Image Directory 8, corresponding to Chapter 8 (Fluoroscopic Equipment - the task on
image quality assessment) of the training module on Physics of X-ray Diagnostic Radiology.
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CONTRIBUCION DEL PROYECTO ARCAL XX/OIEA AL MEJORAMIENTO DE LA
v.f SEGURIDAD RADIOLOGICA EN LAS PRACTICAS MEDICAS

. Eduardo Medina Gironzini
A Instituto Peruano de Energia Nuclear

E-mail: medina@arcalxx.org.pe

Abstract

The objectives of the ARCAL XX Project: “Guidelines on Control of Radiation Sources” (1997-2000)
are to promote an effective control of the radiation sources used in medicine, industrial and research
applications, harmonising and updating existing procedures within Latin American, adopting the
International Basic Safety Standards, in order to avoid unnecessary expositions limiting the probability of
accidents occurrence. Nine countries participate with experts in the development of guidelines based in
the regional experience. The guidelines content Radiological Safety Requirements, Guide for
Authorisation Application and Inspections Procedures. In this moment, there are guidelines in
Radiotherapy, Nuclear Medicine and Diagnostic Radiology. The implementation of these guidelines will
improve the effectiveness of regulatory control of radiation sources in Latin American and the
radiological protection in aspects of occupational, medical, public and potential exposure. This document
presents the experience in the development of these guidelines and their contribution for elaborating
national regulations in the medical practices.

Resumen

Los objetivos del Proyecto ARCAL XX: “Directrices para el control de Fuentes de Radiacién” (1997-
2000) son promover un efectivo control de las fuentes de radiacion usadas en medicina, industria €
investigacién, harmonizacién y actualizaciéon de procedimientos existentes dentro de América Latina,
adoptando las Normas Basicas Internacionales de Seguridad a fin de evitar exposiciones innecesarias
limitando la probabilidad de ocurrencia de accidentes. Nueve paises participan con expertos en el
desarrollo de directrices basadas en la experiencia regional. Las directrices contienen Requisitos de
Seguridad Radioldgica, Guia para solicitar Autorizaciones y Procedimientos de Inspeccién. En este
momento hay directrices en Radioterapia, Medicina Nuclear y Radiologia Diagnéstica. La
implementacion de estas directrices mejorard la efectividad del control regulatorio de las fuentes de
radiacion en América Latina y la proteccion radioldgica en aspectos de exposicion ocupacional, médica,
publica y potencial. Este documento presenta la experiencia en el desarrollo de estas directrices y su
contribucién para la elaboracién de regulaciones nacionales en las practicas médicas.

INTRODUCCION

En 1985, debido a la inquietud de los paises del Grupo Andino: Bolivia, Colombia, Ecuador, Peru y
Venezuela se da inicio a las actividades de cooperacion técnica en materia nuclear en el marco del
Programa ARCAL (Acuerdo Regional de Cooperacion para la Promocion de la Ciencia y Tecnologia
Nucleares en América Latina y el Caribe, como se denomina actualmente), con la participacién inicial de
10 paises de la region.

El Programa ARCAL fue concebido desde sus inicios como un primer paso en el camino de la promocion
de la cooperacion regional en el uso pacifico de la energia nuclear, en particular de las aplicaciones
nucleares, y sobre esta base, lograr una integracion regional que permitiese resolver problemas
tecnologicos comunes a los paises de la regién.

Un importante Proyecto fue el de "Proteccion Radiologica" (ARCAL I), el cual se llevo a cabo entre
1985 y 1993. Aqui se determinaron las necesidades inmediatas de proteccion radiolégica en la region y
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se mejor6, en parte, las condiciones de proteccion radiol6gica existentes en las instalaciones,
adicionalmente se desarrollaron actividades regulatorias.

Los Coordinadores del Proyecto ARCAL I disefiaron los siguientes 2 Proyectos que serian una
continuacion de éste. Tal es asi que se desarrolla el Proyecto ARCAL XVII (1994 — 1996) denominado
“Estructura Normativa y Organizacién Regulatoria”, con el objetivo de promover la adopcién de una
norma bésica de proteccién radiolégica desarrollada sobre la base de las ultimas recomendaciones
internacionales en el tema y promover el desarrollo de estructuras regulatorias que permitan cumplir las
funciones esenciales de su mision.

Desde 1997 y por un periodo de 4 afios se desarrolla el Proyecto ARCAL XX: “Directrices para el
Control de Fuentes de Radiacion” con el objetivo de promover un desarrollo arménico en la regién a fin
de garantizar un efectivo control de las fuentes de radiacion para evitar exposiciones innecesarias y
limitar las posibilidades de accidentes, adoptando las nuevas orientaciones de las Normas Basicas
Internacionales de Seguridad. [1]

EL PROYECTO ARCAL Y LOS RESULTADOS ESPERADOS

A diferencia de los anteriores Proyectos, en ARCAL XX solamente participan los paises que cuentan con
la infraestructura basica necesaria para llevar a cabo el control de fuentes de radiacién, tal como:
Autoridad Competente establecida, Reglamentos y Normativas basicas, Inventario de Fuentes de
Radiacién, Programa de Licenciamiento e Inspeccién de instalaciones, Programa de Emergencias
Radiolégicas, Servicios esenciales en Proteccién Radioldgica (monitoreo ambiental, dosimetria personal
y ocupacional, etc.) y Actividades de Capacitacion en Seguridad Radiolégica. Estos paises son:
Argentina, Brasil, Chile, Cuba, Ecuador, México, Perli, Uruguay y Venezuela.

Los resultados esperados para el cumplimiento del objetivo principal del Proyecto son:

a) Evaluacion de la eficacia de los sistemas regulatorios,

b) Armonizacion y actualizacion de criterios de autorizaciéon e inspeccién en aplicaciones médicas,
industriales y de investigacion,

c¢) Difusién de informacion sobre seguridad radiolégica.

A partir de ello se obtendra lo siguiente:

a) Evaluacion de los Sistemas de Control de Fuentes de Radiacion Ionizante a través de Indicadores de
Desempeiio,

b) Elaboracién de “Guias Reguladoras de Seguridad Radiolégica”, las cuales contendran:
i) Requisitos de Seguridad Radiol6gica
it)  Guia para Solicitar Autorizacion
iii)  Procedimiento para la Realizacion de Inspecciones

c) Divulgacion en INTERNET de las actividades mas importantes realizadas en el marco de ARCAL y
del Organismo Internacional de Energia Atémica en el campo de la Proteccién Radiolégica en la
region,

d) Publicacién del Boletin ARCAL sobre Proteccién Radioldgica.[2]

[1]1 ACTIVIDADES REALIZADAS

A fin de planificar y evaluar las actividades de ARCAL se establecieron las Reuniones de Coordinadores
de Proyecto, las cuales se han llevado a cabo en Caracas, Venezuela (1997), Goiania, Brasil (1997), La
Habana, Cuba (1998) y Bariloche, Argentina (1999), hasta el momento.
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El mecanismo establecido permitié que cada pais se encargue, por lo menos, de coordinar una actividad.
Para elaborar los documentos, los expertos de un pais elaboraron un primer borrador tomando en cuenta
su experiencia en el tema y los aportes de los demas paises. Posteriormente este documento es remitido a
todos los paises para opinién y en reuniones de expertos del mismo tema se concluye una versién que es
nuevamente remitida a los paises. Seguidamente un Comité de Revisién se encarga de revisar la
redaccion de los documentos y homogeneizar el rigor técnico y los términos empleados. Este Comité esta
integrado por los Coordinadores de Proyecto de Argentina, Cuba, México, Peri y Venezuela. Finalmente
el documento es sometido a aprobacion en la Reunién de Coordinadores de Proyecto.

De esta forma se han elaborado los siguientes documentos:

[2] Instrucciones para la elaboracion de documentos

[3] Manual del Inspector

[4] Evaluacion de los Sistemas de Control de Fuentes de Radiacion a través de Indicadores de
Desempeiio

[5] Guia practica para la rapida identificacion de fuentes radiactivas y equipos que las contienen

[6] Guias Reguladoras de Seguridad Radioldgica para las practicas de:

Radiografia Industrial

Radioterapia

Medicina Nuclear

Radiodiagndstico Médico

Irradiacion Gamma

Prospeccion Petrolera

Aplicaciones Industriales de Fuentes no Selladas

Nk we

Otras actividades desarrolladas son la pagina Web del Proyecto: www.arcalxx.org.pe y la edicion del
Boletin ARCAL “Proteccién Radioldgica™, el cual se edita desde 1991 y hasta la fecha se han distribuido
61000 ejemplares a mas de 40 paises en forma gratuita.

Al finalizar este Proyecto el Organismo Internacional de Energia Atdmica habra invertido mas US$
400,000 para llevar a cabo todas las actividades programadas, y los paises habran contribuido con
expertos y el apoyo logistico interno para llevar a cabo las actividades. [2][3][4]

(7] DOCUMENTOS PARA LAS PRACTICAS MEDICAS

Las Guias Reguladoras de Seguridad Radioldgica para las practicas de Radioterapia (Teleterapia y
Braquiterapia), Medicina Nuclear y Radiodiagndstico Médico han sido preparadas por separado. Estas a
su vez contienen los siguientes documentos:

[8] Requisitos de Seguridad Radiolégica.- Aqui se establecen los aspectos técnicos que se deben
cumplir en cada practica, como son:

a. Requisitos Administrativos:  Autorizacién Institucional, Autorizaciones y Acreditaciones
Personales, Entidades de Servicio, Renovacién de Autorizaciones, Suspension o revocacién de
Autorizaciones, Cese en el uso de fuentes de radiacion ionizante, Comercializacién e importacion
de fuentes de radiacion ionizante.

b. Requisitos de Proteccion Radiolégica

Requisitos de direccion y organizacién: Personal y capacitacion.

d. Seguridad radioldgica de las instalaciones: Requisitos de disefio de fuentes y/o equipos, Disefio
de ambientes del Servicio, Requisitos operacionales.

e. Exposicion Ocupacional: Responsabilidades y condiciones de servicio, Clasificacién de zonas de
trabajo, Dosimetria personal, Vigilancia radiolégica de las zonas de trabajo, Dispositivos de
proteccion radioldgica, Investigacion y seguimiento. Registros.

e
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f. Exposicion Médica: Responsabilidades, Justificacién, Optimizacion, Calibracién, Dosimetria
Clinica y Garantia de Calidad, Investigacion en exposiciones médicas accidentales y Registros.

g. Exposicion del publico: Responsabilidades, Control de visitantes y Vigilancia radiolégica de la
exposicion del publico.

h. Exposicion potencial

Adicionalmente se prepararon Anexos sobre: Dotacion y Requisitos de personal, Contenido Tipico
de un Programa del Curso de Seguridad Radioldgica, Responsabilidades del Personal, Contenido de
un Programa Tipico de Seguridad Radiolégica y Garantia de Calidad, Comité de Seguridad
Radiolégica y Garantia de Calidad, Contenido de un Informe de Levantamiento Radiométrico,
Niveles Orientativos, Control de Calidad: pruebas minimas, frecuencia y requisitos de desempeiio.

[9] Guia para Solicitar Autorizacién.- Aqui se detallan los aspectos técnicos y procedimiento a seguir
por los usuarios de radiacion ionizante ante la Autoridad Reguladora para obtener las Autorizaciones
Personales o Institucionales (construccién u operacién). También se establece el procedimiento a
seguir por las Entidades de Servicio y cuando cesa la operacion de una instalacion.

[10] Procedimiento para la realizacion de Inspecciones.- Se presentan las listas de chequeo que deben
ser utilizada por el Inspector de la Autoridad Reguladora. Hay listas de chequeo para cada practica y
a su vez para las diferentes modalidades, por ejemplo se ha preparado listas de chequeo en
Radiodiagnodstico Médico para Radiografia Convencional, Mamografia, Fluoroscopia y Tomografia
Computarizada, incluyéndose la Radiologia Intervensionista.

Las Guia Reguladoras contienen también: Introduccion, Glosario, Referencias y Lista de Participantes.
Los demas documentos son también de gran utilidad para estas practicas. Por ejemplo, la Guia para una
rapida identificacion de fuentes radiactivas y equipos que las contienen sera utilizada cuando se
presenten emergencias, ya que mediante este documento se puede identificar de que fuente y/o equipo se
trata, y se podra conocer sus caracteristicas principales a fin de facilitar la labor de recuperacion.

[11] IMPORTANCIA DEL PROYECTO

Los documentos elaborados en el Proyecto estan permitiendo actualizar los procedimientos y en especial
las Normas de las Autoridades Reguladoras ya que éstos son tomados como referencia principal.
Adicionalmente se ha tomado en cuenta los documentos que se vienen elaborando en el OIEA e inclusive
algunos expertos de la regién participan en la elaboracion de éstos documentos. Por otra parte, los
documentos de ARCAL han sido presentados a otros Proyectos Regionales (AFRA y RCA) como un
ejemplo a seguir.

Estos documentos estdn permitiendo un mejoramiento de las condiciones de seguridad radiolégica de las
practicas y en especial se estd abordando el tema de las exposiciones médicas con lo cual se logra
proteger al paciente adecuadamente. Adicionalmente, se ha tomado en cuenta la experiencia de los paises
y se esta logrando un consenso en su aplicacién debido a las caracteristicas de la region en donde se
comparte, ademas del idioma, muchas caracteristicas comunes.

Se espera capacitar a personal de las Autoridades Reguladoras de la region mediante cursos y
entrenamientos en otro Proyecto que serd consecuencia de ARCAL XX.
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EVALUATION OF PATIENT SKIN DOSE EQUIVALENT DUE TO DIAGNOSTIC
PROCEDURES WITH X-RAYS IN LAGOS STATE NIGERIA

M. A AWEDA (Medical Physicist), Department of Radiation Biology, Radiotherapy
and Radio diagnosis, College of Medicine / Lagos, University, Teaching Hospital, Idi-
Araba, P. M. B. 12002, Lagos, Nigeria,, Fax: 234-01-5851432

ABSTRACT

This paper reports the study of Patient Skin Dose Equivalents in Lagos State,
Nigeria, as one of the strategies of patient protection and x-ray procedure quality
assessment. 13 most frequent x-ray diagnostic procedures were studied. These
were chest, skull, cervical spine, lumbosacral spine, sinusis, pelvis, plain abdomen,
shoulder, foot, hysterosalpingography, intravenous urography, barium meal and
barium enema. 1977 procedures were monitored for a period of 12 months in both
private and public hospitals carefully selected from all over the state. The resuits
obtained compared favorably well with those from similar studies reported in the
literature. The slight differences observed have been ascribed to variations in the
patient anatomy, exposure conditions and choice of radiographic parameters.

Technical Topic Session: Research Relating to Radiological Protection in Medicine.
1. INTRODUCTION

The main radiation protection problem in the diagnostic applications of x-rays is
the unnecessary irradiation of patients and staff. Exposures to ionizing radiation and
the associated health hazards necessitate the need for justification, optimization and
respect of norms as recommended by the relevant international organizations [1].
Patient exposures in most cases are justified having taken account of alternative
diagnostic methods using non-ionizing radiation [2]. Optimization implies reduction of
patient dose to minimum possible while still obtaining all the necessary diagnostic
information according to the ALARA principle.

Evaluation of Patient Skin Dose Equivalent (PSDE) is an optimization process
intended for monitoring and assessment of performance within a department as part
of dose reduction and patient protection strategies. PSDE is useful in the
assessment of the potential harms from a particular procedure and for
intercomparison of quality and standards between departments at national and
international levels. The various direct and indirect methods of patient dosimetry
exist in the literature [3,4,5]. PSDE monitoring is of particular importance in third
world countries where the larger percentage of the radiation facilities are old, many
of them not regularly serviced and the quality control and recalibration of the electric,
mechanical and dosimetric performance parameters are almost non existent as in
the developed countries.
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This paper reports the PSDE from 13 most frequent x-ray diagnostic procedures in
Lagos state, Nigeria. Lagos, being the economic and the industrial nerve center of
the country, is the most densely populated city in the West African subregion. The
number of private hospitals in the state is far greater than public and they are of
varying sizes and standards. Some of the public and private hospitals have been
selected for this study. The results obtained were compared with similar studies
reported in the literature. The goal is to improve the quality of radiodiagnostic
procedures, the quality being defined in terms of qualitative image vis-a-vis the dose
to patient.

2. MATERIALS AND METHODS

PSDE were monitored for a period of 12 months in 10 different public and private
hospitals distributed all over Lagos state. The criteria for selection of hospital
included good representation of type of diagnostic procedures studied, the
geographical location, how busy the hospital is and the facilities available. The 13
procedures studied were chest, skull, cervical spine, lumbosacral spine (LSS),
sinusis, pelvis, plain abdomen, shoulder, foot, hysterosalpingography (HSG),
Intravenous Urography (IVU), Barium Meal (BM) and Barium Enema (BE). 1977
procedures were monitored out of which 1485 were common and 492 were special
procedures.
Thermoluminescence Dosemeter (TLD) LiF chips were placed one on each side and
one at the central axis of the rectangular x-ray beam on the patient skin. From
reading the chips the average PSDE for each exposure was determined. The TLD
reader was Tolede 654 from Vinten U.K. at the Federal Radiation Protection Service.
The system had been pre-calibrated at the dosimetry laboratory of IAEA in
Seibersdorf, Austria. A patient radiological examination conditions and radiological
parameters.

3. RESULTS AND DISCUSSIONS -

The number of exposures, the range of the PSDE and-the-mmean.values for the
various procedures monitored are summarized in Check the
attachment for the table). The ranges of the PSDE from the fiterature—are contained
in the last column for comparison. The PSDE recorded cover a wide range and vary
with patients. This observation is expected because each patient is unique in
anatomy, age, weight, illness and exposure conditions. Patient dose depends on
type of procedure, beam size or the volume of tissue in the beam, patient positioning
as well as radiological parameters such as KV, mAs, type and speed of film, use of
intensifier and grid, age, type and the output of the x-ray facility. These technical and
patient anatomical difference have been identified to account for the wide PSDE
ranges. Some procedures such as LSS, HSG, IVU, BM and BE gave PSDE values
which are multiples of the means annual background dose limit. The range of the
PSDE obtained compared with those by Roger R.T. [6] and the means PSDE values
by Shrimpton et al.[7] show a good agreement. The slight differences could be
attributed to the patient anatomical and exposure parameter differences.
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FREQUENCY OF CHROMOSOME ABERRATIONS IN PERIPHERAL BLOOD
LYMPHOCYTES FROM WORKERS OCCUPATIONALLY EXPOSED TO
DIAGNOSTIC X-RAYS

F. Zakeri, R.Assaei, R.Varzegar, A.Heidary

National Radiation Protection Department (NRPD) , Iranian Nuclear
Regulatory Authority (INRA), Tehran, Iran.
Email: fzakeri@seai.neda.net.ir
Abstract
Peripheral blood lymphocytes of 150 medical diagnostic X-ray workers, were examined for the
frequency of acentric and dicentric chromosome aberrations (CAs). These occupationally exposed
individuals, consist of 108 male and 42 females with mean age and duration of work of (34.2 + 8.1)
and (9.6 £ 6.7) years, respectively and all were routinely monitored with film badges. None of them
had ever exceeded the permitted radiation limit for occupationally exposure recommended by the
ICRP. The results are compared with those of 58 matched donors without radiation history as the
control group. At least 100 metaphases were scored for each individual and the aberrations considered
were acentric (ac) and dicentric (dic) which are the most important aberrations used for cytogenetic
dosimetry.The data include 18,320 and 9000 cells scored for CAs in the workers and controls,
respectively. Our results showed higher frequencies of dicentrics as well as acentrics in the workers
than in the controls (P<0.05). The mean frequency of acentric and dicentric aberrations for the
workers and control were: (ac) 2.85 /100 cells and 1.12/100 cells, and (dic) 1.03x107> and 0.33x107>,
respectively. Although the mean frequency of CAs in the male workers were slightly more than in the
female workers, however, no obvious trend of increased aberrations as a function of either duration of
employment or age were noticed.
1-Introduction
Several studies on the induction of CAs by diagnostic X-rays have been published (UNSCEAR 1969).
Diagnostic and therapeutic uses of ionizing radiations make the largest man-made contribution to the
population dose (UNSCEAR, 1982). In diagnostic radiology it is intended that the desired information
is obtained with minimum exposure of the subjects and with the least risk to the technical personnel.
medical workers thus constitue the group most consistently exposed to low doses of ionizing
radiations (1). CAs especially dicentrics induced by ionizing radiation in human lymphocytes offers a
useful means of radiation exposure (2). Hagelstrom et al.(1995) who tested a group of workers
occupationally exposed to chronic low level ionizing radiation, demonstrated a significant increase in
the level of CAs(3). Jha AN et al.( 1991) showed higher frequencies of dicentrics as well as acentrics
in the personnel handling diagnostic X-ray machines, than in the normal controls(4). Lloyd et
al.(1980) also reported elevated levels of unstable CAs in the workers occupationally exposed to
ionizing radiation(5).Stewart and Sanderson (1961) demonstrated chromosomal abnormalities in
individuals receiving less than 0.3 and 2.0 rad of diagnostic X-rays(6).Norman et al.(1964) found
about 0.77% dicentrics in lymphocytes of radiation workers exposed to a cumulative dose of 10-25
rad during the period of their employment(7). Bigatti et al.(1988) showed an increased frequency of
chromosomal aberrations, including dicentrics, in 3 groups of hospital workers who were exposed to
very low levels of X- or y-rays(8). CAs have a major role in the developed of neoplasms and
hereditary defects in humans. This proposal is an approach to study the formation of CAs induced by
ionizing radiation in radiation workers. In this study we examined the frequency of acentric and
dicentric aberrations in 150 workers occupationally exposed to diagnostic X-rays. This is important as
significantly elevated levels of such aberrations may be found in peripheral blood lymphocytes of
radiation workers who are exposed within the occupational limits recommended by the ICRP.
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2-Materials & Methods

2.1. Research subjects

A group of 150 workers occupationally exposed to diagnostic X-rays, was tested. The group consisted
of 108 male and 42 female workers with mean age and duration of employment of 34.2+8.1 (range 20-
55) and 9.6+6.7 (range 1-28) years. Cytogenetic findings of the whole group were compared with
those obtained in a control group of 58 matched blood donors, healthy and without radiation history.
Mean age for the control was 35.6+7.6 (range 21-57) years.

2.2. Lymphocyte cultures

The cultures were set up by adding 0.5 ml of heparinized blood to 4.5 ml RPMI 1640 medium (Gibco
BRL), supplemented with 20% fetal calf serum (Gibco BRL), antibiotics, phytohaemagglutinin and L-
glutamin and also (BrdU) was also added to a final concentration of 5 pg/ml. Colchicine(Fluka) was
added to a final concentration of 0.5 pg/ml 2 h before the end of the incubation. The cultures were
harvested after 48 h of incubation, by centrifugation, suspended in hypotonic solution(0.075 M KCl),
incubated 20 minutes at 37°c and fixed in three changes of methanol :acetic acid (3:1). Cell
suspensions were dropped on wet, cold slides and dried. Then the slides were routinely stained with
Giemsa (9). At least 100 metaphases were examined for each individual. Chromosome aberrations:
dicentrics, rings and acentrics, were scored exclusively from first-division metaphases.

2.3. Statistical evaluation

The frequency of unstable chromosome aberrations in the lymphocytes of the subjects and controls
were compared using student’s t-test. The influence of age and duration of employment was tested by
the regression method.

3- Results

The results of chromosomal analyses in the workers and controls are presented in Table 1. The
frequency of both dicentrics and acentrics are significantly higher in the workers than in the controls
(P<0.05). Among 150 individuals studied, dicentrics were observed in 6 cases.

Table 1:
The frequency of chromosomal aberrations in the control and occupationaly exposed workers.
Group subjects Age(y) Duration of cells Dicentrics/  Acectrics/
work(y) scored cellx10> 100 cells
M+SD Range M+SD Range +SD +SD
Radiation

workers 150 (34.2+£8.1),20-57 (9.6£6.7), 1-28 18320 1.03+0.42 2.85+0.34

Controls 58 (33.6+£7.2),20-55 - 9000 0.33+0.25  1.12+0.26

The frequency of CAs in the workers and controls are shown in the figure 1.
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The frequency of Chromosomal
aberrations in the medical diagnostic X -
ray workers and control

CA 100cells

Control Workers

Fig. 1
In order to test the difference between the frequency of CAs in male and female workers, the survey
group was divided due to their sexes. The results of chromosomal analyses in these 2 groups are
presented in Table 2.
Table 2:
The frequency of chromosomal aberrations in control and male and female workers.

Group No. of Age=SD(y) Duration of cells scored CAs/100cells
subjects work (y) +SD
Male workers 108 34.9+7.90 10.34+6.85 12275 3.03+0.32
Female workers 42 32.2+8.53 7.9+6.20 6045 2.62+0.29
Male controls 30 36.8+6.38 - 4650 1.21+0.61
Female controls 28 33.5¢7.42 - 4350 0.97+0.42

The mean frequencies of CAs were higher in the male workers than in the female workers, but it was
statistically not significant. Apply the regression method, no significant relationship was found
between the duration of employment , age and the chromosomal findings in male and female workers.
4-Discussion

Several authors published data on the higher incidence of CAs in workers occupationally exposed to
diagnostic X-rays, obtained by the conventional technique of evaluation of Giemsa-stained
chromosomes (1).Increased frequencies of chromosomal aberrations are well known among
occupationally exposed workers even at much below the permissible level of exposure. In the
classical study on 200 nuclear dockyard workers (Evans et al., 1979), an elevated frequency of
chromosomal aberrations was reported after 10 years of study. A dose-effect relationship was also
observed on the basis of their accumulated dose (10). Similarly, Bauchinger et al. 1980, documented a
higher frequency of dicentrics and acentrics in nuclear power plant workers, but without any dose-
effect relationship (11). Our results show a significant increase in the number of both types of
aberrations: acentrics and dicentrics, when compared with the control group of blood donors without
radiation history. The present observation therefore supports the findings of other investigators. In the
occupationally exposed individuals in the current study an increased frequency of acentrics was
frequently noticed. Most cases of increased frequency of acentrics are known to involve relatively
minor exposure to low doses or dose rates of X- and y- radiations (12). Although in this study the
numbers of acentrics and dicentrics were higher than in the control group (P<0.05), no significant
differences were found between the numbers of aberrations and duration of employment and sex.
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Abstract. The International Commission on Radiological Protection and the
international organizations that co-sponsored the International Basic Safety
Standards for the Protection against Ionization Radiation and for the Safety of
Radiation Sources (BSS) —among them PAHO and WHO- recommended the use of
investigation levels to provide guidance for medical exposures. In this work, entrance
surface doses for several common diagnostic radiology procedure have been
determined from exposure rate measurements and patient technique factors in seven
“World Health Imaging System — Radiography” (WHIS-RAD) units, installed in
public health services facilities of the Republic of Haiti. The results show the
entrance surface doses below the guidance levels published in the BSS. Concomitant
image quality measurements performed, however, indicate serious artifacts in the film

processing, calling for the need of additional training of the technologists.

Introduccion

Haiti tiene una poblacion de alrededor de
8 millones de habitantes. En los servicios
publicos, se estima hay unos 20 equipos
de rayos X. Entre 1993 y 1996 la
Organizacién Panamericana de la Salud /
Organizacién Mundial de la Salud
(OPS/OMS), dotd al pais de 11 equipos
de radiografia del tipo “WHIS-RAD” —
World Health Imaging  System—
Radiography, 7 de la firma Philips y 4 de
la firma Bennett. Este equipo se
caracteriza por tener un sistema de
soporte en arco C que mantiene el
receptor de imagen siempre alineado con
el tubo de rayos X a una distancia fija de
1,4m, con una mesa flotante. El tubo de

rayos X tiene un punto focal de menos de
Imm y una potencia de 24 a 30kWs. El
generador es de alta frecuencia y funciona
con baterias.[1]

Objetivo

El objetivo de este trabajo, es hacer una
estimacién de la dosis de entrada en la
superficie del paciente (DES), utilizando
las técnicas radioldgicas recomendadas
por la OMS (kVp y mAs) [2] y las tasas
de exposiciéon en aire medidas en 7 de
estas unidades, para compararlas con los
niveles orientativos de dosis publicados
en las Normas bdsicas internacionales
para la proteccion contra la radiacion
ionizante y para la seguridad de las
fuentes de radiacion, (NBS) [3]
copatrocinadas por seis organismos



internacionales —entre ellos la OPS y la
OMS- y publicadas (en castellano) por el
Organismo Internacional de Energia
Atémica (OIEA) en 1997. De acuerdo con
los criterios de las NBS, se evalud
también la calidad de la imagen
radioldgica.

Métodos.

Durante las pruebas de aceptacion de los
equipos se verific6 que todos cumplian
con las especificaciones de la OMS.[1] Se
midieron: el tamafio del punto focal, la
exactitud del potencial, la congruencia del
campo luminoso y el de radiacién, la
calidad de la imagen, la capa
hemirreductora (CHR), la
reproducibilidad y linealidad del
generador, y la tasa de exposicion en aire.
Para las cuatro dltimas medidas se usé un
monitor de rayos-X (MDH Radcal-1015)
y filtros de aluminio. De los valores de
CHR medidos, se determiné que la
filtracién total de los equipos era de 3 mm
de aluminio, de acuerdo con las
especificaciones de la OMS. La calidad
de la imagen se determiné radiografiando
dos patrones de resolucidn espacial de
pares de lineas, uno de alto contraste y
otro de bajo contraste.

Se determinaron las DES para cada una
de las técnicas recomendadas [2] por la
OMS, utilizando un factor de conversion
de 0.00877 para convertir de mR a mGy y
corrigiendo por la geometria de medicion.

Resultados

En la figura-1 se presentan la tasa de
exposicion y la CHR en funcién del
potencial del tubo, medidas en cada una
de las unidades. Las variaciones minima y
méxima de los valores obtenidos para la

CHR (mm de Al) Exposicion (mR/mAs a 1 m)
o
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tasa de exposicion son del orden de 5 y
19% a 70 y 53 kVp respectivamente y hay
una variacion de 5% para las CHR,
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independientemente de la energia del haz.

Figura-1. Tasa de exposicién y CHR en
funcion del potencial del tubo medidas en
las 7 unidades WHIS-RAD
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Figura-2. Dosis de entrada en la superficie del paciente en funcién del espesor del
paciente para diferentes proyecciones radiograficas

En la figura-2 se presenta la variacién de
las DES promedio en funcion del espesor
del paciente para 6 proyecciones
radiograficas. Las desviaciones estindar
varian entre 8 y 12%, independientemente
de la técnica.

Tabla-2. Evaluaciéon de la calidad de
imagen en las unidades WHIS-RAD
[Patrones de barras sobre el receptor de
imagen: 0.1 mm Pb (AC) y 0.001 mm Pb
(BC); 70kV, 3.2 mAs]

Unidad | Contraste® Resolucién Revelado
Tabla-1 Comparacién de los valores de (pl/mm)
DES determinados en este trabajo, AC BC
asumiendo un espesor del paciente de 20 1 1.27 3.1 ) OK
cm y una anchura de 34.4 cm, con los 3 0.71 40 22 OK
reportados en las NBS. 4 0.37 3.1 22  Artefactos
5 1.04 34 22 Artefactos
Examen DES (mGy) 6 0.47 3.7 25  Artefactos
NBS HAITI 7 0.41 3.1 2.8  Artefactos
Térax PA 04 0.23x11%
AP 0.24+7.7%
LAT 1.5 1.19£12% En la tabla-1 se presentan los valores de
Abdomen AP 10 276 £9.7% DES, con sus desviaciones estandar,
PA 3.51+9.7% obtenidos en este trabajo y los publicados
Crineco PA 5 3.01 +10.6% en la literatura para un adulto tipico
LAT 3 1.33 £ 10.6%
Pelvis 10 6.66 £ 10.6%

* Diferencia en la densidad éptica entre las areas
opaca y transparente en el patron de barras de Pb.



