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Resumo

A Radiologia Intervencionista € uma area da medicina que utiliza radiacdo
ionizante como guia de intervencGes. Os valores de dose aos quais 0s intervencionistas

sdo expostos sdo dificeis de padronizar.

Nesta pesquisa é apresentado uma avaliacdo das exposi¢des ocupacionais nos
seguintes procedimentos vasculares: angiografia coronariana, angioplastia coronariana,
angiografia cerebral, angiografia de extremidades e angioplastia de extremidades. Essa

pesquisa foi abordada em 2 etapas.

A primeira etapa caracterizou-se a exposi¢cdo ocupacional, atraves de dosimetria
de Luminescéncia Opticamente Estimulada (OSL) em diferentes partes do corpo:
cristalino, tireoide, térax, abdémen, pés e maos. Foi realizado em trés modalidades
diferentes de procedimentos de radiologia intervencionista: coronariano, cerebral e

periféricas.

Na segunda etapa foi determinado a dose efetiva atraves da dosimetria,
utilizando a conversdo de 6 regides com dose superficial em aventais plumbiferos para
26 regibes internas. Através de parametros de rotina, foi estimado a dose efetiva através
do Produto Kerma Area (PKA) obtido através de equipamentos fluoroscopicos, onde a
estimativa é realizada através de fator obtido para cada modalidade. As doses efetivas,
calculada através da dosimetria e estimada por PKA, foram comparadas através do
método de Bland Altman avaliando a concordancia entre os dois métodos. A utilizacdo
de fatores experimentais para estimar a dose efetiva é proposta para auxiliar o programa

de radioprotecéo.

As maiores doses equivalentes encontradas foram abddémen e médos para as
modalidades coronarianas e periféricas, cristalino e médos para modalidades cerebrais. A
dose no torax como representativo para o corpo todo pode subestimar outras doses como

abdomen, extremidades e cristalinos.

As modalidades coronarianas e cerebral apresentaram viés entre -1 e 0 uSv, onde
a estimativa através do PKA infere valores de dose efetiva proximos ao calculado por
dosimetros. As modalidades periféricas apresentaram um viés entre -11 e -7 uUSv

subestimando a dose efetiva, onde a proximidade do intervencionista implica em maiores



niveis de exposicoes de radiacdo espalhada em contraste com menores valores de PKA,

devido as regides de extremidades.

Palavras-chave: Radiologia intervencionista, dosimetria, produto kerma area,

dosimetro opticamente estimulado.



Abstract

Interventional Radiology is an area of medicine that uses ionizing radiation as a
guide to interventions. The dose values the interventionists are exposed to are difficult to

standardize.

This presents an assessment of the occupational: coronary angiography,
coronary angioplasty, cerebral angiography, borderline angiography and borderline

angioplasty. This was addressed in 2 steps.

The first stage was characterized by occupational exposure, through Optically
Stimulated Luminescence (OSL) dosimetry in different parts of the body: thyroid, lens,
abdomen, feet and hands. It was performed in three different modalities of interventional
radiology procedures: coronary, cerebral and peripheral.

In the second step, an effective dose was determined through dosimetry, using
the conversion of 6 regions with surface dose in lead aprons to 26 internal regions.
Through routine parameters, the effectiveness was estimated through the Product through
Kerma Area (KPA) performed through fluoroscopic equipment, where a factor
calculation is performed for each modality. As the effective doses, through the
combination of the two methods and calculated by KPAI, were projected through
alternative methods of agreement between the two methods. The use of experimental

factors to estimate the effective dose is proposed to help the radioprotection program.

The highest equivalent doses were total abdominal and hands for coronary and
peripheral modalities, crystalline and for modern modalities. The dose cannot as
representative for the whole body underestimate other doses such as abdomen, limits and

lens.

The coronary and cerebral modalities showed a bias between -1 and 0 Sy,
where the estimate through KPA infers effective dose values close to those calculated by
dosimeters. Peripheral modalities showed a bias between -11 and -7 puSv, underestimating
the effective dose, where the proximity of the interventionist implies higher levels of

scattered radiation exposure in contrast to lower KPA values, due to the extremity regions.

Keywords: Interventional Radiology, Dosimetry, Kerma Area Product,
Optically Stimulated Dosimeter.
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1. Introducdo, justificativa e relevancia do tema

O uso de equipamentos e de fontes de radiacdes ionizantes aumentou-se
grandemente desde a sua descoberta em 1895, devido aos grandes beneficios nas
diferentes areas da saude. Inicialmente, as propriedades dos raios X, por serem
desconhecidas, fez com que muitos profissionais da radiologia viessem a obter danos a

salde devido aos efeitos deletérios do uso indevidos da radiacéo [1, 2].

Apo6s o estabelecimento de protocolos de protecdo radioldgica, exposicGes
indevidas aos raios X tiveram um grau maior de preocupac¢do a comunidade cientifica [3].
No entanto, acidentes radiolégicos continuam a ser notificados junto aos 6rgaos
normatizadores e fiscalizadores do uso de fontes radioativas, 0 que exige o constante
aperfeicoamento das legislacdes especificas [4-6]. Apbs a utilizacdo das radiacOes
ionizantes, a ciéncia e a medicina se beneficiaram, mas por outro lado provocaram

diversos danos em médicos, pesquisadores, individuos expostos e pacientes [7].

Os primeiras normas de protecdo radiolégica para o0s individuos
ocupacionalmente expostos foram publicadas pela Roentgen Society apds a confirmacao
do dano no tecido humano causados pela descoberta dos raios x [8]. O uso desenfreado
da falta de conhecimento das radiacGes observou-se 0s danos bioldgicos, sendo assim,

criaram normas que visam a protecdo do ser humano e do meio ambiente [9].

A radiologia intervencionista € uma area da medicina que utiliza radiacao
ionizante como guia de intervencdes [10]. Estas intervencBes sdo realizadas com fins
diagndsticos e terapéuticos, utilizando acessos percutaneos, e sendo guiados por imagens
fluoroscopicas. Estes procedimentos sdo levemente invasivos quando comparados a
outros procedimentos cirdrgicos. Onde promovem a recuperacdo rapidamente com

maiores beneficios para os pacientes [1, 2, 11].

Durante os procedimento da RI os intervencionistas posicionam-se proximos ao
paciente, onde este recebe o feixe primario da radiacdo ionizante [12]. Portanto, devido a
proximidade dos intervencionistas ao feixe primario, esta area da medicina é responsavel

pelas maiores exposi¢es ocupacionais a equipe médica [10, 13, 14].

A estimativa de dose através dos dosimetros é o método padrdo ouro na
dosimetria ocupacional, porém este método é mais eficiente em casos de feixe de radia¢ao

homogéneo [10, 13, 14]. Para as doses recebidas pela equipe na RI, a estimativa apresenta



complicacdes devido ao feixe ndo ser homogéneo [14]. Porem os métodos dosimétricos
em procedimentos intervencionistas séo 0s mesmos empregados em outras modalidade
de procedimentos [10]. Os valores de dose efetiva alteram-se devido a diversos fatores
como tempo de exposicao, carga no tubo de raios X, tipo de exame, locais de intervencéo

e anatomia do paciente [3, 10, 14, 15].

A RI realiza intervencdes em diversas areas do corpo, como exemplo as
modalidades coronariana, cerebral e de extremidades [16-18]. Para cada area de
intervencdo utilizam-se protocolos especificos, entregando niveis de exposic¢des distintos
aos intervencionistas [16, 19]. Isto ressalta a dificuldade de se criar metodologias que
indiguem com maior eficacia e precisdo a dose recebida por intervencionistas durante 0s
procedimentos da RI [2, 10, 14].

Durante 0s avancos tecnoldgicos, parametros dosimétricos foram
implementados nos aparelhos fluoroscopicos, permitindo o controle através de cada
procedimento do nivel de exposicdo ocupacional [20]. Portanto pardmetros como tempo
de fluoroscopia, Kerma e Produto Kerma Area (PKA) foram implementados permitindo
0 monitoramento [20]. Estudos demonstram a utilizacdo do PKA como um fator
representativo para a dose [21-23]. Onde o PKA tem uma maior representacdo da dose
distribuida em relacdo ao Kerma, pois leva-se em consideracao a distribuicdo da dose em
area [24].

2. Objetivo
O objetivo deste estudo é representado por dois tdpicos distintos.

e Realizar uma dosimetria com maior eficicia e precisdo para 0s
procedimentos da RI.
o Ointuito da dosimetria é avaliar as diferencas dos niveis de exposi¢do
para 6 distintas regides do corpo dos intervencionistas.
o Avaliar o perfil de exposi¢cbes para distintos protocolos de
intervencdo (coronariano, cerebral e de extremidade).
e Determinar uma nova metodologia de célculo de dose efetiva que auxilie o
programa de protecdo radioldgica.
o Realizar o célculo de dose efetiva atraves da dosimetria, utilizando
conversao de 6 regides externas do corpo para 27 regides internas e

seus respectivos fatores de radiossensibilidade.



o Estimar a dose efetiva através do produto kerma area através de
fatores de converséo.

o Comparar o nivel de concordancia entre os métodos estimados.

3. Fundamentos tedricos
3.1. Grandezas Dosimetricas

3.1.1. Exposicdo

A exposicéo e definida como a razdo de dQ dividido por dm, demonstrado na
equacdo 1, onde dQ é a carga total de ions produzidos no ar quando todos os
elétrons sdo liberados numa determinada massa de ar dm [3, 25]. A unidade de
medida é denominada Rontgen (R), medida no Sistema Internacional (SI) a razdo
entre coulomb (C) por quilograma de ar (Kgar).

1 Exposicao = g (L)

dm \K{gqr
3.1.2. Kerma

O Kerma (K) representa a energia cinética transferido ao meio, definido como o
quociente de dEtr/dm, demonstrado na equacdo 2, onde dEtr é a soma das energias
cinéticas iniciais de todas as particulas ionizantes carregadas (elétrons e pdsitrons),
liberados pelas particulas sem carga (fétons) em um material de massa dm [3, 25]. A
unidade de medida é denominada Gray (Gy), medida no SI como a razdo entre Joule (J)
por quilograma (kg).

2 Kerma (K) = % (;—g)

3.1.3. Dose absorvida

A dose absorvida (D) € definida como a quantidade de energia depositada (dEab)
pela radiacdo ionizante em um determinado volume de massa dm, representada pela
equacdo 3 [3, 25]. A unidade de medida é denominada Gray (Gy), medida no SI como a

razdo entre Joule (J) por quilograma (kg).

3 Dose Absorvida (D) = % (kj_g)

3.1.4. Dose equivalente



A dose especifica recebida por cada tecido e representada pela ggrandeza dose
equivalente (Ht). A somatdria das doses absorvidas (D) em um volume de massa dm,
provenientes de diferentes tipos de radiacdo, multiplicados pelos fatores de ponderacéo
de cada tipo de radiagdo (wr), resulta na Hr representado pela equagéo 4 [3, 25]. A
unidade de medida é denominada Sievert (Sv), medida no SI como a raz&o entre Joule (J)

por quilograma (kg).

4 Dose Equivalente (Hy) = Y, D.wpg

3.1.5. Dose Efetiva

A Dose Efetiva (E) definida como o somatoério das doses equivalente (HT)
ponderadas pela radiossensibilidade de cada tecido (wr), apresentado na equacéo 5. Onde
esta unidade de medida € a que melhor associa a quantificacdo dos danos bioldgicos ao
nivel de exposicao radiologico [3, 25]. A unidade de medida é denominada Sievert (Sv),

medida no SI como a razéo entre Joule (J) por quilograma (kg).
5 Dose Efetiva (E) = Y, Hp.wy
3.1.6. Produto Kerma Area

O Produto Kerma Area (PKA), é o produto do kerma no ar (Kar) em uma érea A,
de um plano perpendicular ao eixo central do feixe de raios X representado pela equacgéo
[26]. A unidade de medida no Sl e determinada como o produto entre Gy e a unidade de

area m2,
6 Produto Kerma Area (PKA) = K,,.A (Gy.m?)
3.2. Dosimetro OSL

A Luminescéncia Opticamente Estimulada (OSL) é um dos muitos fendbmenos
que ocorrem na matéria que podem ser induzidos por radiacfes ionizantes e se tornou
uma ferramenta pratica e bem sucedida na dosimetria das radiacbes [27]. Trata-se da
emissdo de sinal luminescente de um determinado cristal previamente irradiado quando
exposto a luz [27, 28]. Utilizando o cristal 6xido de aluminio dopado com carbono
(Al203:C) que, devido a sua fotosensibilidade, passou a ter ampla utilizagdo como um
detector OSL [28]. Devido a utilizacéo de filtros pode-se criar janelas de senssibilidade



diferentes no dosimetro, tornando o dosimetro OSL uma ferramente de distin¢éo para 0s

niveis de exposicdo em acordo com cada filtro [28, 29].
4. Concluséo Geral

o As dosimetrias realizadas nos procedimentos de RI, demonstraram grande
variabilidade nas exposi¢des corporais.

o Nota-se que para todas modalidades de procedimentos dosimetradas,
apresentaram grandes diferenca estatisticas entre as regides.

o Profissionais em rotina normal, com o uso de equipamentos plumbiferos,
ndo se submetem a riscos que causem danos, mas algumas regides corporais podem
receber niveis de exposic¢do proximos aos limites imposto pelo orgdo governamental.

o As diferentes modalidades apresentam diferencas nos niveis de exposicao
nas regides dosimetradas, logo as diferentes regiGes de intervencdo implicam em
riscos diferentes a equipe intervenionista.

o Devido ao feixe ndo homogéneo, a radiologia intervencionista necessita de
formas diferentes de dosimetria e analise dos niveis de exposi¢do do programa de
protecdo radiologica hospitalar.

o Utilizar o Produto Kerma Area como parametro auxiliar para predizer a
Dose Efetiva implica em um program de protecdo radiolégica mais seguro. Porém
este método ndo substitui a utilizacdo do dosimetro, a qual é o método padréo ouro.

o Os protocolos das diferentes modalidades apresentaram Kerma e PKAs
distintos quando comparados com o tempo fluoroscopia, onde maiores tempos de
exposicdo nao implicam em maiores doses atribuidas a equipe médica.

o A utilizacdo do PKA como parametro de estimativa da Dose Efetiva é
intrinseco de cada setor, onde para cada setor, o fator multiplicative de estimativa é

especifico daquele local, ndo podendo ser aplicado em outro setor.
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Lorem ipswm dolor sit amet, consactetuer adipiscing elit.
Mhizecanas porttitor congue masza Fusce posusre, magna zad
pulvinar uliricies, pums lectuz malesuada libero, =it amet
commode magna eros quis Wha Nunc viverra imperdiet
enim. Fusce est. Vivamus a tellus. Pellentazque habitant
morhl tristigque senectus et natus of malesuada fames ac horpis
egestaz. Prom pharetra nommmmy pede.

Mauns et orel Aensan nec lorem. In porthter. Domec
lacrest nomummy augne. Buspendizza dw pums, scelanizque
at, volputate vitze, pretium mattis, mune. hMaun: eget neque
at =sem venenatiz alerfand. Th nomummy. Fusce aliqust pade
non pede.

1.1 Subsection heading

Suspendizze dapibus lorem pellentesque magna Integer
milla. Donec blandit fenziat bigula. Donec hendrent, felis ot

EEt ST e

imperdiet emsmed, pums lpsum pretium mets, n lacima
mlla nizl eget zapien. Donec ut est in lactus comsequat
conzequat. Etiam eget dw. Aliguam erat volutpat. Sed at
loram in mme perta fristique.

Prom nec augme. Cusgque aliguam tempor magma.
Pellentesque habitat morki frishoue senectus et netus et
malezuzdz fames 2o turpiz egestas. Mune ac magna
Waecenas odio dolor, vulputate vel, anctor ac, accumsan 1d,
falis. Pellantesque cursus sagiths felis. Pallentesque porttrtor,
velit lacimia egestaz auctor, diam eros tempus arcu, nec
vulputate augns magna vel risus. Cras non magna vel ante
adipisemg rhoncus.

Vivamms 2 mi MMorbi neque. Aliquamn erat volutpat.
Intager ulirices lobortiz eros. Pellentazque habitant merbi
triztique senectus of metus et malesnada fames ac hurpiz
egestaz. Proin semper, ante vitae sollicitudin posusre, metus
guam 1acnliz mibh, vitae scelensque munme massa agst pede.
Sed wvelit uma, interdum wel, ultneies vel, fancibus at, quam.
Donec elit sst, conzectetuer eget, conssquat quuis, tempus
quis, wisl.

1.1.1 Subsubsection heading.  Ininnupe. Class aptent
taci senknsan 2d litora torgnant per comabia nostra, per
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In s3p0en 2 p0is damius. conmada, Cum sociis pafoans
penatihng ot ragms dis partunent montes, passebe odipales
e, Cras fapribms condimentium odin, Sgd ac lignla
Aliguzmm, at erps.

Etiam at ligula et telz uollamcorper ultrices. In
formentum, lorem non cursus porttitor, diam wna accumean
lacuns, sed mterdum wisi mabh nec msl. T tincidunt vohatpat
urna. Mauns elerfand nullz eget mawriz. Sad cursus quam id
falis. Curabrtur posuere quam vel mibh. Cras dapibus dapibus
nizl. Vestibulum quiz dolor a felis congue wvelicula
Maecanas pede purs, fristique ac, tempus egst, esestas quis,
maris. Curabiter non ercs. Wullam handrarit hibanduom
justo. Fusce iaculis, est qums lacmiz prefium, peds metus
molestie lacus, at gravida wisi ante at libero. Chuisque omare
placerat mizus. Ut melestis magna at mu. Integer aligquet
mizuris of mibh, Tt mattis ligula posuere valit

Mune zagiths. Curabitur varios fimgilla msl. Duis pretiom
mi enizmod erat. Mascenas id augus. Wam vulputate. D a
gquam non neque lobortis malesuada Prassent smizmed.
Donec mulla augue, venenatis scelerizque, dapibuz a3,
consequat at, leo.

Pellantazque libero lectus, tistique ac, consectetuer =it
amet, mmperdiet ut, justo. Sad aliquam odic vitas tortor. Prom
hendrerit tempus azren. In hac habitasse platea dictumst.
Suspendizze potenti. Vivamme vifze massa adipiscing ezt
lacinia sodales. Donec metus massa, mollis wel tempus
placarat, vestibulum condimentum, Ligula. Mune lacus metos,
posuere eget, lacinia eu, varmes quis, libero.

Aliguam nomummy adipiscing angue. Loram ipsum delor
zit amet, consectetuer adipiscing elit. Mascenzs porttitor
congue massa, Fusce posuers, magna sed pulvinar uliricles,
puriz lectus malesuada hibero, =it amet commodo magna aros
quiz urnza. Mune viverra imperdiet enom. Fusea est. Vivamue
a felluz. Pellentazque habitant morbi tristique semectus ot
netus et malesuada fames ac turpls egestas.
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5.2. Artigo

New Methodology for Estimating Occupational Exposure in

Interventional Radiology
Abstract

Interventional Radiology is an area of medicine that uses ionizing radiation as a
guide to interventions. The dose values the interventionists are exposed to are difficult to
standardize.

This presents an assessment of the occupational: coronary angiography,
coronary angioplasty, cerebral angiography, borderline angiography and borderline
angioplasty. This was addressed in 2 steps.

The first stage was characterized by occupational exposure, through Optically
Stimulated Luminescence (OSL) dosimetry in different parts of the body: thyroid, lens,
abdomen, feet and hands. It was performed in three different modalities of interventional

radiology procedures: coronary, cerebral and peripheral.

In the second step, an effective dose was determined through dosimetry, using
the conversion of 6 regions with surface dose in lead aprons to 26 internal regions.
Through routine parameters, the effectiveness was estimated through the Product through
Kerma Area (KPA) performed through fluoroscopic equipment, where a factor
calculation is performed for each modality. As the effective doses, through the
combination of the two methods and calculated by KPAI, were projected through
alternative methods of agreement between the two methods. The use of experimental

factors to estimate the effective dose is proposed to help the radioprotection program.

The highest equivalent doses were total abdominal and hands for coronary and
peripheral modalities, crystalline and for modern modalities. The dose cannot as
representative for the whole body underestimate other doses such as abdomen, limits and

lens.

The coronary and cerebral modalities showed a bias between -1 and 0 pSv,
where the estimate through KPA infers effective dose values close to those calculated by
dosimeters. Peripheral modalities showed a bias between -11 and -7 puSv, underestimating
the effective dose, where the proximity of the interventionist implies higher levels of

scattered radiation exposure in contrast to lower KPA values, due to the extremity regions.



Keywords: Interventional Radiology, Dosimetry, Kerma Area Product,

Optically Stimulated Dosimeter.

Introduction

Interventional radiology (IR) is
an area of medicine that uses ionizing
radiation as a guide for interventions
[10]. These interventions are performed
for diagnostic and therapeutic purposes,
using percutaneous accesses, and are
guided by fluoroscopic images. These
procedures are slightly invasive when
compared to other surgical procedures.
Where they promote recovery quickly
with greater benefits for patients[1, 2,
11].

During the IR procedures,
interventionists are positioned close to
the patient, where he receives the
primary beam of ionizing radiation [12].
Therefore, due to the proximity of
interventionists to the primary beam, this
area of medicine is responsible for the
greatest occupational exposures to the
medical team [10, 13, 14].

Dose  estimation  through
dosimeters is the gold standard method
in occupational dosimetry, but this
method is more efficient in cases of
homogeneous radiation beam [10, 13,
14]. For the doses received by the team
in IR, the

estimate  presents

complications due to the beam not being
homogeneous [14]. But the dosimetric
methods in interventional procedures are
the same as those employed in other
modalities of procedures [10]. Effective
dose values change due to several factors
such as exposure time, x-ray tube load,
type of examination, intervention sites
and patient anatomy [3, 10, 14, 15].

IR performs interventions in
several areas of the body, such as
coronary, cerebral and extremity
modalities [16-18]. For each intervention
area, specific protocols are used,
delivering different levels of exposure to
interventionists [16, 19]. This highlights
the difficulty of creating methodologies
that more effectively and accurately
indicate the dose received by
interventionists during IR procedures [2,

10, 14].

During technological advances,
dosimetric parameters were
implemented in fluoroscopic devices,
allowing control through each procedure
of the occupational exposure level [20].
Therefore ~ parameters  such  as
fluoroscopy time, Kerma and Kerma

Product Area (KPA) were implemented



allowing monitoring [20]. Studies have
shown the use of KPA as a representative
factor for the dose [21-23]. Where the
KPA has a greater representation of the
dose distributed in relation to Kerma,
because the distribution of the dose in
area is taken into account [24].

The aim of this study was to
perform a dosimetry assessment with
greater efficacy and accuracy for IR
procedures and to determine a new
methodology for calculating effective
dose that assists the radiological
protection program. In dosimetry,
exposure levels were evaluated for 6
different regions of the interventionist
body and the exposure profile for
different intervention protocols
(coronary, cerebral and extremity). The
new methodology of effective dose
calculation was estimated by conversion
factors multiplied by the KPA obtained

provided by fluoroscopic equipment.

Materials and Methods
Fluoroscopy Equipment

The procedures were performed
in two fluoroscopy equipment of the
Hemodynamics Sector of the Hospital
das Clinicas of the Botucatu Medical
School. Coronary procedures were
performed with the Innova IGS 520
equipment (GE Healthcare). Cerebral

and  extremity  procedures  were

performed with artis zee equipment
(Siemens). The two equipments are in
accordance with all quality control tests
required by RDC 330/2019 and
Normative Instruction No. 91[5, 6]. Both
equipment sits on lead-to-backs as part
of stationary radiological protection. The
saiotes are located a few centimeters
below the table and end approximately
30 cm above the ground. The two
equipment  sits  on  transparent
plumbiferous shields attached to the
ceiling for the protection of

professionals.

In  coronary  procedures,
angiography and angioplasty use the
same protocol. 60 kVp, 15 frames/s,
"normal™ noise level, 20 cm field of

view, automatic current control (mA).

In cerebral angiography
procedures, automatic control of kVp, 4
frames/s, "normal” noise level, 42 cm of
field of view, automatic current control

(mA) was used.

In  extremity  procedures,
angiography and angioplasty differ in the
protocol. Being the end angiography
protocol: automatic control of kVp, 4
frames/s, "normal” noise level, 48 cm of
field of view, automatic control of mA.
End angioplasty protocol: automatic

kVp control, 2 frames/s, "normal” noise



level, 48 cm field of view, automatic

current control (mA).
Selection of Procedures

The  protocols  for  the
application of interventional radiology
were divided by the areas of
intervention, coronary, cerebral and
peripheral. Therefore, the procedures
chosen were: coronary angiography,
coronary angioplasty, cerebral
angiography, vascular angiography,
vascular  angioplasty and arterial

aneurysm treatment.

The choices were made using
the following criteria: total exposure
time (fluoroscopy time); frequency of
the procedure in the clinical routine and
noise level or noise level, which is a
parameter selected for each protocol and
influences the current in the tube (MA)

used.

Dosimetry of Professionals

From the choice of procedures,
the dosimetry of the professionals was
performed using Optically Stimulated
Luminescence dosimeters (OSL). For
greater accuracy of the level of exposure
of the medical team, two interventionists
were dyestered during each procedure.

These were presented as the main

interventionist (interventionist A) and
secondary interventionist
(interventionist B), according to the

Figure 1.
(Figure 1 here)

Figure 1 - Outline of the
position of interventionists during the
vascular intervention procedure. During
the procedures, a ceiling shield and
plumbiferous skirt were used to protect

the interventionists.

The performance profile of each
interventionist IS distinguished
according to the intervention area. In
coronary interventions interventionist A
IS an experienced interventionist
physician  coordinates the entire
procedure. Interventionist B is the
instrumentist where he assists the

procedure.

In  brain and peripheral
interventions, professional A is an
interventionist physician experienced in
the area of intervention and professional
B is a resident physician who assists the

procedures (auxiliary physician).

Dosimetry was performed using
dosimeters in the following regions:
crystalline, thyroid, thorax, abdomen,

hand and foot, represented by Figure 2.



Where the dosimeter was positioned on

the plumbiferous protectors.

(Figure 2 here)

Figure 2 - Demonstration of the

position of OSL dosimeters.

For all routine lysed
procedures, the following parameters
were recorded through the work center of
each fluoroscopic equipment: exposure
time, Air Kerma and KPA.

Equivalent Dose Calculation for each

procedure

From the dosimetry, the
accumulated dose per cycle of
measurements was obtained. In this
project, 3 cycles of measurements were
carried out, the 1st with duration of 1
month, the 2nd with duration of 3 months
and the 3rd with duration of 3 months.
Therefore, this project had a total
dosimetry period of 7 months. Knowing
that the accumulated dose was estimated
per measurement cycle, then the
Equivalent Dose Rate (EDR) was
calculated for each cycle, represented by
Equation 1, through the ratio between the
Accumulated Equivalent Dose (AED) in
the dosimeter and Total Time (Tt) of

exposure.

Equation 1

AED

EDR =
Tt

With EDR, the Equivalent Dose
(ED) was calculated by procedure, being
the product of EDR and the Fluoroscopy
Time (Tf) of each procedure for their
respective cycles, defined in Equation 2.
Thus, equivalent dose profiles were
obtained per examination for the tradable

regions in all procedure modalities.
Equation 2
ED = EDR * Ty

Effective Dose Calculation for each
procedure

From the equivalent dose
profile, the Effective Dose (E) was
calculated for each examination

following the following steps.

Conversion of equivalent dose
from the 6 external regions to 26 internal
regions using Conversion Factors (CF).
The CFs were obtained in previous
studies conducted by our research group,
and are presented in Table 1 [21].

Calculate the Effective Dose
using Equation 3.
Equation 3

26
Effective Dose (E) = Z wr * Dg
T



With these steps, the Effective
Doses were obtained for each procedure.

Effective Dose Estimation through
KPA

Through the effective doses and
KPAs, a multiplicative f factor was
calculated for each modality, estimating
the effective dose from the KPA [22].
This factor f was calculated using the
experimental values, in which f is

demonstrated by Equation 4.

Equation 4
;= X ( uSv )
"~ Xpga \Gy.cm?

Being XE, the average effective
dose of each modality in pSv, and XKPA
the average KPA of each modality in
Gy.cm2. With these data, an effective
dose estimate was performed from the

KPA values of each procedure.
Statistical Analysis

Statistical ~ analyses  were
performed using software graphpad

prism 8 (GraphPad, USA).

For the equivalent dose values
calculated in topic O, the values of the
median dose for each region of the body
were calculated to perform the Shapiro-
Wilk normality test, comparing them
with each other through the Kruskal-
Wallis test and dunn's multiple

comparison test. The null hypothesis
confers that the dose values are not
different in the different regions of the
body of the same professional during

procedures of the same modality.

For the estimation of Effective
Dose calculated in topic 0, the agreement
between the estimated values of the
Effective Dose by factor f against the
experimental values of the Effective
Dose was analyzed using the Bland-

Altman method.

(Table 1 here)

Table 1 - Conversion Factors
(HR) from external to internal dose and
their respective sensitivity factors (wt)
[3, 31].

Results

Procedures from three different
areas of intervention were chosen.
Angiography and angioplasty in
coronary and peripheral interventions.

Angiography in brain interventions.

According to the choice of
modalities of interest, dosimetry was
performed, in which the number of
procedures evaluated are presented in
Table 2 below.



(Table 2 here)

Table 2 -

transferable exams for all modalities of

Number of

procedures.

The equivalent dose profile in
the regions of each modality is presented
in the following figures: Coronary
Angiography (Figure 3), Coronary
Angioplasty  (Figure 4), Cerebral
Angiography (Figure 5), Extremity
Angiography (Figure 6) and Extremity
Angioplasty (Figure 7).

(Figure 3 herre)

Figure 3 - Equivalent doses
received by interventionists A (white
boxplot) and B (boxplot grays) in the
coronary angiography modality for the
regions: crystalline (ALS and ELB),
thyroid (TA and TB), thorax (AC and
CB), abdomen (AA and AB), hands (HA
and HB) and feet (AF and FB). Each
boxplot represents the following
statistical values: the lower and upper
bounds of the box indicate the 25th and
75th percentiles. The solid horizontal
line in the box establishes the median.
The sum symbol represents the average
value, and the error bars above and

below the box represent the standard

deviation. All doses were estimated on

the individual plumbiferous protections.

For coronary angiography,
shown in Figure 3 below, the dose values
showed statistical differences between
the regions. For interventionist A, there
was no significant difference between
lens and thorax. The other regions when
compared showed statistical difference
(0<0.05). For interventionist B, all
regions presented statistical differences
(0<0.05). For interventionist A, the
highest doses were found in the abdomen
and hand region (medians: 32.64 and
40.56 uSv). For interventionist B, the
highest doses were measured in the lens
and hand (medians: 4.16 and 2.64 uSv).

(Figure 4 here)

Figure 4 - Equivalent doses
received by interventionists A (white
boxplot) and B (boxplot cinzas) in the
coronary angioplasty modality for the
regions: crystalline (ALS and ELB),
thyroid (At TA and TB), thorax (AC and
CB), abdomen (AA and AB), hands (HA
and HB) and feet (AF and FB). Each
boxplot represents the following
statistical values: the lower and upper
bounds of the box indicate the 25th and

75th percentiles. The solid horizontal



line in the box swells the median. The
sum symbol represents the average
value, and the error bars above and
below the box represent the standard
deviation. All doses were estimated on

the individual plumbiferous protections.

For coronary angioplasty,
shown in Figure 4, a profile similar to
coronary angiography was observed,
which has approximately three times
longer time, shown in Figure 8 (medians:
2.4 and 7.6 minutes). For interventionist
A, the abdomen demonstrates a higher
level of exposure than the hand
(medians: 124.28 and 106.05 pSv), but
the two regions presented the highest
exposure levels when compared to the
other regions. The regions of the lens and
foot presented high rates of exposure in
angioplasty (medians: 44.60 and 33.62
uSv) when compared with angiography
(medians: 8.30 and 2.66 pSv). When
analyzing the levels of statistical
difference between the regions for
interventionist A, statistical differences
were  obtained when  comparing
crystalline with abdomen and hand,
thyroid with abdomen and hand
(0<0.05). For interventionist B, there
were statistical differences when

comparing crystalline with the thorax,

and thorax with abdomen, in addition to
the hand and foot (a<0.05).

(Figure 5 here)

Figure 5 - Equivalent doses
received by interventionists A (white
boxplot) and B (gray boxplot) in the
cerebral angiography modality for the
regions: crystalline (ALS and ELB),
thyroid (TA and TB), thorax (AC and
CB), abdomen (AA and AB), hands (HA
and HB) and feet (AF and FB). Each
boxplot represents the following
statistical values: the lower and upper
bounds of the box indicate the 25th and
75th percentiles. The solid horizontal
line in the box swells the median. The
sum symbol represents the average
value, and the error bars above and
below the box represent the standard
deviation. All doses were estimated on

the individual plumbiferous protections.

In Figure 5, the highest doses
presented for interventionist A and B
were for the lens (medians: 58.24 and
63.03 puSv) and hands (medians: 122.04
and 65.13 uSv), and the lens in
interventionist B received a higher level
of exposure when compared to
interventionist A. Interventionist A

presented the highest exposure levels in



the lens, thorax and hand regions
(medians: 58.24, 47.95 and 122.04 uSv).
Interventionist B presented the highest
exposure levels in the crystalline and
hand regions (medians: 63.03 and 65.13
uSv). For interventionist A, there were
statistical differences (0<0.05) when
comparing crystalline with thyroid,
abdomen and foot, thyroid with thorax
and hand, chest with abdomen and hand,
abdomen with hand and hand with foot.
For interventionist B there were
statistical differences (0<0.05) when
comparing crystalline with thyroid and
foot, thyroid with thorax and hand.

(Figure 6 here)

Figure 6 - Equivalent doses
received by interventionists A (white
boxplot) and B (boxplot ash) in
peripheral angiography mode for the
regions: crystalline (ALS and ELB),
thyroid (TA and TB), thorax (AC and
CB), abdomen (AA and AB), hands (HA
and HB) and feet (AF and FB). Each
boxplot represents the following
statistical values: the lower and upper
bounds of the box indicate the 25th and
75th percentiles. The solid horizontal
line in the box swells the median. The
sum symbol represents the average
value, and the error bars above and

below the box represent the standard

deviation. All doses were estimated on

the individual plumbiferous protections.

In Figure 6, interventionist A
presented the highest exposures in the
regions of the lens, abdomen and hand
(medians: 167.22, 285.51 and 459.48
uSv). Interventionist B presented the
highest exposure levels in the regions of
the lens, thorax and hand (medians:
137.68, 114.22 and 173 uSv). For
interventionist A, comparing crystalline
with thyroid, thyroid with abdomen,
thyroid with hand and hand with foot
there was statistical difference (0<0.05).
Interventionist B also  presented
(0<0.05)
comparing crystalline with thyroid and
thyroid with hand.

statistical differences

(Figure 7 here)

Figure 7 - Equivalent doses
received by interventionists A (white
boxplot) and B (gray boxplot) in
peripheral angioplasty modality for
regions: crystalline (ALS and ELB),
thyroid (At TA and TB), thorax (AC and
CB), abdomen (AA and AB), hands (HA
and HB) and feet (AF and FB). Each
boxplot represents the following
statistical values: the lower and upper
bounds of the box indicate the 25th and



75th percentiles. The solid horizontal
line in the box swells the median. The
sum symbol represents the average
value, and the error bars above and
below the box represent the standard
deviation. All doses were estimated on
the individual plumbiferous protections.

In Figure 7, interventionist A
presented the highest exposure levels in
the regions of the lens, abdomen, hand
and foot (medians: 159, 183.10, 183.30
and 149.42 puSv). Interventionist B
presented the highest exposure levels in
the crystalline, abdomen and hand
regions (medians: 77.77, 106 and 125.44
uSv). The statistical differences (a<0.05)
for the regions of interventionist A,
occurred between crystalline  with
thyroid, thyroid with foot, thyroid with
abdomen and hand and chest with
abdomen and hand. For interventionist
B, he presented statistical differences
(0<0.05) in thyroid comparations with
abdomen, thyroid with hand, chest with
hand and hand with foot.

The Figure 8 represents the
exposure time profile for the evaluated

procedures of each modality.

(Figure 8 here)

Figure 8 - Exposure time profile
for the procedures evaluated in each
modality: coronary angiography
(Coronary AG), coronary angioplasty
(Coronary AP), cerebral angiography
(Cerebral AG), peripheral angiography
AG) and

angioplasty (Peripheral AG). Each

(Peripheral peripheral
boxplot represents the following
statistical values: the lower and upper
bounds of the box indicate the 25th and
75th percentiles. The solid horizontal
line in the box swells the median. The
sum symbol represents the average
value, and the error bars above and
below the box represent the standard

deviation.

In the metered procedures,
kerma and kerma area (KPA) values of
each procedure were obtained through
the work center of each fluoroscopic
equipment, in Figure 9. The total Kerma
profile per procedure for each modality
is presented in Figure 9.A. The KPA
profile per procedure for each modality
is presented in Figure 9.B.

(Figure 9(a) and Figure 9(b)
here)

Figure 9 - Profile of the
parameters of each dosimetry performed



for coronary angiography (Coronary
AG), coronary angioplasty (Coronary
AP), cerebral angiography (Cerebral
AG), extremity angiography (Peripheral
AG) and
(Peripheral AP). Figure 9.A - Total
kerma obtained from fluoroscopic

extremity  angioplasty

equipment for the procedures with
haditons. Figure 9.B - Kerma Product
Area obtained from fluoroscopic
equipment for transferedos procedures.
Each boxplot represents the following
statistical values: the lower and upper
bounds of the box indicate the 25th and
75th percentiles. The solid horizontal
line in the box swells the median. The
sum symbol represents the average
value, and the error bars above and
below the box represent the standard

deviation.

Through the equivalent doses of
the metered procedures, the profile of the
effective doses was stipulated for
Interventionist A presented in Erro! F
onte de referéncia ndo encontrada. and
Interventionist B presented in Figure 11,
demonstrating the doses for each
modality. The effective doses presented
by the white boxplots, in the two figures,
were calculated by the method presented
topic "0 Effective Dose Calculation for
each procedure”. The gray boxplots

represent the effective reference dose,

calculated through the use of a single
representative dosimeter used in the
chest region multiplied by the apron
transmission factor. This reference dose
is stipulated as the European model
where the dosimeter is used inside the
apron as a value[14, 32].

(Figure 10 here)

Figure 10 - Effective doses
calculated for interventionists A (white
boxplot) and reference doses (R) using a
single dosimeter in the chest (boxplot
cinzas) for the metered-dose modalities:
coronary angiography (CoAG A and
CoAG R), coronary angioplasty (CoAP
A and CoAP R), cerebral angiography
(CeAG A and CeAG R), peripheral
angiography (PeAG A and PeAG R) and
coronary angioplasty (PeAP A and PeAP
R). Each boxplot represents the
following statistical values: the lower
and upper bounds of the box indicate the
25th and 75th percentiles. The solid
horizontal line in the box swells the
median. The sum symbol represents the
average value, and the error bars above
and below the box represent the standard

deviation.

(Figure 11 here)



Figure 11 - Effective doses
calculated for interventionists B (white
boxplot) and reference doses (R) using a
single chest dosimeter (gray boxplot) for
the metered-dose modalities: coronary
angiography (CoAG A and CoAG R),
coronary angioplasty (CoAP A and
CoAP R), cerebral angiography (CeAG
A and CeAG R), peripheral angiography
(PeAG A and PeAG R) and coronary
angioplasty (PeAP A and PeAP R). Each
boxplot represents the following
statistical values: the lower and upper
bounds of the box indicate the 25th and
75th percentiles. The solid horizontal
line in the box swells the median. The
sum symbol represents the average
value, and the error bars above and
below the box represent the standard

deviation.

Para a estimativa de dose
efetiva atraves do KPA, foi utilizado o
fator f. Estes fatores sdo apresentados na
Tabela 3, onde existe um fator para cada

modalidade e intervencionista.

(Table 3 here)

Table 3 - Table with
multiplicative  factors (mean and
standard deviation) for Effective Dose
Estimation through KPA.

To estimate the effective dose
through KPA, multiplicative factors ()
were determined to achieve an effective
dose estimate from the KPA. These
factors were obtained through Equation

4, and expressed in Table 3.

To evaluate the difference
between the effective dose estimated by
factor f and the effective dose estimated
by dosimeters, the Bland Altman method
was performed, which indicates the
degree of agreement between the
methods. Figure 12 presents bland-
altman's graphs for interventionist A in
all modalities. Figure 13 presents bland-
altman's graphs for interventionist B in

all modalities.

(Figure 12(a), Figure 12(b),
Figure 12(c), Figure 12(d) and Figure
12(e) here)

Figure 12 - Estimates of
equivalent dose through KPA in
agreement with the Effective Dose
calculated for Interventionist A. Figure
12-A Bland-Altman for the coronary
angiography procedures of
interventionist A. Figure 12-B Bland-
Altman for the angioplasty coronary
procedures of interventionist A. Figure
12-C Bland-Altman for the cerebral

angiography procedures of



interventionist A. Figure 12-D Bland-
Altman for end angiography procedures
for end angiography procedures
interventionist A. Figure 12-E Bland-
Altman for the end angioplasty

procedures of interventionist A.

(Figure 13(a), Figure 13(b),
Figure 13(c), Figure 13(d) and Figure
13(e) here)

Figure 13 - Equivalent dose
estimates using the KPA in accordance
with the Effective Dose calculated for
Interventionist B. Figure 13-A Bland-
Altman for the angiography procedures
of interventionist B. Figure 13-B Bland-
Altman for the angioplasty coronary
procedures of interventionist B. Figure
13-C Bland-Altman for the cerebral
angiography procedures of
interventionist B. Figure 13-D Bland-
Altman for end angiography procedures
for end angiography procedures
interventionist B. Figure 13-E Bland-
Altman  for  interventionist  end

angioplasty procedures B.

For coronary angiography
procedures, interventionist A (Figure
12.A) demonstrated a bias of -0.21 uSv,
lower limit of -2.64 uSv and upper limit

of 2.21 uSv. For interventionist B

(Figure 13.A), a bias of 0, lower limit of
-0.13 uSv and upper limit of 0.13 pSv. In
coronary angioplasty procedures, was
observed. interventionist A (Figure
12.B) presented a bias of -0.6 uSv, lower
limit of -5.64 uSv and upper limit of 4.45
uSv. Interventionist B (Figure 13.B),

presented a bias of 0.14 uSv, lower limit

of -0.62 and upper limit of 0.34 uSv.

In cerebral angiography
procedures, when comparing the
methods, interventionist A (Figure 12.C)
presented a bias of -0.36 uSv, lower limit
of -3.54 uSv and upper limit of 2.83 uSv.
Interventionist B (Figure 13.C)
presented a bias of -1.58 uSv, lower limit
of -6.27 uSv and upper limit of 3.12 uSv.
The values present a good agreement

between the methods.

In the end angiography
procedures, interventionist A (Figure
12.D) presented a bias of 11.37 pSv,
lower limit of -7.61 uSv and upper limit
of 30.35 uSv. Interventionist B (Figure
13.D), a bias of 11.5 uSv, lower limit of
-29.56 uSv and upper limit of 52.55 uSv.
The Endpoint Angioplasty procedure
was obtained for interventionist A
(Figure 12.E) a bias of 3.57 uSv, lower
limit of -14.55 and upper limit 21.73
uSv. For interventionist B (Figure 13.E),
bias of 3.87 uSv, lower limit of -25.53

uSv and upper limit of 33.26 uSv.



Discussion

The procedures chosen for the
present study were those with higher
dose potential for the medical team,
presented in Table 2.

The  statistical  differences
presented in Figure 3 occurred because
the beam was not homogeneous, where
the  exposure  presents  different
intensities for the different regions. For
interventionist B, the exposure levels
were lower due to the distance from the
professional to the X-ray tube, where
interventionist A is located
approximately 0.5 m while B is at 1.0 m.
The exposure profile of interventionist B
differs from interventionist A, because it
is located behind it, making the
crystalline the region with the highest

exposure to scattered radiation.

The higher levels of exposure
occurred in coronary angioplasty, in
Figure 4, where the X-ray tube performs
a greater number of exposures in the left
anterior oblique projection. This position
of the X-ray tube causes interventionists
to position themselves frontally to the

primary beam.

In Figure 5, both
interventionists, the chest region
(medians: 47.95 and 16.15 puSv)

presented a higher dose when compared

to the abdomen (medians: 5.76 and 6.49
uSv). This is because the protocols are
different, where there is a higher
occurrence of exposures with right
anterior oblique projection with angles
close to 90°, the chest region presented
higher doses [33].

For extremity angiography
shown in Figure 6, interventionist B is
also a resident physician. The patient
presented an exposure profile similar to
interventionist A, differing only in the
abdomen regions (medians: 285.51 and
110 uSv) and hand (medians: 459.48 and
173 uSv). Interventionist B presented a
higher dose in the foot when compared
to interventionist A (medians: 117 and
80.36 uSv).

The end angioplasty presented
in Figure 7 is a modality similar to
extremity angiography where
interventionist B is a resident physician.
However, due to the adversities of the
procedure, interventionist B has lower
contributions, acting for the purpose of
assistance. Soon in some regions
presents exposure profiles similar to
interventionist A, but lower medians
when compared to A. As the ends of
angioplasty are at the end of the table,
this implies similar exposure levels of
the abdomen and hand in interventionist

A (medians: 183.10 and 183.30 uSv).



This is because the tube is positioned so
that the main beam is located in the
region that will receive the angioplasty,
in these cases at the end of the table, near

the abdomen.

When analyzing the figures 3-7,
it is possible to notice statistical
differences in the exposure levels of the
different regions for interventionists A
and B. This shows the lack of singularity
between the doses received in the
different regions during the same

procedure.

The fluoroscopy time for the
different modalities of procedures,
presented in Figure 8, did not represent a
direct relationship with the other
guantities: Kerma, KPA and effective
dose, being presented respectively in
Figures 9-11.  When
procedures with different protocols and

comparing

exposure times, only exposure time does
not imply the dose value received by the
medical team. The cerebral angiography
procedure, compared with coronary
angioplasty, has longer exposure time
(medians: 13.4 and 7.6 minutes) and
KPA (medians: 175.41 and 58.84
Gy.cm2). However when evaluating
Kerma (medians: 729.9 and 1074 mGy),
effective dose for interventionist A
(medians: 4.32 and 1.97 puSv) and
interventionist B (medians: 0.43 and

2.16 uSv) the dose levels per procedure
are higher in coronary angioplasty,
which is a procedure of shorter exposure

time.

The exposure region of the
coronary angioplasty procedure is the
patient's chest while the region of
cerebral angiography is the skull.
Therefore, the source-detector distance
(DFD) for coronary angioplasty is
greater than the DFD of cerebral
angiography, resulting in a smaller KPA
in coronary angioplasty, as there is a
greater dose distribution. However, since
the thorax is thicker than the skull, the
energy needed to go through the DFD
and result in a feasible image, Kerma and
the effective dose in coronary
angioplasty are higher. Another factor
that implies lower KPA in coronary
angioplasty and a kerma and higher
effective dose when compared with
cerebral angiography is the difference in
frame rate used in each protocol, 15
frames/s and 4 frames/s. When
comparing extremity angiography and
extremity angioplasty, the procedure of
longer exposure did not result in a higher
dose to the professional by procedure.
When comparing the times between
angiography and angioplasty of the
extremities (median: 9.85 and 25.60
minutes),

angioplasty presented



approximately one time 2.5 times longer
than angiography. However, extremity
angiography presents Kerma (medians:
174.60 and 61.90 mGy), KPA (medians:
48.86 and 15.54 Gy.cm2) and effective
dose (medians: interventionist A — 13.36
and 7.72 pSv / interventionist B — 5.95
and 5.34 uSv) higher than angioplasty.
This greater exposure in angiography is
also observed when comparing Figure 6
and Figure 7, where the medians of the
regions of the lens, thyroid, thorax,
abdomen and hand for interventionist A,
were higher in angiography when
compared with end angioplasty. The
following  doses are:
(medians: 167.22 and 159 pSv), thyroid
(medians: 41.76 and 36.71 uSv), thorax
(medians: 15 2.30 and 91.93 puSv),
abdomen (median: 285.52 and 183.10
pSv), hand (medians: 459.48 and 183.30

crystalline

uSv). Due to the physical parameter of
the procedure, the frame rate per second
(SPF), where on extremity angiography
is on average 4 Fps and angioplasty is 2
SPF, there is influence of a higher dose
on angiography. Another factor that
influences a higher dose level in
angiography is the case study, where
angiography there is a need to evaluate
the circulatory system and all
involvements that are compromising the
patient. Soon there is a higher occurrence

of exposure in the pelvic region, which

infers a higher level of scattered
radiation when compared to angioplasty,
where there is a predominance of
exposures in the extremities, where there
is less scattered radiation. Therefore, the
number of frames per second and the
level of scattered radiation infer so far

dose in the end angiography.

When analyzing Figure 10 and
Figure 11, the interquartile intervals for
interventionist A and B are different
between the modalities of procedures. In
coronary procedures, interventionist B is
positioned where the distance between
him and the source is greater than
interventionist A, shown in Figure 1.
Therefore, in coronary procedures the
dose is lower in interventionist B, about
4 times. In the brain procedure, the dose
had similar interquartile intervals
between interventionists A and B, due to
B being a resident physician, but A
presents greater dose variation. In
extremity procedures, interventionist B
is also a resident physician. However,
doses in the chest and abdomen would
differ greatly in interventionist A, with
higher medians. This generates major
changes in the calculated effective dose,
as the organs of this region are more
radiosensitive. Therefore, for extremity
procedures the effective dose differed

greatly among interventionists A and B.



When analyzing the level of exposure by
regions, both interventionists present
similar profiles for most regions,
differing in the abdomen for

angiography, and thorax for angioplasty.

These factors where they were
determined from representative values
for KPA data, obtained from the
equipment, and effective dose, obtained
through dosimetry [22, 34]. In coronary
procedures where interventionist A has
higher doses, the factors also presented
higher values. In this work, when
compared with the values presented in
the article Delichas, Psarrakos [34],
interventionist A presented higher doses
and procedures with lower KPA, so the
factors are higher, but close. For brain
and extremity procedures, due to
interventional procedures A and B
having similar exposure profiles,
multiplicative factors were also similar,
obtaining smaller differences when
compared to coronary procedures. The
end angioplasty procedure presented the
highest effective dose estimation factor.
This occurred because this procedure has
one of the highest effective doses
(median: interventionist A — 7.72 uSv /
interventionist B - 5.34 uSv) and the
lowest KPA value (median: 15.54
Gy.cm?). As the beam is directed to the

extremities, it requires a smaller Kerma

to perform the procedure, but due to the
proximity of the interventionist to the
beam entails one of the greatest
exposures to the interventionist. Unlike
extremity angiography, where there is a
need for investigation as already
commented, therefore the KPA is higher
in this modality, inferring a lower

estimation factor than angioplasty.

To obtain the factors presented
above, the effective dose obtained from
dosimeters and from KPA is used. The
effective dose and KPA are intrinsic
factors of the hospital sector of this
research, dependent on parameters such
as fluoroscopic equipment, positioning
of professionals and protocols used.
Therefore, the methodology for
obtaining these factors can be used in
any environment of use of fluoroscopic
equipment, but the factors are specific to

each service.

To obtain the factors presented
above, the effective dose obtained from
dosimeters and from KPA is used. The
effective dose and KPA are intrinsic
factors of the hospital sector of this
research, dependent on parameters such
as fluoroscopic equipment, positioning
of professionals and protocols used.
Therefore, the methodology for
obtaining these factors can be used in

any environment of use of fluoroscopic



equipment, but the factors are specific to

each servisse.

Analyzing the Bland-Altman
graphs presented in Figure 12 and Figure
13, there is an excellent degree of
agreement between the effective dose
and the effective dose estimated through
the KPA.

For  coronary
(Figure 12 - A and B; Figure 13 - A and
B) an excellent degree of agreement was

procedures

obtained, as there were minimal/zero
differences between the methods of
obtaining the effective dose, dosimetry
(gold standard) and estimation through
the KPA (new method).

In the cerebral procedure
(Figure 12 - C; Figure 13 - C),
interventionists  present a  greater
difference in relation to the estimated
effective dose due to the interquartile
interval of their exposure. Both
interventionists ~ presented  similar
medians, A: 1.97 uSv and B: 2.16 pSv,
but interventionist B presents a higher
interquartile range when compared to A.
This infers in a greater difference

between the comparison methods.

In the extremity procedures,
there was no good degree of agreement
between the methods because the

proximity of the interventionists to the

exposure beam (lateral end of the table)
infers a higher dose, but due to the low
thickness of the attenuating region the
KPA is low.

When comparing the effective
doses obtained through the different
(dosimetry and  KPA

estimation), for coronary and cerebral

methods

interventions, there were good degrees of
agreement with low dispersions. The
estimation of effective dose by KPA
tends to overestimate the effective dose,
which brings a more conservative
estimate regarding the safety of the

interventionist.

When comparing the effective
doses obtained by the different methods
for peripheral interventions, using KPA
does not indicate a good factor to
represent the actual dose obtained by the
interventionist. This occurs, as already
commented, because the region of
exposure is close to the blateral of the
table, causing the interventionist to be
close to the primary beam, so that it
receives higher levels of exposure when
compared to the other modalities.
However, the region of the intervention
(usually leg) has a smaller thickness than
the other modalities, generating a lower
KPA value. Therefore, KPA cannot
represent the actual level of exposure due



to the proximity of the interventionist to

the primary beam.

Conclusion

The dosimetry performed in ir
procedures demonstrated great
variability in body exposures. It is noted
that for all modalities of transferable
procedures, they presented great
statistical ~ difference  between the
regions. The single dosimeter in the
chest underestimates exposure levels
when comparing equivalent doses of
regions such as abdomen and hand. In
the calculations of effective doses, in the
different modalities using the thorax as
representative, the dose is overestimated
where the contribution of the other
regions is not considered. The different
modalities showed great differences in
interquartile intervals of body exposure.
Cerebral procedure present higher doses
in the hand and lens of the
interventionist, while in the other
procedures, the region of the hand and
abdomen was the one with the highest
exposure. It was very common for the

interventionists' hand to receive the

highest dose due to the proximity of the
primary beam. The dose difference
between crystalline and abdomen
demonstrates that different protocols
should have different decision-making in

relation to radiological protection.

The estimation of effective dose
through KPA showed excellent levels of
agreement with the effective dose
dosetrada. Being a methodology of
application soon after the end of each
procedure with the purpose of assisting

the radiological protection program.

Interventions in the extremities
presented lower KPA, and in these
procedures, the interventionist
positioning is close to the interventional
region, closer to the primary beam. The
metered dose modalities demonstrated
that the scattered radiation has the
greatest contribution in the dose received
by the team. The exception was in the
interventions of extremities, in which the

primary beam has a great contribution.
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Tables

Table 1
External Region Internal Region we (O wy = 1) FC médio

Eye Lens Brain 0.01 0.15
Salivary glands 0.01 0.25
Oral mucosa 0.01 0.26
Thyroid Thyroid 0.04 0.03
Chest Esophagus 0.04 0.014
Thoracic Spine 0.12 0.013
Ribs 0.01 0.032
Sternum 0.01 0.035
Lung 0.12 0.02
Heart 0.01 0.021
Breast 0.12 0.049
Abdomen Colon 0.12 0.035
Stomach 0.12 0.036
Gonads 0.08 0.049
Bladder 0.04 0.016
Liver 0.04 0.021
Extrathoracic Region 0.01 0.049
Gallbladder 0.01 0.025
Kidneys/Adrenals 0.01 0.011
Pancreas 0.01 0.012
Prostate 0.01 0.01
Small Intestine 0.01 0.035
Spleen 0.01 0.017
Thymus 0.01 0.032
Uterus 0.01 0.015

Hand Skin 0.005 -

Feet Skin 0.005 -




Table 2

Angiography Angioplasty
Coronary 166 33
Cerebral 39 -
Extremities 21 24

Table 3
Effective Dose Estimation Factor by KPA (uSv/Gy.cm?)
Procedures Interventionist A Interventionist B
Coronary Angiography 0.0464 0.0025
Coronary Angioplasty 0.0742 0.0092
Cerebral Angiography 0.0159 0.0212
Extremity Angiography 0.0378 0.0386

Extremity Angioplasty 0.1002 0.0988
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