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ABSTRACT | Introduction: Ionizing radiation-producing equipment is used in surgical centers to guide invasive procedures.
Technological advances have enabled improvements in image quality, which may be accompanied by increased radiation doses in the
surgical team. Correct use of personal protective equipment and monitoring of radiation levels are required to a safe practice. Objectives:
To evaluate radiation exposure conditions in occupationally exposed persons working at the Surgical Center at Hospital das Clinicas da
Faculdade de Medicina de Botucatu for implementation of radiation protection measures. Methods: Three different types of fluoroscopy
equipment were used: C-arms, a dosimetric system with ionization chambers, and optically stimulated dosimeters. A three-stage evaluation
was conducted, consisting of a first stage for observation, a second stage for estimation of kerma rate simulating exposure conditions, and a
final stage for dosimetry to estimate the effective dose in workers. Results: The most frequent procedures and the disposition for each team
member were determined. Kerma values were estimated for both the principal physician and the assistant physician. The maximum number
of annual procedures was also estimated so that the dose limits are not exceeded. Conclusions: Dosimetry for the surgical team is indicated
as an approach to monitor occupational dose levels. The dose rates and effective dose found in this study are low but not negligible. Thus,
proper use of equipment and periodic training for workers are still the best options for radiation protection.

Keywords | radiation protection; interventional radiology; dosimetry; diagnostic imaging.

RESUMO | Introdugao: Equipamentos emissores de radiagio ionizante sdo utilizados em centros cirtirgicos para guiar procedimentos
invasivos. O avango tecnolédgico possibilitou melhorias na qualidade da imagem, que pode causar aumento das doses de radiagiao na
equipe. A utilizago correta de equipamentos de protegdo individual e a monitora¢io dos niveis de dose sao necessdrias para a pratica
segura. Objetivos: Avaliar condi¢des de exposi¢io a radiagao de individuos ocupacionalmente expostos do Centro Cirtirgico do Hospital
das Clinicas da Faculdade de Medicina de Botucatu para emprego de medidas de protecio radioldgica. Métodos: Foram utilizados trés
equipamentos de fluoroscopia: arco cirtrgico, sistema dosimétrico com cimaras de ionizagio e dosimetros opticamente estimulados.
Foram realizadas avalia¢oes em trés partes, consistindo em uma etapa observacional, uma segunda etapa de estimativas de taxa de kerma
simulando condigdes de exposigio e uma ultima etapa de dosimetria dos profissionais para estimativa de dose efetiva. Resultados: Foi
possivel determinar os procedimentos mais frequentes e a disposi¢do para cada membro da equipe avaliada. Foram estimados valores de
kerma para o médico principal e o assistente. Estimamos o nimero de procedimentos anuais, de modo a ndo extrapolar os limites de dose.
Conclusdes: A dosimetria da equipe no centro cirtrgico foi indicada como forma de monitorar os niveis de dose ocupacional. As taxas de
doses e dose efetiva encontrados, ainda que baixas, nio sio negligenciaveis. Concluimos que a utiliza¢ao adequada dos equipamentos e o
treinamento periddico dos profissionais sao as melhores alternativas para a protegao radiolégica.

Palavras-chave | protegio radiolégica; radiologia intervencionista; dosimetria; diagnéstico por imagem.
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INTRODUCTION

Ionizing radiation is an electromagnetic energy
that can ionize atoms and molecules, thus interacting
with the tissues and structures of a biological system.'
Hospital units such as the surgical center (SC) and the
interventionist sector use ionizing radiation-producing
equipment to guide invasive procedures. During
these procedures, the multidisciplinary support team
is exposed to nonuniform radiation levels.® Several
factors may influence those exposure levels, including
height of the worker, position in the room, position of
the X-ray tube, appropriate use of protective equipment,
total exposure time, and image acquisition condition.>?
The effects of radiation exposure can be grouped into
two general categories: deterministic effects (harmful
reactions in tissues) due to cell apoptosis following
high doses; and stochastic effects due to a mutation in
somatic or hereditary cells, which will manifest later
than the deterministic effects.”

The effects of exposure to low radiation doses (below
100 mSv) remain poorly understood, as they may
be influenced by genetic predisposition.! In addition
to the dose, the effects of ionizing radiation depend
on absorption rate, exposure characteristics (acute
or chronic), and type of irradiated tissue.>® Thus, the
likelihood of having adverse effects is lower when the
person receives small doses over a long period, allowing
the exposed cells to regenerate between exposures.’

The use of ionizing radiation in the hospital
environment is essential for many diagnostic and
therapeutic modalities. Advances in equipment
technology have led to improved image quality; however,
this improvement may be associated with higher levels
of radiation. Thus, all equipment must be used properly
and consciously, under adequate safety conditions,
including personal protective equipment (PPE),® thus
ensuring the protection of multidisciplinary teams, the
public, and the environment.

This study aimed to evaluate the radiation levels
to which occupationally exposed persons (OEPs) are
exposed in the Hospital das Clinicas da Faculdade de
Medicina de Botucatu, Universidade Estadual Paulista

(HCFMB-UNESP), with the ultimate purpose of
implementing the use of dosimeters and radiation

protection measures.

METHODS

This study was conducted at the Diagnostic
Radiology Physics Laboratory and was duly approved
by the Research Ethics Committee with CAAE protocol
number 42225115.4.0000.5411. Fifty multidisciplinary
team members from different specialties were recruited.
The study was conducted over a 4-month period at the
Botucatu Medical School Hospital.

The materials used in this study were an electrometer
and an 1800-cc ionization chamber (Radcal
Corporation, model 9015), both calibrated (2018 Aug
02 - Radiation Metrology Laboratory — Universidade
Federal do
phantom’; a tripod; optically stimulated luminescence
(OSL) dosimeters; and PPE. The dosimeters were
kindly supplied, read, and sent by the company Sapra

Pernambuco); an anthropomorphic

Landauer.

Three C-arms were used: one Philips BV Pulsera
and two Siemens Siremobil Compact L. All equipment
underwent constancy tests according to Resolution of
the Collegiate Board of Directors (Brazilian National
Health Surveillance Agency/Agéncia Nacional de
Vigilancia Sanitaria [Anvisa]) No. 330'° and Normative
Instruction (Anvisa) No. 53."" Lead PPE (apron and
thyroid shield) was also assessed for integrity and
transmittance quality assurance. This study was divided
into three stages, as described in the flowchart shown
in Figure 1.

Stage 1 was observational, i.e., a large sample of
procedures performed at the SC was observed. The
purpose of this stage was to assess the disposition
of the multidisciplinary team during SC procedures.
Most frequent surgical modalities (neurology, urology,
anesthesiology, and orthopedics), mean fluoroscopy
time, most used techniques and methods of exposure,
as well as methods of collimation were recorded. Most

importantly, the number of workers present in each
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operating room and their demarcated position on the
ground (30, 60, 100, 200 cm) in front of the radiation
source (X-ray tube) were observed. Thus, the modi
operandi for SC procedures were recorded, including
the most frequent disposition of the intensifier tube in
relation to the patient table, methods of use, field size,
frame rates, dose rates, and mean fluoroscopy time.

In stage 2, the commonly used exposure conditions,
previously observed in stage 1, were reproduced. The

experimental arrangement shown in Figure 2 was used,

Stage 1

Observational

Stage 2

Measurement of
air kerma in workers

with workers X (principal physician) and Y (assistant
physician) positioned at distances of 30 and 60 cm
from the device, respectively. In this arrangement
scheme, the distance (100 cm) between the radiation
source and the lens of worker X is also presented.
This arrangement scheme represents the conditions
for estimating dosimetric quantities, named air kerma,
and then the effective dose. This procedure was also
performed for workers positioned at distances of 100

and 200 cm from the radiation source.

Stage 3

Measurement of
effective dose in OEPs

Figure 1. Flowchart showing the stages for evaluation of radiation exposure in the surgical center multidisciplinary team. OEPs

= occupationally exposed persons.

C-arm

Worker X Worker Y

Figure 2. Schematic representation of the disposition of workers during a surgical procedure. Image generated on SMART -
Servier Medical Art website (https://smart.servier.com). Worker X = principal physician at a distance of 30 cm from the radiation
source; worker Y = assistant physician at a distance of 60 cm from the radiation source.
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These quantities are generally used to assess the
dose to which a person is being exposed, and air
kerma is a measure of kinetic energy in the air that
can be used for checking purposes, so that the worker
is not exposed to radiation. Effective dose is the
dose to which a person is being exposed. Because it
considers type of radiation and radiosensitivity of
exposed organs and tissues, this quantity is the most
adequate for radiation protection in OEPs."

Air
Y positioned at the previously defined distances.

kerma was estimated for workers X and

Exposure was measured with a properly calibrated
1800 cc ionization chamber (RADCAL, model 9015).
Philips BV Pulsera and Siemens Siremobil Compact L
devices and an anthropomorphic phantom were used
to reproduce the scattered radiation.

The exposure of workers positioned at distances
of 100 and 200 cm from the radiation source and
the distance between the radiation source and the
lens of worker X were also measured. Fifteen-second
exposures were conducted on accumulated dose mode
to ensure greater reproducibility in measurements. All
measurements were repeated three times to estimate
the

Exposures for different tube projections were also

standard deviation of dosimetric quantities.

assessed, as shown in Figure 3. Figure 3A shows the

posteroanterior projection, while Figure 3B shows the

lateral projection, both illustrating the position of the
tube and the table.

Kerma values at chest and lens levels (mean height
of workers’ lens in this study was 100 cm above the

table level) were estimated using the equation below:

K, =R, * 00087 *k,.F.

in which K is kerma accumulated in 15 seconds
of fluoroscopy, R is the exposure in mR measured
by the ionization chamber, 0.0087 is the conversion
factor of mR to mGy, k,, is the correction factor for
temperature and pressure, and F_ is the ionization
chamber calibration factor.

Based on the accumulated kerma, absorbed dose
rates were calculated for each worker in each specialty,
with mean fluoroscopy time considered for each
procedure. In stage 3, effective doses were estimated
in multidisciplinary team members. For this purpose,
workers were instructed to wear the OSL dosimeter
over the lead apron at chest height."* The workers wore
the dosimeter for 4 months, and the dosimeters were
changed and read monthly. Doses measured in Hp(10)
values were used to estimate the effective dose in the
whole body."

Then, the highest effective dose values found in

the procedures were used for all evaluated equipment.

A B
Table
Image
intesifier
Image X-ray
intesifier — T tube

Figure 3. Tube/intensifier projection. A) posteroanterior projection; B) lateral projection.
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This quantity was divided by the annual effective dose
limit for OEPs."® It is worth mentioning that, for the
whole body and the lens, the annual reference level is
20 mSv in the arithmetic mean in S consecutive years,
and it should not exceed 50 mSv in any given year.
Thus, for the procedure that had greatest exposure,
the maximum number of procedures that each worker
can perform without exceeding the dose limits was

estimated. Two scenarios (with and without PPE)
were considered for assessing whether the SC workers
needed the dosimeters.

RESULTS

Tables 1 and 2 show results for kerma and air kerma
rate in workers at distances of 30, 60, 100, and 200 cm

Table 1. Results for means and standard deviations of air kerma and air kerma rate measurements for the posteroanterior
projection, with the workers positioned at distances of 30, 60, 100, and 200 cm from the radiation source

Source-worker distance (cm)* Air kerma (LGy) Air kerma rate (UGy/s)

Philips BV Pulsera
Philips BV Pulsera
Philips BV Pulsera
Philips BV Pulsera
Siemens Siremobil Compact L (B)
Siemens Siremobil Compact L (B)
Siemens Siremobil Compact L (B)
Siemens Siremobil Compact L (B)
Siemens Siremobil Compact L (C)
Siemens Siremobil Compact L (C)
Siemens Siremobil Compact L (C)
Siemens Siremobil Compact L (C)
Siemens Siremobil Compact L (C)

60
100
200

30

60
100
200

30

60
100
200

30 (height: 100 cm)’

757+037 050+001
280+013 019+001
150+£064 010+£000
037+002 002+000
756+0.38 050+001
312+016 021001
1.29+007 009+000
050+001 003+000
2.36+002 016+001
103+001 007+000
055+001 004+000
0.28+000 002+000
110+001 007+000

* Values expressed in centimeters consist of the distances between the middle of the phantom and the measurement point on the horizontal axis.
* A height of 100 cm in relation to the vertical axis was used to simulate the exposure in the lens of worker X.

Table 2. Results for air kerma and air kerma rate measurements for the lateral projection, with the workers positioned at

distances of 30, 60, 100, and 200 cm

Device Source-worker Air kerma Air kerma rate
distance (cm) (LGY) (UGy/s)

Philips BV Pulsera 50 (tube side) 1313065 087+004
Philips BV Pulsera 50 (intensifier side) 055+001 004+000
Philips BV Pulsera 60 052+001 003+000
Siemens Siremobil Compact L (B) 50 (tube side) 702+0.35 047+001

Siemens Siremobil Compact L (B) 50 (intensifier side) 050+001 003+000
Siemens Siremobil Compact L (B) 60 070+001 005+000
Siemens Siremobil Compact L (C) 50 (tube side) 1257+062 084+004
Siemens Siremobil Compact L (C) 50 (intensifier side) 052+001 003+000
Siemens Siremobil Compact L (C) 60 068+001 004+000
Siemens Siremobil Compact L (C) 50 (height: 100 cm) (tube side) 943+048 063+000
Siemens Siremobil Compact L (C) 50 (height: 100 cm) (intensifier side) 451+0.22 030+000
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from the radiation source, in the posteroanterior and
lateral projections, respectively, for each device.

Table 3 shows the results for estimated effective
dose for orthopedic, neurologic, urologic, and vascular
procedures in workers X and mean fluoroscopy time
by specialty. The estimations were based on OSL
dosimeter routine readings during a 4-month period.

Table 4 shows the maximum number of procedures
that worker X at a distance of 30 cm and worker Y
at a distance of 60 cm from the radiation source can
perform per year. These data disregard the use of PPE,
which contrasts with radiation protection standards but
is very common in SCs.

Table S shows the maximum number of procedures
that worker X at a distance of 30 cm and worker Y
at a distance of 60 cm from the radiation source can
perform per year when wearing PPE. The estimations
were obtained by dividing the dose limits for OEPs'® by
the estimated effective dose values for each modality.

The results for personal dosimetry, performed for

50 workers, showed that six workers were above the

acceptable dose limit (0.1 mSv). The highest doses
were 0.2 and 0.5 mSv.

DISCUSSION

This study obtained quantitative estimations of
the radiation doses to which OEPs are exposed in
the SC at a medical school hospital of excellence in
Brazil. Air kerma values were estimated to compare
dose rates between the principal physician and the
assistant physician. The results in Table 1 show that
the air kerma rate in worker X is 63% higher than that
in worker Y; previous studies have demonstrated that
the principal physician receives higher doses than the
assistant physician.” The results in Table 2 show that,
when a C-arm is used in the lateral position, the worker
must stay behind the image intensifier because then the
received dose will decrease by 96%. The explanation is
that most radiation is backscattered. Thus, the worker

receives a decreased dose when the position is correct.

Table 3. Mean effective dose in workers estimated from OSL dosimeters

Specialty Mean time (seconds) Mean IEI:1(S1\C/)/L|rno\</:v;)rker X Mean Hp(10)r;:10vcvc)>rker Y (mSv/

Orthopedics

Neurology 120
Urology 582
Vascular surgery 900

006 002
030 012
045 018

Standard deviations were all lower than 0.01.

Hp(10) = personal dose equivalent; proc. = procedure; OSL = optically stimulated luminescence.

Table 4. Maximum number of annual procedures without
PPE for workers X at a distance of 30 cm and workers Y at a
distance of 60 cm from the radiation source

Specialt Worker X Worker Y
P v (proc./year) (proc./year)
Orthopedics 77 181
Neurology 333 1,000
Urology 67 67
Vascular surgery 45 m

PPE = personal protective equipment; proc. = procedure.

Table 5. Maximum number of annual procedures with PPE
for workers X at a distance of 30 cm and workers Y at a
distance of 60 cm from the radiation source

Specialt Worker X Worker Y
P v (proc./year) (proc./year)

Orthopedics 2000
Neurology 2000 6666
Urology 500 1000
Vascular surgery 333 1000

PPE = personal protective equipment; proc. = procedure.
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Another finding was that the exposure at lens height
for worker X, which is closest to the equipment, is 1.10
UGy, which is the same dose that worker Y receives
in the chest. Thus, recommendation for worker X is
to use lead glasses. Even with a shielding efficiency of
approximately 60%, the glasses are required to protect
the lens and ensure the dose is within the limits.'*

The results in Table 3 demonstrate that air kerma
rates for worker Y, positioned at 60 cm from the
radiation source, are more than half the rates for
worker X, who is 30 cm away. This shows, once again,
that positioning at the time of exposure is one of
the major factors for radiation protection. Hausler
et al.’® demonstrated that the maximum number of
examinations that an OEP wearing PPE can perform
increases considerably according to the thickness of
the lead apron. Also, workers should be instructed to
stay as far away as possible from the radiation source
during the exposure, without, however, compromising
the quality of the procedure.

Effective dose values were then estimated based on
a dosimetric quantity named Hp(10), measured by
OSL dosimeters. These dosimeters are known to have a
linear dose response for the entire detection range (50
uSv - 10 Sv).'¢ Based on the effective dose, as shown in
Tables 4 and 5, the maximum number of examinations
that a worker X can perform in one year with or without
PPE was estimated. The results indicate that all workers
inside the operating room must be wearing PPE and
that dosimeters are essential for those who perform SC
procedures. PPE, when worn correctly, is able to block
about 86% of the scattered radiation."”

Estimating the dose to which the workers were
exposed is important so that the dose limits are not
exceeded.”® In monthly monitoring, effective dose

values above 1.0 mSV are investigated and may lead to
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