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Abstract

Resumo

Objective: Several studies have been published regarding the use of bismuth shielding to protect the breast in computed tomography
(CT) scans and, up to the writing of this article, only one publication about barium shielding was found. The present study was aimed at
characterizing, for the first time, a lead breast shielding.

Materials and Methods: The percentage dose reduction and the influence of the shielding on quantitative imaging parameters were
evaluated. Dose measurements were made on a CT equipment with the aid of specific phantoms and radiation detectors. A processing
software assisted in the qualitative analysis evaluating variations in average CT number and noise on images.

Results: The authors observed a reduction in entrance dose by 30% and in CTDI, by 17%. In all measurements, in agreement with
studies in the literature, the utilization of cotton fiber as spacer object reduced significantly the presence of artifacts on the images. All the
measurements demonstrated increase in the average CT number and noise on the images with the presence of the shielding.
Conclusion: As expected, the data observed with the use of lead shielding were of the same order as those found in the literature about
bismuth shielding.
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Objetivo: Diversos estudos foram publicados quanto ao uso de blindagens de bismuto para prote¢ao de mamas em exames de tomo-
grafia computadorizada (TC), e até a redacéo deste artigo encontrou-se apenas uma publicagéo sobre blindagens de bario. O objetivo
deste estudo foi caracterizar, pela primeira vez, uma manta plumbifera para protecao de mamas.

Materiais e Métodos: Foram avaliadas a redugéo percentual da dose e a influéncia desta blindagem em parametros quantitativos da
imagem. Medidas de dose foram feitas em um equipamento de TC com auxilio de fantomas especificos e detectores de radiagéo. Um
software de processamento auxiliou na analise qualitativa, que consistiu em avaliar a variagdo no nimero médio de TC e do ruido nas
imagens.

Resultados: Uma redugéo de dose na entrada em até 30% e do CTDI,, em até 17% foi encontrada. Como previsto na literatura, a
presenca do algodao como objeto espagador reduziu significativamente os artefatos presentes na imagem. Em todas as medidas rea-
lizadas foi constatado aumento do nimero médio de TC e do ruido das imagens na presenca da manta.

Conclusao: Como esperado, os dados encontrados para a blindagem com chumbo foram da mesma ordem daqueles encontrados na
literatura para blindagem com bismuto.

Unitermos: Tomografia computadorizada; Blindagem; Bismuto; Reducéo de dose; Chumbo.
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The utilization of bismuth shielding for specific organs
in computed tomography (CT) scans was introduced in the
1990s". Since then, bismuth shields have been utilized to
protect organs such as the eyes, thyroid and the breasts from
radiation during CT scans. Positioned over the organ in such
a manner to attenuate the primary radiation beam, its role is
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that of removing the low energy photons that would deliver
radiation dose and would not contribute in image formation.
Currently, most of the bismuth shields in the market are
intended to protect the breast region.

The use of such type of shielding is the object of consid-
erable debate, and there are controversies among specialists
with respect to its practical application. In 2010, an issue of
the journal Pediatric Radiology presented two articles ap-
proaching the utilization of bismuth shields in CT scans: the
first one presented favorable arguments and a literature re-
view, summarizing the results reported by 13 published ar-
ticles®; the second, vehemently recommended that this type
of shielding should not be use, particularly in pediatric pa-
tients®, In 2012, the journal Medical Physics also pre-
sented a point/counterpoint section on the use of breast
shielding during CT scans™.

Also in 2012, the American Association of Physicists in
Medicine (AAPM) published its positioning on the use of
bismuth shields for dose reduction in CT scanning®. Such
a publication brought a review of the observations found in
the literature and highlighted four points.

First, the use of such an object should be carefully evalu-
ated in automatic exposure controls (AEC) CT systems. Ac-
cording to AAPM®, there are three main methods for AEC
functioning in CT apparatuses: a) AEC based on the stan-
dard deviation of the acquired pixel values, which adjusts the
current-time product (mAs) according to a pre-established
noise value; b) AEC controlled by a reference mAs, which
adjusts the current-time product according to patient’s size;
¢) AEC controlled by the reference image (also called scout,
radiograph or scanogram), which adjusts the mAs values ac-
cording to the attenuation of such an image. For CTs that
uses this third type of algorithm, the shielding should only
be positioned on the patient prior to acquiring the CT ra-
diograph, in order to avoid the dose increase in the shield-
ing region®. Some CT equipments utilize an algorithm that
modulates the dose during the image acquisition. The use
of bismuth with such CT scanner is not recommended, as
the tube current in the shielding area may increase™®>.

The second point refers to image quality degradation
caused by the shielding. Several studies reported a statisti-
cally significant increase of CT numbers and in image
noise" 1%, The use of a padding with at least 1 cm between
the patient’s skin and the shielding is common to all previ-
ous studies, with the purpose of avoiding streak artifacts that
appear as the shielding is directly placed on patient’s skin.
Kalra et al.”) have evaluated image quality behavior due to
thicknesses variation of foam placed between the shielding
and an anthropomorphic phantom.

The third point refers to the observation that the shield-
ing wastes some of the patient’s radiation exposure, as the
photons emitted when the x-ray tube is beneath the patient
are absorbed before they reach the CT detector. Those pho-
tons would not contribute to forming the CT image any-

more(sfs’g).
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Finally, AAPM recommends that alternative methods for
reducing dose should be considered and applyed whenever
possible. A global reduction in 360° of the tube current, for
example, can cause the same dose reduction as the bismuth
shielding, reducing the dose not only to the breast, but also
on all other organs. In such a case, it is important to ob-
serve the noise levels, as mAs reduction implies increased
noise, despite do not changes the CT number — which is better
for the image quality®>5%),

The first published study of barium shielding use for CT
scanning dates 2013'?, Considering that the atomic num-
ber of bismuth (Z = 83) is greater than that of barium (Z =
56), the bismuth shielding resulted in greater dose reduc-
tion. In the breast region, bismuth reduces the dose by 33%
to 37%, while barium reduces the dose by 19% to 31%.

Up to now, none study on the use of lead shielding (Z =
82) was found in the literature. However, for having an
atomic number close to that of bismuth, it is expected that
the results found for both materials would be in the same
order. In such a context, the present study was aimed at char-
acterizing a lead shielding to protect breast during CT scans.
The dose percentage reduction and the influence of the shield-
ing on the tomographic image were evaluated. The present
study is consistent with previous studies and has relevant
clinical implications, and is exempt of approval by the Com-
mittee for Ethics in Research, since it did not involve the
participation of patients.

MATERIALS AND METHODS

The object of the present study was a shielding for CT
scanning model Radio Screen Attenuator, manufactured by
Planidéia, a Brazilian company. Such a material, registered
at Agéncia Nacional de Vigilancia Sanitaria (National Agency
for Health Surveillance), is internationally patented and is
composed of lead oxide (PbO) and a synthetic elastomer.

For the data acquisition, a Philips Big Bore CT equip-
ment, serial number 7304, was used. For dose measure-
ments, a Radcal model 9015 electrometer, serial number 91-
0406 was utilized, with 10X5-3CT and 10X5-6 models ion-
ization chambers (calibration certificates 0991/2009 and
0994/2009).

Polymethylmethacrylate (PMMA) skull and abdomen
phantoms (respectively 16 and 32 cm in diameter) for CT,
as well as a Philips Brilliance 16 Series Performance Phan-
tom Kit for quality control, and a RANDO® anthropomor-
phic phantom (Alderson Research Laboratories) with the
shape of an adult men without the limbs were used.

For the evaluation of breast-equivalent thickness in lead,
a high frequency Philips Super 80CP x-ray apparatus was
used with 120 kVp, 2 mAs and 0.34 mmCu of additional
filtration. Such a kVp value was chosen for being very fre-
quently utilized for CT scanning, as the attenuation by the
material depends upon the utilized energy. Absorbed dose
measurements were made by means of three lead plates with
known thicknesses. From such data, a chart was plotted,
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relating the lead thickness with absorbed dose by the ioniza-
tion chamber. The absorbed dose was measured with the same
radiographic technique adding the protective shielding, thus
it was possible to estimate the equivalent lead thickness of
the shielding with basis on the plotted chart.

For dose evaluation, the quantities CTDI, o, CTDI,, and
CTDI,,, were calculated as established by AAPM®, The
CTDI (computed tomography dose index) is a quantity uti-
lized for dosimetry in CT, given by the integral reading of
the dose profile on the z axis (longitudinal axis perpendicu-
larly entering the gantry) for a single section, divided by the
nominal slice thickness T. In practice, one utilizes the
CTDI,,, whose measurement is performed with a pencil-
type ionization chamber with length 1 = 100 mm in length
and a PMMA phantom specific for dosimetry in CT. The
measurements are performed on the center and on the pe-
ripheral points. The CTDI,, is the weighted CTDI, which
considers the variation between the measurements performed

voly

on the center and the mean value of the measurements in
the peripheral areas of the phantom. It is thus called as it
attributes different weights for the CTDI, measurements,
i.e., considers that one third of the dose is deposited on the
center and two thirds are distributed throughout the periph-
eral areas of the phantom.

Once the skull and abdomen protocols of the clinical
routine were selected, measurements of CTDI,,,, CTDI,,
and CTDI,; were performed with the aid of the PMMA phan-
toms. Such measurements were acquired with and without
the presence of the breast shielding, which was separated
from the PMMA phantom by a 1.5 c¢m cotton layer. In or-
der to confirm that this cotton layer thickness would be
enough to eliminate streak artifacts, images from the anthro-
pomorphic phantom were acquired with the chest protocol
without the shielding, and such images were visually com-
pared with the images acquired with the shielding in the
presence and in the absence of the spacer object. Figure 1
illustrates the set-up.

Considering that the Philips CT equipment used in the
present study is equipped with AEC controlled by the refer-

ence image, the shielding should be positioned only after
it's acquisition. In order to confirm such information, im-
ages from the anthropomorphic phantom were acquired with
the chest protocol in order to compare the mAs profile, that
is proportional to absorbed dose, in the presence and in the
absence of the lead shielding on the reference image.

With the purpose of evaluating the changes in the mean
pixel values (CT number in Hounsfield [HU] units) and in
noise (given by the standard deviation), images were acquired
both from the anthropomorphic phantom and the quality
control phantom of CT scanner. The latter phantom is com-
posed by two parts simulating objects of interest in head and
body scans'. Images from the water and multi-pin layers
were evaluated in the quality control phantom (head simu-
lator section). The regions were classified as 3, 6,9 and 12
o’clock on the water layer and numbered from1 to 4 on the
multi-pin layer, with polyethylene, teflon, lexan and perspex
pins, respectively, being evaluated. In those regions, with
the aid of the Image] software'?, regions of interest (ROIs)
were made, with 35 mm? for the multi-pin layer and 57 mm?*
for the water layer. A protocol with 16 x 1.5 mm collima-
tion, 6 mm slice thickness, rotation time of 0.75 s, and volt-
age of 120 kVp, 260 mAs per slice without increments be-
tween slices, was utilized. For the evaluation with the an-
thropomorphic phantom, chest protocols of the clinical rou-
tine were utilized and 17 mm? ROIs were analyzed in the
entry position (1a) on the heart (2a) and lung (3a) regions.

The acquired data allowed calculation of the mean val-
ues of pixel and noise. To evaluate the variation of such pa-
rameters, the F-Snedecor test was applied for variance and
the Student’s t for the mean value test. Two situations were
evaluated, as follows: A, one reference image; B, image from
the phantom with the lead shielding, spaced by a cotton layer.
All tests considered a confidence interval of 99.9%.

RESULTS

In order to improve the measurement of equivalence in
lead, the object was folded 8 times so that the reading was in
the interval of the chart plotted from the lead plates with

Figure 1. Set-up of the experiments for dose calculation and scanning of the anthropomorphic phantom.
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known thicknesses. The equivalent thickness in lead found
for the shielding was 0.037 £ 0.016 mmPb. For such a value,
one considered the uncertainties of the ionization chamber
and of the measurement of the nominal thicknesses of the
lead plates, as well as the fact of having divided the mea-
surement by a factor of 8.

The dose values, as well as the value of the relative per-
centage deviation (RPD) related to the measurement with-
out the shielding, are shown on Table 1. The CTDI,, and
CTDI,, are equal because the pitch utilized was 1. The
uncertainties of the dose measurements with the ionization
chamber were calculated according to the chamber calibra-
tion certificate.

As predicted in the literature, the presence of cotton as
a spacer object significantly reduced the presence of imag-
ing artifacts, as observed on Figure 2.

Comparing the mAs profiles for images acquired in the
presence and absence of the shielding in the scout, one ob-
served that in the region of the shielding, the mAs values are
higher for the scout acquisition, as expected. The maximum
difference observed was 12 mAs, as shown on Figure 3.

The quantitative results of the analyses with the phan-
tom are shown on Table 2. In the analysis of the water layer,
the regions at 12 and 9 o’clock were those with greatest mean

Table 1—Dose measurements.

CTDlygo Without CTDl,oo With

shielding (MmGy) shielding (mGy) DPR
Skull protocol
Center 43.548 + 0.65 36.540 + 0.55 -16.09
12 o’clock 50.069 + 0.75 38.788 + 0.58 -22.53
3 o'clock 47.850 * 0.72 38.048 + 0.57 -20.48
6 o'clock 45.139 + 0.68 41.354 + 0.62 -8.38
9 o’clock 47.995 + 0.68 39.803 + 0.60 -17.07
CTDI,, 46.358 + 0.32 38.512 + 0.27 -16.93
Abdomen protocol
Center 14.411 = 0.22 13.285 = 0.20 -7.81
12 o’clock 33.534 + 0.50 23.165 + 0.35 -30.92
3 o’clock 31.088 + 0.47 29.294 + 0.44 -5.77
6 o’clock 28.302 + 0.42 26.734 + 0.40 -5.54
9 o’clock 30.566 + 0.46 29.537 + 0.44 -3.37
CTDI,, 25.385 + 0.17 22.550 + 0.15 -11.17
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Figure 3. Comparison of the mAs profiles for scout with and without the pres-
ence of lead shielding.

Table 2—Mean values (l), standard deviation (o), relative percentage deviation
(RPD) for situation A and CT number (Ap) shift for water layer regions (center, 12,
3, 6 and 9 o’clock), multi-pin layer (1, 2, 3 and 4) and of the anthropomorphic
phantom (1a, 2a and 3a) in situations A and B.

Region Situation H (HU) o (HU) DPR Ap (HU)
A -1.036 4.465 — —
Center
B 5.696 5.058 13.277 6.732
12 o'clock A -1.110 4.180 — —
B 13.871 5.7094  36.559 14.981
A -1.299 3.986 — —
3 o’clock
B 7.521 4.659 16.903 8.821
A -1.097 4.065 — —
6 o’clock
B 3.197 4.426 8.895 4.294
A -0.992 4.036 — —
9 o’clock
B 8.856 4.845 20.038 9.848
1 A -72.838 4.106 — —
B -63.019 5.304 29.164 9.818
2 A 1,007.364 20.215 — —
B 1,013.847 29.667 46.759 6.483
3 A 140.252 5.412 — —
B 148.811 6.026 11.370 8.558
4 A 115.052 4.639 — —
B 127.094 5.818 25.420 12.042
1a A -34.612 22.229 — —
B -15.038 21.324 4.072 19.574
% A -41.858 24.392 — —
B -39.204 28.287 15.969 2.654
3 A -646.159 20.115 — —
B -644.214 25.431  26.426 1.945

Figure 2. Comparison between axial sections on a single region. A: Reference image without the shielding. B: Image of the shielding placed directly on the phantom.
C: Image with the shielding and use of a spacer.
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value increase (up to 24 UH) and in standard deviation, which
more than doubled in some cases. However, for the central
region, the observed increase in noise was small, indicating
that the presence of the shielding did not degrade the image
in this region as much as in the borders.

One observes that the three positions measured on the
anthropomorphic phantom presented increase in the mean
CT number. At position 1a, mean increase is statistically sig-
nificant, i.e., with 99.9% certainty that the mean is actually
different in the entrance. On the other hand, for the heart
position (2a), it is very likely that the mean difference is a
purely random event, not implying an actual increase in the
CT number. In the case of position 3a, it is not possible to
assert whether the mean difference for situation B is actually
significant. The analysis of variance at position 1a shows that,
as the situations A and B are compared, irrelevant variance
differences are observed. At position 2a, the variance did not
present any statistically significant alteration, a fact that
shows that internal structures with higher density are little
affected by the use of shielding. Such a result is important
because reveals the potential of the shielding application to
protect the breast tissues in the scanning of other deeper struc-
tures. At position 3a, the variance is significantly different
for the situation B.

DISCUSSION

The use of lead shielding resulted in a dose reduction
of 22.53% at 12 o'clock position for the skull phantom and
30.92% for the abdomen. However, the reduction in the
CTDI,, and CTDI,,; was more noticeable for skull scans.

The changes in CT numbers indicate that the use of the
shielding is not recommended for cases where the CT num-
ber of images is required, for instance, treatment planning
of superficial lesions in radiotherapy. Gold encourages read-
ers to look at some clinical images with the use of shield-
ing. According to this author, none case of diagnostic error
caused by the use of bismuth shielding could be found in
the literature™.

Regarding to AAPM recommendation of firstly consider
alternatives against the use of shielding®®, Foley et al.'?
highlighted that in case the global dose reduction causes a
negative impact or when the equipment does not have the
software for that, then the bismuth shielding should be uti-
lized as a form of reducing the dose. However, it is impor-
tant to have in mind that the utilization of shielding is not
recommended in CT scanners equipped with certain types
of AEC.

As expected, the data obtained for the lead shielding were
in the same order as those found in the literature for bis-
muth shields. The main advantage of the lead shielding is
the possibility of purchasing the product at accessible prices
in the domestic market, while bismuth shields are expensive

Radiol Bras. 2014 Jul/Ago;47(4):223-227

and manufactured abroad. Currently, the product is at the
final stages before becoming available in the market. The
manufacturer foresees the use of an acrylic blanket as a
spacer, with lower probability of deformation with contin-
ued use, and with a plastic waterproof cover, for easier clean-
ing. As a secondary result from the present study, a “user’s
manual” is being prepared, and it will be an important tool
to make users aware on proper care and use restrictions.

The limitations of the present study were the standards
phantoms available and the fact that the measurements were
performed with a single CT scanner. Based on the presented
results, the authors intend to carry out further studies for
deeper investigations, with the participation of a group of
experienced radiologists in an observational test, qualitatively
evaluating the images, with a view on introducing the lead
shielding in the clinical routine of the scans.
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