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EFFICIENCY OF BREAST SHIELDING DEVICE IN
OUT-OF-PLANE COMPUTERIZED TOMOGRAPHY
IMAGING OF THE ABDOMEN - PRELIMINARY RESULTS

Nikola Ivan Leder, Jelena Popi¢!, Zeljka KneZevi¢ and Vinko Vidjak!

'Merkur University Hospital, Zagreb, Croatia;
*Ruder Boskovi¢ Institute, Zagreb, Croatia

SUMMARY - The dose absorbed by sensitive breast glandular tissue in abdominal computed
tomography examinations, even when the breasts are outside the primary imaging beam, is still sig-
nificant. Several studies have explored using breast shielding with a protective lead sheet or a bra.
Since the source of radiation in computed tomography rotates by 360° around the patient, we made
a custom-tailored shielding device that wraps around the entire thorax. The hypothesis is that such a
custom-tailored breast shielding device provides significantly better dose reduction. Study participants
were female patients with no anatomic anomalies. Entrance surface doses were measured using ther-
moluminescence dosimeters placed on the skin of the breast in the control group without shielding
and on the surface and below the shielding device in the group with anterior shielding and the group
with the new device. As expected, according to literature data, doses measured at breast level were
above the threshold that epidemiological studies determine as an increased risk of breast cancer devel-
opment although they were not in the primary imaging plane. Preliminary results of our study showed
that average dose reduction was 42% with conventional anterior shielding and 57% with wrapped
shielding compared to the doses measured with no shielding.
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Introduction

Rapid development of computerized tomogra-
phy (CT) made great advances in the quality of di-
agnostic information over the last couple of decades.
The introduction of multi-slice devices, the ability of
multiplanar reconstruction, as well as the introduction
of automatic contrast medium injectors has enabled
multi-phasic imaging, which resulted in a significantly
higher quality of diagnostic imaging and consequently
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in more precise diagnoses. As a result, modern imaging
of various pathologic conditions and diseases of the
abdominal region, aside from the conventional x-ray
imaging and ultrasound scanning, require increasing
usage of CT scanning. According to modern diag-
nostic guidelines, CT imaging is often the first choice
method in initial evaluation of several abdominal en-
tities and the first method of choice in the follow up
of most oncologic patients' . However, increasing the
quality of diagnostic information has also set a trend of
increasing radiation doses in the domain of diagnostic
radiology, especially from CT scanning. According to
literature data, approximately 50% of the entire pop-
ulation dose by sources of medical radiation is due to
CT scanning’”.
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A large number of literature data are available on
the irradiation of tissues and organs within the im-
aging plane**1*%5. Numerous techniques and methods
are used with the goal of dose reduction, the so-called
CT imaging optimization techniques. By modulating
the x-ray tube current and voltage*'®'®% as well as the
application of various software solutions used in im-
age post processing and algorithms such as iterative
reconstruction®%, it is possible to adjust the imaging
technique to the specific diagnostic requirements and
anthropometric characteristics of individual patient
with reduction of radiation dose to organs and tissues
within the primary imaging plane.

Unlike the well-researched dose reduction tech-
niques within the imaging plane, a persisting issue is
the dose to the organs and tissues outside the primary
imaging plane, when these organs are not of any diag-
nostic interest, and especially if they are radiosensitive
organs and tissues.

According to literature data, the dose absorbed
by breast tissue in thoracic imaging when it is with-
in the primary radiation beam ranges from 14 to
89.1 mGy. In different studies, large differences were
found in the measured doses between various scan-
ners and different imaging protocols'#%-33 ‘The ab-
sorbed doses measured on the breasts are also higher
during imaging other regions of the body, where the
breasts are outside the primary imaging beam (out-
of-plane). These doses are caused by scatter and sec-
ondary radiation and range from 0.15 to 28 mGy***’.
As demonstrated by multiple authors, even in out-
of-plane imaging, there is still a significant dose to
breasts’**35373 even when compared to 1.86 to
3 mGy in a regular mammography examination**.
Literature data show that a dose of 0.01 mGy on the
breast tissue of a young, 35-year-old female, increases
the risk of breast cancer approximately by 14% com-
pared to the basis risk'’. Therefore, breast dose, even
outside the primary imaging beam, is significant and
not to be disregarded.

Most of recent literature data demonstrate that
the application of anterior breast shielding device
is useful for dose reduction. The data showed that
the doses measured on the breast surface were lower
in both cases, i.e., when the breasts were within the
primary beam, as well as when they were out of the
plane. Measurements of the effectiveness of breast
shielding demonstrated dose reduction by 16.2% to
76%, depending on the protocol used!?7-3537:394344 Tt
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is important to note that the application of shielding
devices inside the primary imaging beam (i.e., breast
shielding in thoracic imaging) inherently reduces the
quality of images achieved, due to a significant impact
on the visibility of the thoracic structures scanned.
When performing in-plane shielding, the shielding
device needs to be applied after performing the ini-
tial topogram scan to avoid overcompensation by CT
automatic tube modulation. This is a problem because
it further increases imaging time®!. Available data on
the use of breast shielding when breasts are within the
primary imaging beam are contradictory**, which is
why breast shielding, when breasts are within the pri-
mary imaging beam, has never been included in stan-
dard clinical practice.

On the other hand, the role of shielding devices ap-
plied to the organs outside the primary imaging beam
to absorb scatter and secondary radiation is well estab-
lished (except for the scatter radiation formed within
the patient’s body, which we cannot influence with this
method nor measure with in vive study)3*+3%447 A
shielding device used in this way does not influence
the quality of the images acquired and does not in-
crease imaging time.

There is a lack of available literature data on the
application of breast shielding device in out-of-plane
imaging. In all published papers’3*35373 research
was based on using a shielding device covering breasts
only from the front side of the body. Considering the
operating technique of a CT scanner where the x-ray
tube, as a source of radiation, rotates 360° around the
patient’s body, the hypothesis in our work was that
the application of a shielding device that envelops the
entire circumference of the patient’s thorax should be
significantly more effective. Better results were ex-
pected in dose reduction for breasts during abdominal
imaging (when breasts are outside the primary imag-
ing plane) as compared with frontal shielding. While
reviewing the available literature, the authors did not
find any data on using this kind of shielding. As far as
the authors are aware, this is the first paper describing
the efficiency of a shielding device by wrapping the
shielding device around the entire thorax during ab-
dominal CT imaging.

The aim of our work was to test the efficiency of
custom-made breast shielding device during CT ex-
amination of the abdomen. The doses were measured
with thermoluminescence (TL) dosimeters positioned
on the surface of the breasts.
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Patients and Methods
Patients

Preliminary measurements in this study were
performed in 28 patients randomly divided in three
groups, as follows: (A) no protection; (B) frontal pro-
tection only; and (C) new shielding device enveloping
the entire thorax. All study patients had regular ap-
pointments for CT imaging of the abdominal region
in Merkur University Hospital. The study included fe-
male patients older than 18 years. Exclusion criteria
were as follows:

e any anatomical anomaly (e.g., mastectomy, pre-
vious surgical interventions, severe scoliosis),
breast implants,
any foreign bodies in thoracic or abdominal
region (e.g., osteosynthetic materials),

e presence of contrast medium within gastroin-
testinal tract from previous imaging,

e patients with severe clinical status where ma-
nipulating with dosimetry would increase the
time spent at the radiology department, or
enveloping the thorax might cause difficulty
breathing or hinder emergency medical pro-
cedures in critically ill patients, and

e adverse reactions to contrast medium.

All patients were included in the study after pro-
viding their consent by signing the informed consent
torm and approval from the Merkur University Hos-
pital Ethics Committee and University of Zagreb
School of Medicine Ethics Committee.

Materials

The breast shielding device was specifically tailored
for this study, with the protection equivalent of a 0.5
mm lead layer, providing shielding in the entire cir-
cumference of the thorax (Fig. 1). This lead shielding
differs from other devices described in the available lit-
erature, as well as from commercially available shield-
ing devices, since they only offer protection to the front
of the body. The quality of our custom shielding device
was tested at the Department of Medical Physics, Za-
greb University Hospital Center, in accordance with

Table 1. Scan protocol used in the study

Fig. 1. Our custom tailored shielding device.

the manual for control of lead aprons in diagnostic and
interventional radiology, and passed all testing.

One important role of the device was also to phys-
ically reposition large or ptotic breasts. These breasts
were firmly positioned upward, away from the primary
imaging plane. Proper use of the device is to firmly
adhere to the breasts and thorax and keep the breasts
firmly pressed upwards using a thick Velcro pad. In
this way, the device itself, as well as the breasts are al-
ways outside the primary imaging plane. This prevents
interference with automatic tube modulation system
of the x-ray tube. In case where the device was mar-
ginally included in the primary imaging plane due to
increased patient movement after positioning, patients
were excluded from the study.

The imaging was performed on a multi-detector,
64 slice CT scanner, Toshiba Aquilion TSX 101A
with OptiVantage DH contrast medium power injec-
tor system. All imaging was performed with a stan-
dard protocol of the Department of Diagnostic and
Interventional Radiology, Merkur University Hospital
for abdominal and pelvic examination (Table 1). Our
standard protocol includes acquisition of two pre-scan
topograms, spiral acquisition mode, and automatic
tube current modulation. Every acquisition was per-
formed with all 64 detectors (64x0.5 mm). In case of
multiphasic studies, dosimetry for this study was done
only during the initial, pre-contrast series.

Tissue equivalent TL dosimeters based on LiF: Mg,
Ti (TLD-100) were used for entrance surface dose

. Rotation Beam collimation | Image slice .
Tube voltage (kV) Standard deviation fime (s) (mm) thickness (mm) Pitch
120 10 0.57 64x0.5 3.0 0.828
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measurements. The holder of TL dosimeters was dark
polyethylene foil without any filter. Control and cali-
bration dosimeters were used for every round of mea-
surement. Calibration dosimeters were packed exactly
in the same way as those used for measuring and irra-
diated at ¥¥’Cs source with a dose of 5 mGy expressed
as air kerma. Detailed characterization and description
of dosimetry system is given in papers by Knezevi¢
et al. and Miljani¢ ez al.***. From the practical point
of view, the dosimeters were numbered and sorted in
individual envelopes. Each envelope was unsealed be-
fore imaging and contained 8 dosimeters. These were
placed at pre-determined locations on the patient (left
and right breast, above and below the shielding device,
xiphoid, thyroid, eye lens plus the control dosimeter).
After usage, the exposed dosimeters were placed back
in the envelope, sealed and returned to Ruder Boskov-
i¢ Institute for analysis.

Dosimeters placed on the breast were at the height
of the upper lateral breast quadrant (one on each
breast), which is the point of highest density of breast
parenchyma. Dosimeters were positioned on the body
surface in control group, where the entrance dose with
no shielding was measured (today’s standard practice),
and above and below the shielding device at the same
height in other study groups.

One of the well-established dose estimation
methods for CT is based on CT dose index and dose
length product®. This method is using parameters

from the CT scanner itself, but can only be used for
in-plane dose estimation, so it was not used in our
study.

Results

Upon preliminary data collection, the normality
of distribution of measured doses was tested with
Kolmogorov-Smirnov and Shapiro-Wilks tests.
Considering significant scatter of the measured val-
ues from normal distribution, data were analyzed
with appropriate nonparametric methods (Krus-
kal Wallis to analyze the significance of differenc-
es among the three groups and Mann-Whitney to
compare the groups with frontal and enveloping
shielding, and for post hoc analysis of the Kruskal
Wallis test results).

After review of the acquired images, four partic-
ipants were excluded from the study due to either
pre-existing anatomic anomalies or displacement of
the dosimeter because of excessive patient movement
during exposure. The preliminary results are shown in
Table 2. The doses measured on the breast for each
series were in the range of 0.97-17.42 mGy with no
shielding, 1.53-13.43 mGy for frontal shielding, and
0.81-7.57 mGy with enveloping shielding (Table
2). The efficiency of dose reduction was analyzed by
comparing the measured values for each breast indi-
vidually.

Table 2. Measured entrance surface dose values according to patient groups

Min (mGy)  |Max (mGy) |M SD Med
Group A |Leftbreast  [0.97 17.425 5.778 5.765 25625
Right breast | 1.365 14.47 6.349 5.098 4.407
Xiphoid 9.49 54.25 26.629 15.992 20.79
GroupB  |Leftbreast  |1.695 13.43 5.285 413 3.98
Right breast | 1.535 10.89 4.001 3.177 3.26
Xiphoid 16.93 57.24 32.782 16.022 28.95
Group C  |Leftbreast  |0.865 5.8 2737 1.7 2.207
Right breast | 0.815 7.57 2.975 2322 2.37
Xiphoid 9.955 58.98 28.497 18.117 23.0475

A = no protection; B = frontal protection only; C = new shielding device enveloping the entire thorax; M = mean; SD = standard deviation;

Med = median
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Discussion

Despite the small sample size, preliminary data
confirmed the hypothesis that a significantly greater
dose reduction was possible using breast shielding by
enveloping the entire thoracic circumference as com-
pared with using only frontal protection. Comparison
of the values measured in our study showed a 23% dose
reduction on average when using frontal shielding and
53% when using enveloping protection. To reduce the
impact of variation in anthropometric characteristics
and differences in imaging protocols, we can also dis-
play the values of dose reduction by the ratio of dose
measured with dosimeter placed on the breast and
the one placed on the xiphoid process of the sternum,
which is always within the primary imaging plane. By
this analysis, we recorded a 42% dose reduction when
applying only frontal shielding device and 57% when
using enveloping shielding device. These results are
in accordance with the available literature data which

7

6

left breast (mGy)
2% w = [52]

[

no protection

right breast (mGy)

n

[

no protection

demonstrate a 26%-50% entrance skin dose reduction
with breast shielding during abdominal CT scans®"¥,
as well as an average 50% dose reduction during ab-
dominal fluoroscopic examinations®. When perform-
ing out-of-plane breast shielding during C'T examina-
tion of the head, the dose reduction ranges from 33.5%
t0 76%3435:37.

As previously stated, these are preliminary findings
based on a very small sample study that was performed
to test our hypothesis and calculate an adequate sam-
ple size. We analyzed data in this pilot study with the
NCSS/PASS (PASS 11. NCSS, LLC, Kaysville, Utah,
USA; www.ncss.com) software package. By using the
methodology described by Machin ez a/. and Zar’**?,
with 90% power (1-B) and a statistical significance lev-
el (o) of 0.05, the required sample size is 21 patients per
group. By observing the less favorable case at the right
breast, where the average values are closer together and
standard deviation larger, using the identical method-
ology the required sample size is 28 patients (Fig. 2).

0 I I .

anterior shielding

circumferent shielding

4
| I l
0

anterior shielding

circumferent shielding

F ig. 2. Awmge entrance smface dose values according to patient groups.
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Limitations of the study were as follows: all mea-
surements were performed on one CT scanner at a
single institution and patients were not allocated to
particular groups according to their anthropometric
characteristics (body mass index, breast size, breast
glandular percentage), which leaves options for further
studies. This study did not take into account whether
the source of radiation to the breast was from the pa-
tient’s body or from outside the body, which we are
investigating iz vifro by measurements on anthropo-
morphic phantoms.

Conclusion

Preliminary study results confirmed the hypoth-
esis that using a new custom-made breast shielding
device wrapping around the entire thorax significant-
ly reduced radiation dose to the breast tissue during
abdominal (out-of-plane) imaging. Dose reduction is
significant even when the breasts are completely out-
side the primary imaging plane. As our initial mea-
surements confirmed the hypothesis, we are continu-
ing this study on a larger sample size.
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Sazetak

UCINKOVITOST ZASTITE DOJKE OMATANJEM PRSISTA U SLIKOVNO]J DIJAGNOSTICI
ABDOMENA KOMPJUTORIZIRANOM TOMOGRAFIJOM

N. I Leder, J. Popic, 7. Knezeviéi V. Vidjak

Doza koju apsorbira osjetljivo Zljezdano tkivo dojke prilikom pregleda abdomena kompjutoriziranom tomografijom
znadajna je ¢ak i kad su dojke izvan primarnog polja snimanja. Brojne studije istrazivale su primjenu olovne plahte ili ,,grud-
njaka“ za zastitu dojki. S obzirom na to da se izvor zracenja prilikom kompjutorizirane tomografije rotira 360° oko bolesnika
izradili smo vlastitu zadtitnu pregacu koja se omata oko cijelog opsega prsista. Nasa hipoteza je da tako skrojena pregaca
pruza znacajno bolju zastitu. U istrazivanje su bile ukljucene bolesnice bez anatomskih anomalija. Ulazne doze na povrsini
koze mjerene su putem termoluminiscentnih dozimetara koji su postavljeni na kozu dojke u kontrolnoj skupini bez zastite,
na povrsinu i ispod povrdine pregace u skupini s prednjom zastitom i u skupini s novom prega¢om. Prema ocekivanjima i u
skladu s literaturnim podacima, izmjerene doze na razini dojke su bile iznad granice koju epidemioloske studije oznacuju
kao poviseni rizik za razvoj karcinoma dojke, iako su bile izvan primarnog snopa snimanja. Preliminarni rezultati nase studije
pokazuju prosje¢no smanjenje doze uz konvencionalnu prednju zastitu za 42% te uz obuhvatnu novu pregacu za 57% u us-
poredbi s dozama izmjerenima bez zastite.

Klju¢ne rije¢i: Dojka; Multi detektorska kompjutorizirana tomografija; Zastita od zracenja; Doza zracenja; Termoluminiscent-
na dozimetrija
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