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Abstract With the increased importance of CT radiation dose
to health care providers, patients and the general public, there
is an increased responsibility to minimize patient dose effec-
tively. Bismuth shields offer a simple strategy to reduce dose
to certain anterior radiosensitive organs such as breasts and
eyes. However, in order to reduce organ dose they must be
used properly; improper use can lead to an actual increase in
the patient dose. They also create a proportional increase in
image noise in the section of the body adjacent to the shield
and further reduce the quantitative precision of CT numbers.
In addition, shielding can degrade the overall efficiency (by an
order of approximately 10%) of the imaging process, reducing
the theoretical image quality that can be expected from a
certain level of patient dose. However, in spite of their signif-
icant disadvantages, there are certain clinical situations and
practice considerations that provide qualified justification for
their continued use.
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Introduction

In the last decade radiation dose associated with CT has
become the topic of major public interest and concern. At a
population level, there is a growing mandate to minimize
radiation dose to as low as reasonably achievable [1].
Although this mandate addresses the radiation burden to the

patient as a whole, there is also an established understanding
that not all organs have the same level of radiosensitivity [2].
For example, breasts are more radiosensitive than the liver.
The lens of the eye is more prone to radiation effects (in the
form of cataract formation) than the brain. Further, imaging is
often done in the context of a particular body region that
exposes certain organs and not others. As such, patient do-
simetry can be grossly oversimplified if it is based on radiation
burden associated with individual organs, a topic addressed
elsewhere in this issue [3]. Furthermore, there is a justifiable
need to modulate the radiation field to minimize the exposure
to certain radiosensitive organs.

Organ dose minimization can be accomplished via alter-
ation of the radiation field from the scanner in a process
known as organ-based tube current modulation, or virtual
shielding [4]. In this process, the X-ray beam can be turned
off when the beam is impinging on a superficial radiosensitive
organ but alternatively increased when the beam is on the
other side of the patient (Fig. 1). Combined with appropriate
reconstruction, without a major impact on overall dose or
image quality, this technology can reduce the dose to the
targeted organ. But the major drawback of virtual shielding
is the fact that it is offered by only one manufacturer and only
in certain models. It is also less effective for breast dose
reduction in adults who have large breasts [5].

Alternatively, select organ shielding can be done with the
application of an actual shield [6]. The shields are usually
made of bismuth-impregnated latex with typical 0.85–3.4 g/
cm of bismuth in the shield. They are designed to be placed
over an organ of interest during the CT examination, typically
targeting the eyes, breasts, thyroid or gonads (Fig. 2). By
attenuating the X-ray beam entering the patient, the shield
can reduce the dose to the targeted organ. This application of
X-ray shielding should not be confused with the use of pro-
tective layers to block the X-ray from the patient or the
operator through more absorptive lead shields when radiation
is not needed. The bismuth shields are meant to be applied
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within the imaging field of view, and while offering a modest
level of protection, they still allow enough X-ray penetration
to enable image formation. The goal is to reduce the X-ray
flux to provide beam modulation for the purpose of dose
reduction to the organ.

Bismuth organ shields can provide a meaningful reduction
of dose to anterior organs as indicated in a number of studies;
combined with their ease of use, they may be considered a
method to mitigate the radiation risk to certain radiosensitive
organs [6–10]. However, there are a number of significant
drawbacks in the use of these shields that should be carefully
considered. In 2012, the American Association of Physicists
in Medicine (AAPM) released a position statement about the
use of bismuth shields [11]. The statement noted “several
disadvantages associated with the use of bismuth shields”
and recommended that “alternatives to bismuth shielding be
carefully considered, and implemented when possible” [11].
Using the AAPM justification for this statement, this article
aims to summarize the disadvantages associated with the use
of bismuth shields. However, there are certain considerations
governing when the use of these shields is justified. This
article further outlines these considerations.

The cons: potential problems associated with bismuth
shields

There are three major disadvantages associated with the use of
bismuth shields. First, in their exact deployment they can be
applied improperly, leading to an actual over-exposure of the
patient. Second, the shield can impact the quantitative accu-
racy of the CT numbers in the regions most proximate to the
shield. Finally, there is in a sense wasted dose when the shield
is applied. We detail each of these below.

One of the major concerns with the use of bismuth shields
is that they may be deployed inappropriately when automatic
exposure control (AEC) in the form of tube current modula-
tion is used. The purpose of the AEC is to adaptively adjust
the flux of X-rays based on the patient attenuation as the tube
travels around the patient. A higher-attenuation section of the
body results in higher X-ray flux. The scheme of the AEC for
a given scan is most frequently based on the localizer image
that is acquired in advance of the actual CT acquisition. Here
lies the improper use of the bismuth shield. As illustrated in
Fig. 3, to be effective the shield should be placed over the
organ of interest after the localizer image is acquired. In doing

Fig. 1 In a conventional
diagnostic thoracic CT scan, the
breast is always included (a), but
it is rarely an organ of interest. In
the virtual shielding scheme (b),
the mA is severely reduced when
the beam is over the breasts and
increased elsewhere, reducing the
breast dose by 30–40% without
an increase in image noise. (Dose
maps courtesy of Juan Carlos
Ramirez, Siemens Healthcare,
Erlangen, Germany)

Fig. 2 Demonstration of the use
of eye (a) and thyroid (b) shields
for a pediatric examination (from
J.D. Honigberg International,
www.jdhmedical.com)
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so, the system scans the patient with no regard to the presence
of the shield; the tube current is applied as if the shield were
not present, leading to the desired dose reduction. If, however,
the shield is placed before the localizer acquisition, the system
adaptively increases the tube current in response to the atten-
uation of the shield, nullifying the very dose reduction pur-
pose of the shield and possibly even increasing both the organ
dose and the total patient dose [8, 12].

The above illustration is applicable to CTsystems in which
the AEC tube current modulation profile is fully determined
from the localizer prior to the actual CT acquisition. In con-
trast, in certain CT systems the AEC profile is dynamically
changed based on the attenuation level that the X-ray beam
encounters as it rotates around the patient. For such systems,
the organ shield should never be used because it would
inevitably lead to an increase in patient dose.

A second concern about the use of the bismuth shield is the
associated change in quantitative CT numbers [13]. Beam
hardening is one of the major artifacts in CT imaging, affect-
ing the accuracy and quantifiability of CT numbers. It mani-
fests most prominently when highly attenuating objects are in

the imaging field of view. Metal objects (e.g., metal implants),
bones and higher concentrations of iodine create the most
notable artifacts, affecting the CT numbers. The presence of
a bismuth attenuating layer in the field-of-view similarly
impacts the CT numbers, particularly in the proximity of the
shield. The effect can be minimized by placing additional
spacers between the shield and the body, but it cannot be fully
eliminated.

Figure 4 illustrates this artifact, where the addition of the
shield alters the CT numbers and appearance, most promi-
nently in the proximity of the shield but even as far off as the
lesion in mid-lung. Also illustrated in Fig. 4 is the impact of
the shield on image noise. The shielded image is noisier. The
increased noise can potentially impact diagnostic quality.
However this enhancement of noise with the addition of a
breast shield cannot necessarily be considered a disadvantage
of the shield because dose reduction via the use of a shield or a
corresponding change in the CT technique (e.g., mAs) can
lead to a comparable impact on image noise. As such, the
change in noise is not a major advantage or disadvantage of
the use of the bismuth shield. Figure 5 illustrates the

Fig. 3 The top row demonstrates how the axial automatic exposure
control (AEC) mA profile (yellow line) is determined from the localizer
and how the addition of the shield (red line) after the localizer image
acquisition does not impact the AEC profile. In the bottom row, the AEC

is incorrectly applied by being placed before the localizer acquisition,
leading to a prospective change in the AEC profile to a higher mA and
increased patient dose
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quantification of the change in noise and the CT numbers in a
pediatric CT phantom with the addition of a shield compared
to an alternative of reducing the overall mAs.

The third concern associated with the use of bismuth
shields is the ineffective use of radiation [14, 15]. Fig. 6
demonstrates this concern in a simplified illustration. For the
anteriorly oriented X-ray beam, the figure shows how the
presence of the shield reduces the radiation impinging onto
the body, most effectively for the anterior organs (e.g., the
breasts). The detector proportionally receives less flux as well
and thus a corresponding increase in image noise. As such,

from the perspective of the anterior beam, the shield gives rise
to a largely proportionate effect on dose and image noise.

The situation is somewhat different for the posteriorly
oriented beam. Here the X-ray beam that has gone through
the patient and already deposited its dose in the patient is now
blocked by the shield from reaching the detector. The beam
has “dosed” the patient but is not being effectively captured by
the detector to contribute to image formation with lowest
possible noise. Therefore, the dose is partly wasted. This effect
is more quantitatively illustrated in Fig. 7 through a simulation
that shows how the addition of a shield (without changing the

Fig. 4 Axial CTof a lung nodule
in a 17-year-old girl with history
of ovarian dysgerminoma. CT
scan obtained with breast shield in
place (a) and without (b) shows
lung nodule (arrow) in right lower
lobe. The image acquired with the
shield demonstrates a greater
noise magnitude. (Used with
permission from Fricke et al. [9])

Fig. 5 Assessment of noise and
CT number in four regions of a
pediatric phantom (a) without
shield (Reference), with shield
(Bi shielding) and without shield
but with the mA reduced to
achieve the same dose reduction
as that of the shielded condition
(Low-mAs). ROI-1 and ROI-2
are in the lungs and ROI-3 and
ROI-4 in the mediastinum. The
noise results (b) are largely
equivalent with shielding and mA
reduction, yielding similar results.
The CT numbers in the lung (c)
and mediastinum (d) can be
affected by the addition of the
shield but not by similar dose
reduction achieved with reduced
mAs. (Courtesy of Jia Wang,
Mayo Clinic, Rochester, MN).
ROI region of interest
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CT technique) can reduce the overall patient dose in the thorax
by 4% and the breast by 17% (with presumed increase in
noise). However, if one were to adjust the CT technique
(e.g., increase the mA) such that the same noise level is
maintained as that of the unshielded condition, but with the
shield present, the breast dose remains unchanged and the
overall dose to the thorax is increased by 11%. This example
illustrates how the shield essentially reduces the ratio of image
quality per dose: if by technique adjustments the dose is kept
unchanged, the shield can lead to nosier images; conversely if

the noise is held constant, the shield can increase dose to the
patient.

The pros: potential advantages of bismuth shields

With the notable disadvantages associated with the bismuth
shields outlined above, the use of these shields seems hard to
justify. However, there are a number of conditions and con-
siderations when the use of such shields is warranted. These
pertain to the ability to control radiation dose and image noise
over a small section of the imaging field-of-view, the simplic-
ity of the application, and the patient’s perception of safety.

As noted above, the application of the shield reduces the
radiation dose but also involves a corresponding increase in
image noise. Because radiation dose and image noise are
generally inversely related to each other, it follows that if
one is willing to tolerate a higher level of image noise, one
can simply reduce the radiation dose instead of using the
shield [16]. In doing so, one would be able to reduce the dose
to all the organs during the examination, and not just a select
organ. However, the shield enables the dose/noise manipula-
tion to be carried out over a very limited section of the
patient’s body. If a large anatomical region is being imaged,
a clinician might not be willing to reduce the image quality
across the entire region by setting a low global dose level. An
example of this might be in whole-body PET/CT exams.
Generally a sufficiently high level of dose is necessary to
capture diagnostic-quality CT data from the patient’s body.
However, that might unnecessarily expose the lens of the eye
to excessive radiation dose. A simple application of an eye
shield enables an effective reduction of dose to the lens of the
eye (with a tolerable enhancement of noise only in that region)
without setting the entire exam to a lower dose level and
degrading the image quality across the entire field-of-view.

Fig. 6 An illustration of the
impact of shield (red line) on the
X-ray flux (arrows) for the
anteriorly oriented (left) and the
posteriorly oriented (right) X-ray
beam

Fig. 7 Graph demonstrates the location-dependent depth dose from a
posterior to an anterior surface of a cylindrical phantom emulating the
thorax. Without shield, the dose is largely symmetrical. A bismuth shield
when anteriorly located reduces the hypothetical breast dose by 17% and
the thorax dose by 4%. With shield in place, if the mA is adjusted to
achieve the same noise as that of the unshielded exam, the breast dose
remains unchanged, but the thorax dose increases by 11%. The modeling
was performed using an X-ray simulation platform (Xspect, Henry Ford
Health System, Detroit, MI)
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The second advantage of bismuth shields is in the simplic-
ity of the application. In the very heterogeneous and compli-
cated clinical environments of today, it is always preferable to
use optimization strategies that are simple and easy to imple-
ment. In the example above, if a clinician decides to apply a
global reduction of dose instead of using a shield, the exact
level of adjustment to the CT technique factors that can
achieve that dose reduction is not easy to determine. It requires
detailed knowledge of technique factors associated with the
CT system that are highly manufacturer-dependent and a high
level of imaging physics expertise that is not readily accessible
at a large number of non-academic imaging centers. Under
these conditions the use of a shield can offer a simple and
effective solution.

Finally, regardless of how practitioners might view the
disadvantages of the shield, a patient or caretaker might have
a significantly different perception of the shield’s role in miti-
gating radiation risk. One may argue that a health care provider
should be able to provide a convincing explanation of the role
and limitations of the shield. However, our collective failure as
a community to convey even the most basic concepts of radi-
ation risk to our patients and to the general public is evidence
that the ability of the provider should not be overestimated in
this regard. Furthermore, the actual risk associated with a single
(reasonably optimized) CT exam is so small and so difficult to
quantify that it is arguably more of a perceived risk than an
actual risk. As such, an effort to mitigate this perceived risk
may be more relevant than mitigating any theoretical “actual”
risk. Efforts to impact or reduce the perception of risk on the
part of the patient or caregiver could be as or more significant in
the context of clinical practice than any small disadvantage to a
portion of the image that results from the use of a shield. A
parent might simply feel more comfortable about subjecting a
child to CT radiation with the use of a shield, and the ~10%
disadvantage that such use entails might be an acceptable price
to pay for patient comfort and confidence.

Conclusion

If properly used, bismuth shields offer a methodology to
reduce dose to targeted superficial organs. The dose reduction
is associated with a corresponding increase in image noise in
the section covered by the shield. It also involves a degrada-
tion of the quantitative accuracy of the CT numbers and a
lower level of image quality per overall patient dose compared
to when the shield is not used. Therefore, the use of such
shields in clinical practice should be carefully examined.
Factors that can impact the shield use consideration include
the importance of quantitative precision, the specific anatom-
ical application (e.g., whole-body PET/CT), the ability of the
scanner to apply different-quality indexing protocols for dif-
ferent regions of the body, and the availability of virtual

shielding. Ease of use and patient perception or preference
are significant factors in the clinical practice that may favor the
use of shields.
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