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Abstract
Background CT scans of the brain, sinuses and petrous
bones performed as the initial imaging test for a variety of
indications have the potential to expose the eye-lens,
considered among the most radiosensitive human tissues,
to a radiation dose. There are several studies in adults
discussing the reduction of orbital dose resulting from the
use of commercially available bismuth-impregnated latex
shields during CT examinations of the head.
Objective To evaluate bismuth shielding-induced artefacts
and to provide suggestions for optimal eye-lens shielding in
paediatric head CT.
Materials and methods A bismuth shield was placed over
the eyelids of 60 consecutive children undergoing head CT.
Images were assessed for the presence and severity of
artefacts with regard to eye-shield distance and shield
wrinkling. An anthropomorphic paediatric phantom and
thermoluminescence dosimeters (TLDs) were used to study
the effect of eye lens-to-shield distance on shielding
efficiency.
Results Shields were tolerated by 56/60 children. Artefacts
were absent in 45% of scans. Artefacts on orbits, not
affecting and affecting orbit evaluation were noted in 39%
and 14% of scans, respectively. Diagnostically insignificant
artefacts on intracranial structures were noted in 1 case
(2%) with shield misplacement. Mean eye-lens-to-shield

distance was 8.8 mm in scans without artefacts, and 4.3 mm
and 2.2 mm in scans with unimportant and diagnostically
important artefacts, respectively. Artefacts occurred in 8 out
of 9 cases with shield wrinkling. Dose reduction remained
unchanged for different shield-to-eye distances.
Conclusion Bismuth shielding-related artefacts occurring in
paediatric head CT are frequent, superficial and diagnosti-
cally insignificant when brain pathology is assessed.
Shields should be placed 1 cm above the eyes when orbital
pathology is addressed. Shield wrinkling should be
avoided.

Keywords Bismuth shielding . Artefacts . Eye-lens
protection . Orbits . Child . Pediatric CT

Introduction

Increasing awareness of the association between
radiation-induced health detriment and levels of child-
hood radiation has renewed the interest in modification
of techniques during paediatric CT [1]. CT scans of the
brain, sinuses and petrous bones performed as the initial
imaging test for a variety of indications, including trauma,
suspected tumour, complicated infectious and inflamma-
tory conditions, as well as suspected congenital abnor-
malities have the potential to expose the eye-lens,
considered among the most radiosensitive human tissues
[2, 3]. The eyes of children are more radiosensitive than
previously considered, with significantly smaller threshold
values for ophthalmologically detectable lens opacities
causing cataract when compared to adults [4]. In partic-
ular, there is evidence of both cortical and posterior
subcapsular cataract at doses somewhat lower than
expected among A-bomb survivors and a group of
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children treated for skin haemangioma [5, 6]. Therefore,
regarding paediatric head CT, every effort should be made
towards appropriate and meticulous application of the “as
low as reasonably achievable” (ALARA) principle, by
reducing eye-lens doses without compromising diagnostic
quality.

There are several studies in adults discussing the
reduction of orbital dose resulting from the use of
commercially available bismuth-impregnated latex
shields during CT examinations of the head [7–11] and
paranasal sinuses [12] that show differences in dose
reduction factors, ranging from 18% to 50%, depending
on the technique and material applied. There are few
studies in children discussing dose reduction to the eye-
lens due to bismuth shielding that revealed significant
dose reduction ranging from 31% to 42% during brain and
sinus scanning, while dose reduction was <1% during
scanning with eye-sparing technique [13, 14]. In these
dosimetric studies, most investigators briefly mention lack
of diagnostically important artefacts, while two studies in
adult sinus and brain CT, conducted a profile analysis on
the CT density below the shield and found a statistically
significant increase in noise [8–10, 12–16].

To our knowledge, extensive appreciation and grading of
artefacts due to the presence of orbital bismuth shields in
paediatric CT and proposals for artefact reduction resulting
in suggestions on how bismuth latex shields should be used
in children are not available in the literature. The aim of the
current study was to assess the feasibility of application of
shields and associated artefacts in a large cohort of children
referred for head CT scans and to provide guidelines for
optimal eye-lens shielding in children undergoing head CT
with regard to elimination of artefacts and benefit from eye-
lens dose reduction.

Materials and methods

Patient study

This study was in compliance with the Health Insurance
Portability and Accountability Act and was approved by the
Institutional Review Board of our institution. Patient’s
guardians consented to the placement of shields during
CT scanning. A commercially available bismuth shield
(AttenuRad Radioprotective Garments, F&L Medical Prod-
ucts, Vandergrift, PA, USA) was placed over the eyelids of
60 consecutive children, age 5 weeks to 16 years (mean
6.8 years), referred for a medically indicated CT scan
involving lens exposure. Shielding was possible in 56
children. Folded, sterile gauzes were interposed between
the shield and the child’s closed eyelids for sanitary
purposes (Fig. 1).

Scans were performed in a Siemens Somatom Sensa-
tion 16-slice CT scanner (Siemens, Forchheim, Germany)
applying paediatric head protocols with reduced mAs,
according to the manufacturer’s recommendations. Scans
performed with a shield included 47 CT scans of the
brain, 26 of which with sequential and 21 with spiral
scanning techniques, 3 petrous bone scans, 5 sinus scans
and 1 orbital scan; the latter 9 included the eye area,
were performed with a spiral technique and were named
limited spiral scans. The parameters of the scans were
recorded and are listed in Table 1. Spiral scans of the
brain required more effective mAs compared to limited
spiral scans due to the need to eliminate posterior fossa
artefacts in the former.

Assessment of artefacts

Artefacts were qualitatively assessed with a 5-point scale by
two radiologists in consensus on soft-tissue window/levels,
accordingly: 0 = no perceptible artefacts, I = artefacts
restricted on the orbital areas, not considered to affect certainty
for the evaluation or exclusion of orbital abnormality, II =
artefacts on orbits, extending to intracranial structures, not
considered to affect certainty for the evaluation or exclusion of
orbital and intracranial abnormality, III = artefacts restricted
on the orbital areas, considered to affect certainty for the
evaluation or exclusion of orbital abnormality and IV =
artefacts on orbits extending to intracranial structures,
considered to affect certainty for the evaluation or exclusion
of orbital and intracranial abnormality.

The distance lens-to-shield was measured on the images
for each eye and the mean distance was recorded for each
scan. Wrinkling of the shield was also assessed on the CT
images as gross, moderate and no wrinkling.

Fig. 1 Photograph shows one of the department’s dolls wearing a
bismuth shield (arrows) placed flat over the eyes. One folded, sterile
gauze is interposed between the eyes and the shield (arrowhead)
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Phantom study

To investigate the effect of distant versus direct shielding
over the eyes on eye-lens dose reduction, a paediatric
anthropomorphic phantom (Atom Phantoms, Cirs Norfolk,
VA, USA) and thermoluminescence dosimeters (TLDs)
were used. The head of the above phantom contains
simulated intracranial structures, cranial bones and sinuses
consistent with the head of a 5-year-old child. The phantom
was subjected to four types of eye-exposing brain CT scans.
These types included scanning performed without any
shielding and scanning performed with shielding over 1, 2
and 4 interposed folded gauzes that elevated the shield
away from the eyes by 0.5, 1 and 2 cm, respectively. Before
each scan, two appropriately calibrated TLDs (TLD-100
3x3x0.9-mm chips, Harshaw, WI, USA) were placed on
each eye. Scans were repeated 10 times for each type, to
reduce the statistical error of the TLD readings. The mean
dose of the four TLDs was considered as the eye-lens dose.

Results

Shielding was not possible in four children: 3 children ages
2, 3 and 3.5 years old refused the shield and one sedated 9-
month-old child kept waking up upon shield placement and
was finally scanned unshielded. Scanning with a shield was
successfully completed in 56 children.

Absence of appreciable artefacts was noted in 25 scans
(44.6%, Fig. 2). Artefacts were seen in 31 children (55.4%),
type I in 22 (39.3%), and type II in 1 case with a cranially
misplaced shield (1.8%) and type III in eight scans (14.3%).
There were no artefacts classified as type IV. Type I
artefacts were seen as mild increase in density over the
anterior surface of the orbits (Fig. 3), while type III artefacts
were seen as significant increase in density of superficial
tissues, considered to affect the confidence for normality
and for exclusion of haemorrhage or retinoblastoma on

soft-tissue window settings (Fig. 4). All types of artefacts
were considerably or totally eliminated on bone window
settings (Figs. 2, 3 and 4).

The eye-lens-to-shield distance ranged from 1 mm to
23 mm (mean 8.8 mm) in scans with no artefacts, from 0
mm to 15 mm (mean 4.3 mm) in scans with type I artefacts
and from 0 mm to 4 mm (mean 1.1 mm) in scans with type
III artefacts. In the case with artefact at the anterior cranial
fossa the distance was 11 mm. Distant shielding (a shield
≥10 mm away from the eyes) was performed in 17 children,
in 12 children (70.6%) there were no artefacts, in 4 (23.5%)
there were type I artefacts, in 1 child there were type II
artefacts. Type III artefacts were absent in cases with distant
shielding. Direct shielding (a shield ≤2 mm away from the
eyes) was performed in 23 children, in 16 (69.6%) there
were artefacts, type I in 10 and type III in 6. Intermediate
shielding (a shield >2 mm and <10 mm away from the
eyes) was performed in 16 children, in 10 (62.5%) there
were artefacts, type I in 8 and type III in 2.

Artefacts were identified in 8 out of 9 scans (88.9%)
where wrinkling occurred. Wrinkling of the shield was
moderate (Fig. 2) in 7 scans, exhibiting type I artefact in 6
and type III in 1. Gross wrinkling was noted in 2 scans,
both exhibited type III artefacts (Fig. 5). Artefacts were
present in 21 out of the 47 scans (44.7%) where there was
no appreciable wrinkling.

All scans were thought to contain diagnostic information
for the report (Fig. 6). Sino-nasal, orbital (Fig. 7) and mastoid
pathology was adequately displayed. Coronal reconstructions
were performed and exhibited no artefacts over the areas of
interest. There were neither repeats of scans because of the
shields nor lack of confidence in the diagnoses.

The factor of dose reduction when the shield was placed
directly over the eyes of the paediatric phantom simulating
a 5-year-old child was 32%. When the shield was placed
0.5 cm, 1 cm, and 2 cm away from the eyes of the same
phantom, factors of dose reduction were 32%, 30% and
29%, respectively.

Table 1 Scanning parameters

Head sequential
(n=26, mean age 9.2years)

Head spiral
(n=21, mean age 3years)

Limited spiral
(n=9, mean age 8.6years)

kVp 120 120 120

mAs (Effective if spiral) 50–320 (mean 198.2) 41–112 (mean 85.8 ) 42–75 (mean 56.8)

Slice width (mm) 4.5 2–4 0.6–5

Slice collimation (mm) 0.75 or 1.5 0.75 or 1.5 0.6–1.5 (mean 0.98)

Feed/rotation (mm) 18 6.1–16.7 (mean 11.2) 1.2–18 (mean 6.9)

Rotation time (s) 0.75–1 0.75 0.5–0.75

CTDIvol (mGy) 9.65–61.44 (mean 34.31) 8.55–22.8 (mean 19.52) 8.44–21.1 (mean 12.65)

DLP (mGy.cm) 122–883 (mean 420.4) 67–325 (mean 197.6) 60–173 (mean 101.3)
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Discussion

The present study was motivated by the lack of data
regarding thorough artefact evaluation following eye-lens
bismuth shielding in children undergoing head CT and the
possibility of their reduction, especially when investigating
orbital pathology. The application of bismuth shields over
the eyes of children undergoing CT that could potentially
involve eye-lens exposure was generally feasible in a large
cohort of children. Artefacts in the form of increase in
density below the shield were frequently encountered,
could be eliminated using bone window/level settings and
were considered to be not significant and not affecting the
diagnosis of intracranial pathology. In the single case with
artefacts over the anterior cranial fossa, this increase in
superficial density was considered the result of cranial
displacement of the shield; therefore the shield, if correctly

positioned over the eyes, is applicable in all cases when
intracranial pathology is assessed. Our results are in
accordance with dosimetric studies noting the presence of
superficial orbital artefacts, only mentioning that shielding
results in no diagnostic information loss [8–10, 12–15].
Paediatric radiologists have been trained to reduce tube
current without reduction in the reader’s confidence [17].
Similarly, familiarization with bismuth-related artefacts by
radiologists could play a role in accepting their presence
routinely on paediatric head CT scans. Quantitative appre-
ciation of the increase in orbital density, extending on
average 10 mm beneath the shield has been demonstrated in
adult studies, indicating a potential drawback of the shield
when performing quantitative perfusion studies [12, 15].
These tests are, however, rarely performed in children.

When orbital morphology was particularly looked at,
artefacts due to bismuth shielding considered to affect

Fig. 3 Type I artefacts on CT
brain images. a Axial scan
through the orbits on soft-tissue
window settings shows artefacts
as increase in superficial orbital
density (arrowheads). Note
some horizontal streakiness at
the level of the anterior border
of sphenoid bones (arrow),
considered to represent anterior
fossa artefact, enhanced by the
presence of the shield. Overall
the orbital globes are confident-
ly appreciated as normal. b
Axial scan through the same
level on bone window settings.
Orbital artefacts are eliminated.
There is moderate wrinkling of
the shield at its left outer aspect

Fig. 2 CT scan of a 21-month-old boy with congenital cataract
bilaterally, scanned to exclude retinoblastoma and bleeding. a Scout.
The shield (arrow) is visible over the eyes. b Axial scan. There is

absence of appreciable artefacts, despite the presence of the shield
while the orbits and the lenses are well appreciated. c On bone
window settings, there are no appreciable artefacts
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certainty for normality or exclusion of lesions were seen in
14.3% of scans in our series and in 26.1% of scans
following placement of the shield directly (0–2 mm) over
the eyes. The distance of the shield to the eyes appeared to
play a role in the frequency and severity of artefacts, with
practically fewer and less important artefacts when the
shield was elevated ≥10 mm away from the eyes. This is in
contrast with the guidelines of shield placement provided
by Hopper [15], suggesting a tight seal over the nose
without an air gap, using the adhesive material of the
shield, in order to prevent the shield from overlying the
orbital bone rim. Increasing the distance between the shield
and the organ examined has been applied during scanning

of the neck and chest, to increase rigidity of the shield. This
increase in distance reduced artefacts and noise [9, 18, 19].
To our knowledge, such a technique has not been
recommended for brain scanning either in adults, or in
children. Our results suggest that increasing the lens-to-
shield distance by 1 cm or more results in no or infrequent,
diagnostically unimportant artefacts. Factors of dose reduc-
tion with distal shielding 0.5-, 1- and 2 cm away from the
eyes were 32%, 30% and 29% respectively. When
compared with the 32% of dose reduction following direct
shielding, the application of distal shielding is justified

Fig. 6 Axial CT scan through the skull base using soft-tissue window
settings. There is an arachnoid cyst situated at the right middle fossa.
Type I artefacts are seen as increase in superficial orbital density up to
the level of the anterior border of the sphenoid bone (arrowhead) and
are considered not to affect the diagnosis

Fig. 5 Axial CT scan through the orbits using soft-tissue window
settings. The shield is severely wrinkled due to positioning of lateral
pads for immobilization of this neonate’s head prior to the position of
the shield. Type II artefacts are seen as increase in superficial orbital
density behind the shield (arrowheads), considered to affect the
evaluation of the orbital structures

Fig. 4 Type II artefacts on CT
brain images. a Axial scan
through the orbits on soft-tissue
window settings. Type II arte-
facts are seen as significant
increase in superficial orbital
density behind the shield
(arrowheads). The orbital
globes cannot be confidently
appreciated as normal. b Axial
scan through the same level in
bone window settings. The or-
bital artefacts are eliminated in
this window and appreciation of
the right lens (arrowhead) is
feasible
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when fine morphologic changes are looked for in the
proximity of the shield [13]. Similar insignificant impact on
measured doses has been shown in the application of
spacers during adult chest and neck scanning [19]. In
practice, artefacts that could affect the diagnosis of orbital
pathologies could be eliminated by the interposition of two
sterile gauzes between the eyes and the shield, without
significantly compromising the protection provided by the
shield. Two unfolded gauzes between the eyes and the
shield correspond to approximately 1 cm between the eyes
and the shield. Such indications in children would
potentially include orbital trauma, retinoblastoma, inflam-
matory and other space-occupying lesions of the orbits.

In our study, artefacts were present in 83.3% of scans with
wrinkling of the shield. Shield angulations, wrinkling, the
presence of air gaps between the eyes and the shield and the
presence of the shield over the bony orbital rim have been
mentioned to cause artefacts on adult brain scans, although no
numerical data are provided on the occurrence of artefacts in
relation to the above conditions [8, 15]. In adults, positioning
of the shield is considered simple, because the size of the
shield is designed for adult orbital size. This is not true for
neonates and infants, whose head size results in excess
length of the shield. Two cases of gross shield wrinkling in
neonates resulted in diagnostically important artefacts.
Therefore, radiographers should take care to stretch the
shield and place it flat over the child’s eyes, independently of
the head size, also making sure that the shield is interposed
between the primary beam and the eye lens.

Eye-sparing techniques have been known to result in lower
doses to the eye lens in adult patients undergoing head CT,
compared to single application of bismuth shielding and direct
exposure of the lens [20, 21]. This has been also confirmed in
children; therefore eye-sparing technique remains the most
efficient measure of protection to the lens [10, 13]. This is

the reason why radiographers should not, by any means, be
distracted from employing eye-sparing techniques during
paediatric head CT knowing that bismuth shields add
protection to the eye lens. Moreover, it is with the eye-
sparing technique that the eye-lens dose reduction factor due
to the shield is small and therefore shielding is not necessary.
With spiral scanning, due to z overscanning, an additional
layer of tissue above and below the area to be imaged in also
exposed with a strong possibility of direct eye-lens exposure
despite planning of a strictly eye-sparing technique during
spiral brain CT [22]. Consequently, sequential scanning is
preferred over spiral scanning for paediatric brain CT at our
institution, in order to ensure minimal exposure of the eye
lens.

This study has focused only on the feasibility of orbital
shielding in children, the incidence and significance of
shield-related artefacts and the effect of shield elevation on
eye-lens dose reduction and artefact elimination. We did not
study the effect of modern tube current modulation on dose
reduction. Individual tube current modulation has been
increasingly applied as a tool to decrease dose and is
considered superior to in-plane shielding in adults [16, 23,
24]. However, the dose reduction achieved with tube
current modulation in neonates and young children has
been found to be lower than that obtained for adults [25,
26]. Other authors recognize the potential of tube current
increase due to shields [14]. However, it has been shown
that Z-axis automatic tube current modulation combined
with shielding slightly further reduces thyroid radiation
dose during adult neck CT and during paediatric chest CT
[23, 27]. Further studies are required to determine the
optimal use or omission of orbital bismuth shielding during
paediatric head CT using modern automatic tube current
modulation with regard to dose reduction and artefact
significance.

Fig. 7 a Scout view of a
9-month-old infant investigated
for craniosynostosis, showing
the shield (arrow). b Volume-
rendered image following dele-
tion of the pixels containing the
shield, elegantly exhibits synos-
tosis of the right coronal suture
(arrow) with resulting orbital
deformity, flattening of the ad-
jacent forehead and scoliosis of
the face
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In our department, upon request for a CTscan, MRI instead
of CT is recommended, regarded as the maximum means for
radiation protection. In cases where CT is considered
absolutely indicated, the CT practice following this study
has been changed accordingly: the test is vetted, sequential
scanning with an eye-sparing technique remains the technique
of choice for routine paediatric brain CT and shields are not
applied. In cases of spiral scanning, sinus scans and whenever
the orbital structures are expected to be partly or totally
included in the primary beam, shields are placed unwrinkled
on the child’s eyes with one unfolded, sterile gauze interposed
between the eyes and the shield. In case the clinical question
focuses on orbital pathology, distant shielding is preferred and
the eye-lenses are protected by placing a shield unwrinkled on
the child’s eyes, with two unfolded, interposed sterile gauzes.

Conclusion

Orbital shielding during paediatric head CT is feasible in the
vast majority of children. The eye-sparing technique remains
the most efficient measure of protection to the lens, while in
cases of spiral scanning, sinus scans and whenever the orbital
structures are expected to be partially or totally included in the
primary beam, shields should be placed on the patient’s eyes.
Readers should be familiar with artefacts related to the
bismuth shield that are frequent, restricted to the orbital areas
and considered diagnostically insignificant when brain abnor-
malities are looked for. Shields should be placed 1 cm above
the eyes when orbital pathology is particularly addressed in
order to reduce the possibility of potentially significant
artefacts without compromising the protective use of shields.
Wrinkling of the shield is considered a cause of increased
shield-related artefacts and should be meticulously avoided.
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