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Carotid cavernous fistulae (CCF) are unique communication between the cavernous segment of  the internal carotid artery (ICA) 
and the cavernous sinus. CCF are rare and result from traumatic skull base fractures (0.2-0.8%). CCF resulting from iatrogenic 
intradural traumatic aneurysms are not common, and they are hard to treat using a surgical approach. This report presents the 
case of  a female patient with iatrogenic CCF, which resulted from proximal ICA injury. The CCF was successfully treated using 
the endovascular coil embolization. The patient has reported improvement in her vision, one-year follow-up routine has indicated 
no recurrence with this technique.  

Keywords
Coil embolization; Traumatic cerebral pseudoaneurysm; Carotid cavernous-fistula.

INTRODUCTION

Carotid cavernous fistula (CCF) infrequently occurs secondary 
to traumatic supraclinoid pseudoaneurysm of  the internal ca-

rotid artery (ICA).1 A thorough search through PubMed has given 
evidence of  only seven reported cases of  the condition.2-4 CCF 
commonly occurs after head injuries, rupture of  an aneurysm in 
the cavernous segment, or as a result of  iatrogenic damage to the 
vessel during transsphenoidal surgery as in this case.5 

 The cases that have been reported in the past have been 
treated using one of  the listed methods which are trapping, a com-
bination of  trapping and controlled embolization, and inserting a 
thrombogenic agent into the site of  aneurysm. Even though these 
procedures have a positive post-operative outcome, they had a 
great impact on morbidity and mortality, thus, they are not appli-
cable in all cases.6 Alternatively, the endovascular treatment option 
has shown promising results, through the placement of  coils with 
stents, or coils without stents in the treatment of  dissection of  
great vessels, fistulas, and extra-cranial arterial pseudo-aneurysms, 

while maintaining a patent flow through the parent artery. This 
case report discusses a post-traumatic iatrogenic CCF after a su-
praclinoid pseudoaneurysm that was treated through the coiling of  
the aneurysm.

CASE REPORT

A 45-year-old woman presented to a neurosurgeon with headaches 
and vertigo. Investigations and the clinical findings were suggestive 
of  pituitary adenoma. The case was discussed in a multidisciplinary 
team meeting as well as with the patient and family. After discuss-
ing all the complications, the transsphenoidal route intervention 
was performed. However, during the procedure, there was mas-
sive bleeding from the carotid, and the operating team suspected 
that there was iatrogenic internal carotid artery damage; therefore, 
further surgery was abandoned. The patient kept deteriorating be-
cause of  on-going hypovolemic shock, despite medical treatment 
and packing of  the site. Consequently, the patient was moved to 
and managed in the intensive treatment unit (ITU), additionally, 
she was also referred to the interventional radiology (IR) for the 
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possibility of  emergency coil embolization.

 As soon as IR received the patient’s information, the IR 
on-call team and cathlab team, arranged a digital subtraction angi-
ography (DSA) on the patient with the aim of  saving the patient’s 
life despite her rapid clinical deterioration. The clinical examina-
tion revealed a combination of  proptosis and chemosis of  the con-
junctiva of  the right eye with facial swelling (right>left) (Figure 1). 

 Upon further investigations with DSA, the patient was 
found to have a massive 3 cm×1 cm supraclinoid aneurysm that 
had ruptured into the cavernous sinus leading to the formation of  
a CCF with the dilation of  the superior ophthalmic vein (SOV).

 Following the DSA and considering the clinical scenario, 
the patient and the family was offered coiling of  supraclinoid pseu-
doaneurysm. The consent for the procedure and publication of  
the case was undertaken.

Procedure

The origin of  the aneurysm was located by insertion of  a femoral 
micro-catheter. The aneurysm was noted to be proximal to the bi-
furcation of  the ICA. The location of  the aneurysm was noted to 
be anterior to the ophthalmic artery. Coiling of  the aneurysm fully 
closed the CCF.

 There were no intra-operative or post-operative compli-
cations, and the patient reported improvement in her right eye vi-
sion during her follow-up visits. Currently, the patient has been 
followed for a year, with complete resolution of  the proptosis, 
chemosis, and fascial puffiness.  She has not developed any new 
complaints during the follow-up.
 

DISCUSSION

It is well-established that intracranial pseudoaneurysms can result 
from an iatrogenic procedure or head trauma. However, these cases 
are infrequent and only account for around 1% of  all intracranial 
aneurysms. This fact led to the conclusion that the pseudoaneu-
rysm was iatrogenic in nature after the patients complained about 
visual symptoms, history, the age, as well as the deterioration that 
happened post-procedure, including presence of  the CCF, absence 
of  the neck, and the location of  the aneurysm which was away 
from the point where the ICA had branched. The combination of  
these signs points towards a traumatic origin.7

 A cause of  the traumatic aneurysm of  the supraclinoid 
ICA may be a direct injury to the ICA by a skull base fracture. 
Other causes include, torsion of  the ICA wall caused by the move-
ment of  the brain when the impact happened, and fracture of  the 

Figure 1.  Proptosis and Chemosis of the Right Eye

Figure 2. The Communication between the Aneurysm with Cavernous Sinus

Figure 3. Complete Occlusion of Carotid-cavernous 
after the Aneurysm Coiling

Figure 4. Post Recovery Picture
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surrounding bony structures.8 It has been determined that aneu-
rysms that are of  traumatic origin have a high mortality rate. 

 CCF presents in a unique way, including proptosis, and 
chemosis with restricted eye movements, secondary to abducent 
nerve involvement with or without oculomotor nerve palsy. Fur-
thermore, diplopia, reduction of  vision, retinal hemorrhage, and 
bruits can be observed. These signs suggest the overfilling of  the 
draining vein of  the superior ophthalmic vein9 together with the 
inferior petrosal sinus. The increased drainage of  superior orbital 
vein leads to eye symptoms with deterioration of  vision as a re-
sult of  low perfusion to the optic nerve and the retina, leading to 
retinal hemorrhage, chemosis and proptosis. Supraclinoid segment 
pseudoaneurysms are commonly linked to subarachnoid hemor-
rhage which may present as CCF. In the current case, the iatrogenic 
supraclinoid pseudoaneurysm was treated using the transarterial 
approach. This approach resulted in the closure of  the fistulous 
tract and the improvement of  the eye symptoms exhibited.10

 The best treatment of  pseudoaneurysm with similar 
manifestations is to eliminate the fistula and secure the carotid flow 
through the application of  various endovascular methods. Surgical 
clipping has an elevated risk of  pseudoaneurysm formation as a 
result of  its delicate anatomy.11 Each case should be investigated to 
rule out fistulous tracts, and pseudoaneurysms while maintaining 
the patency of  the flow in the main artery.
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The use of  lead protection in patient contexts has recently come under scrutiny, with organisations moving towards ceasing its 
use in plain film radiography. The use of  lead shielding in protecting staff  in low-dose settings, such as plain film and mobile ra-
diography, is therefore an important aspect of  practice to be reviewed. The objective of  this review is to evaluate the use of  lead 
shielding in protecting staff  in plain film and mobile radiography, while also exploring the evolution of  occupational doses and 
perceptions of  lead protection. While literature is limited on the use of  lead protection for staff  in mobile settings, lead protection 
has been shown to reduce staff  and adjacent patient dose from scatter. Furthermore, despite the increased frequency of  medical 
imaging procedures in contemporary radiography, the occupational doses of  medical radiation workers have reduced over time. 
With literature demonstrating gaps in current understandings of  radiobiological mechanisms at low doses, the linear no-threshold 
model utilised to estimate radiation risk and develop protection standards cannot be rejected. Thus, this review finds the need for 
further research to be undertaken to improve risk estimates at low doses in larger cohorts of  medical radiation workers, for the 
demonstration of  long-term effects from occupational exposure, prior to ceasing staff  lead protection.  

Keywords
Radiation protection; Occupational dose; Lead protection; Mobile radiography; Radiography; COVID-19 pandemic.

INTRODUCTION

Soon after the initial discovery and use of  X-rays as a therapeutic 
and diagnostic tool, the emergence of  acute adverse health ef-

fects prompted the need for radiation protection measures.1 The 
innovation of  lead protection arose in the late 1800s to early 1900s, 
majorly from contributions by William Rollins, an early pioneer 
of  radiation protection.1 Furthermore, with the initial establish-
ment of  the International Commission on Radiological Protection 
(ICRP), previously known as the International X-ray and Radium 
Protection Committee in 1928, formal radiation protection stan-
dards began to be devised.2 Nuclear warfare during World War II 
fast-tracked the establishment of  radiation protection standards, 
prompting innovations in radiation detection instrumentation and 
radiobiological research.1 Both public and occupational radiation 
limits were introduced as protective measures against emerging 
somatic effects, such as primary solid tumours and leukaemia.2 
Extended epidemiological follow-up of  atomic bomb survivors 

demonstrated increased radiation-induced risks for leukaemia, 
with subtype effect differences influenced by age at exposure, sex, 
and environmental risk.3 Hence, the need to limit potential radia-
tion-induced effects has been a central pillar in the protection of  
patients, staff  and the public in the development of  modern radi-
ology. Justification of  radiation usage, optimisation of  protection 
and the application of  dose limits have remained the fundamental 
principles of  protection to prevent the induction of  tissue reac-
tions and reduce the risk of  stochastic effects.4 

 Despite advances in medical imaging procedures and 
techniques increasing the frequency of  procedures over the past 
few decades, trends in the occupational exposure of  radiologists 
and radiographers have shown decline.5 Although this could pos-
sibly be attributed to the use of  shielding, lead protection for pa-
tients has recently come under scrutiny within the realm of  plain 
film imaging. Specifically, the use of  lead shielding has come under 
scrutiny in protecting patients in pelvic examinations, with discus-
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sions suggesting shielding introduces more risks than benefits to 
patients.6-8 In the backdrop of  a reduction in reproductive organ 
tissue weighting factors from 0.20 in 19909 to 0.08 in 2007,4 con-
temporary perceptions advocating for the abandonment of  go-
nadal shielding may have been fostered. Nevertheless, with current 
trends advocating for the ceased use of  gonadal and foetal lead 
protection for patients in plain film imaging,10-13 equal consider-
ation should also be given to whether staff  might cease the use of  
lead protection if  its use is deemed inconsequential for patients.

 At present, published literature focuses on shielding in 
high-dose imaging environments, such as fluoroscopy or the oper-
ating theatre.14-17 However, with support increasing for the discon-
tinued use of  patient lead shielding, it is imperative that all aspects 
of  this discussion are considered to ensure continued safety, prior 
to the formulation of  a consensus. This is of  particular importance 
if  current perceptions or beliefs regarding shielding negatively in-
fluence the compliance of  staff  in using self-protection or patient 
protection in different radiographic settings without sufficient sci-
entific backing. While variability may naturally exist in individuals’ 
practice, it is imperative that medical radiation practitioners wholly 
comprehend the risks and benefits of  abandoning lead shielding 
prior to enacting these behaviours in practice. 

 With the development of  new techniques in the face 
of  exceptional circumstances presented by the coronavirus dis-
ease-2019 (COVID-19) pandemic, the demand for mobile imaging 
has increased. Staff  have the potential to be left without shielding 
and may be limited by achievable distance from radiation sources 
or patients being imaged. Thus, a current review of  the use of  lead 
shielding in staff  safety, particularly in mobile imaging contexts, is 
timely. 

 This literature review will examine the use of  lead pro-
tection in plain film radiography with a focus on staff  safety in 
mobile radiographic settings. It will also explore the history of  lead 
protection and occupational doses, as well as evolving perceptions 
surrounding its use. 

METHOD

A review was undertaken to examine the topic through existing lit-
erature, with an exploratory search of  Monash University Library 
Search, PubMed, Ovid MEDLINE and Google Scholar conducted 
between August and October 2021. Various key words, including 
“historical development”, “history”, “evolution”, “lead”, “pro-
tection”, “shielding”, “personal”, “garment”, “apron”, “mobile”, 
“portable”, “bedside”, “radiography”, “ICU”, “medical radia-
tion worker”, “radiographer”, “radiologic technologist”, “staff ”, 
“radiation” and “occupational exposure” were utilised to identify 
relevant articles for review. Where suitable, keywords were com-
bined with Boolean operators (and/or) for search. Alongside this, 
an inspection of  the reference sections of  the most significant and 
relevant articles was performed to expand the breadth of  investiga-
tion, particularly for analysis of  frequently-appearing citations. Ar-
ticles were filtered by year depending on topic for relevance, with 
articles relevant for historical data having a wider scope of  search 
(1980 onwards) than lead shielding studies (which were limited to 

2014 for relevance). Further inclusion criteria included English-
language publishing and full-text peer reviewed articles. Searches 
of  various relevant organisational body’s documents was also un-
dertaken. Abstracts of  articles were read to analyse and ensure rel-
evance to the topic, followed by in-depth analysis of  those deemed 
pertinent to the topic. 

DISCUSSION

A Brief History of Radiation Protection and the Evolution of its 
Perceptions 

With the emergence of  acute radiation injuries after the discovery 
of  X-rays, the need to protect against overexposure was recog-
nised and early developments were made into what became known 
as radiation protection measures.1,2 William Rollins, an American 
dentist by trade, contributed greatly to the early development of  
lead protection, suggesting the use of  lead walls and goggles, as 
well as protective tube housing and collimators in the late 1800s 
and 1900s.1,18 Literature describes lead shielding being applied in 
routine practice as early as 1905 for patients in gonadal form, to 
prevent male sterility, as had been seen in animal models and male 
medical radiation workers.7 However, limited literature exists on the 
precise implementation of  shielding for medical radiation workers. 
Early models demonstrate protection from radiation emitted from 
hand-held fluoroscopes, intended to reduce radiation-induced der-
matitis.1 However, with limited knowledge of  scatter radiation, 
initial methods of  lead shielding such as these did not provide ad-
equate protection.

 Public perceptions of  radiation also influenced the early 
development of  protection efforts. These perceptions were shaped 
by knowledge of  legal action taken by those adversely affected by 
the inappropriate use of  diagnostic X-rays, alongside the radiation-
induced deaths of  medical radiation workers in Europe.1,18 The es-
tablishment of  early radiation protection bodies in Britain (the In-
ternational X-ray and Radium Protection Committee) and America 
(the US Advisory Committee on X-ray and Radium Protection) 
were driven by these events, with early recommendations pub-
lished by both committees in 1921 and 1922, respectively.18 Early 
British recommendations advocated for limited work times and 
annual holidays away from radiation sources for medical radiation 
workers.19 Over time, these limitations became adapted to effec-
tive doses, standardising the exposure limits proposed for radiation 
staff  and the public.20

 Years later, the advent of  nuclear warfare demonstrated 
detrimental health effects associated with high radiation doses 
and sparked significant concerns for the possible genetic effects 
of  radiation, leading protection bodies to implement occupational 
whole-body and public dose limitations.2 The radiation principle 
of  maintaining exposures “as low as reasonably achievable” arose from 
this cautionary mindset post-World War II, as it was unknown 
whether a threshold existed for health effects to occur.2 With the 
limited epidemiological follow-up of  atomic bomb survivors pro-
viding much of  the radiobiological information forming the basis 
of  early genetic and hereditary risk concepts, gonadal shielding was 
initially supported.7 However, with advances in the understanding 
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of  genetic risk and reproductive organ susceptibility, the tissue 
weighting factor used to calculate effective dose for the gonads 
was reduced from 0.20 in 19909 to 0.08 in 2007.4 This reduction in 
tissue weighting factor has impacted practice towards the abandon-
ment of  gonadal shielding for patients.12,13 However, simultane-
ously within this period, the tissue weighting factor for the breast 
observed an increase from 0.05 in 19909 to 0.12 in 2007.4 As such, 
due consideration should also be given to the observed increase 
in breast tissue weighting. If  the use of  lead protection is ulti-
mately deemed inconsequential for patients in a plain film context, 
an equal consideration for staff  should be undertaken. Thus, it is 
important to fully determine specific situations in which shielding 
may or may not be necessary, in gonadal or breast contexts, prior to 
establishing a firm stance on the abandonment of  lead protection. 
Moreover, a recent study demonstrates the potential for increased 
risk of  testicular germ cell cancer for patients exposed to diagnos-
tic radiation from 0-10-years of  age, compared to those exposed 
at or after 18-years of  age.21 This further highlights the need for 
evidence to drive any abandonment practices, particularly when re-
ported radiobiological tissue weightings have not been updated in 
over a decade and risk may differ between males and females.

Occupational Radiation Exposures and Risk Modelling

With increasing knowledge of  radiation and advancing protection 
techniques, occupational dose limits for medical radiation workers 
fell from early-levels of  0.6 Sv/year in the 1900s-1930s to 50 mSv/
year in 1958.2 At present, the Australian Radiation Protection and 
Nuclear Safety Agency (ARPANSA) limits workers to an occupa-
tional exposure of  20 mSv per year, averaged over 5 consecutive 
years.22 These limitations aim to protect medical radiation workers 
from excessive exposure and acute radiation effects, as evident in 
early radiation practice. 

 Technological advances have allowed for the development 
of  high-dose imaging procedures and greater patient throughput, 
increasing the contribution of  medical imaging to the radiation 
dose of  the population, estimated at approximately 1.7 mSv in 
2010 in Australia.23 Despite this, the annual average occupational 
effective dose of  radiologists and radiographers has reduced over 
time.5 The annual effective radiation doses fell from approximately 
5 mSv in the 1960s to less than 1 mSv in the 1990s, with dose levels 
continuing to fall in the 2000s.5 Although this could infer protec-
tion measures can positively contribute to reduced doses over time, 
the use of  lead aprons or other shielding apparatus has not been 
outwardly specified in reporting.5 This is problematic as the true 
nature of  lead shielding in protecting medical radiation workers 
is not able to be properly quantified without adequate delineation 
of  protective practices in relation to reported doses. However, it 
has been noted that the use of  lead aprons in low energy X-ray 
fluoroscopy settings increases the complexity of  determining the 
absorbed doses of  shielded torso organs when dosimeters are used 
externally to shielding.24 Nonetheless, improved staff  and patient 
protection was noted with the use of  personal radioprotective 
equipment, with most torso organs associated with stochastic risk 
being shielded by lead aprons.20,24

 The analysis and evaluation of  occupational dose pat-

terns and trends over time provides great insight into how well-
protection practices safeguard staff  against radiation, particularly 
when changes are implemented. In order to determine accurate 
outcomes, occupational dose data should be of  high quality and 
quantity. Although historical reviews of  medical radiation work-
ers’ occupational doses demonstrate reduction over time, data is 
limited by insufficient follow-up, inconsistencies in dosimetry mea-
surement and lack of  information regarding worker lifestyle and 
environmental factors.25 These factors are crucial in bettering the 
understanding of  adverse health effects from low-dose exposures, 
particularly in populations of  radiation workers. 

 Alongside this, projection studies demonstrate the poten-
tial for female diagnostic radiation workers to exhibit higher pro-
jected lifetime attributable radiation risk than males, with an overall 
estimated increased risk of  colon and thyroid cancer in all diag-
nostic radiation workers.26 Furthermore, significant dose-response 
relationships for breast cancer mortality have been observed in a 
cohort of  US radiographers, particularly those employed prior to 
1950.27 Hence, with the knowledge that medical radiation work-
ers are at increased risk of  colon, thyroid and breast cancer, it is 
imperative to determine how well current shielding protects these 
body areas for staff, as these areas would ideally be shielded by 
radiation with correct adherence to lead protection practices. 

The linear no-threshold model: While many biological and epi-
demiological studies of  dose provide the basis for radiation pro-
tection standards and occupational dose limits, it is important 
to acknowledge the strengths and shortcomings of  the linear 
no-threshold (LNT) model used to develop risk projections and 
protection practices. The LNT model was adopted in low dose 
settings through the extrapolation of  data from follow-up stud-
ies conducted on atomic bomb survivors and assumes radiation 
risk increases proportionally with dose, without a specific thresh-
old for effect induction.28 Although this model provides useful risk 
estimates at high doses, estimates at low doses are challenging to 
accurately establish due to data limitations, difficulty in separat-
ing true risk from background radiation risk and the presence of  
various confounders at low doses.28,29 It is important to note that 
at low doses, individual radiosensitivity, genetic variations, varia-
tions in baseline disease incidence for different populations, socio-
economic, lifestyle or environmental factors – such as background 
radiation and pollutants – can all confound and distort results.28 
Furthermore, the basis of  low-dose modelling being adapted from 
high dose exposure cohorts may be inaccurate for low-dose risk 
assessment.

 To improve risk estimate models and statistical signifi-
cance of  low dose epidemiological study results, large sample sizes 
are required with complete lifetime follow-up, making studies diffi-
cult to achieve.28 However, the current National Council on Radia-
tion Protection (NCRP)’s Million Person Study (MPS) underway 
aims to address the shortcomings of  older epidemiological studies 
and improve risk estimate modelling at low doses, assessing health 
effects in a large cohort of  US radiation workers and veterans ex-
posed to low doses.30 The results of  the MPS and similar studies 
in the future would provide further insight into current knowledge 
gaps of  health effects at low doses and support or refute the valid-
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ity of  the LNT model in developing radiation protection practices 
and risk modelling. Hence, updated knowledge on LNT model-
ling at low doses will truly solidify whether lead shielding can be 
abandoned by staff  in mobile settings. However, given the current 
limitations on risk estimate modelling, the LNT model is regarded 
as the most appropriate model for determining risk at low doses, 
although it may not correspond to true risk.28 With the potential 
for adaptive radiobiological responses to affect the validity of  the 
LNT model,28 further research is required to improve current risk 
models and radiobiological responses, with large cohort investiga-
tions accounting for responses and variations in individual factors.

Lead Protection in Mobile Radiography

Although there has been limited research conducted on staff  doses 
and lead protection within mobile imaging settings, literature dem-
onstrates the ability of  lead shielding to reduce dose from scatter. 
Early dose quantification studies conducted in mobile settings al-
lowed for improved understandings of  mobile scatter distributions 
and the safety of  adjacent patients.31 A dose quantification study 
demonstrated that staff  doses from portable radiographs per-
formed within a typical emergency department setting were mini-
mal, supporting protection measures of  shielding when distance 
is not achievable.32 Alongside this, radiographers were found to 
receive higher doses than emergency physicians.33

 More recent investigations of  scatter from mobile phan-
tom studies have also observed a reduction in dose from scatter 
with the implementation of  shielding, even when adequate dis-
tance is maintained from the primary beam.34 Additionally, a study 
conducted in a neonatal intensive care unit (NICU) has demon-
strated a reduction in scattered dose to not only staff, but adjacent 
patients and caregivers when shielding is utilised in mobile radiog-
raphy – with adjacent patients having dose reduced by an approxi-
mate factor of  100.35 Despite this, the authors do not support use 
of  lead shielding and anti-X sheets in NICU mobile imaging due to 
potential interference with adjacent patient monitoring equipment 
if  placed on incubators, alongside low maximal scatter doses for 
staff  and caregivers. Hence, it may be prudent to acknowledge that 
although lead shielding does demonstrate dose reduction benefits 
for individuals near the patient imaged in mobile NICU settings, 
using shielding sheets to reduce doses may not be suitable if  pa-
tient monitoring is hindered.

 Investigations of  scattered doses imparted on adult pop-
ulations due to mobile imaging demonstrate consistent results with 
NICU, with intensive care unit (ICU) staff  receiving lower expo-
sures than stipulated reference levels, at <0.6 mSv/year.36 Thus, 
with very low scatter radiation doses observed in mobile imaging 
contexts each year with and without shielding, it may be conceiv-
able that lead shielding can be mitigated in a mobile context. How-
ever, with the potential for increased breast cancer risk in medical 
radiation workers, it is worthwhile for workers at a minimum, to 
continue utilising individual lead protection. As aforementioned, 
further advances in radiobiological models of  cancer induction at 
low dose levels are required prior to reaching unanimity in the dis-
continuation of  lead protection for staff. It is apparent that seldom 
focus is placed on lead protection reducing staff  dose in mobile 

settings in contemporary studies.

Lead Protection in Plain Film Radiography 

The benefits of  lead protection have been established in plain film 
radiography, within primary X-ray beam contexts. An experimental 
study determined significant scatter dose reductions to patient’s 
breasts and eyes when lead shielding was implemented for typical 
examination of  the cervical spine, including anteroposterior (AP) 
and left lateral projections.37 Specifically, breast dose was reduced 
by 99.9% in the AP projection, with left and right breast dose re-
duced by 23 and 99% in the lateral projection. Consequently, left 
and right eye doses were reduced by 91 and 89% in the AP pro-
jection, and 23 and 99%, respectively, for the lateral projection. 
Despite establishing the effectiveness of  shielding in protecting 
radiosensitive organs exposed to scatter in a patient context, the 
study is limited by its use of  an anthropomorphic phantom and 
cannot account for variations in patient size.

 Currently, there is very limited literature available on dos-
es imparted to helpers – which may consist of  staff  or carers – in 
plain film examinations. A study conducted in an Australian paedi-
atric hospital concluded that helpers remaining in the room to as-
sist with emotional comfort or positioning in plain film paediatric 
examinations do not require lead protection when scattered dose 
to the carer is <2 µSv.38 However, the study was limited by its use 
of  a self-determined arbitrary dose threshold of  2 µSv, its inability 
to account for examinations with multiple projections or repeat 
imaging and its baseline dose comparison to background radiation 
levels. As such, it is impractical to base decisions of  lead protection 
discontinuation on arbitrary dose thresholds, despite being below 
stipulated standards of  1 mSv/year for members of  the general 
public.22 Discontinuation of  lead protection in this sense does not 
align with protective policies developed based on the LNT model 
of  risk. Thus, it is imperative that future research focuses on ac-
curate models of  risk, accounting for adaptive processes, to ensure 
protective practices can be accurately updated against the current 
shortcomings of  the LNT model in low-dose settings. At present, 
this data is not available and as such, abandonment practices are 
not appropriate for carers/helpers under current policies and un-
derstandings. 

 Additionally, observations that lead aprons may increase 
the absorbed dose to the thyroid if  worn without a thyroid collar in 
patient settings39 may generate cause for concern for staff  if  they 
do not supply complete protective attire for patients.

Potential risks to staff in using lead protection: With the potential 
for lead to cause adverse health effects in and of  itself, the finding 
that lead shielding can expose healthcare workers to lead dust may 
introduce risks associated with frequent use. Findings demonstrate 
higher lead concentration in radiographers’ hair compared to ad-
ministration staff  due to the use of  lead protection and detectable 
lead dust on shields that are improperly stored.40,41 However, an 
analysis of  radiology staff ’s blood lead levels demonstrated staff  
were unlikely to suffer from lead poisoning with frequent use of  
personal shielding.42 Thus, with correct hanged storage and fre-
quent quality control of  lead garments, the potential risk of  lead 
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exposure to staff  can be reduced in individual departments while 
maintaining radiation protection standards. Nonetheless, the pos-
sibility exists that this notion may drive the profession to utilise al-
ternative lead-equivalent materials in shielding to prevent lead dust 
exposure in future if  further investigation demonstrates significant 
health risks to staff.

Staff Perceptions towards Lead Protection in Practice 

As medical radiation workers are at increased risk of  colon, thyroid 
and breast cancers, it is imperative to determine how well-staff  ad-
here to self-protection practices as coverage of  these areas would 
be upheld with the appropriate use of  radioprotective garments. 
Studies demonstrate mixed staff  adherence to personal radiation 
protection practices.43,44 In a cohort of  United Arab Emirates 
(UAE) radiographers, personal radiation protection adherence was 
found to be significantly higher in older, more experienced groups 
of  radiographers.43 However, qualification level was not deter-
mined to be a factor affecting self-protection. Moreover, studies 
into the adherence of  lead apron usage demonstrate radiographers 
in South Korea utilising radioprotective garments 50.3% of  the 
time when exposed to radiation, with higher adherence in general 
hospital settings.45 Contrastingly, this study demonstrated medi-
cal radiation workers employed for less than 10-years as exhibit-
ing higher radioprotective garment adherence practices than more 
experienced groups. However, this may be affected by a disparity 
between less experienced participants surveyed (62.4%), compared 
to more experienced participants (37.6%). It is also important to 
acknowledge that these studies focus on varying levels of  exposure 
in different radiology environments – not only plain film or mobile 
imaging. As there is limited literature available on mobile shielding 
in practice, an evaluation of  staff  perceptions towards lead shield-
ing in a general sense enables a broader picture to be detailed.

 Furthermore, issues with hygiene and equipment avail-
ability have also been identified in literature as factors negatively 
influencing self-protection practices, with staff  less likely to use 
thyroid shields due to availability and garment cleanliness.44 Di-
rect addressing of  these factors in individual departments with in-
creased sanitisation processes for radioprotective garments would 
therefore positively influence usage. 

 It is also important to consider how radiographer’s at-
titudes and perceptions have changed towards lead protection in 
the sense of  general practice, alongside self-adherence. An ethno-
graphic study of  radiographers’ attitudes and perceptions towards 
lead protection in the United Kingdom suggests personal beliefs 
and values are beginning to influence disparities in the clinical ap-
plication of  lead protection for patients.46 The ceased use of  lead 
protection in practice by some radiographers was identified to 
stem from word of  mouth, rather than evidence-based literature, 
presenting concern for arising disparities in clinical decision-mak-
ing. Although variations may naturally exist in individual medical 
radiation workers’ practice, it is imperative for practitioners to fully 
understand the risks and benefits of  abandoning lead protection 
in their individual clinical and self-protection practices and make 
these decisions from evidence – the ultimate basis for clinical deci-
sion-making.

Exceptional Circumstances in Mobile Settings Coronavirus 
Disease-2019 

With the advent of  the COVID-19 pandemic presenting new chal-
lenges in healthcare, exceptional circumstances have prompted the 
development of  new techniques in mobile imaging. The ‘through-
glass’ technique has been independently implemented in various ra-
diology departments globally to combat the spread of  COVID-19, 
reduce waste from personal protective equipment (PPE) usage and 
supplement the increased demand of  mobile imaging.47-49 How-
ever, with the implementation of  this technique, healthcare staff  
have the potential to be left in the room without shielding and with 
limited distance achievable from the radiation source or the patient 
being imaged. Thus, ensuring the safety of  staff  in exceptional mo-
bile circumstances is imperative, particularly when the use of  lead 
shielding has come under scrutiny.

 Through viability testing of  the through-glass technique, 
literature indicates that with a variety of  technical factors used, 
‘through-glass’ mobile imaging conditions are safe for staff  to 
operate without lead shielding while remaining at an appropriate 
distance.49 Despite low dose scatter measurements reported at in-
creased distances (3 m) compared to conventional mobile settings, 
authors suggest the continued use of  lead protection for prac-
titioners remaining within the room and for an increased safety 
distance of  3-4 m for surrounding staff  and patients.48 Further-
more, the use of  easily cleanable and portable shielding has been 
proposed for staff  remaining in the patient’s room to reduce ad-
ditional exposure for staff  who are already ‘dirty’ within the room 
and unable to don personal lead shielding.47

 In accordance with the LNT model for radiation risk, as 
many protective measures as possible – including time, distance 
and shielding – should be undertaken by staff  even in low-dose ra-
diation environments, as data at present does not suggest alternate 
risk modelling to estimate adverse health effects.45 Hence, even in 
exceptional circumstances in mobile settings, lead protection can 
provide practical radiation safety for staff  unable to exit the patient 
room during imaging and contribute to a reduced occupational 
dose.

What does this Mean for Our Professional Responsibilities?
 
As the COVID-19 pandemic has demonstrated how quickly 
healthcare practice and societal norms can be adapted to overcome 
universal challenges, it is possible that professional responsibilities 
may also be modified in the backdrop of  the pandemic. For in-
stance, current Australian Professional Capabilities for Practice de-
scribe qualified radiographers necessitating the ability to undertake 
interprofessional collaboration to be fit to practice.50 However, in 
the exceptional circumstances stimulated by COVID-19, radiogra-
phers have been required to collaborate closely with nurses, coach-
ing them in some instances to achieve optimal imaging receptor 
positioning for ‘through-glass’ techniques. Hence, there is potential 
for the expansion of  healthcare workers’ capabilities into radia-
tion safety practices as increased collaboration is apparent with the 
introduction of  new, highly infectious viruses. Thus, a set of  alter-
nate capabilities may be required of  healthcare workers, which may 
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apply to future pandemics, for enhanced collaboration and breadth 
into radiation protection practices.

LIMITATIONS

As alluded to, epidemiological studies of  occupational dose and 
risk estimate are limited by short follow-up periods that do not 
allow for visualisation of  cancer development in older-aged work-
ers.5,25-27 Alongside this, epidemiological studies conducted for low 
dose exposures are subject to many confounding variables and lack 
sufficient consideration for lifestyle and environmental factors that 
may distort risk estimates. Furthermore, low dose risk estimates 
based on the LNT model are limited by shortcomings in extrapo-
lating high dose settings to low doses.28-30 Further epidemiological 
research studies conducted with larger cohorts and entire lifetime 
follow-up would enable better understanding of  current knowl-
edge gaps concerning the validity of  the LNT model at low doses. 
Consequently, a focus on advancing knowledge gaps in adaptive 
radiobiological responses may provide further insight into the true 
validity of  current risk estimates. 

 Moreover, is apparent that literature regarding the use 
of  lead shielding in protecting staff  in mobile settings is severely 
limited. Of  published literature, studies investigating the use of  
lead shielding are limited by anthropomorphic phantom usage, 
which do not account for variations in patient size and/or com-
position and may result in altered scatter distributions in mobile 
settings.34,48,49 However, this is an unavoidable limitation, as it is 
unethical to irradiate patients solely for dose quantification to staff, 
unless patients already undergoing medical imaging procedures are 
consented and recruited. Furthermore, studies conducted in neo-
natal populations are limited in generalisability, due to larger doses 
being used for adult portable imaging, which may alter scatter 
distributions.35 Moreover, a study conducted in an adult ICU was 
majorly limited by its minimal description of  resultant staff  dose 
measurements, with no data analysis or tabulations performed.36

 Furthermore, studies focussing on the perceptions and 
attitudes of  staff  towards personal adherence to lead protection are 
restricted by their small sample sizes and collection of  responses 
through self-administered surveys, with potential uncertainty aris-
ing from individual’s responses.43,46 Alongside this, one study was 
potentially influenced by selection bias with departmental nomina-
tion of  particular participants for inclusion in the study, who may 
have exhibited higher adherence to lead protection.44

 Considering hereditary risk concepts have not been for-
mally updated since a reported reduced gonadal sensitivity in 2007, 
proposal of  lead abandonment due to this metric is not optimal. 
In order to fully negate or support the use of  lead protection, an 
update of  tissue weighting metrics should be undertaken with the 
most recent data available for low-dose cohorts, even if  this update 
solidifies no changes to current tissue weighting values. However, 
this limitation may be resolved within the coming years, as the 
ICRP are in the process of  revising recommendations for modern 
practice.51

CONCLUSION

Presently, it cannot be concluded that staff  should abandon lead 
shielding in the low-dose settings of  mobile and plain film radi-
ography, although there is movement towards abandonment in 
patient contexts. Further research is required to achieve true una-
nimity in the cessation of  lead protection for staff  in mobile radi-
ography settings. Specifically, further research into current gaps in 
radiobiological understandings will facilitate better comprehension 
of  adaptive mechanisms present at low doses. Alongside this, up-
dating risk estimation models with large cohort studies will enable 
confidence in or refute the relevance of  the LNT model in current 
cancer and solid tumour risk estimates for contemporary low-dose 
exposures experienced by medical radiation workers. With this 
knowledge, it would be possible to accurately examine the neces-
sity of  lead protection in protecting and reducing staff  dose in 
low-dose radiography. At present, the LNT model is considered 
the most appropriate for low-dose risk estimates and for the devel-
opment of  radiation protection practices. Hence, it is impractical 
to base staff  abandonment of  lead shielding upon reduced radio-
sensitivity tissue weightings as current modelling assumes there no 
threshold for inducing health effects. Thus, even in low-dose set-
tings of  plain film and mobile radiography, lead abandonment can-
not be purported, particularly when studies demonstrate reduction 
in scatter from staff  shielding. Differences in staff  perceptions and 
attitudes towards the personal use of  lead protection must also be 
adequately addressed in the profession, as studies indicate deci-
sions are being made on information received as word of  mouth, 
rather than evidence. Furthermore, potential health implications 
of  using lead shielding must be further investigated for the future 
of  the profession if  lead shielding is to be maintained for staff  
in low-dose settings. However, the potential implementation of  
lead-equivalent materials may be useful in protecting staff  if  lead 
exposure is determined to be a significant health risk. Thus, as lead 
protection provides notable dose reductions for staff  in low-dose 
settings and current modelling does not suggest otherwise, staff  
shielding should not be abandoned in contemporary practice until 
low-dose exposure understandings are improved.
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