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Abstract  

Objective: To evaluate training in radiation protection, knowledge of local policies and current 
practices regarding safe working with ionising radiation in vascular surgery units across the 
UK. 

Methods: A validated 37 question online survey was distributed to vascular surgery trainees 
(VTs) and consultants (VCs) by the Vascular Society of Great Britain and Ireland (VSGBI), 
British Society of Endovascular Therapy (BSET) and Rouleaux Club through their national 
mailing lists between March and May 2024. Responses were collated using the survey server 
SurveyMonkey. Results were summarised using descriptive statistics and appropriate tests.  

Results: Ninety-one VCs and 87 VTs, representing approximately 15% and 44% of the UK VC 
and VT workforce, respectively, responded. In total, 94% of VCs and 97% of VTs expressed 
concerns over the effects of ionising radiation on their health; 91% of VCs and only 74% of VTs 
had undergone formal radiation safety training. Of these, only 18% of VCs and 43% of VTs had 
undergone training within the last two years. Overall, 34% of VCs and most VTs (75%) did not 
know who their local radiation safety officer was; 4% of VCs and 32% of VTs (p<0.001) were 
completely unaware of local radiation safety policies. A total of 13% of both were not aware of 
‘As Low As Reasonably Achievable’ (ALARA) principles, with 20% of VCs and 35% of VTs 
failing to consistently employ them. Custom-made or retrofitted lead gowns were accessible to 
55% of VCs but only 2.4% of VTs (p<0.001). Radiation protection glasses were worn by 52% of 
VCs compared with 16% of VTs (p<0.001). 84% of VCs were allocated a dosimeter versus only 
44% of VTs (p<0.001). Most VCs (76%) and VTs (86%) believed that their employer should 
prospectively record their annual radiation exposure into a National Registry. A total of 86% of 
VCs and 96% of VTs agreed that employers should record their cumulative radiation exposure 

Plain English Summary 

Why we undertook the work: With increasing numbers of procedures in vascular surgery being performed 
by ‘keyhole’ techniques which require the use of ionising radiation (x-rays), vascular surgeons are being 
exposed to more radiation throughout their careers compared with 30 years ago. Excessive exposure to 
radiation can cause cancer and is related to other health problems such as cataracts and skin conditions. 
This survey looks at the awareness amongst vascular surgeons regarding radiation protection measures, 
the availability of personal equipment which would help minimise their radiation exposure and whether their 
employer effectively measures their exposure to radiation, as required by law.  

What we did: To address the above questions, we conducted a survey of trainees in vascular surgery and 
consultant vascular surgeons in the UK. The survey contained 37 questions and was sent out online over a         
6-week period, with the responses collected using the survey server SurveyMonkey and analysed.  

What we found: This survey highlights a concerning lack of knowledge regarding radiation protection amongst 
the vascular surgical workforce, poor access to personal radiation protection and failures in monitoring an 
individual’s exposure to ionising radiation. 

What this means: The survey supports the urgent need to address training in radiation protection, improve 
access to personal equipment such as lead gowns and lead glasses, and for employers to better monitor an 
individual’s exposure to radiation. This is necessary to protect the workforce against the potentially life-
threatening effects of radiation. 
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Background 
The rapid evolution of endovascular technologies over the past 30 
years has driven an exponential rise in the number of x-ray guided 
minimally invasive procedures undertaken by clinicians, including 
vascular surgeons, interventional radiologists, angiologists and 
cardiologists. In the UK approximately 60% of all aortic cases are 
performed endovascularly1 compared with just 1% in 2001; and 
from 2000–2005 to 2015–2019 there was a 46% rise in peripheral 
endovascular procedures performed in the NHS.2 As a result, 
clinicians are exposed to ionising radiation earlier in their training 
and far more frequently throughout their careers. Occupational 
exposure to ionising radiation is associated with an increased risk of 
malignancy, predominantly left-sided brain tumours,3 breast 
cancer,4 skin cancers, leukaemia5 and thyroid cancer.6,7 Regular 
exposure has also been linked to an increased risk of benign 
conditions such as cataracts,8 musculoskeletal pain due to ill-fitting 
lead gowns, dermatitis and hair loss.9   

Personal protective equipment (PPE), which includes well-fitted 
lead gowns with axillary shields, eye protection, thyroid and leg 
shields, can greatly reduce the radiation exposure to operators. 
Monitoring radiation doses and maintaining accurate records will 
ensure that annual recommended levels of exposure to ionising 
radiation are not exceeded. Additionally, access to a modern hybrid 
operating theatre and adherence to ‘As Low as Reasonably 
Achievable’ (ALARA) principles further reduces the radiation 
exposure to operators. 

This survey aimed to evaluate training in radiation protection 
and knowledge of local policies. It also seeks to review current 
practices regarding safe working with ionising radiation and 
understand concerns regarding ionising radiation-linked health 
conditions amongst the UK vascular surgical workforce.  

 
Methods 
This online cross-sectional survey was aimed at vascular surgeons 
in the UK. The questionnaire was designed by a group of consultant 
vascular surgeons with input from interventional radiology and 
orthopaedic surgery colleagues. The questionnaire was pre-tested 
and validated for content and construct by three vascular surgeons, 
one interventional radiologist and three orthopaedic surgeons (see 
Appendix 1, online at www.jvsgbi.com, for the complete survey).  

The survey was divided into eight parts – namely, specialty, 

ionising procedures performed, demographic data, beliefs and 
values, training in radiation protection, strategies employed to 
reduce ionising radiation exposure, access to personal protection 
and injuries potentially associated with working with ionising 
radiation – comprising 37 questions. There was a mixture of open 
and closed questions and all closed questions were mandatory. All 
responses were anonymised. 

There are an estimated 600 consultant vascular surgeons and 
200 trainees in vascular surgery in the UK. Invitations to complete 
the survey were sent via email by the Vascular Society of Great 
Britain and Ireland (VSGBI), British Society of Endovascular 
Therapy (BSET) and the Rouleaux Club through their national 
mailing lists.  

The survey was administered, and the responses collated by 
the survey server SurveyMonkey over a 6-week period from March 
2024 to May 2024. There were no set exclusion criteria, but only 
the responses of trainees, fellows and consultants working in 
vascular surgery were considered for analysis. The results were fully 
anonymised and analysed using Stata 18.0 and Pearson’s χ2 test 
was used to evaluate differences in categorical data between 
groups.  

 
Results 
Demographics 
The survey was completed by 91 vascular consultants and 87 
vascular surgery trainees, representing approximately 15% and 
44% of the UK consultant and trainee workforce, respectively. Of all 
consultant respondents, 82% reported biological sex, the majority 
(83%) identified as male. Whilst fewer trainees reported biological 
sex (60%), a greater proportion of those who responded were 
female (42%) (p<0.05).  
 
Procedures performed 
Endovascular aneurysm repair was the most performed procedure 
by consultant (99%) and trainee (100%) vascular surgeons. 
Trainees were more likely to be involved in complex aortic cases 
than consultants: thoracic endovascular aneurysm repair (68% 
versus 62%), fenestrated endovascular aneurysm repair (72% 
versus 55%) and branched endovascular aneurysm repair (53% 
versus 39%). 

Most consultants performed iliac (87%) and lower limb 

during their entire working life. One in four VCs and VTs experienced a health condition 
potentially related to their work with ionising radiation. Musculoskeletal pain was the most 
common, prevalent in 17% and 18% of VCs and VTs, respectively. Overall, 2% of VCs had a 
malignancy and 5% cataracts. Almost all VCs (94%) and VTs (96%) agreed that these 
illnesses should be recorded in a national registry. 

Conclusion: This survey highlights significant and concerning deficiencies in knowledge, 
access to personal radiation protection and failures in monitoring individual exposure to 
ionising radiation amongst the UK vascular surgical workforce.  

Key words: radiation protection, ALARA, ionising radiation
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endovascular revascularisation (82%) procedures. A greater 
proportion of trainees undertook iliac (94%) and lower limb (97%) 
angioplasty; more trainees (31%) were involved in deep venous 
interventions compared with consultants (19%).  

 
Attitudes towards risk and training 
Most consultants (94%) expressed concern over the effects of 
ionising radiation on their health, with 63% either very concerned or 
extremely concerned. The majority (91%) had undergone formal 
radiation safety training in the form of a face-to face (72%) or        
e-learning (66%) course. However, more than a third (35%) had 
received their training over five years ago and 9% had undergone 
training over 10 years ago. Only 18% had undergone training within 
the last two years.  

Almost all trainees (97%) expressed concern about the effects 
of ionising radiation on their health; 67% were either very 
concerned or extremely concerned. However, only 74% of trainees 
had undergone formal radiation safety training and, of these, only 
43% had undergone training within the last two years. Most training 
was in the form of an e-learning course (87%).  

 
Awareness of local policies  
Questions regarding awareness of local radiation policy were 
answered by 99% and 97% of consultants and trainees, 
respectively. Just over a third (34%) of consultants did not know 
who their local radiation safety officer was and half (50%) had never 
met them. Most trainees (75%) did not know who their local 
radiation safety officer was and the same number had never met 
them. Trainees (32%) were far more likely to be completely unaware 
of their local radiation safety policy compared with consultants (4%) 
(p<0.001). Moreover, 56% of consultant respondents and 83% of 
trainee respondents were either not aware or only somewhat aware 
of local policy regarding working with radiation during pregnancy.  

 
Methods to reduce radiation exposure 
Of those who answered (97%), 88% of consultant respondents 
were aware of ALARA principles. The majority (80%) either always 
or almost always employed ALARA strategies to minimise radiation 
exposure during endovascular cases. The most common practice 
employed by consultant operators to reduce exposure was 
shielding (91%) and keeping detectors close to the patient (90%). 
Minimising the use of digital subtraction angiography (DSA) (81%), 
reducing the frame rate of DSA acquisition (70%) and increasing 
the distance between the operator and C-arm during DSA (88%) 
were also frequently employed practices. Other strategies included 
awareness of C-arm angulation (83%) and, to a lesser extent, 
minimising the use of magnification (69%). Single use radiation 
protection shields (RADPAD®) were routinely employed by only 
32% of consultant operators.  

Of those trainees who responded (93%), 87% were aware of 
ALARA principles and 65% either always or almost always 
implemented them. Shielding (78%) and keeping the detector close 

to the patient (75%) remained the most frequently used strategy to 
reduce exposure but was overall less frequently used amongst 
trainee operators than consultant operators. Minimising the use of 
DSA (73%) and stepping away during DSA acquisition (79%) were 
also common; however, reducing the use of magnification (41%) 
and reducing the frame rate of DSA acquisition (54%) were less 
common.  

 
Personal protective equipment (PPE) 
Lead gowns 
Custom-made or retrofitted lead gowns appropriate for build and 
gender were accessed by just over half (55%) of consultant 
respondents. Trainees were significantly less likely to have access 
to custom-made or retrofitted lead aprons (2.4%) (p<0.001) than 
consultants and only 3.8% of trainees versus 15% of consultants 
(p<0.05) had been measured or advised which lead gown available 
from the rack they should wear.  

Over half (58%) of consultant respondents reported that their 
personal or departmental lead gowns were inspected annually for 
cracks. However, over a third (36%) were unsure. Only 10% of 
trainees reported that that their personal or departmental lead 
gowns were inspected annually; the vast majority (83%) were 
unsure.  
Thyroid collars, eye protection, leg shields and lead caps  
Thyroid collars were used by the majority of consultants (93%) and 
trainees (95%). However, radiation protection glasses were used 
less frequently (52%) by consultant operators. Of those who did not 
always wear radiation protection glasses, 41% reported not being 
provided with them. The use of radiation protection glasses was 
significantly less (16%) (p<0.001) amongst trainees. For those who 
did not wear protective glasses at all times, 39% did not have 
access to them.  

Questions on the use of leg shields and lead caps were 
answered by 93% of consultants and 92% of trainees. Leg shields 
were used by only a small number of consultants (18%) and 
trainees (13%). Of the remaining consultants and trainees, 41% 
and 63%, respectively, had not been provided with them. Similarly, 
only a small number of consultants used a lead cap (4.7%); of 
those who did not, 36% had not been provided with them. Only one 
trainee reported using a lead cap, 50% of the time; 65% of all 
trainees reported not being provided with them.  

 
Difficulties in accessing PPE 
Trainees (38%) were more likely to be denied access to eye 
protection than consultants (32%). Moreover, trainees were more 
likely to have not asked for eye protection (56%) than consultants 
(25%) (p<0.001).  

Trainees were also more likely to be denied access to custom-
made or retrofitted lead gowns (63%) than consultants (27%) 
(p<0.05). Additionally, trainees were more likely (63%) to have not 
asked for this PPE compared to consultants (33%) (p<0.001). The 
most common reasons given to trainees for refusal (n=61) was that 
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they were a trainee (64%) or temporary staff (43%). Of those 
consultants who reported reasons for refusal (n=66), cost was the 
most common reason given (50%) (see Figure 1). 

 
Monitoring dose exposure  
Questions regarding dose monitoring were answered by 95% and 
92% of consultant and trainee respondents, respectively. The 
majority of consultants (84%) had been allocated a personal 
dosimeter and 72% wore these at all times. However, of those who 
also worked at remote sites, only 36% had a dosimeter allocated at 
these sites. Trainees were significantly less likely to have a personal 
dosimeter allocated (44%) (p<0.001) and only 28% wore these at 
all times. Of those trainees who travelled to remote sites, only 5.6% 
had a personal dosimeter allocated at this site. Furthermore, 
trainees were significantly less likely (3.8%) than consultants (41%) 
to have ever been given feedback on their dose exposure (p<0.001).  

Real-time dosimetry has been shown to be effective in reducing 
overall operator dose exposure. However, only 7.0% of consultants 
consistently employed this. Of those consultants who did not, 48% 
did not have access to this. Only 3.8% of trainees reported 
consistent use of real-time dosimetry and, of those remaining, 68% 
did not have access.  

 
Access to a hybrid operating room (OR) 
Of all consultants (97%) and trainees (94%) who answered the 
questions regarding availability of a hybrid operating room (OR), the 
majority (68% and 73%, respectively) used a hybrid OR for both 
elective and emergency cases. 88% of all consultants had at some 
point requested a modern hybrid OR; 41% of these consultants 
reported having this request denied.  

 
Monitoring compliance 
Of all consultants (92%) who answered the question surrounding 
compliance, less than half (40%) agreed that their Trust accurately 
monitored their compliance to nationally legislated dose exposures; 

of these, 8% strongly agreed. Although fewer trainees responded to 
this question (84%), trainees were significantly less likely to agree 
than consultants that their Trust accurately monitored their dose 
exposures (only 8.2%) (p<0.001). Trainees were far more likely to 
strongly disagree (48%) that Trusts accurately monitor their 
compliance compared with consultants (13%) (p<0.001).  

Most consultants (86%) agreed or strongly agreed that 
employers should record cumulative radiation exposure during an 
operator’s entire working career compared with almost all trainees 
(96%). Additionally, the majority of consultants (76%) and trainees 
(86%) agreed that employers should prospectively record and 
centrally upload annual radiation exposure to a national registry. 
Only 23% and 12% of consultant and trainee respondents, 
respectively, felt that the radiation protection afforded to healthcare 
professionals was adequate.  

 
Incidence of workplace radiation exposure-related health 
problems 
Around one in four consultants (25%) and trainees (23%) who 
responded had experienced a health condition potentially 
associated with their work with radiation. Musculoskeletal pain was 
the most common, prevalent in 17% and 18% of consultants and 
trainees, respectively. Of consultant respondents participating in 
this survey, 2% had experienced a malignancy (one basal cell 
carcinoma and one parathyroid adenoma), 5% reported radiation-
induced eye disease and 7% reported skin conditions such as hair 
loss and dermatitis. Of the trainee respondents, one trainee 
reported a malignancy and 8% skin conditions. Notably, 37% of 
trainees and 60% of consultants knew of someone with a potentially 
radiation-associated condition. Almost all consultants (94%) and 
trainees (96%) agreed or strongly agreed that all potentially 
radiation-associated illnesses amongst radiation workers should be 
captured within a national registry.  

The free text comments from this survey are collated in 
Figure 2. 

Figure 1 Reasons given for refusing access to personal protection equipment. 
 

Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Other (please specify) 
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I was a temporary staff member 

 

I was a trainee 
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Figure 2 Free text responses to questions.  
 

Trainee Responses 
 

• The trust I worked for ordered a dosimeter, 
it arrived the day I left the trust. 

• Generic registrar dosimeters. 

• Have been working at [my current] trust for 
5 months, have requested a dosimeter on 
several occasions and it has still not arrived. 

• It took 3 years to get one. 

• Have at certain trusts … not at other trusts 
in the region. 

 

• Rare left sided body tumour 

• No, but I worry about it a lot, as the 
protection for vascular surgery trainees is 
appalling. We are deemed transient and not 
worth bothering about. Especially if you are 
female, and a small one at that - it is 
tremendously difficult to find leads that fit 
well, and the thyroid collars are generally 
old and hang somewhere around the 
umbilicus. 

 

• If the consultant does not wear these things 
it feels out of place to ask. I have raised 
about female lead apron protection but get 
little traction. 

• This question is difficult to interpret as a 
trainee, you are subject to what is available 
in your rotations. 

 

• I do not know who to ask who may be able 
to provide them, I do raise it in trainer 
feedback. 

• As a LED I count for less than a trainee 
despite being basically near permanent. 

• I am not part of regular exposure team, 
i.e. I am not a radiologist. 

 

• There is a lot of disregard surrounding a 
very dangerous environment that we should 
be protecting all staff subject to it. 

• As trainees we should be afforded 
protection to carry out our roles, jobs and 
training. 

• For IR and substantive consultants, it is 
good. For rotating trainees, it is non-existent 
in most places.  

• I think the registrar cohort experience is 
very much different to consultant 
experience. I think we get lucky to be 
involved in endovascular work therefore we 
try to avoid mentioning any radiation issues 
as this would delay us acquiring our training 
or competencies. 

 
 
 

Consultant Responses 
 

• Not sure. 

• Requested one. 

• Issued monthly, under lead, collar, and hands. 

• Poorly regulated - no supervision of collection. 
 
 
 
 
 
 

• Parotid adenoma 
 
 
 
 
 
 
 
 
 

• Trust provides me with good protection 

• New hybrids in planning / being built 
(4 responses) 

 
 
 
 

• Ongoing investigation of dosimeter as to need. 

• Radiation protection officer advised against the use 
of lead caps due to best evidence. 

• System that doesn’t work due to leadership. 
 
 
 
 
• Not consistent / too few hybrid theatres / no PPE 

budget. 

• There's a shortage in the radiation protection 
afforded to HCPs. 

• HCPs also need to engage, some don't. 

• Personal responsibility is also important. 

• Trainees and rotating staff are at a disadvantage. 

• For many years we did not even have thyroid 
collars! It's getting better but we should have 
personal lead aprons and goggles (prescription if 
required). 

• As a consultant I have access to better protection 
than as a trainee. Our vascular trainees need better 
protection supplied to them, similar to the vascular 
IR trainees. 

 
 
 

Question 
 
Do you have a dosimeter(s) 
allocated to you? 
 
 
 
 
 
 
 
 

Have YOU experienced any of the 
following potentially radiation-
associated conditions (select all 
options which apply)? 
 
 
 
 
 
 
 
In the past, have you requested and 
been denied access to any of the 
following? 
 
 
 
 
 
What was the reason given for 
refusing the above?  
 
 
 
 
 
 

Do you believe that the radiation 
protection afforded to healthcare 
professionals is adequate? 
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Figure 2 Free text responses to questions (continued) 
 

Trainee Responses 
 

• I think we should be proactive in being part 
of radiation protection and work with our 
employers to ensure our safety.  

• Access to personal radiation protection that 
is our responsibility to look after would be a 
great first step, as most of the gowns we 
have access to are old and do not fit. 

• Fines for trust that don’t provide minimal 
standards, anonymous surveys of practice. 

• There should be national standards of 
protective equipment available, that is 
audited and there should be consequences 
for units that do not adhere to this. Being a 
trainee, a small female or whoever is in the 
department is no less deserving of proper 
protective equipment than anyone else. You 
should not have to jeopardise yourself to 
help someone else, especially when 
protective equipment is available; it just 
requires units to have it and be properly 
educated. There should also be a radiation 
safety induction and guide to equipment for 
new staff members. 

• Checklist when starting to be filled and 
signed by supervisor. 

• Radiation protection as part of Trust 
induction. 

• Remove trainees from units that don't 
prioritise their safety. 

• It should be monitored nationally. The 
variation between different trusts is huge. 

• The guidelines for radiation safety in 
pregnancy are an absolute joke and just 
gas light women. There needs to be catch 
up fellowships for those of us who stop 
radiation work during pregnancy. At present 
I will have to prolong my training as 
reasonable adjustments cannot be made. 

• Implement what is said in the training – not 
just ask us to go through radiation 
protection training and then not provide 
basic safety equipment that’s been outlined 
in the very same training! 

Consultant Responses 
 

• “No entry” policy with a nominated 
‘doorman/woman’ in each hybrid theatre. 

• A National Quality improvement programme. 

• Biggest gap relates to trainees - no options for 
custom-made lead / glasses / other equipment 
which often means using uncomfortable and ill-
fitting PPE. 

• Include radiation safety update training as part of 
consultant time to train sessions. 

• Ongoing education. 

• Have a defined standard set of protective 
equipment in a range of size and gender 
dependent kits. 

• Limit career exposure by limiting maximum time a 
practitioner can work with radiation during their 
career. 

• Needs education and re-certification for 
professionals. 

• Incorporate [training] in national training schemes 
and mandatory CPD. 

• Regular radiation safety training with simulation 

• More educational posters to remind people. 

• Increase awareness, increase training and finance 
to support safety/protection. 

• Offer radiation protection devices/equipment to all 
newly appointed professionals during the induction.  

• Verbal/noise cues from the machines telling you to 
step back. Real time dosimeters. 

• Eye and head protection should be a legal 
requirement. Organisations should be legally 
required to provide this. 

• Make it mandatory for employers to supply at least 
the minimum required. I think eye protection 
glasses and brain protection caps should be 
included. 

• Mandate trainees having access to monitoring. 

• Protective items [should be] issued from the 
deanery to trainees. 

• RPOs typically have no understanding of 
endovascular procedures and work off a screen, 
[they] need to come and see what is happening. 

• Education of the wider surgical team, highlighting 
it’s a workplace health and safety requirement. 

• Radiation use should be suspended at trusts who 
do not meet set standards. 

• Self-awareness and being held to account as the 
main operator for the entire team. 

• Sometimes the resources and expertise are there 
but people just don’t ask!! i.e. our trainees 
complain to the ARCP panel but do not actually let 
the staff in the trust know! 

• More hybrid facilities - use hybrid OOH. 

• Replace outdated hybrid room C-arms. 

Question 
 
Can you suggest any other 
measures to drive radiation safety?

Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH
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Discussion 
The employer has a legal obligation to minimise the extent to which 
employees are exposed to ionising radiation by providing systems of 
work which restrict exposure to ionising radiation and through the 
provision of adequate and suitable PPE. Employers are also legally 
compelled to ensure that all practitioners are adequately trained for 
their role and undertake continuous education and training; and 
monitor, record and maintain records relating to an individual’s 
radiation exposure.10  

Surgeon education has been shown to decrease the overall 
radiation dose in complex endovascular procedures11 and trainees 
who feel their consultants consistently practise ALARA strategies 
are more likely to do so themselves.12 In this study 26% of trainees 
and 9% of consultants either did not or did not recall having training 
in radiation safety. Moreover, nearly half of all consultants (44%) 
and 57% of trainees undertook their training more than five years 
ago and two years ago, respectively. This would partly explain why 
13% of trainees and consultants were not aware of ALARA 
principles with approximately 6% of trainees and consultants never 
or almost never employing this in their endovascular practice. The 
International Commission on Radiological Protection (ICRP) makes 
specific recommendations that training should be initiated at the 
start of a career (ie, during medical school) and that specialty- and 
role-specific training should continue during training.13 Once 
training is completed, it should be updated at least every 36 
months. Training in radiation protection in the UK clearly falls far 
short of these standards.  

Whilst the majority of the vascular workforce did have access to 
a hybrid OR in this survey, 32% of vascular consultants and 27% of 
vascular trainees did not, and this is despite evidence of lower 
patient radiation doses, shorter screening times, and less contrast 
use with a hybrid OR compared to a conventional OR with a mobile 
C-arm.14 Those units without access to a hybrid OR are in the 
minority and fall outside the Provision of Vascular Services 2021 
recommendation that all arterial centres should provide, as a 
minimum, a 24/7 hybrid OR.15 

This survey also highlights the poor access to personal radiation 
protection experienced by the vascular workforce and shows a 
significant difference between the personal protection afforded to 
vascular surgery trainees compared with consultants, with only 
2.4% of trainees having access to custom-made or retrofitted lead 
gowns compared with 55% of consultants. Poor access to PPE and 
a lack of dose monitoring has also been reported amongst 
interventional radiology trainees.16 As endovascular techniques 
advance, trainees are more likely to be exposed to ionising radiation 
earlier and for longer in their careers. Moreover, the trainee cohort 
in this survey comprised of significantly more female operators than 
the consultant cohort. Ill-fitting lead gowns can leave large amounts 
of the body unprotected, specifically radiosensitive areas such as 
breast tissue,4 hence the updated recommendation by the European 
Society of Vascular and Endovascular Surgery (ESVS)9 that all 
female operators should have lead gowns with axillary supplements 

and sleeves to reduce the risk of breast cancer. This study 
demonstrates that the UK is a long way from achieving this goal.  

ESVS radiation protection guidelines also recommend that 
operators always wear appropriately fitted lead glasses during 
radiation-guided procedures.9 However, only 16% of trainees and 
52% of consultants consistently used lead glasses in this survey, 
with one in five consultants and approximately one in three trainees 
not having access to them. The survey highlights both a gross 
failing by the employer to provide the workforce with adequate 
radiation protection as well as poor compliance in utilising certain 
PPE, and this should be urgently addressed. 

Whilst exposure to high doses of ionising radiation has long 
been known to be harmful, it is increasingly apparent that long-term 
exposure to low-dose ionising radiation is also harmful.9 However, 
over half of the vascular surgery trainees in this survey and almost 
one in five consultants did not have access to a personal dosimeter, 
meaning that neither the annual safe level nor the cumulative 
lifetime radiation exposure was being recorded in these clinicians. A 
study of vascular surgery trainees in the United States 
demonstrated that excess radiation exposure in trainees was more 
prevalent than anticipated, with multiple trainees exceeding annual 
radiation dose limits.17 Moreover, less than half of all consultants 
and only 4% of trainees received feedback regarding their 
dosimeter readings, again representing a missed opportunity to 
engage the workforce and potentially improve radiation safety.17 

One in four vascular consultants and trainees experienced a 
health condition potentially related to their work with ionising 
radiation, but this can only be inferred as dose data and worker 
classification information was not collected in this survey but, more 
importantly, would not have been available for the majority of 
respondents. Musculoskeletal pain was the most common, 
prevalent in 17% and 18% of vascular consultants and trainees, 
respectively. The prevalence of back pain amongst the trainee 
cohort is more than four times higher than the age-matched 
background population.18 However, the prevalence of back pain in 
consultant operators, who are more likely to have custom-made 
leads, was similar in prevalence to the background population. Well-
fitted lead aprons in trainees may therefore help mitigate against 
the development of back pain.  

Of concern, 2% of vascular consultants had experienced a 
malignancy, 5% reported radiation-induced eye disease and 7% of 
consultants and 8% of trainees had developed skin conditions. A 
national database of the incidence of potential radiation-linked 
health conditions across all groups working with ionising radiation in 
healthcare would help identify areas where radiation safety could be 
enhanced, noting that our understanding of the impact of ionising 
radiation on healthcare professionals and patients is continually 
growing. There was strong support for this approach from 
respondents in this survey. 

Across both consultant and trainee groups there was also 
strong support for a national registry to monitor annual and lifetime 
occupational radiation exposure. This would potentially help 
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strengthen the governance surrounding the monitoring, 
documentation and feedback of annual and lifetime dosimeter 
readings. In order for a registry of this nature to be effective, 
compliance with monitoring and the use of PPE is essential. This 
survey reports poor compliance as well as the lack of provision of 
PPE and monitoring. The former is interesting given the level of 
concern expressed by clinicians, and perhaps is a reflection of poor 
education and awareness. 

The main limitation of this study was the small sample size, 
particularly in the vascular consultant cohort where 15% of the 
workforce was represented compared with 44% of the vascular 
trainee workforce. Responder bias could also not be excluded and 
those more concerned about radiation protection may have been 
more likely to respond. If this is the case, then the problems 
highlighted may be far greater than reported in this survey. In 
addition, there was a greater proportion of female respondents in 
the vascular trainee group compared with the consultant group. 
This may be due to apprehension amongst female trainees regarding 
the higher incidence of breast cancer reported in US orthopaedic 
surgeons compared with the general US female population,4 or 
fears surrounding radiation protection during pregnancy. 

 
Conclusion 
This survey highlights significant deficiencies in knowledge, access 
to personal radiation protection and failures in monitoring individual 
exposure to ionising radiation amongst the vascular surgical 
workforce in the UK. Moreover, trainees are more likely to struggle 
to access radiation protection equipment compared with their 
consultant colleagues. The data emphasise the failings by the 
employer to meet its legal obligations and the urgent need in the UK 
to improve standards for healthcare professionals working with 
ionising radiation by improving access to personal radiation 
protection, developing more robust training pathways and 
improving the governance surrounding the monitoring of exposure 
to ionising radiation. 
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• This is the first survey which captures vascular surgery 
consultant and trainee experiences of working with 
ionising radiation in the UK. 

• The survey highlights deficiencies in knowledge and 
training with respect to strategies to reduce ionising 
radiation exposure and awareness of local policies, 
amongst the vascular surgical workforce. 

• The access to personal protective equipment is shown 
to be poor, with trainees struggling to obtain 
appropriately fitting lead gown and glasses to a greater 
degree compared to their consultant colleagues. 
Failures in monitoring exposure to radiation was also 
shown. 
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Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (1)

 

 
 

 

 

 
* 1. What is your specialty? 

 Vascular Surgery  Interventional Radiology  Trauma & Orthopaedics 

 Interventional Cardiology 

 

 

 

 

 

* 2. Which vascular procedures requiring ionising radiation do you perform or assist in? 

(Please tick all those which apply) 

Endovascular Aneurysm Repair (EVAR) 

 

Fenestrated Endovascular Aneurysm Repair 

(FEVAR) 

Thoracic Endovascular Aortic Repair (TEVAR) 

 

Branched Endovascular Aneurysm Repair 

(BEVAR) 

Lower Limb Revascularisation 

Iliac Angioplasty 

Fistulopasty 

Mesenteric angioplasty 

Deep Venous Interventions 

Nephrostomy 

Embolisation (e.g. renal, prostate, GI, pelvic vein) 

X-ray guided biopsy or drainage 

Vascular Access procedures 

CT Guided procedures 

 

Other (please specify) 
 

 

 

 

 

 

 

 

 

 

 

 
 

JOURNAL OF VASCULAR SOCIETIES GREAT BRITAIN & IRELAND

133 Sritharan.qxp_Layout 1  25/11/2024  21:20  Page 9



Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (2)

 

 
 

 

 
 

 

 
 

 

* 5. What is your level of Training 

 Core Trainee 

 Registrar or equivalent 

 SAS Doctor 

Other - Please specify 

 Consultant 

Fellow 

 

 

 

 

 

* 6. How concerned are you about the effects of ionising radiation on your health? 

 Not concerned  Not Very concerned  Somewhat concerned  Very concerned 

 Extremely concerned 

 

 

 

 

* 7. Have you undergone formal radiation safety training? 

Yes No Don't remember 
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Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (3)

 

 
 

 

 

* 8. What was the format of training, if received? (select all components which apply) 

E-learning course 

Face to face course 

Hands-on course 

Simulation 

Virtual reality 

Part of National Training 

Programme 

 Other (please specify) 
 

 None of the above 

 

 

* 9. How long ago was this training? 

 < 1 year ago 

> 1 but < 2 years ago 

> 2 but < 5 years ago 

 

> 5 years ago 

> 10 years ago 

 

 

* 10. Are you aware of your hospital’s radiation work policy during pregnancy? 

 Yes  Somewhat aware  No 

 

 

* 11. Do you know the name and contact information for your Trust’s radiation safety officer? 

 Yes  No 

 

 

* 12. Have you ever met your Trust's radiation safety officer? 

 Yes  No 

 

 

* 13. Are you aware of the local rules to be followed to ensure safe working with ionising 

radiation? 

Yes Somewhat aware No 
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Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (4)

 

 
 

 

* 14. What describes your current set up for most ionising radiation-exposed procedures? 

(Select those which apply) 

 Hybrid Theatre for both elective and emergency procedures 

 Hybrid Theatre for elective procedures 

 Mobile c-arm for emergency procedures 

 Mobile c-arm for both elective and emergency procedures 

Other (please specify) 

 

 

* 15. Who controls the C-arm? 

 Radiographer  Radiologist  Primary operator 

 Other (please specify) 

 

 

 

 

* 16. Are you aware of As Low As Reasonably Achievable (ALARA) principles for endovascular 

/ ionising radiation guided procedures? 

 Yes  No  Not sure 

 

 

* 17. How often do you practice ALARA strategies during your endovascular /ionising 

radiation-guided cases? 

 Never  Almost never  Sometimes  Almost always  Always 

 

 

18. Which ALARA strategies do you actively consider and routinely employ (please tick all 

those applicable) 

Collimation 

 

Reducing the frame rate 

Centering 

Minimal use of DSA imaging 

 

Keeping the detector close to the patient 

 

Positioning a shield between the patient and 

yourself 

Use of Radpads 

 

Minimal use of magnification 

 

Stepping away from the patient during DSA 

imaging 

Awareness of your position during C-arm 

angulation 

None of the above 
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Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (5)

 
 

 
 

* 19. Do you have your own custom-made or retro-fitted lead apron which is fitted to your 
build and appropriate for your gender, i.e. with sleeves, wings, and/or axillary supplements? 

 Yes  No 

 

 

 

 

* 20. Have you been measured and advised which of the sizes available on the rack you 

should wear? 

 Yes  N
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Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (6)

 
 

 

 

/ 

 

 
        * 21. Is your lead apron or the departments lead aprons inspected annually for cracks? 

 Yes  No  Don't know 

 

 

* 22. Approximately what percentage of the time do you use each of the following: 

 

0% 25% 50% 75% 100% Not provided 

Face shield / visor  
 

Leg shield 
 

Hand shield e.g. lead 

gloves 

 

Other (please specify) 
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Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (7)

 

 

* 23. Approximately what percentage of the time do you use each of the following: 

 

0% 25% 50% 75% 100% Not provided 

Radiation dosimeter  
 

Radiation safety bleeper 

 

Other (please specify) 

 

* 24. Do you have a dosimeter(s) allocated to you? 

 Yes  No 

 

Please comment 

 

* 25. If you travel to remote sites, do you a dedicated dosimeter at these sites? 

 Yes  No 

 N/A 

 

 

* 26. If you wear a dosimeter(s), where is it placed? (Tick all boxes that are applicable) 

 Hand  Eye  Neck  Under lead apron 

 

 Other (please specify) 
 

 N/A - do not wear 

 

 

* 27. Have you ever been given feedback regarding your dosimeter(s) reading(s)? 

Yes No N/A - do not have one 
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Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (8)

 

 
 

 

* 28. Have YOU experienced any of the following potentially radiation-associated conditions 

(select all options which apply)? 

Skin conditions - erythema, dermatits 

Hair loss 

Radiation induced eyed disease incl. Cataracts 

Orthopaedic problems e.g. back pain 

Brain tumour 

Breast cancer 

Thyroid cancer 

Leukaemia 

Melanoma 

Basal cell carcinoma 

Other (please specify) 
 

None of the above 

 

 

* 29. Do you know anyone who has experienced any of the following potentially radiation- 

associated conditions? (select all options which apply) 

Skin conditions - erythema, dermatits 

Hair loss 

Radiation induced eyed disease incl. Cataracts 

Orthopaedic problems e.g. back pain 

Brain tumour 

Breast cancer 

Thyroid cancer 

Leukaemia 

Melanoma 

Basal cell carcinoma 

Other (please specify) 
 

None of the above 
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Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (9)

 

 

* 30. In the past, have you requested and been denied access to any of the following; 

 

Not asked Yes No 

Customised / Gender 

appropriate lead 

apron 

 
Fixed shield 

 

Lead cap / brain 

protection 

 
Access to a modern 

hybrid theatre 

 

Other (please specify) 

 

31. What was the reason given for refusing the above? (Please select all that apply) 

Cost 

 

I was a Trainee 

I was a temporary staff member 

No reason given 

Other (please specify) 
 

 

 

* 32. Do you believe that the radiation protection afforded to healthcare professionals is 
adequate? 

Strongly 

Disagree 

Disagree  Neither Agree 

or Disagree 

Agree 

Strongly Agree 

 

Please comment 

 

* 33. Do you believe that your Employer accurately monitors your compliance with nationally 

legislated annual radiation exposure limits? 

 Strongly Disagree  Disagree  Neither Agree or Disagree  Agree  Strongly Agree 

Please comment 
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Standards of radiation protection amongst UK vascular surgeons. Sritharan K et al.ORIGINAL RESEARCH

Appendix 1 Survey Questionnaire (10)

* 34. Do you believe that your Employer should prospectively record and centrally upload 

your annual radiation exposure to a National Registry? 

 Strongly Disagree  Disagree  Neither Agree or Disagree  Agree  Strongly Agree 

Please comment 

 

 

 

* 35. Do you believe that your Employer should record your cumulative dose absorbed during 

your entire working career with ionising radiation? 

 Strongly Disagree  Disagree  Neither Agree or Disagree  Agree  Strongly Agree 

Please comment 

 

 

 

* 36. Do you believe that there should be Registry documenting the incidence of potentially 

radiation-associated health conditions in healthcare professionals who work with ionising 

radiation? 

 Strongly Disagree  Disagree  Neither Agree or Disagree  Agree  Strongly Agree 

Please comment 

 

 

 

   * 37. Can you suggest any other measures to drive radiation safety? 
 

 

* 38. Where do you practice? 

 UK 

 Republic of Ireland 

 Europe 

Other (please specify) 

 Canada 

 Australasia 

USA 

 

 

 

* 39. What is your biological sex? 

Male Female Do not wish to disclose 
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