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A Practical Roadmap to 
Safer Labs: What to Fix 
First, Second, and Third
A stepwise approach to reducing radiation risk during fluoroscopically guided interventions, 

centered on optimizing the imaging system, PPE, and shielding system.

By Antonio Solano, MD, and Melissa L. Kirkwood, MD

W ith the steady increase of fluoroscopi-
cally guided interventions (FGIs) in recent 
years, interventionalists are being exposed 
to higher doses of radiation, which can 

increase the lifetime risk of deleterious effects. It is criti-
cal for operators to take every opportunity to decrease 
dose and improve patient and staff safety. There are 
three vital radiation protection principles that must be 
considered for any intervention that involves ionizing 
radiation: time, distance, and shielding.1 Exposure time 
should be minimized to only what is necessary to com-
plete the procedure. Both patients and providers should 
maintain the maximum possible distance from the 
radiation source, and providers should use appropri-
ate personal protective equipment (PPE) and adequate 
shielding. Due to case complexity, vascular surgeons 
experience radiation exposure levels several orders of 
magnitude higher than other interventional specialties.2 
We have recently reported that level of vascular trainee 
experience also factors into increased radiation dose.3 
These findings demonstrate the need for optimization 
of both radiation safety education and operating room 
setup to improve safety. What do we need to fix first?

 
FIRST: OPTIMIZE THE SYSTEM

Higher image quality can be achieved with fixed 
systems compared to conventional portable C-arms 
because these units are enabled with advanced image 
processing capabilities.4,5 Upgrades and updated soft-
ware versions for radiation unit systems are key to 

ensuring optimal performance. We have reported 
significant decreases in radiation dose for both the 
AlluraClarity system (Philips) and the Clear VD11 PURE 
platform (Siemens Healthineers), when their respec-
tive dose-lowering software was used over the standard 
manufacturer software.6,7 Using state-of-the-art, up-to-
date units can make a significant dose impact for all 
individuals within the operating room.

Intraoperative adjuncts for fluoroscopy can also signifi-
cantly lower dose. Incorporating live-image digital zoom-
ing for FGIs significantly reduces radiation dose to both 
patients and operating staff, as demonstrated in our 
study that evaluated its use during fenestrated/branched 
endovascular aneurysm repairs.8 This technology allows 
additional reference images for display, which can result 
in a more comprehensive visualization throughout cases, 
aid the operator(s) in procedure execution, and provide 
a safer environment in the room. A second adjunct is 
image fusion, via a road-mapping tool that can create 
three-dimensional (3D) vessel images and provide guid-
ance to the operator during FGIs.9 Another recent tech-
nology available for use is FORS (Fiber Optic RealShape, 
Philips), which uses light reflected along optical fibers 
enclosed within wires and catheters, allowing a live 
three-dimensional (3D) reconstruction of endovascular 
devices.10 FORS has been proven to work with adequate 
precision, accurate 3D device registration, and no limi-
tations in workflow or detection for radiation system 
units.11,12 One shortcoming of FORS is the limited array 
of wires and catheters and decreased torque control 
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versus regular catheters, which is set to be improved 
with a newer catheter hub for upcoming generations 
of this technology. Within the same spectrum, the 
electromagnetic-based IOPS intraoperative positioning 
system (Centerline Biomedical) has been developed. 
This technology also creates 3D image reconstructions 
of endovascular devices employed for use and enables 
the use of 3D maps with preoperative CTA images.13 
A sterile self-adhesive tracking pad is placed in the 
lumbar zone of the patient and requires a noncontrast-
enhanced cone-beam CT scan for verification. With 
IOPS-compatible guidewires and catheters, off-the-shelf 
catheters and wires can also be used, ultra-high defini-
tion can be obtained, and viewing angles and magnifi-
cation can be customized to permit visualization from 
intra-aortic angles. With additional investigation, this 
can further strengthen the benefits and impact on 
radiation safety.

 
SECOND: OPTIMIZE THE PPE

PPE is essential for all team members during FGI. 
According to clinical guidelines, the standard element 
that must always be worn is an apron with a thyroid 
collar and a minimum 0.35-mm lead equivalence.4 An 
important consideration for operators lies between 
comfort and protection given the lifelong performance 
and volume of FGIs. We have shown that wearing thin-
ner lead can provide similar protection versus thicker 
lead (86% vs 89% radiation attenuation rates),14 while 
alleviating some of the musculoskeletal strain.

Adjunctive PPE has been designed to enhance radia-
tion exposure reduction. The main question is: Which 
of them actually work? Compared to sleeveless aprons, 
leaded arm sleeves have demonstrated significant radia-
tion attenuation to the chest wall, optimizing ionizing 
radiation protection to breast tissue for female opera-
tors.15 Leg wraps have also increased radiation protec-
tion during complex FGIs, as the majority of scatter 
x-rays are to the lower body.16 Radiation protective 
gloves have been developed for use during FGIs; initial 
evidence recommended against their use given the 
potential increase of scatter radiation to both opera-
tors and patients, but we have reported effective hand 
radiation dose reduction when wearing protective 
gloves without increasing operator body dose.17 The use 
of these gloves should be considered during FGIs when 
the operator’s hand is in close proximity to the beam.

Unfortunately, we have shown that leaded eyewear 
and leaded surgical caps do not decrease radiation dose 
to the eye or brain of interventionalists when worn dur-
ing FGIs. They are ineffective because the x-rays that 
hit the eye and brain are from angles not attenuated 

by the cap and glasses.18,19 The best protection for the 
operator’s head is to pull in the ceiling-mounted shield-
ing. We have developed a patented face shield that 
significantly decreases both operator eye and brain dose 
and should be commercially available soon.20

 
THIRD: OPTIMIZE THE SHIELDING

Innovation to reduce radiation exposure has led to the 
development of next-generation shielding systems. The 
EggNest Complete system (Egg Medical, Inc.), for exam-
ple, is composed of a series of shields and covers around 
and under the table, reducing up to 93% of overall radia-
tion exposure and 98% primary operator radiation dose 
compared to standard shielding.21 The Rampart system 
(Rampart IC) is another novel shielding system that fea-
tures both a 1-mm lead-equivalent mobile shield plus 
additional table shields; Crowhurst et al reported a 100% 
radiation dose reduction for primary operators.22 Both of 
these systems have proven to be effective and able to be 
adapt to operators’ workflow. The literature has reported 
data for simulated settings as well as interventional cardi-
ology/cardiovascular intervention.

New, soon-to-be published multisociety guidelines 
suggest that these units, as well as other next-generation 
shielding systems, should be considered standard of care 
for hybrid operating rooms and catheterization labs.

 
CONCLUSION

The time is now to protect ourselves from the harmful 
effects of occupational radiation exposure. The appro-
priate use of shielding systems, coupled with updated 
equipment and correctly worn PPE, is the key to a safer 
endovascular suite for all members of the team.  n
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