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Radiation Protection in 
Structural Heart Disease 
Procedures: Strategies to 
Reduce Exposure
A review of newer radiation protection technologies and efforts to reduce radiation exposure to 

the operator and interventional echocardiographer. 
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T he number of transcatheter structural interven-
tions is on the rise and will continue to increase 
as newer therapies are approved by the United 
States FDA and many others undergo clinical 

trials. These procedures are complex in nature, requiring 
an interventional cardiologist and often a cardiotho-
racic surgeon as operators and an interventional echo-
cardiographer to guide most non–transcatheter aortic 
valve replacement (TAVR) procedures. Operators may 
work from either side of the catheterization table or at 
varying distances from the radiation source, depending 
on the structural heart intervention and access site used 
(right vs left; femoral vs subclavian vs transaortic vs 
transapical vs transcarotid).1 Fortunately, many struc-
tural heart procedures, such as transcatheter mitral and 
tricuspid intervention and left atrial appendage (LAA) 
closure, employ right groin access in the majority of 
cases. Nevertheless, these procedures require the use of 
large-bore access and closure with a higher risk of com-
plications and additional radiation exposure (RE). 

RE to operators and other personnel in the cath-
eterization lab can cause deterministic (related to 
tissue damage, such as cataracts) and/or stochastic 
(related to DNA damage, such as cancer) injuries.2-4 
Traditional methods of radiation protection include 
drop-down lead shields and donning of lead aprons, 
which can reduce but not eliminate RE. The use of 
heavy lead aprons carries the risk of orthopedic inju-

ries to operators, which in turn may increase health 
care expenditure.5 Operator and staff injuries related 
to the occupational hazards of the catheterization lab 
lead to substantial revenue loss. Moreover, the lead 
apron does not provide whole-body protection—the 
legs, arms, head, and neck remain exposed, requiring 
the donning of additional lead gear such as arm and 
leg guards and hats, which add additional weight. To 
overcome these issues, alternative radiation protection 
equipment has been designed, such as the Rampart 
M1128 (Rampart ic), Protego system (Image Diagnostics 
Inc.), EggNest Complete system (Egg Medical), and 
Radiaction system (Radiaction Medical), with unique 
designs aimed at reducing RE and reducing the burden 
of lead aprons on the operators. This article discusses 
some of the newer radiation protection equipment and 
their use in structural heart procedures. 

NEWER RADIATION PROTECTION SYSTEMS
Rampart System

The Rampart system includes several lead panels 
above the catheterization table, lead curtains below 
the catheterization table, and lead shielding to cover 
the patient. The lead panels are attached to a central 
mast, and this is placed over the patient’s body angled 
at 180° for structural heart cases. Lisko et al random-
ized 100 elective invasive cardiac procedures, including 
coronary and transcatheter structural procedures, in 
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a 1:1 fashion to the Rampart system versus traditional 
radiation protection.6 RE was lower with the Rampart 
system as compared with traditional radiation protec-
tion (position 1 [primary operator/fellow]: 0.1 mRem vs 
2.2 mRem; P < .001; position 2 [secondary operator/
attending]: 0.1 mRem vs 3.2 mRem; P < .001; and posi-
tion 3 [catheterization laboratory nurse/technologist]: 
0.0 mRem vs 0.8 mRem; P < .001). The total body RE 
was reduced by 95% with the Rampart system in each 
of these positions. Another advantage of this system is 
that it reduces the RE 11-fold to areas such as the head 
and axilla, which are not traditionally protected by lead 
aprons.

Protego System
The Protego system is a novel lead-shielding tech-

nology that uses several radiation shields and drapes 
strategically placed around the catheterization table 
to reduce RE to the operator without the need to 
wear a lead apron. Prior studies have shown that the 
Protego system significantly reduces RE to the operator 
in coronary diagnostic and interventional procedures, 
including chronic total occlusions, compared with the 
traditional lead shield and lead aprons.7,8 Rizik et al 
compared RE in operators using the Protego system 
versus standard radiation protection with drop-down 
shield and lead aprons during TAVR procedures. They 
reported that RE was reduced by 99% with use of the 
Protego system (thyroid level: 0.08 ± 0.27 μSv vs 79.2 ± 
62.4 μSv; P < .001; waist level: 0.70 ± 1.50 μSv vs 162.0 
± 91.0 μSv; P < .001), and in 60% of the cases using this 
novel system, RE was 0% while no cases using the stan-
dard equipment had 0% RE.9 Although these findings 
are observational in nature, the low levels of RE, even 
in the absence of lead aprons, are reassuring in TAVR 
procedures, and larger-scale studies involving other 
structural procedures are needed to ensure that these 
findings are consistent with other types of structural 
procedures.

EggNest Complete System
The EggNest Complete system is a radiation protec-

tion technology that includes a platform with a mat-
tress, rails, and multiple nonlead equivalent shields that 
can be adjusted according to the patient’s position to 
reduce radiation scatter for all staff in the room. This 
system reduces the total room scatter radiation by 91% 
compared with traditional shielding, with a significant 
reduction in radiation dose for all camera angles tested 
and reductions of up to 97% for positions at the head 
of the table.10 The system incorporates a ceiling-mount-
ed lead-acrylic shield that provides > 99% reduction in 

radiation for the operator, scrub tech, and anyone else 
standing behind the shield. To date, no clinical studies 
have compared the EggNest system with traditional 
shielding in transcatheter structural cases to under-
stand whether the benefits of this system are sustained 
across these cases. 

Radiaction System
The Radiaction system is a shielding system designed 

to cover the imaging beam on all sides, thereby block-
ing scattered radiation at its origin and providing full-
body radiation protection to all medical personnel in 
the lab. It is fitted as an extension to the C arm and 
comprises two shields, one around the image detector 
and a second around the x-ray source encapsulating the 
image beam. The Radiaction system reduced RE to cor-
onary operators by 93% to 94% and to other members 
of the medical team by 87% to 93% even in the absence 
of conventional radiation protection.11 As such, this sys-
tem is helpful for reducing RE to cardiac imagers in the 
room who are not usually well protected by other types 
of radiation protection. 

RADIATION EXPOSURE TO CARDIAC  
IMAGERS

Interventional echocardiographers are exposed to 
higher radiation levels than implanters,12 particularly in 
areas such as the arms, hands, waist, and lower body. 
RE to the echocardiographer is related to the structural 
procedure and procedural C-arm angles. Procedures 
that utilize C-arm angles in the right anterior oblique 
(RAO) view supply the most RE to the echocardiog-
rapher. Transesophageal echocardiography–guided 
LAA occlusion (LAAO) procedures heavily utilize the 
RAO caudal projection and offer the highest RE to the 
echocardiographer. The cusp-overlap view in TAVR also 
uses the RAO projection during valve deployment.13 
Both LAAO and TAVR procedures are transitioning 
toward intracardiac echocardiography (ICE) or trans-
thoracic echocardiography (TTE) guidance, respectively. 
Although ICE imaging reduces RE to the imager, who 
is now able to be further away from the C-arm, TTE 
scanning during TAVR procedures still provides RE, 
especially to the scanning hand. Careful shielding is 
important when imaging intraprocedurally, although 
probe manipulation around or through the commer-
cially available shields may be required.

CHALLENGES OF ADOPTING NEWER 
RADIATION PROTECTION TECHNOLOGIES

Although these newer radiation protection technolo-
gies are better than traditional shielding to reduce RE to 
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operators and other personnel in catheterization labs, 
their adoption has been slow across the United States. 
The reasons for this are multifold. First, the upfront 
costs of acquiring and installing these newer systems are 
higher than those of the traditional radiation protection 
equipment. Structural heart cases are performed in the 
hybrid labs as well as the operating rooms in some hos-
pitals; thus, equipping multiple rooms is costly. Second, 
operators or cardiac imagers on the left side of the cath-
eterization table or at the head end of the bed are not 
well protected by most radiation protection technolo-
gies, thereby requiring standard shielding. Technologies 
that provide protection to everyone around the table 
should be explored further in structural cases. Third, 
these new radiation protection systems have not been 
tested in large-scale randomized trials of structural cases, 
and there is no cost-effective analysis to compare the 
long-term benefits with traditional radiation protection. 

CONCLUSION
The benefits of using newer radiation protection 

technology in structural heart cases cannot be ignored, 
and hospitals must make efforts to equip their cath-
eterization labs with them to protect operators and 
staff from both radiation and orthopedic injuries. 
Manufacturers of these new radiation protection tech-
nologies must work on improving the radiation protec-
tion for other operators and cardiac imagers who are at 
other locations within the procedure room.  n  

1.  Faroux L, Villecourt A, Guimaraes L, et al. Radiation exposure during transcatheter aortic valve replace-
ment: impact of arterial approach and prosthesis type. Ann Thorac Surg. 2021;111:1601-1606. doi: 10.1016/j.
athoracsur.2020.06.114
2.  Karatasakis A, Brilakis HS, Danek BA, et al. Radiation-associated lens changes in the cardiac catheterization labo-
ratory: results from the IC-CATARACT (CATaracts Attributed to RAdiation in the CaTh lab) study. Catheter Cardiovasc 
Interv. 2018;91:647-654. doi: 10.1002/ccd.27173
3.  Roguin A, Goldstein J, Bar O, Goldstein JA. Brain and neck tumors among physicians performing interventional 
procedures. Am J Cardiol. 2013;111:1368-1372. doi: 10.1016/j.amjcard.2012.12.060
4.  Elmaraezy A, Ebraheem Morra M, Tarek Mohammed A, et al. Risk of cataract among interventional cardiologists 
and catheterization lab staff: a systematic review and meta-analysis. Catheter Cardiovasc Interv. 2017;90:1-9. 
doi: 10.1002/ccd.27114
5.  Goldstein JA, Balter S, Cowley M, et al. Occupational hazards of interventional cardiologists: prevalence of 
orthopedic health problems in contemporary practice. Catheter Cardiovasc Interv. 2004;63:407-411. doi: 10.1002/
ccd.20201
6.  Lisko JC, Shekiladze N, Chamoun J, et al. Radiation exposure using Rampart vs standard lead aprons and 
shields during invasive cardiovascular procedures. J Soc Cardiovasc Angiogr Interv. 2023;3:101184. doi: 10.1016/j.
jscai.2023.101184
7.  Rabah M, Allen S, Abbas AE, Dixon S. A novel comprehensive radiation shielding system eliminates need for 
personal lead aprons in the catheterization laboratory. Catheter Cardiovasc Interv. 2023;101:79-86. doi: 10.1002/
ccd.30490
8.  Rizik DG, Riley RD, Burke RF, et al. Comprehensive radiation shield minimizes operator radiation exposure and 
obviates need for lead aprons. J Soc Cardiovasc Angiogr Interv. 2023;2:100603. doi: 10.1016/j.jscai.2023.100603
9.  Rizik DG, Burke RF, Klassen SR, et al. Comprehensive shielding system enhances radiation protection for structural 
heart procedures. J Soc Cardiovasc Angiogr Interv. 2023;3:101110. doi: 10.1016/j.jscai.2023.101110
10.  Wilson R, Gainor J, Valeti U, et al. TCT-248: A new device to markedly reduce cardiac cath lab radiation levels. 
J Am Coll Cardiol. 2018;72(13 suppl):B103.

11.  Laish-Farkash A, Harari E, Finkelstein A, et al. A novel robotic radiation shielding device for interventional 
cardiology procedures. EuroIntervention. 2022;18:262-266. doi: 10.4244/EIJ-D-21-00577
12.  Salaun E, Carles S, Bigand E, et al. High radiation exposure of the imaging specialist during structural heart 
interventions with echocardiographic guidance. JACC Cardiovasc Interv. 2017;10:626-627. doi: 10.1016/j.
jcin.2017.01.016
13.  Garcia-Sayan E, Jain R, Wessly P, et al. Radiation exposure to the interventional echocardiographers and 
sonographers: a call to action. J Am Soc Echocardiogr. 2024;37:698-705. doi: 10.1016/j.echo.2024.03.002

Poonam Velagapudi, MD, MS
Structural and Interventional Cardiologist
Member, SCAI Ischemic Heart Disease Council, 
SCAI Education Committee, and  
ACC Interventional Council 
Demarest, New Jersey
poonamchou@gmail.com
Disclosures: Speaking fees from Medtronic and 
Shockwave; consulting fee from Medtronic.

Lucy M. Safi, DO
Division of Cardiology
Mount Sinai Heart Fuster Hospital
Icahn School of Medicine at Mount Sinai
New York, New York
Disclosures: Speaker honoraria for Abbott Structural 
Heart and Medtronic; advisory board for TriClip.

Ajay J. Kirtane, MD, SM
Professor of Medicine
Columbia University Medical Center
Director, Columbia Interventional Cardiovascular 
Care
Chief Academic Officer, Division of Cardiology
Columbia University Vagelos College of Physicians 
and Surgeons
New York, New York
akirtane@columbia.edu
Disclosures: None. 

James Hermiller, MD
Director of Interventional Cardiology Fellowship 
and Structural Heart Intervention
President, Society of Cardiovascular Angiography & 
Intervention
Ascension St. Vincent Heart Center of Indiana 
Indianapolis, Indiana 
james.hermiller@ascension.org
Disclosures: Consultant to Edwards, Abbott, and 
Medtronic.


