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A B S T R A C T

Interventional echocardiography (IE) is a relatively new subspecialty in the field of cardiology that has rapidly
evolved to occupy a critical role in the treatment of structural heart disease. Despite this, clear competency
guidelines are only now being issued, and, of pressing importance, the health risks associated with the profession,
particularly occupational radiation exposure, still need to be recognized and appropriately addressed for both
specialists and trainees in IE as well as for supporting sonographers. This review will briefly discuss the extensive
training interventional echocardiographers need in advanced imaging modalities and will then present standard
measures as well as possible innovative devices that can be implemented to reduce ionizing radiation exposure for
those working in the field of IE.
A B B R E V I A T I O N S ASE, American Society of Echocardiography; CMR, cardiac magnetic resonance; CT, computed tomography; IE,
interventional echocardiography; SHD, structural heart disease; TEE, transesophageal echocardiography.
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Introduction

Transcatheter procedures have become well established for the
treatment of structural heart disease (SHD), and, in parallel, there has
been a remarkable evolution in real-time echocardiographic imaging
during these procedures. This has given rise to a subset of interventional
imaging specialists who are central not only to preprocedural planning
and to follow-up monitoring and postprocedural quality measures but
also to real-time intraprocedural guidance. Thus, specialty associations
are now developing recommendations regarding the training and
necessary competencies for those specializing in interventional echo-
cardiography (IE), as well as acknowledging problematic issues such as
health risks, funding, and reimbursement.1–5 Here, we will discuss a
particularly serious potential health risk facing this new subspecialty;
namely, occupational radiation exposure.

Advanced Imaging Technologies and Methods Used in IE

Interventional cardiology began to use transthoracic echocardiogra-
phy intraprocedurally 4 decades ago, and the use of transesophageal
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echocardiography (TEE) for SHD started less than a decade after that.
More recently, there has been a very rapid development of transcatheter
interventional procedures for SHD, and, along with that, the use of pre-
interventional, peri-interventional, and postinterventional echocardio-
graphic imaging has also expanded. IE now plays a central role in a wide
range of procedures in cardiology, which are summarized in Table 1.

In addition to standard transthoracic echocardiography and TEE,
some of the advanced imaging modalities that are now generally un-
derstood to fall within the realm of IE are advanced TEE (which includes
intraprocedural real-time three-dimensional (3D) imaging, 3D multi-
planar imaging, and 3D color Doppler), fusion imaging, photorealistic
transillumination imaging, and two-dimensional and 3D intracardiac
echocardiography.2,3,5

Of these tools used in IE, fusion imaging is particularly worthwhile to
note as it preprocedurally aids in understanding complex anatomies and
thus helps with intervention planning, and intraprocedurally it helps
guide critical steps in transcatheter procedures for SHD. In fusion im-
aging, data obtained from different imaging modalities is registered and
aligned spatially and temporally so as to form a more detailed hybrid
image.8,9 The different imaging modalities that can be combined include
Cardiology and Intensive Care Medicine at the Heart Center of the Central Clinic
9, 99436 Bad Berka, Germany.

lar Research Foundation. This is an open access article under the CC BY-NC-ND

Delta:1_given name
https://orcid.org/0000-0001-9997-9201
Delta:1_surname
https://orcid.org/0000-0002-7935-7808
Delta:1_given name
mailto:philipp.lauten@zentralklinik.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.shj.2024.100328&domain=pdf
www.sciencedirect.com/science/journal/24748706
https://www.structuralheartjournal.org
https://doi.org/10.1016/j.shj.2024.100328
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.shj.2024.100328


Table 1
Range of interventions with indications for peri-interventional echocardiography

Intervention Procedures benefiting from echo Type of echo

Heart valve interventions � TAVI
� Transcatheter “edge-to-edge” repair of the mitral and tricuspid valves
� Annuloplasty (cardioband)
� AV-replacement/implantation
� “Valve-in-valve”-procedures, especially mitral and tricuspid

� 3D-TEE for navigating therapy
� Rarely ICE in tricuspid valve interventions
� TTE to exclude complications

Transseptal puncture � Electrophysiological interventions
� Valve interventions

� TEE or
� ICE

Closure of septal defects � ASD type II
� PFO
� VSD

� 3D-TEE or
� ICE

Closure of paravavlular leaks � After mitral or aortic valve replacement � 3D-TEE
Closure of the left atrial appendage � 3D-TEE or

� ICE
Percutaneous LV-support systems � For example, microaxial flow pump � TEE

� TTE
Ablation of septal hypertrophy � TASH for hypertrophic cardiomyopathy � TTE
Catheter ablation � Mostly for ventricular arrythmias � ICE

� TEE
Biopsy of intracardiac space occupying lesions � For precise guidance of the biopsy forceps � ICE

Abbreviations: 3D, three-dimensional; ASD, atrial septal defect; AV, atrio-venticular; ICE, intracardiac echocardiography; LV, left ventricle; PFO, patent foramen ovale;
TASH, transcoronary ablation of septal hypertrophy; TAVI, transcatheter aortic valve implantation; TEE, transesophageal echocardiography; TTE, transthoracic
echocardiography; VSD, ventricular septal defect.
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real-time two-dimensional and 3D TEE, intracardiac echocardiography,
fluoroscopy, computed tomography (CT), and, rarely, cardiac magnetic
resonance (CMR) imaging. These modalities all have their strengths and
weaknesses and are combined in order to exploit their strengths so as to
give the most accurate spatial and structural information possible and,
when used intraprocedurally, to give this information in real time. TEE
provides information in real time and is good for soft tissue delineation
and hemodynamic data, but it is affected by artifacts and has a limited
field of view. Fluoroscopy likewise provides real time images and is
excellent for viewing catheters and devices, but it can only give limited
hemodynamic information and is poor for soft tissue imaging. Extended
fluoroscopy times also mean increased radiation exposure. CT and CMR
cannot currently be easily used for real-time imaging, but they are critical
for preprocedural planning. Although cardiac CT can give very detailed
soft tissue images and has a wider field of view than TEE, it does expose
the patient to radiation and requires contrast. Both CT and CMR must be
electrocardiogram-gated and may require a breathhold to eliminate
breathing artifacts. Preprocedurally, one most often sees fusion imaging
using CT and echocardiography or CT and fluoroscopy, depending upon
the anticipated procedure. Intraprocedurally, the fluoroscopy and TEE
imaging are co-registered and overlayed so that the hybrid image is
updated in real time.5,9–12

Training for Subspecialization in IE

Successful SHD interventions require not only highly trained inter-
ventional cardiologists but also equally well-trained specialists in IE. The
competencies required in IE are beyond what is currently obtained dur-
ing a customary echocardiography subspecialty training program. To
remedy this, various national and international professional organiza-
tions and other leaders in the field have suggested elements necessary for
a structured IE training program.2,3,5,13 The American Society of Echo-
cardiography (ASE) has recently released guidelines that provide uni-
form training standards for all physicians, be they cardiologists or
anesthesiologists, who are interested in subspecializing in IE.3 For
example, the imager must have a thorough knowledge of the procedure
taking place during the SHD intervention. Along with this, the IE imager
must be an expert in nonstandard and 3D views so that they can obtain
and interpret these images in real time. The IE specialist will thus be able
to guide the procedure as it is being performed.3 This essentially means
that an IE specialist must be “bilingual” and capable of speaking quickly
2

and clearly in the language of an interventionalist as well as in the lan-
guage of an imager.

Furthermore, IE specialists, as well as sonographers involved in image
acquisition during SHD procedures, need thorough training in radiation
safety. The ASE Guidelines address aspects of radiation safety training for
trainees as well as their faculty instructors.3 A prior Expert Consensus
Statement suggested that specialists in IE should participate in the same
radiation safety courses as their interventional cardiology colleagues.1 In
2014, the Council on Cardiovascular Sonography of the ASE issued rec-
ommendations regarding radiation safety for sonographers. The recom-
mendations broadly addressed concerns about exposure to cardiac
patients who had been injected with radioisotopes and about exposure
during SHD procedures needing echocardiographic assistance. It was
noted within these recommendations that sonographers should be pro-
vided with radiation safety training during their education and during
the orientation to their workplaces.14

Occupational Radiation Exposure

Specialists in IE encounter all of the usual occupational problems
associated with standard echocardiography, such as muscle strains and
joint discomfort; however, the IE specialist is also chronically exposed to
high levels of ionizing radiation. Within the realm of general echocar-
diography, radiation exposure obviously exists and is unfortunately often
overlooked (e.g., close contact with patients who previously received
isotopes as part of a myocardial perfusion study). In the new specialty of
IE, radiation exposure is closely intertwined with the imager’s work
environment because, in IE, the imager must often provide real-time
guidance for SHD interventions in a cardiac catheterization laboratory.

In 1977, the “ALARA” (As Low As Reasonably Achievable) was
developed by the International Commission on Radiologic Protection and
has been used ever since to balance the risks and benefits associated with
the use of ionizing radiation.15 In keeping with this, efforts have been
made to provide interventional cardiologists with better protection
during procedures requiring fluoroscopy. It has only recently been
appreciated that the IE specialist is exposed to as much radiation as the
operator performing the intervention, or perhaps even more.16,17 Not
unexpectedly, the radiation dose experienced by the imager increases
with procedure complexity.17 Furthermore, procedures that use
increasingly steep right anterior oblique projections deliver higher doses
of radiation to the imager, which is in contrast to the situation usually
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seen with the operator.16 A single-center study comparing radiation
doses received by interventional cardiologists, interventional echocar-
diographers, and sonographers during left atrial appendage closure and
transcatheter edge-to-edge mitral valve repair found that the IE special-
ists received significantly higher doses of radiation than the interven-
tional cardiologists and that the sonographers received less radiation
than both of them, presumably secondary to the ability of the sonogra-
pher to stay farther away from the radiation source.18

It is well established that increasing the distance from a radiation
source exponentially decreases exposure such that doubling the distance
from the radiation source decreases the radiation exposure by a
quarter.18,19 This is difficult in IE because the TEE operator must be
positioned near the patient, and the patient is a source of X-ray scatter.
The intensity of this scattered radiation is greatest on the side where the
X-ray beam enters the patient.18 Given this, it is unfortunate that the
positioning and shielding of the IE specialist are not universally consid-
ered an issue of concern.19 This point has been well made by a recently
published “call to action” for minimizing the radiation exposure of IE
specialists and sonographers. Additionally, the authors provide a useful
summary and comparison of the fluoroscopy times and angles associated
with specific SHD procedures and the current best practices to reduce the
amount of radiation to which imagers are exposed during the respective
procedures.20

Evidence continues to mount that the radiation exposure cardiologists
experience during interventional procedures is not without conse-
quences. For example, the ocular lens is known to be exceptionally sen-
sitive to radiation exposure. Consistent with that, it has been found that,
in comparison to age-matched controls, interventional cardiologists and
others who work in cardiac catheterization laboratories are at increased
risk of developing posterior subcapsular cataracts.21–24 Likewise, cuta-
neous cancers, such as basal cell carcinomas, are more common among
staff working in cardiac catheterization laboratories.24–26 A possible as-
sociation of ionizing radiation exposure with left-sided brain tumors in
interventional cardiologists has been reported in the literature. This
would fit with the left side of the interventionalist’s head being more
exposed to radiation during interventional procedures.27,28 Also note-
worthy are molecular studies demonstrating that interventionalists have
twice as much somatic DNA damage in their circulating lymphocytes as
noninterventional cardiologists. This might be viewed as a surrogate
marker for the risk of cancer development in interventionalists.29

Although these concerns are generally directed at interventional cardi-
ologists, they would also apply for interventional echocardiographers.
Thus, more effort needs to be made to adapt various forms of radiopro-
tection to the unique requirements of IE.

Radioprotection Considerations for IE

Dosimetry

It is just as critical for people working in IE to monitor their radiation
exposure as it is for anyone else working in the cardiac catheterization
laboratory. The recent ASE recommendations state that IE specialists
should be given by their institutions direct ion storage dosimeters and
that these should be regularly monitored.3 Other thought leaders in the
field have more specifically suggested that those working in IE should use
operational dosimeters positioned under the lead shields and passive
thermoluminescent dosimeters on areas close to the X-ray source, such as
the eyes and hands.19

Protective Gear

According to the new ASE recommendations, all IE trainees and fac-
ulty should use lead aprons that have a minimum lead equivalency of
0.25 mm at the back and 0.5 mm at the front, lead thyroid collars, and
lead goggles. Additionally, a lead acrylic shield with 0.5 mm lead
equivalency that is either suspended from the ceiling or mobile on the
3

ground should be provided.3 Other authors have emphasized that the
position of the IE specialist can change throughout the procedure relative
to both the patient and the X-ray source. Thus, full body lead protection,
including on the sides and back are needed. This could be achieved by
using a mobile lead panel or a mobile lead cabin.19

At least one study has suggested that the IE specialist receives a
significantly higher mean dose of radiation than the primary inter-
ventionalist, especially at the feet, hands, and arms, which are not pro-
tected by lead aprons, skirts, or shields.17 Lead gloves are available to
protect the hands, and in 2013, the Food and Drug Administration
approved an X-ray attenuating cream that is applied to the hand before
donning gloves and can provide some radiation protection up to 130 kVp
(https://www.accessdata.fda.gov/cdrh_docs/reviews/K123422.pdf). An
important caveat with respect to the use of lead gloves or X-ray attenu-
ation cream is that it is potentially disadvantageous to use them in the
primary X-ray imaging field. This is because the automatic dose rate
control of the X-ray imaging system will actually increase the beam in-
tensity in response to the radiopaque object in the field; hence, the ra-
diation dose and X-ray scatter could all be inadvertently increased.19

The head of the IE specialist has an equivalent or worse degree of
radiation exposure in comparison to the interventionalist.17 Various
styles of lead caps and nonlead caps have been designed with the goal of
reducing cranial radiation exposure; however, they are not widely uti-
lized. A small German survey of physicians exposed to ionizing radiation
as part of their work found that only 27.9% (29/104) used lead caps or
headbands.30 This is unlikely to be due solely to issues of comfort, as the
nonlead caps made of a barium sulfate-bismuth oxide composite are
lightweight at 125 g in comparison to the lead caps, which weigh on
average 1.14 kg.31–33 Rather, the larger problem is that the literature is
currently not unequivocal. Factors such as gaps between the cap and the
skull, the angle of the physician’s face relative to the radiation source,
and tube angulation itself could all result in exposure to radiation despite
the wearing of a protective cap. Also, the lower parts of the physician’s
face are often, to a greater or lesser degree, depending on the cap style,
unprotected, so radiation can enter from below. Still, it can be argued
that a cap can protect the physician from scattered radiation, which
would be consistent with ALARA. Perhaps lead or lead equivalent caps
will be improved in the future, and/or additional studies will more
definitively clarify their role. In the interim, the wearing of them has not
been enthusiastically adopted, and the topic in general remains one of
uncertainty and concern.28,33–38 The current ASE recommendations do
not explicitly refer to the use of lead caps, headbands, or equivalents
made of lighter X-ray blocking materials for those training or practicing
in IE.3

It is also worth noting that some radiation physicists have published
results questioning whether lead-free protective clothing is as effective as
lead-containing gear. Although from an orthopedic and comfort
perspective, the lead-free clothing might be advantageous, there is the
possibility that it could be problematic in terms of how its component
materials react to ionizing radiation. For example, low energy photons
can be created by fluorescence in gear composed of tin or tin-bismuth
combinations, and these could penetrate superficial organs such as the
breast.38–40

From the perspective of the interventionalist, the use of disposable,
radioprotective drapes made of nonlead materials such as bismuth and
barium is of potential value.41,42 Although these drapes can reduce
scatter radiation, they are of less value to the interventional echocardi-
ographer, who is often positioned near the mouth of the patient while
performing a TEE.

Nonshielding Techniques to Decrease Radiation Exposure

In addition to shielding, there are other techniques that can be used to
decrease the amount of ionizing radiation to which IE specialists are
exposed. For instance, given that increasing the distance from the radi-
ation source can decrease the amount of exposure, a longer TEE probe

https://www.accessdata.fda.gov/cdrh_docs/reviews/K123422.pdf
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might be useful in IE. Also, the echocardiographer could step away from
the table when active echocardiographic imaging is not required.
Furthermore, the duration of fluoroscopy time can be limited by making
good use of fusion imaging.19,43 Anything the interventionalist can do to
limit the radiation dose to the patient will, in turn, limit the dose the
imager receives. For example, decreasing cine time, decreasing detector
magnification, using collimation to reduce field size, and decreasing
frame rate and fluoroscopy dose per frame.43

New Devices to Limit Scatter Radiation Exposure

There are promising developments that may limit the exposure of the
entire cardiac catheterization laboratory, including the interventional
echocardiographer, from scatter radiation even when angulated pro-
jections are used. The “EggNest” is a carbon fiber platform that replaces
the patient mattress and passively moves radiation shielding along with
the X-ray system and patient. The developers of this system report that, in
comparison to standard shielding, it significantly reduces the scatter ra-
diation dose for all people working in the cardiac catheterization
laboratory.44

A Role for Professional Societies

A recent global survey by the European Association of Cardiovascular
Imaging Scientific Initiatives Committee found that radioprotective gear
was frequently underused in IE and advocated for scientific and radio-
protection organizations to guide future studies and actions to improve
the situation.45 The European Association of Cardiovascular Imaging also
specifically suggested a collaborative approach for radioprotection
training in IE, dependable monitoring of radiation dose, and dedicated
Figure 1. Set-up for cardiac catheterization laboratory that protects the IE spe
Abbreviations: 3D, three-dimensional; ANA, anaesthesia; IE, interventional echocard
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shielding for the imager.45 These are all important first steps in providing
IE specialists with safer work environments.

Conclusions and Recommendations

IE is a new specialty that not only has unique needs in terms of
training but also has occupational risks that may even surpass those of
interventional cardiologists in terms of radiation exposure. In light of
that, we would recommend the following personal protective gear be
worn by the IE specialist during SHD procedures:

- Fitted lead aprons and skirts that provide protection at the front, back,
and sides with a minimum lead equivalency of 0.5 mm.

- Tightly fitting, lead thyroid protecting collar with lead equivalency of
0.25 to 0.5 mm.

- Lead googles/glasses of 0.35 to 0.5 mm lead equivalency.
- Lead gloves when performing TEE, but not if the hands are ever in the
primary X-ray imaging field.

In addition to these protective personal items, careful consideration
needs to be given to the lead shielding of the IE specialist. Good shielding
practices are reported to reduce the radiation exposure of the IE specialist
by as much as 82%.1,16 The imager during SHD procedures must have the
capability of being very mobile. Thus, we unfortunately do not think that
the current models of lead cabins are practical. We recommend the use of
a ceiling-suspended lead acrylic shield and/or a mobile lead acrylic floor
shield. Given the high level of exposure the feet of the IE specialist
receive, we also think the under-the-table shielding is important and
recommend a lead shield attached at the side of the table and extending
to the floor.
cialist and colleague.
iography; OP, operator; TEE, transesophageal echocardiography.



P. Lauten et al. Structural Heart 8 (2024) 100328
Finally, we would also like to suggest a useful set-up for a cardiac
catheterization laboratory used for SHD procedures that would
adequately protect the interventionalist, the imager, the anesthesiologist,
and other staff working in the cardiac catheterization laboratory (see
Figure 1). The newly developed EggNest system may also prove prom-
ising after more real-world experience is acquired with it.
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