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Introduction

Occupational radiation exposure is a major concern for 
cardiac catheterization laboratory workers. Radiation has no 
minimum safety threshold and its adverse effects occur in a 
linear, dose-dependent risk (1). Ionizing radiation’s harmful 
effects on human tissues have been recognized to either 
be deterministic or stochastic. Deterministic radiation 
injuries refer to cell death when the exposure exceeds a 
certain threshold. Examples are cataracts, skin erythema 
and desquamation, and sterility (2). Stochastic effects refer 
to injuries that occur in proportion to cumulative radiation 
dose over time. They have a long latency period and there 
is no threshold dose below which genetic damage will not 
occur. These effects are typically cancers of the skin, thyroid 
gland, nervous system and gastrointestinal tract (3).

Occupational radiation exposure in the cardiac 
catheterization laboratory

Interventional cardiologists are at risk from radiation 
injury given their chronic radiation exposure in cardiac 
catheterization laboratories. Compared to clinical cardiologists 
who work outside the cardiac catheterization laboratory, 
they develop somatic DNA damage and chromosomal 
abnormalities at a higher frequency when measured using 
micronuclei assay in peripheral lymphocytes (4). There 
also have been reported cases of brain tumors among 
physicians performing interventional procedures occurring 
disproportionately on the left side. It is known that 
radiation exposure occurs two times more on the left side 
of the head compared to the right (5). Furthermore, in 
the cataracts attributed to radiation in the cath lab study 
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(IC-CATARACT), workers in the cardiac catherization 
laboratory have been found to have a higher incidence of 
cataracts. Occupational exposure and age over 60 were 
also found to be predictors of sublcinical lens changes (6).  
Compared to those without fluoroscopy exposure, 
interventional cardiologists have as much as three times 
increased rate posterior subcapsular lens opacities (7).

Similarly, compared to those who work in an operating 
room setting, anesthesiologists working in the cardiac 
catheterization laboratory are exposed to significantly more 
radiation (8). A personal dose meter placed on an anesthesia 
machine has been shown to receive 15 times the radiation 
compared to the dosimeter worn by a scrub nurse (9). The 
position of the anesthesiologists on the left side of the 
patient where it is shown to receive more scatter radiation 
suggests that they may be exposed to more radiation dose 
than interventional cardiologists who are positioned on the 
right side of the patient (9,10). These findings may be due 
to ineffective shielding as anesthesiologists frequently need 
to have direct patient contact during the procedure. This 
is compounded by their relatively fixed position during the 
procedure and inability to maintain a safe distance from the 
radiation source due to space limitation (10). Scrub nurses, 
on the other hand, are mobile and their distance from the 
radiation source varies. Their position behind leaded shields 
or behind leaded operators gives them also additional 
protection (11). Unlike the operator, anesthesiologists 
and cardiac catheterization laboratory staff have the 
disadvantage of not having control over the duration of the 
procedure or the amount of radiation utilized during the 
case.

A special  population of concern in the cardiac 
catheterization laboratory is pregnant women. Female 
cardiology fellows and interventionalists make up around 
20% and 8% of cardiology fellows and interventional 
cardiology physicians, respectively (12,13). Female nurses, 
anesthesiologists, and other staff are also at risk for radiation 
exposure during pregnancy. In utero radiation exposure 
has deleterious effects in the fetus. Organ malformation 
occurs at a threshold dose of 250 mGy; intrauterine growth 
retardation, 200 mGy; delayed mental development,  
100 mGy. No threshold, however, was observed for 
childhood cancers (14). Compared to the general population 
exposed to background radiation, there is no difference in 
fetal outcomes in women who were exposed to a cumulative 
radiation dose of <50 mGy during pregnancy (15). For 
pregnant women, the National Radiation Protection and 
Measurement has set an allowable occupational radiation 

dose to 0.5 mSv per month or a total of 5 mSv during the 
span of the pregnancy (16).

Radiation exposure in different fluoroscopy-
guided procedures

Different interventional procedures have substantial 
variability in radiation dose exposure. Among the three, 
interventional radiology procedures have been found to 
have the highest radiation dose, followed by interventional 
cardiology, while electrophysiology procedures have the 
least exposure (17). A possible explanation for this is that 
interventional radiology procedures have longer fluoroscopy 
times and utilize higher dose per frame rate especially when 
working on pelvic areas and endovascular systems. As for 
electrophysiology procedures, 3D-electroanatomic mapping 
and multimodal imaging have enabled operators to reduce 
fluoroscopy use resulting in less radiation exposure (18).

The procedures with the highest radiation exposure 
are structural or valvular cardiac procedures followed 
by peripheral vascular procedures (17). Of the structural 
cardiac procedures, fluoroscopy time and radiation dose 
are greatest for percutaneous transcatheter aortic valve 
implantation, transcatheter mitral-valve approximation 
with MitraClip, and left atrial appendage closures (19). 
A possible reason for this is that these were relatively 
new procedures in their institution at the time of study. 
Hence, there are longer case times and higher radiation 
exposures as operators are still getting experience with the 
procedures (19). Studies are mixed when radiation dose in 
structural cardiac procedures were obtained and compared 
to percutaneous intervention; they were either found to be 
significantly greater or similar (19,20). On the other end of 
the spectrum, pacemaker insertion and electrophysiology 
ablation procedures were associated with the least radiation 
dose (17).

Radiation protection

Radiation protection consists of two components - passive 
and active processes (Table 1). The passive component 
consists of the protective equipment in the laboratory, 
while the active component is based on the use of these 
equipments. Active protection strategies include routine and 
appropriate use of lead apparel, proper training of the staff 
on radiation exposure, routine radiation dose monitoring, 
and using techniques in reducing radiation use to the 
patient and operator (21,22).
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Table 1 Active/passive radiation techniques/devices

Active processes

Education and training of the staff

Routine radiation dose monitoring

Personal dose meters

Real-time dose monitoring

Procedural techniques in reducing radiation exposure

Limiting fluoroscopy time

Minimize use of high contrast modes

Use of lower frame rates whenever possible

Avoiding use of steep angulations

Utilize available radiation-reducing technology

Virtual collimation

Last image hold

Storage of fluoroscopy

Low pulse-rate fluoroscopy options

Low dose-per-frame

Low frame rate options

Spectral beam filtration

Higher X-ray beam energy

Use of image noise reduction technology

Distance from radiation source

Optimal table positioning-higher table setting if possible

Staying at low scatter radiation areas for the staff

Keeping non-target anatomy away from the X-ray beam

Passive processes

Architectural shielding

Rolling leaded transparent shields

Stationary leaded transparent shields

Equipment-mounted

Ceiling-suspended shields

Table-suspended curtains and drapes

Radioabsorbent patient drapes

Radial arm boards

Personal protective equipment

Caps

Eyewear

Thyroid collar

Aprons

Lead acrylic face mask

Shielding

Shielding in the cardiac catheterization laboratory can be 
categorized into three types: architectural, equipment-
mounted, and personal protective devices (Figure 1).  
Archi tectura l  sh ie ld ing i s  bui l t  into  the  cardiac 
catheterization laboratory structure. This also includes 
rolling and stationary leaded transparent plastic shields that 
protect nursing staff and anesthesiologists (23).

Equipment-mounted shielding consists of ceiling-
suspended shields, table-suspended drapes, and disposable 
protective patient drapes. Ceiling-suspended shields are 
typically made of transparent leaded plastic that are readily 
adjustable during the procedure. Precise positioning of this is 
the key in significantly reducing operator exposure. There is 
a gap in protection created by the patient contour cutout and 
to minimize this, the upper body shield should be located far 
from the scatter source and near the operator. For example, 
in femoral artery access sites, it should be positioned just 
cephalad to the groin and as close as possible to the patient 
surface. Throughout the procedure, frequent repositioning 
of the upper body shield should be kept in mind as the table 
is moved to maintain effective protection (24).

The under-table X-ray tube gives off significant scatter 
radiation that is not usually covered by lead aprons. Table-
suspended drapes or lead curtains between the X-ray tube 
and the operator provide protection from it. In the extended 
protective shield under table to reduce operator radiation 
dose in percutaneous coronary procedures (EXTRA-RAD) 
study, the use of under-table anti-radiation shields (drapes 

Figure 1 Radiation protection equipment in a modern cardiac 
catheterization laboratory. In this picture you will find ceiling-
mounted lead glass shield, under-table lead curtain, radioabsorbent 
patient drape, real-time radiation dose monitor, Zero-gravity 
system, and a rolling lead shield.
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or curtains) resulted in lower radiation dose exposure at 
the pelvic and thorax level of the operators (25). In another 
study, installation of protective curtains has been shown to 
lead to a radiation dose reduction of as much as 64% (26).

Disposable radioabsorbent drapes that consist of 
bismuth, barium or tungsten-antimony have been shown 
to be effective in reducing radiation doses (27). These are 
placed on the patient and have been demonstrated to reduce 
attenuate scatter radiation twelve-fold for the eyes, twenty 
five-fold for the thyroid, and twenty-nine-fold for the  
hands (28). However, a study showed that although use of 
a pelvic lead shield for trans-radial interventions decreases 
radiation threefold for the operator, it doubled the exposure 
to the patient. A possible explanation was that the lead 
apron protected the operator from scatter radiation, but 
most of the radiation to the patient is related to the ones 
that the patient absorbs and does not leave the body. It has 
been argued that the cumulative dose of radiation to the 
operator significantly increases lifetime risk of cancer, while 
the small incremental increase in radiation translates to a 
clinically negligible amount for the patient (29).

A transradial radiation protection board has been shown 
to reduce radiation operator dose during radial approach 
procedures. It consists of a 20-cm vertical shield inserted 
in a wide base that provides support for the patient’s wrist 
when obtaining radial access (30). Rad Board® radial arm 
board is a similar device, but does not have this vertical 
shield. Instead, it has a built-in radiation scatter protection 
to its arm support. In an independent survey featured in 
its website, it was shown that it reduces up to 44% and 
25% radiation dose at waist height and at neck height, 
respectively (31). A subsequent randomized controlled trial, 
however, showed that utilizing it is significantly associated 
with more radiation exposure to the operator (32). In this 
study, setting up the Rad Board precluded the use of a 6-inch 
vertical shield typically inserted on the side of the patient 
between the below-table and the ceiling-mounted shield in 

the study.

Personal protective equipment

Personal protective equipment includes caps, gloves, 
eyewear, wearable aprons, and thyroid collar (Table 2).  
Although risk of malignancy is low, reports of left-
sided brain cancer in interventional cardiologists and 
electrophysiologists may suggest a causal relation to 
occupational radiation exposure and has been an area of 
concern (5). Compared to ceiling-mounted lead shields, 
lead caps that cover the sides and lower parts of the face 
have been shown decrease head radiation exposure (34). 
However, a lead cap approximately weighs 1,140 grams 
which may further contribute to operators’ orthopedic 
injuries (35). There are now available lead-free alternatives 
like surgical caps consisting bismuth and barium that weigh 
only 53 g. These were originally accepted as effective in 
reducing radiation dose (36). However, a more recent study 
showed that radiation scatter predominantly comes from 
below the physician’s head and radioabsorbent surgical 
caps do not cover this area. It has been shown to decrease 
radiation dose to the brain by only 3.3%—an almost 
negligible amount (24). When it comes to gloves, exposure 
to radiation of the hands does not pose a significant health 
risk. The best way to protect the hands is to keep them 
away from the direct radiation beam. There are radiation 
attenuating gloves available but their large size limit their 
use especially since cardiac catheterization laboratory 
procedures require manual dexterity (37).

Radiation-induced cataract or loss of transparency of 
the lens of the eye is one of the well-known risks in the 
cardiac catheterization laboratory. For acute exposures, the 
threshold for cataract induction is between 0.5 and 2 Gy, 
while it is 5–6 Gy for protracted exposures (38). The use 
of leaded glasses has been shown to reduce eye radiation 
by 35– >90% and when the sides of the eyes are protected 
like in a lead acrylic face mask, radiation exposure can be 
reduced by as much as 97% (33,39). The thyroid gland 
is a radiosensitive organ and thyroid cancer is a known 
consequence of radiation exposure. Although the cancer risk 
from radiation decreases significantly when exposure occurs 
after 20 years of age, a thyroid shield should always be worn 
during procedures (40). Care must be taken when wearing it 
and make sure there are no gaps between the thyroid shield 
and the lead apron.

The main radiation protection tool for the cardiac 
catheterization laboratory workers is the apron. It is 

Table 2 Radiation reduction with various equipment

Protective equipment Reduction in radiation (33)

Radioabsorbent surgical caps 3.3%

Leaded glasses 35–90%

Gloves 20–50%

Thyroid collar >95%

Lead apron >95%
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important in protecting the bone marrow and reproductive 
organs. A full body apron, however, weighs around 7 kg and 
can cause back problems (3). An alternative is a two-piece 
wraparound apron consisting of a skirt and a vest. This 
type of garment is lighter and it shifts some of the weight 
to the hips, alleviating the load from the shoulders and  
spine (37). The fit of the apron is important for ergonomic 
and safety purposes. Large gaps, for example, under the 
arms can expose breast tissue to radiation and put female 
staff at risk for breast cancer (41). There are now lead 
composite or lead-free aprons that have 20–40% reduced 
weight (42). From around 7 kg, these newer generation 
protective aprons weight around 4 kg. This reduces the 
risk of musculoskeletal injury for the staff stemming from 
the lead apron’s weight. To completely remove lead weight 
from the operator, there is a Zerogravity system available 
which is a ceiling-suspended personal radiation protection  
system (43). It consists of a curved lead head shield and 
a lead apron with arm flaps to the elbows (Figure 1). It 
has been shown to reduce radiation exposure 16–78 fold 
compared to conventional aprons (44).

Pregnant women in the cardiac catheterization 
laboratory

There are multiple strategies that can be employed for 
radiation exposure that are specific to pregnant women. These 
include making sure personal protective equipment measures 
at least 0.5 mm lead equivalent, doubling the thickness of lead 
aprons or wearing specific maternity lead aprons, and having 
an additional dosimeter at waist level under the lead apron to 
monitor fetal radiation exposure (45). It is important to note 
that federal laws prohibit discriminating against pregnant 
women in the workplace. With proper protection, they should 
not be prevented from working in the cardiac catheterization 
laboratory (46).

Techniques to reduce radiation exposure

During the procedure itself, there are several techniques 
that can be utilized to decrease radiation dose. For example, 
limiting fluoroscopy time to only when the operator is 
looking at the monitor. Instead of using more fluoroscopy 
to study the coronary arteries, review last image hold or use 
fluoroscopy loop for dynamic processes. Similarly, use of 
high dose modes such as high contrast mode, override mode 
or boost mode should be minimized. Adjusting fluoroscopy 
frame rate can also contribute to reducing radiation 

exposure. Although it can lower image quality, lower frame 
rates are usually adequate in many instances. Frame rate is 
typically set at 15 frames-per-second and decreasing it to 7.5 
frames-per-second has been shown to result in significant 
radiation dose reduction (47). It is similarly paramount to 
utilize all available radiation dose reduction technologies. 
These include virtual collimation, last image hold, and 
storage of fluoroscopy. Other radiation sparing features are 
low pulse-rate fluoroscopy options, low dose-per-frame, 
low frame rate options for image acquisition, spectral beam 
filtration and higher X-ray beam energy (48). Relatively 
new image noise reduction technology has half the amount 
of radiation dose compared to traditional fluoroscopy (49).  
Adjusting technical settings of X-ray equipment and 
implementing dose reduction protocols has been shown to 
decrease radiation exposure by 48% (50).

Optimal table positioning can reduce radiation dose 
to the patient. The patient is ideally placed as close as 
possible to the image receptor, and further away from 
the X-ray source. A higher table setting decreases patient 
skin dose. Steep angulation should also be avoided as this 
increases scatter radiation, radiation dose rate, and operator  
exposure (51). Ensuring tight collimator blade placement 
results in better image quality and decreases scatter 
radiation. Similar results can be gained from the utilization 
of semi-transparent or wedge filters (48).

During the procedure, maintaining distance from the 
X-ray beam and positioning themselves in a low scatter 
area reduces radiation exposure for the operator and 
staff. Because of automatic dose controls that increase 
X-ray tube output with patient thickness, it is important 
to keep patient's non-target anatomy and operator hands 
away from the field of view or primary X-ray beam (52). 
Choice of access site also affects radiation exposure. 
Radiation exposure in transradial approach decreases 
with operator experience (53-56). However, the use of 
radial access sites has been shown to have a small, but 
significant increase in radiation dose exposure as opposed 
to femoral access sites (57).

Future directions

Given the harmful effects of radiation, several technological 
advancements have been developed that will help reduce 
radiation exposure to the operator, patient, and staff 
in the cardiac catheterization laboratory. Intravascular 
ultrasound (IVUS) provides detailed coronary arterial 
wall architecture and lesion morphology. In complex 
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interventions, it helps decrease radiation dose exposure 
as it can give a more detailed view of the arterial lumen 
compared to fluoroscopy (58). Robotic remote-control 
angioplasty where interventional cardiologists work from a 
shielded workstation away from the radiation source have 
also been shown to reduce radiation dose by as much as 
96% (59). Real-time radiation dose monitoring (Figure 2)  
has been shown to alter operator behavior during the 
procedure resulting in reduction in the peak skin and total 
radiation dose of the patient (60). More widespread use 
of this technology will be helpful in decreasing radiation 
exposure. Advocates have proposed including radiation 
dose reports in all interventional cardiology trials to 
emphasize its importance especially in the development of 
new imaging equipment (61). Further development in this 
area may dramatically decrease occupational health hazards 
for interventional cardiologists and cardiac catheterization 
laboratory staff.
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