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Abstract Extensive research supports an association

between radiation exposure and cataractogenesis. New data

suggests that radiation-induced cataracts may form

stochastically, without a threshold and at low radiation

doses. We first review data linking cataractogenesis with

interventional work. We then analyze the lens dose typical

of various procedures, factors modulating dose, and pre-

dicted annual dosages. We conclude by critically evaluat-

ing the literature describing techniques for lens protection,

finding that leaded eyeglasses may offer inadequate pro-

tection and exploring the available data on alternative

strategies for cataract prevention.

Keywords Clinical practice � Radiation protection �
Radiation � Radiation-induced cataracts � Lead
glasses

Introduction

The lens is a highly radiosensitive tissue, with an associ-

ation between cataracts and radiation exposure being pos-

tulated within a year of Roentgen discovering the X-ray

[1]. The latency period between irradiation and cataract

formation is inversely proportional to dose and ranges from

years to decades [2]. Radiation is traditionally associated

with the posterior subcapsular cataract (PSC), an uncom-

mon cataract type often secondary to diabetes or systemic

corticosteroids [3].

A point of contention in the literature iswhether radiation-

induced cataractogenesis is a stochastic or deterministic

phenomenon. Initially, researchers believed that cataracts

develop deterministically and thus require a threshold radi-

ation dose and damage tomultiple cells [4]. This is presumed

by the current International Commission on Radiological

Protection (ICRP)model, which defines exposure thresholds

below which opacities do not form. New data suggests that

cataracts may form stochastically, without a threshold dose

and potentially in response to the damage of a single cell [5].

Multiple studies in non-interventionist populations have

predicted threshold values statistically equivalent to or near

zero [6–8]. If cataracts develop deterministically, increased

exposure levels will result in more severe cataracts [9]. If

they develop stochastically, however, dose will influence the

likelihood but not the severity of the cataract. Further, a

stochastic mechanism suggests that any low radiation dose

has the potential to cause damage.

Many researchers have studied the mechanism of radi-

ation-induced cataractogenesis. Brown reviews general

mechanisms of radiation tissue damage, which include both

direct, and free radical mediated injury [10]. Ocular radi-

ation primarily affects the germinative dividing cells of the

anterior lens epithelium [7]. These aberrant cells migrate to
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the posterior pole, creating the classic radiation-associated

PSC. Given the avascular nature of the lens, there is no

mechanism for removal of damaged cells, and they accu-

mulate with time to form a cataract. An intermediate stage

in cataract formation, posterior subcapsular opacification,

occurs prior to the development of symptomatic cataract as

these cells accumulate [5]. Although this process is irre-

versible, symptomatic cataract can be avoided if radiation

exposure is limited during this intermediate stage. Cataract

formation is believed to relate to the genotoxicity of radi-

ation exposure [5]. This is supported by heightened

cataractogenesis in animals with mutations in genes critical

to the regulation of cell division and DNA repair, including

Atm, Brca1, and Rad9 [4, 11]. This genetic basis for cat-

aract development is consistent with stochastic behavior in

which damage to a single aberrant cell is passed to future

cells to form a cataract.

The lens of the interventionist is exposed to radiation

primarily due to scatter from the patient [12]. Despite the

need for excellent stereotactic vision in interventional

work, interventionists often pay little attention to basic lens

protection practices, with data showing that leaded eye-

glasses are worn by \30 % of operators [13, 14] and

dosimeter use is inconsistent [15]. This practice is believed

to relate to either discomfort associated with leaded glasses

or a lack of knowledge regarding radiation safety [16]. We

believe the current review is important given data showing

that radiation safety education improves outcomes, both

increasing eyeglass use and decreasing interventionist dose

[17, 18].

In this review, we examine radiation-induced catarac-

togenesis from the perspective of the interventional radi-

ologist. We first review literature linking radiation

exposure and cataract development. We then review

research describing the lens dose typical of various inter-

ventional procedures, factors modulating dose, and pre-

dicted annual doses. We conclude by reviewing techniques

for lens protection, focusing on their strengths and weak-

nesses, and the optimal protection strategy for the inter-

ventional radiologist.

Radiation Exposure and Cataract Development

Many studies have shown a relationship between lens

exposure and cataract development. The ICRP, an inde-

pendent international organization of radiation experts

whose recommendations are frequently the basis for radi-

ation protection programs [19], previously defined the

threshold dose for protracted radiation causing detectable

opacities or symptomatic cataracts as 5 and 8 Sv, respec-

tively. These values were derived from early research that

was limited by short follow-up times, high exposure doses,

and poor sensitivity for detecting early lens changes [20].

Later work revealed that cataracts form at lower doses,

potentially without a threshold. These studies examined an

assortment of populations, including atomic bomb sur-

vivors [21], Chernobyl cleanup workers [8], astronauts

[22], radiologic technicians [23], and patients exposed to

radiotherapy [24]. These data motivated the ICRP to

modify their guidelines in 2011, decreasing the threshold

for detectable opacities or symptomatic cataract to 0.5 Sv

[20]. Further, they reduced the occupational dose limit for

lens equivalent dose to 20 mSv/year averaged over defined

5-year periods with no single year exceeding 50 mSv.

Previously, 150 mSv/year was recommended. The Nuclear

Regulatory Commission (NRC), a federal regulatory

agency in the United States, is reviewing the ICRP rec-

ommendations for possible implementation into federal US

guidelines [25].

Many excellent reviews summarize the data across

multiple populations supporting the ICRP threshold

reduction [1, 2, 4, 5, 26]. The current review will describe

the data that is specific to interventionist populations.

Given the similarities in technique between interventional

radiology (IR) and cardiology (IC), we will review data

describing cataracts in both of these groups. Further, given

data showing that IR doses are higher than IC doses [27], it

follows that studies showing cataract risk in cardiologists

imply a comparable or higher risk in interventional

radiologists.

Early research raised suspicion that interventional radi-

ologists are at risk of cataract formation. Vano provided a

case series on cataract development in IR suites not opti-

mized for interventional work [28], finding dot-like sub-

capsular cataracts in multiple staff members and bilateral

posterior subcapsular condensation in one physician.

Another early study examined cataract development in 59

interventional radiologists, with no lens opacification in

53 %, posterior subcapsular dot-like opacities in 37 %, and

PSCs in 8 % [29]. The authors state that cataract risk

increased with years of interventional work and that com-

pliance with protective eyewear appears to reduce cataract

risk.

The occupational cataracts and lens opacities in inter-

ventional cardiology (O’CLOC) study explored cataract

development in the interventional cardiologist [16]. In this

study, 106 French cardiologists were compared with a

control group of 99 unexposed employees of a radiation

safety agency. A questionnaire regarding work history

quantified cumulative lens dose. Posterior subcapsular

opacities were three times more common in cardiologists,

with a significant increase in risk after correcting for age,

sex, smoking, and various other confounders. The majority

of the opacities were low grade (83 % LOCS III stage 1),

and nuclear and cortical cataract rates did not differ
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significantly between groups. Increased risk was not seen

in interventionists using lead glasses at least 75 % of the

time. Adjusted odds ratio increased with more years of

interventional work, although there was not a clear rela-

tionship between odds ratio and the starting date of IC

activity or the cumulative number of procedures.

The retrospective evaluation of lens injuries and dose

(RELID) trial, which consisted of multiple studies, exam-

ined cataracts in interventional cardiologists and

paramedical personnel attending cardiology conferences

[21, 30–32]. The control group consisted of conference

attendees without history of radiation exposure and inter-

ventionist lens dose was quantified using a work history

questionnaire. In all RELID studies, interventionalists were

found to have a significantly increased risk of posterior lens

opacification. Support staff, however, displayed signifi-

cantly increased risk in only two of the four studies. Most

lens opacities were low grade, with only 5 % of opacities

seen in one study exceeding the lowest grading score [32].

The influence of these opacities on vision is unclear, as

only one study assessed vision and this was done in a

preliminary manner without a control group [31]. Multiple

studies demonstrated increased posterior opacity risk with

increased total lens dose [31, 32], although one study

showed higher risk in individuals with less exposure [21].

This inconsistency was likely due to inaccuracy in the

questionnaire method of dose assessment. One study

demonstrated that interventionists with opacities had more

years of work experience and less use of dosimetry, eye-

glasses, and protective screens [31]. Additionally, this

study showed positive correlation between lens dose and

cataract severity.

In conjunction with decades of research across diverse

populations linking radiation exposure and cataracts, these

data suggest that interventional radiologists are at risk of

cataract development. A summary of the data is provided

in Table 1. While most opacities in these studies are small

and without influence on visual acuity, the natural history

of these inconsequential opacities is evolution into larger

lesions that reduce vision and require surgery [30]. The

current research has a number of limitations. A retrospec-

tive questionnaire approach cannot accurately estimate lens

dose, as operator recall regarding decades of work is

questionable and numerous complex factors influence dose

that may differ between facilities and operators. It is crucial

that future research uses dosimetry to quantify lens dose.

Correlating lens dose with cataract severity may offer

insight into the stochastic versus deterministic nature of

radiation-induced cataractogenesis, as only a deterministic

mechanism predicts worse cataract at higher lens dose.

Another flaw in the current literature is that study cohorts

are small, the largest being the 106 cardiologists of the

O’CLOC study. Larger trials are needed to confirm the

generalizability of these findings and decrease the proba-

bility of selection bias. Selection bias is of particular

concern in the RELID trials, which utilize experimental

and control groups comprised volunteers attending cardi-

ology conferences. In the future, a larger trial using

prospective dosimetry and careful sample selection is

essential to refining our understanding of cataract risk in

IR.

Quantifying Lens Exposure in Interventional
Radiology

Many studies quantify lens irradiation during interven-

tional procedures. If lens dose during these procedures

exceeds the cataract threshold, radiologists are at risk of

cataract development. As we detailed previously, signifi-

cant controversy exists regarding this threshold, with some

arguing that there is cataract risk for any lens dose. In this

review, we examine IR doses from the perspective of the

widely accepted ICRP guidelines. The ICRP states that

cataracts may develop above a threshold cumulative

absorbed dose of 0.5 Sv, recommending an annual occu-

pational dose limit of 20 mSv [20]. In this section, we

summarize the available data on lens dose in a wide variety

of interventional procedures, analyzing findings from both

phantom and human studies.

A rich source of data describing lens dose in IR was

provided by the optimization of radiation protection of

medical staff (ORAMED) study [14]. ORAMED was

designed to acquire standardized data on lens and extremity

exposure in IR and IC procedures, with lens doses quanti-

fied for nearly 1300 procedures across 34 institutions.

Studied procedures included radiofrequency ablation,

embolization, and angiography/angioplasty. Ceiling-sus-

pended shields were used for lens protection in some, but

not all, cases. The highest lens dose was seen in

embolization, with a mean of 60 lSv. Although the mean

values for other procedures were lower, maximal doses of

approximately 1 mSv were seen occasionally in most pro-

cedures. This illustrates the wide dosing variability seen in

IR, which is believed to relate to operator experience, case

complexity, image acquisition protocol, and many other

factors. Table 2 summarizes the ORAMED data for various

procedures. The authors also estimated total annual lens

dose for 16 operators, with six physicians (37.5 %) meeting

or exceeding the current ICRP occupational dose limit.

Another ORAMED study also examined lens dose in a

variety of IR procedures [33]. Lens dose was quantified for

two operators, with both exceeding the ICRP dose limit at

estimated annual doses of 49.3 and 71.6 mSv/year. Of note,

the operator with the higher dose performed embolization

using the biplane technique, which was found in another
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study to increase dose-area-product by 36 % and is

believed to increase lens irradiation [34, 35]. Embolization

resulted in the highest single procedure lens dose

(2.4 mSv) as well as the highest lens dose/KAP. A second

component of this study used a PMMA phantom to esti-

mate lens dose during a variety of fluoroscopy projections.

Dose rate was lowest for the caudal projection and highest

for the LAO90 projection, with a relatively high dose for

RAO90 and low doses for the PA and RAO30 projections.

Research by Hidajat explored the amount of radiation

delivered to interventionists performing the transjugular

intrahepatic portosystemic shunt (TIPS) procedure [36].

This procedure delivers a high radiation dose to patients

since fluoroscopy time is high and patient ascites often

necessitates high voltage and tube current [37]. As such,

high operator dose is anticipated due to scatter. Data were

collected for 18 TIPS procedures utilizing a ceiling-sus-

pended screen, with average lens doses of 0.403 and

0.229 mSv for the right and left eye, respectively, and a

mean fluoroscopy time of 77.8 min. Under the current

ICRP guidelines, physicians performing 50 TIPS proce-

dures annually would exceed the cataract dose limit. This

number would likely be considerably lower in the absence

of shielding.

Vano quantified lens exposure in a phantom study using

imaging protocols typical of various interventional proce-

dures [38]. Data were collected using seven imaging sys-

tems performing fluoroscopy, DSA, and cine cardiac

imaging. Imaging parameters used in specific IR proce-

dures were gathered from the literature [39]. There was

considerable variability in lens dose between the seven

fluoroscopic systems, with dose rate in high-dose fluo-

roscopy ranging from 0.37 to 2.44 mSv/h. Lens dose

increased with patient phantom thickness, consistent with

increased patient scatter in a larger patient. Dose rate

varied substantially between projections, with the highest

dose in LAO90 and low doses for the RAO30 and PA

projections, in agreement with the Koukorava study [33].

The greatest lens doses in the simulated procedures were

seen in cranial neuroembolization (11.20 mSv), spinal

neuroembolization (11.00 mSv), and TIPS (3.72 mSv).

Given a standard workload of 3–5 procedures/day, these

data suggest that IR physicians likely exceed the cataract

dose limit if lens protection is not used.

A number of additional studies provide valuable lens dose

information. One study found low lens doses in neuroint-

erventional procedures performed using a ceiling-suspended

shield [40]. Efstathopoulos showed that, despite using a

ceiling-suspended shield, a radiologist performing verte-

broplasty with monoplane fluoroscopy was predicted to

exceed the ICRP dose limit at 27.9 mSv/year [27]. Harstall

studied orthopedic surgeons performing vertebroplasty with

C-arm fluoroscopy and predicted a lower annual dose of

11.9 mSv [41]. Directly comparing these studies is difficult,

however, given differences in technique between C-arm and

monoplane fluoroscopy. Another study analyzed CT-guided

Table 1 Data linking radiation and cataractogenesis in interventionists

Reference N Cumulative lens

dose (Sv or Gy)

Posterior subcapsular

opacity prevalence (%)

RR or OR (95 % CI)

[29] IR: 59 NA IR: 47 NA

C: NA

[30] IC: 58 IC: 6 IC: 38 IC: 3.2 (1.7-6.1)

SS: 58 SS: 1.5 SS: 21 SS: 1.7 (0.8-3.7)

C: 93 C: 12

[32] IC: 56 IC: 3.7 IC: 52 IC: 5.7 (1.5-22)

SS: 11 SS: 1.8 SS: 45 SS: 5.0 (1.2-21)

C: 22 C: 9

[21] IC: 30 IC: 1.1 IC: 53 IC: 2.6 (1.2-5.4)

SS: 22 SS: 1.8 SS: 45 SS: 2.2 (1.0-4.9)

C: 34 C: 20

[31] IC: 54 IC: 3.0a, 8.3b IC: 50 NA

SS: 69 SS: 1.8a, 2.7b SS: 41

C: 91 C: 12

[16] IC: 106 NA IC: 17 IC: 3.85 (1.30–11.40)

C: 99 C: 5

IR interventional radiologists, IC interventional cardiologists, C control, SS support staff
a Individuals without lens opacification
b Individuals with lens opacification
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biopsies and drainages, finding low lens doses unlikely to

exceed the ICRP dose limit [42]. A topic of interest in future

lens dose research is CT fluoroscopy, which is known to

deliver higher radiation doses than single-slice CT acquisi-

tion [43]. One study found that, over 82 consecutive pro-

cedures, CT fluoroscopy delivered a median per procedure

eye level dose of 0.21 mSv [44]. Another study analyzing

220 CT fluoroscopy procedures found a low operator lens

dose of 0.010 mSv/procedure, likely due to selection of a

low milliampere value and usage of a quick-check technique

similar to conventional CT [45]. More data is needed to

further characterize the cataract risk and lens dose charac-

teristics of CT fluoroscopy.

The literature discussed in this section highlights the

potential for cataract induction in a standard IR workload. A

summary of lens dose in various interventions is seen in

Table 2. A number of procedures result in a particularly

high lens exposure, including embolization, vertebroplasty,

and TIPS. Values in these studies may underestimate clin-

ical reality, as experimental subjects may modify their

behavior to minimize lens dose. Dose variability for the

same procedure within and across studies is high, often

exceeding an order of magnitude. Dosimeter type, calibra-

tion, and positioning likely contribute to this variability.

Other factors include case complexity, operator experience,

operator height, patient body habitus, imaging technique,

age of imaging equipment, and shield use and placement

strategy. This variability underscores the importance of

dosimetry, as numerous complex factors influence lens dose

such that it is difficult to make predictions for a particular

case based on values seen in the literature. As such, the

available data is not particularly useful in the quantitative

dose values it provides. Rather, it is useful in that multiple

studies predict a lens dose that approaches or exceeds the

ICRP dose limit for cataract formation. It is thus critical that

radiologists utilize lens protection and perform careful

dosimetry to quantify the lens dose characteristic of their

clinical practice as recommended by the Society of Inter-

ventional Radiology (SIR), Cardiovascular and Interven-

tional Society of Europe (CIRSE), and ICRP [19].

Table 2 Lens doses seen in various interventional procedures

Procedure Reference Dose Variation

Embolization [14]b (General) 2.3E-3 (mSv/Gycm2)c 1st/3rd Quartile: 2.1E-4/1.9E-3

[33]b (Liver) 1.0E-3 (mSv/Gycm2)c NA

[33]b (Brain) 1.2E-3 (mSv/Gycm2)c NA

[38]a (Brain) 11.20 mSvd Range 1.38–11.20

[38]a (Pelvic) 3.43 mSvd Range 0.41–3.43

[38]a (Liver) 2.14 mSvd Range 0.27–2.14

Pulmonary angiography [38]a 1.49 mSvd Range 0.19–1.49

Iliac angioplasty [38]a 2.22 mSvd Range 0.25–2.22

DSA/PTA lower limb [14]b 4.7E-3 (mSv/Gycm2)c 1st/3rd Quartile: 1.6E-4/1.3E-3

[33]b 0.25E-3 (mSv/Gycm2)c NA

DSA/PTA renal [14]b 3.0E-4 (mSv/Gycm2)c 1st/3rd Quartile: 1.0E-4/4.2E-4

DSA/PTA cranial/carotid [14]b 5.8E-4 (mSv/Gycm2)c 1st/3rd Quartile: 1.9E-4/6.8E-4

[33]b 7.5E-4 (mSv/Gycm2)c NA

[27]b 13 lSvd NA

Cerebral angiography [40]b 2.1 lSvc SD: 2.2

Neurointerventional (various) [40]b 2.6 lSvc SD: 1.6

Nephrostomy [33]b 0.9E-3 (mSv/Gycm2)c NA

TIPS [36]b 0.403 mSvc SD: 0.328

[38]a 3.72 mSvd Range 0.41–3.72

[27]b 8 lSvd NA

CT-guided biopsy [42] 3.9 lSvc Range 0.5–218.9

CT-guided drain [42] 1.9 lSvc Range 0.03–52.6

Vertebroplasty [41] 84 lSvc NA

[27]b 1129 lSvd NA

a Phantom study
b Shielding used
c Mean/median dose
d Maximum dose (average not provided)
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Techniques for Minimizing Lens Exposure

Various techniques have been used to minimize radiation

exposure to the physician and support staff during inter-

ventional procedures. In this section, we review lens pro-

tection techniques. While the scope of this review is

limited to techniques that directly relate to the lens, general

radiation safety practices can also substantially reduce lens

dose and should always be followed [19]. A general pro-

tection technique of particular interest is the development

of improved fluoroscopy systems using novel hardware and

image processing techniques that may substantially reduce

patient and operator radiation dose [46–49]. Additional

research is needed to determine the impact of these novel

systems on operator lens dose.

Leaded eyeglasses are perhaps the most fundamental

technique for lens protection. Research has shown great

variability in the protection afforded by leaded glasses,

with one review finding an attenuation range across studies

from 35 to[95 % [50]. Phantom studies offer important

insight into the protective effect of leaded eyeglasses. One

study assessed an interventionist phantom wearing three

eyeglass models, two with higher lead equivalence

(0.75 mm) and a third model with larger lenses of lower

lead equivalence (0.07 mm) [51]. With the phantom facing

the source, higher lead equivalence resulted in better pro-

tection. When the phantom was placed at increasing angles

to the source, however, lens geometry became increasingly

important and the thinner, larger lens was more effective

than one of the thicker models. Another study assessed the

influence of operator head position [52]. For frontal irra-

diation of the phantom placed at the level of the simulated

patient, dose reduction between eyeglass models ranged

from a factor of 7.9–10. With the phantom situated above

the table in an orientation similar to an IR physician,

however, the protective effect of the eyeglasses was

diminished. Similarly, another phantom study showed

inferior protection for radiation from below rather than

frontal radiation [53]. The dependence on radiation angle

and eyeglass geometry seen in these studies likely relates to

the presence of vulnerable regions not protected by the

eyeglasses, such as the openings where the eyeglasses

interface with the cheek and nose. Geber evidenced this

point with films showing the distribution of radiation

within the phantom [53] and further support was provided

by Monte Carlo simulations [54].

Research has also measured the in vivo dose reduction

offered by leaded eyeglasses. Comparing 10 lens types,

including lenses capable of attenuating a direct X-ray beam

[1000 times in phantom studies, one study found that lens

irradiation during patient fluoroscopy was reduced at best

by a factor of 5.3 [55]. Challa found that eyeglasses

reduced lens dose in cardiology procedures to the left and

right eye by 67 and 45 %, respectively [56], and a similar

cardiology study found a left eye dose reduction of only

35 % [57]. Another study assessed eyeglass protection in a

wide range of interventional procedures, finding a dose

reduction factor of 2.1 for the left (tube-side) eye and no

significant dose reduction for the right eye [52].

These data suggest that the lens protection afforded by

leaded eyeglasses is variable and incomplete in certain

circumstances (Table 3). Nonetheless, data consistently

show that eyeglasses offer some benefit, including a study

demonstrating a lower rate of cataractogenesis with con-

sistent eyeglass use [16]. The variability in efficacy may

relate to the fit between a particular eyeglass model and the

unique facial anatomy of the operator, a topic that should

be studied further to optimize eyeglass design. This con-

cept is supported by both the phantom studies discussed

above and Monte Carlo simulations suggesting that these

gaps represent the primary source of scatter radiation

reaching the lens [54]. Research shows poor compliance

with leaded eyeglasses despite their known benefits [15,

58], possibly due to eyeglass discomfort [16]. As such,

another important component of eyeglass development is

the creation of more ergonomic eyeglass models that pro-

vide more efficient lens protection.

Leaded shields represent another fundamental technique

for lens protection. Usage of the ceiling-suspended shield

in the in vivo arm of the van Rooijen study reduced radi-

ation to the left and right eye by a factor of 5.7 and 4.8,

respectively [52]. The Koukorova phantom study found

that shielding reduced lens dose by 98 % [33]. Analyzing

cardiologists performing coronary angiography, Maeder

showed that shielding reduced DAP-normalized lens dose

by a factor of 19 [59]. In the ORAMED study, ceiling-

suspended shields reduced lens dose in embolization and

ERCP but not lower limb angiography [14]. The authors

state that ineffective shielding likely occurred when the

shield was improperly placed. A phantom study simulating

cardiac interventions offered some insight into shield

positioning by showing that dose reduction ranged from

*20 to 80 % based on shield position [60]. Optimal pro-

tection was seen with the shield abutting the patient and

adjacent to the access point, whereas inferior protection

was seen when the shield was lifted above the patient or

moved away from the access point towards the source.

Multiple studies support the efficacy of ceiling-sus-

pended shields. In general, shielding offers protection that

is superior to that of leaded eyeglasses [50, 52, 61].

Shielding avoids the gaps in the protective barrier that

plague leaded eyeglasses and provides excellent protection

for both eyes. A primary weakness of the shielding

approach, however, is that shielding cannot be utilized in
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all procedures due to space constraints. There also seems to

be variability in shield efficacy related to the specifics of

shield positioning [14, 60], and further research is needed

to clarify optimal shield position for various access points.

In addition, research should further explore specialized

systems that combine multiple shielding materials for

comprehensive protection [62, 63]. These systems show

potential in current literature and may eventually obviate

the need for leaded gowns or eyeglasses.

Radiation-absorbing surgical drapes also have utility in

lens protection. Research has explored disposable, lead-

free drapes containing bismuth and barium that block

scatter radiation from the patient [64]. Studies across a

variety of interventional procedures have demonstrated that

drapes reduce operator lens dose in a statistically signifi-

cant manner [60, 64–67] (Table 3). In one study, the drapes

provided significant protection despite the use of a ceiling-

suspended shield, suggesting the attenuation of radiation

not blocked by shielding [67]. These drapes have a number

of benefits, including lens protection, ease of use, and

operator comfort. Furthermore, studies analyzing both

phantoms [68, 69] and in vivo cardiology procedures [70–

72] suggest the drapes protect regions other than the lens. A

potential disadvantage of the drapes is additional per-pro-

cedure cost, although this expense is relatively trivial at

$39 US/drape [69]. In addition, there is theoretical concern

that in some positions the drapes may obstruct the primary

beam and cause increased lens dose via automatic bright-

ness control feedback [66].

Two additional strategies are believed to have utility in

minimizing lens exposure. First, a growing body of data

shows that formal training in radiation safety reduces

operator dose [17, 18], and a joint guideline statement by

the SIR and CIRSE emphasized the importance of radiation

safety training. Second, appropriate dosimeter use is criti-

cal to a clear understanding of lens dose. The ICRP rec-

ommends wearing a minimum of two dosimeters, one at

the collar above the apron and one below the apron, with

the collar dosimeter allowing for lens dose estimation [19].

The SIR and CIRSE support this recommendation [19].

A variety of approaches offer substantial lens protection.

A summary of the various protection techniques is pro-

vided in Table 3. Further research is needed to determine

the optimal means of lens protection, both minimizing lens

dose and maximizing operator comfort and function.

Conclusions

In this text, we review radiation-induced cataractogenesis

and techniques for lens protection. A review of the litera-

ture allows us to establish a number of general conclusions.

Table 3 Lens protection factors seen in various protection modalities

Technique Reference Dose reduction factor

Leaded eyeglasses [55] 1.8–5.3

[57] 1.5

[56] 3 (Left); 1.8 (right)

[61]a 5.4–10.2

[53]a 1.2–4.5 (Left); 1.0-1.1 (right)

[52] 2.1 (Left); 0.8 (right)

[52]a 3.4–8.3 (Left); 1.5–2.3 (right)

[51]a 1.4–5.1

Ceiling-suspended shield [59] 19

[61]a 132–([1000)

[14] 5–8 (ERCP, tube below table); 3–7 (embolization);

none (various)

[60]a 1.3–5.0

[33]a 50

[52] 5.7 (Left), 4.8 (right)

Radiation attenuating drapes [65] 12

[66] 4.3

[61]a 5.2–24.6

[60]a 1.5–3.3

[67] 1.2

[64] 2.2

a Phantom study
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First, radiation-induced cataractogenesis may be stochastic

rather than deterministic, and any lens exposure may have

associated cataract risk. Second, a wealth of evidence

suggests that IR work increases the probability of cataract

development. Further research is needed to clarify the

details of this response, including dose thresholds and the

likelihood of progression to symptomatic cataract requiring

treatment. Data also suggests that standard IR workloads

have the potential to deliver lens doses exceeding the ICRP

occupational dose limit if radiation protection tools are not

properly used. Furthermore, the available dose data may

actually underestimate clinical reality if studied interven-

tionists modify their behavior to reduce dose. Given the

immense variability in per procedure lens dose, IR physi-

cians should monitor their own exposure using an above-

apron dosimeter. Finally, protective measures should be

used routinely, including leaded eyeglasses in all cases and

protective screens when practically feasible. Radiation-

absorbing drapes may also reduce lens exposure. Given

data suggesting that radiation safety compliance is poor

due to an insufficient understanding of risk, we hope that

the current review increases awareness and results in

heightened efforts for lens protection.
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