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What is cataract? 

Clouding or opacification of the natural lens of the 
eye and obstructing the passage of light  
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Cataract 

n  Lenticular Opacification 
n  Risk Factors: 

n  Corticosteroids 
n  Diabetes Mellitus 
n  Sunlight exposure (UVB) 
n  Trauma 
n  Infections 
n  Nutritional deprivation 
n  Age (~ 50% >65 yrs) 
n  Heredity 
n  Radiation 
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What is treatment? 

Easily treatable condition -surgery 

Nothing to match natural 
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Phacoemulsification 

•  Eye's internal lens is emulsified with an 
ultrasonic hand piece  

•  Aspirated from the eye.  
•  Aspirated fluids replaced with irrigation of 

balanced salt solution 
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n  Dot Opacities 
n  Latency depends on rate at 

which damaged epithelial 
cells undergo fibrogenesis 
and accumulate. 

Radiation & Cataract 

HOT Topic in Occupational Radiation 
Protection  
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Is Radiation 
induced cataract 
different? How? 

 

Good news is that “Yes it is 
different”. How, let us see see….. 

Rehani. ICTP Radiation Cataract & Dosimetry 8 



nucleus 

Capsule 
Epithelium 

9 

Front 

Back 
Rehani. ICTP Radiation Cataract & 

Dosimetry 



Capsule

Epithelium

Capsule

Epithelium

Capsule

Epithelium

LENS

PSC
Cataract

CORNEA

a. b.

ANTERIOR
CHAMBER

Capsule

Epithelium

Capsule

Epithelium

Capsule

Epithelium

LENS

PSC
Cataract

CORNEA

a. b.

ANTERIOR
CHAMBER

Pre-dominantly, not exclusively  
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•  Cortical 
•  Nuclear 
•  Posterior SubCapsular (psc) 
•  Mixed 

Major Cataract Subtypes 
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…However, new data on the radiosensitivity of the eye with 
regard to visual impairment are expected. 
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What New? 

Lens opacities reported at dose 
levels below the mentioned 

threshold in ICRP 60 and 103 
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Odds Ratio 

•  Is a measure of effect size, describing the 
strength of association or non-independence 
between two binary data values.  

•  Ratio of the odds of an event occurring in one 
group to the odds of it occurring in another group 
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A-Bomb Survivors 

Neriishi et al, Rad Research 
168:2007 

•  Operative Cataract odds 
ratio of  
 ~1.4 at 1 Gy 

•  Dose threshold seen at 
0.1 Gy (upper bound of 
0.8 Gy). 
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A-Bomb Survivors 

Minamoto et al, Int. J Rad Biol 
80(5):2004 

•  Prevalence of cortical and 
posterior subcapsular 
opacities showed significant 
correlation with radiation dose 

•  Odds ratios of  
 ~1.3 at 1 Gy 
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Chernobyl 

Worgul et al, Rad Research 
167:2007 

•  Dose effect threshold  

 < 1 Gy 
•  UN Chernobyl Forum 2006 

•  Even low doses of  
 0.25 Gy may also be 
cataractogenic. 
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Airline Pilots 

Rafnsson et al, Arch 
Ophthalmol. 123:2005 

•  Cosmic radiation may 
be a causative factor in 
nuclear cataracts. 

•  Note – some have 
disagreed with this 
assertion 
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Astronauts 

Cucinotta et al, Rad Research 
156:2001 

•  Relatively low doses of space 
radiation are causative of an 
increased incidence and early 
appearance of cataracts 

•  Increased risk with higher 
lens doses    > 8 mSv 
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Infancy Exposures 

Hall et al, Rad Research 
152:1999 

•  Children exposed to lenticular 
doses during skin hemangioma 
treatments 1920-1959 

•  Odds ratio for developing 
posterior subcapsular cataract      
1.5 at 1 Gy 

•  Odds ratio for developing 
cortical opacity  
 1.35 at 1 Gy 
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Chronic Low Dose Exposures 

Chen et al, Rad Research 156:2001 
•  Contaminated buildings in Taiwan 
•  Minor lenticular changes in lenses of young subjects  
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Interventional Radiologists 

Haskal & Worgul, 
RSNA News 2004:14 

•  Radiologists 
•  5/59 posterior 

subcapsular cataracts 
•  22/59 small dot-like 

opacities (early signs 
of radiation damage) 

•  1/59 had undergone 
cataract surgery in one 
eye 

Schueller et al, Radiographics 2006 
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Active collaborators 

Eliseo Vano Norman Kleiman 

Ariel Duran KH Sim Olivera Ciraj 
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Plus a team of local ophthalmologists 
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IAEA Cataract  

Rehani. ICTP Radiation Cataract & 
Dosimetry 

25 



Objective 

To examine the prevalence of radiation-
associated lens opacities among interventional 
cardiologists and technical staff and correlate 
with occupational radiation exposure 

•  Not purely a doismetry or effect study 
•  Dose and effect 
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Assessment of lens change 

•  Dilatated slit lamp 
examination 

•  Merriam-Focht scoring 
system 

•  Scores: 0-3.0 
•  Scores >2.0 correlate 

with visual acuity 
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Eye dosimetry 

•  Regular eye dosimetry in diagnostic imaging 
practically does not exist 

•  Accurate assessment of eye lens dose is one of 
the most important aspects of: 
•   correlating doses with observed lens opacities 

among workers in interventional suites 
•  ascertaining compliance with regulatory limits 
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Dose metrics 

•  The eye lens dose, as organ dose is not directly 
measurable 

•  According to ICRU the operational quantity 
Hp (3) is the most appropriate  to monitor the 
eye lens dose, as the lens is covered by about 3 
mm of tissue 

•  Proposals to use Hp(0.07) for eye lens dose 
monitoring 
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Current eye dosimetry challenges 

•  Which personal dose equivalent quantity is 
appropriate? 

•  How it can be used routinely for eye lens dose 
monitoring? 

•  What is a suitable dosimeter and calibration 
procedure? 

•  How to convert radiometric quantities, as   
fluence, to equivalent dose to the lens? 
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Possible approaches 

Practical dosimetry:  
1.  Passive dosimeters  
2.  Active dosimeters  
 

3.  Retrospective dose 
assessment using 
scatter radiation dose 
levels 

4.  Correlations between 
patient dose indices 
and eye doses to the 
operators 
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Passive dosimeters 

•  Dedicated passive dosimeter designed to 
provide the dosimetric quantity Hp(3) 

•  Double dosimetry: 
•  If a dedicated eye dosimeter is not available, a 

collar dosimeter calibrated in terms of Hp(0.07) 
•  Some studies that claim that collar dosimeter provide a 

reasonable and conservative estimate of eye lens dose 
(within 15%) 

• Other studies claiming that a dosimeter at collar level 
would underestimate the absorbed dose to the eye lens 
to about 73 % 
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Problems with Passive dosimetry 

• Large number of operators are not 
wearing personal dosimeters or wear 
it irregularly 

•  It is generally only one badge with 
uncertain position on the body 
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Possible approaches 

Practical dosimetry:  
1.  Passive dosimeters  
2.  Active dosimeters  
 

3.  Retrospective dose 
assessment using 
scatter radiation dose 
levels 

4.  Correlations between 
patient dose indices 
and eye doses to the 
operators 
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Measuring scatter dose reduction for different goggles 
Detector 1 (left lateral goggles not protected)   

Detector 2 (central goggles not protected) 
Detector 3 (inside goggles, protected)   

Detector 4 (shoulder)  Solid stated detectors 
measuring the scatter 

dose rate outside 
(central and left 

lateral) and inside the 
goggles (left eye) 

Courtesy E. Vano, Madrid 
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Typical dose levels 

•  CA and PCI: (157±126)µSv  with range  0.72-600 
µSv for cardiology 

•  Electrophysiology procedures: (30±19) µSv  with 
range  7.7-70 µSv 

•  Gastroenterology interventions (various stenting 
procedures): (211±202) µSv with range from 42-976 
µSv 

 
Upcoming publication in Health Physics by E Vano 
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Possible approaches 

Practical dosimetry:  
1.  Passive dosimeters  
2.  Active dosimeters  
 

3.  Retrospective dose 
assessment using 
scatter radiation dose 
levels 

4.  Correlations between 
patient dose indices 
and eye doses to the 
operators 
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Retrospective dosimetry 

•  Reconstruction of the laboratory workload (types 
and numbers of procedures) 

•  Usually with questionnaires and the application of 
many assumptions about past activity (procedures 
performed, corresponding doses based on previous 
dosimetric studies and the use of radiation protection 
tools) 

•  Currently many times-this is the only possible 
approach 
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Model Value Unit Source Remark 

n/a 59 µSv/proc Tsapaki ate all, PMB, 2004 CA, 5 countries, shoulder 
dose 

n/a 89 µSv/proc Tsapaki ate all, PMB, 2004 PTCA, 5 countries, 
Shoulder dose 

Philips Optimus M 
200 Poly C 

260 mSv/y Vano, et al, BJR, 2006 5000 procedure/y 

Philips  
Integris HM 300 

31 mSv/y Vano, et al, BJR, 2006 5000 procedure/y 

Philips 
Integrtis N-5000 

18 mSv/y Vano, et al, BJR, 2006 5000 procedure/y 

Philips  
Integrtis Allura 

3.5 mSv Kuipers et al, Cardiovas Int 
Rad, 2008 

4 weeks, TLD above the 
apron 

Philps  
Polydiagnost C2 

0.21-0.37 mSv/proc Steffino, et al BJR 1996 Ceiling screen in place 

Not available 0.11 mSv/proc Pratt and Shaw, BJR, 1993 Ceiling screen and 
Goggles in place 

CGR DG 300 0.014 mSv/proc Marshall et al, BJR 1995 Eye dose, lead shield 

Siemens  
Angioskop D 

0.28 mSv/proc Calkins et al, circulations, 
1991 

Eye, Ceiling screen in place 

Philips Alura 
10FD/20FD. GE 
Advantix, Philips 
Intergris 3000/5000, 
Siemens Axiom bip A 

Table 1 
 

Sv//h Vano et al. Radiology 2008.  Dose rate at 1 m. h=1.6 m 
for different modes (fluoro. 
cine..) 

Dose information for various studies (I) 
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Remarks 

•  Reported eye lens doses:  
•  0.3-11 mGy/study (without use of protective devices) 
•  0.011-0.33 mGy/study  (with protective devices) 

•  In literature multiple dosimetry quantities: air kerma, 
H*(10), Hp(10),  Hp(3)…) 
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Protec'on	  tools/ac'vity	  
Dose	  modifica'on	  
factor	  

Remark	  

Ceiling	  screen	   1.6-‐2.3	   Reduc'on	  ra'o	  in	  terms	  of	  Hp(0.07)/KAP	  for	  leI	  and	  middle	  eye	  

Ceiling	  screen	   1.8-‐2.5	   Dose	  ra'o	  without	  and	  with	  ceiling	  shield	  	  

Ceiling	  screen	   54	   Dose	  rate	  ra'o	  without	  and	  with	  ceiling	  shield,	  phantom	  study	  

Ceiling	  screen	   38%	  	   Dose	  reduc'on	  	  by1.0	  to	  1.5	  mm	  lead	  equivalent	  screen	  

Ceiling	  screen	   20	   Dose	  rate	  reduc'on	  factor	  

Ceiling	  screen	   2-‐7	   Dose	  reduc'on	  factor	  for	  the	  eye	  dose	  	  

Ceiling	  screen/upper	  body	  shield	   40-‐90%	   Dos	  reduc'on,	  depending	  on	  upper	  body	  shield	  posi'on	  

X-‐ray	  tube	  orienta'on	  (biplane	  vsundrecoch)	   0.4	   Ra'o	  of	  Hp(0.07)/PKA	  for	  biplane	  and	  undercouch	  geometry	  

X-‐ray	  tube	  orienta'on	  (AP	  vs	  PA)	   7/8.1	   Dose	  ra'o	  for	  thorax	  irradia'on	  for	  femoral/radial	  access	  

X-‐ray	  tube	  orienta'on	  (AP	  vs	  PA)	   2-‐27	   Dose	  ra'on	  for	  factor	  

X-‐ray	  tube	  orienta'on	  (LAO	  90ovs	  RAO	  90o)	   7.0	   Dose	  ra'o	  for	  	  thorax	  irradia'on	  

Lead	  glasses	   0.13-‐0.30	  
Dose	  ra'on	  with	  and	  without	  glasses	  depending	  on	  the	  type	  of	  
glasses	  and	  x-‐ray	  tube	  orienta'on,	  Monte	  Carlo	  simula'ons	  

Lead	  glasses	   0.2	   Dose	  reduc'on	  factor	  
Lead	  glasses	   2	  (1.8-‐5.3)	   Dose	  reduc'on	  factor	  
	  Collima'on	  	   No	  influence	   Monte	  Carlo	  simula'ons	  
Beam	  quality	   No	  influence	   Monte	  Carlo	  simula'ons	  

Access	  route	   2-‐7	   If	  the	  shields	  are	  properly	  used,	  lower	  dose	  for	  femoral	  access	  
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Our Decision  

•  Typical doses if protective devices are not used 
•  0.5 mGy/procedure for interventional cardiologists  
•  0.15 mGy/procedure for and nurse 

•  This exposure corresponds to a typical procedure 
of 10 min of fluoroscopy and 800 cine frames 
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Workload: 
• number of procedures per week 
• fluoroscopy time 
• number of cine series per procedure 
• number of frames per series 

Radiation dose assessment 

Typical doses if protective devices are not used: 
• 0.5 mGy/procedure for interventional cardiologists  
• 0.15 mGy/procedure for and nurse 

Use of protective devices:  
• ceiling suspended screens (factor: 0.1) 
• leaded glass eyewear (factor: 0.1) 

Angulations (factor: 1.8) 
Radial access (factor: 2.0) 
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Dose related parameters (II) 

Parameter Source Value Factor 

Attenuation of goggles, A literature 90% 

Attenuation of ceiling suspended screen, B literature 90% 

Distance from isocenter literature 75 cm ISL 

For particular procedure. for different models 
of interventional systems at eye level scatter 
dose: 
•  Dose rate [Sv/h]  
•  Normalized dose rate [Sv/mAs] 
•  Total dose for typical procedure [Sv/study] 

literature; 
different 
sources to 
match the 
model of the 
system 

Angulations 

literature: 
Vano, 2006 
Batsou, 1998 
Morrish, 2008 

1.8 

Radial access 
literature: 
IAEA, 2004 
Vano, 2008 

2 

100
)1(1 AG −

−

100
)1(1 BS −

−
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Angulation for typical procedure (CA) 

  Betsou et al.  
BJR, 1998 

Vano et al. 
Radiology, 2008. Average 

PROJECTION TIME (%) mSv/h mSv/h 

PA 11.50 1.00 0.12 

PA CD 0.50 1.00 0.01 

PA CR 5.90 1.00 0.06 

RAO 7.50 1.00 0.08 

RAO CD 15.80 1.00 0.16 

RAO CR 4.20 1.00 0.04 

LAO 26.30 2.00 0.53 

LAO CD 11.90 2.50 0.30 

LAO CR 15.10 3.00 0.45 

L LAT 1.30 5.00 0.07 

  100.00   1.8 
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Lens Opacities>0.5 

• 30-50% main operators 
• Upto 30% in nurses 
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Possible approaches 

Practical dosimetry:  
1.  Passive dosimeters  
2.  Active dosimeters  
 

3.  Retrospective dose 
assessment using 
scatter radiation dose 
levels 

4.  Correlations between 
patient dose indices 
and eye doses to the 
operators 
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Correlation of patient’s dose with operators’ 
eye lens dose 

•  No clear consensus on the correlation between 
the patient dose and the dose to the eyes of the 
medical staff 

•  Correlation between the eye dose and kerma-
area product strongly depends on two main 
parameters: 
•  X-ray tube configuration 
•  use of radiation protection tools 
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From our RPD paper 

Normalised eye lens doses per unit kerma–area 
product: 
•  0.94 mSv/Gy cm2 for the first operator, 0.33 

mSv/Gy.cm2 for the second operator/nurse and 
0.16 mSv/Gy.cm2 for radiographers.  

•  Statistical analysis indicated that there is a weak 
but significant ( p < 0.01) correlation between 
the eye dose and the kerma–area product for all 
three staff categories. 
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Eye doses and eye dose normalized to respective kerma-area product for 
interventional  cardiology procedures for position of the first operator 

Source	   Eye	  dose	  (µSv)	  
Eye	  dose/	  PKA	  (µSv/

(Gycm2))	  
An'c	  et	  al	  [10]	   121±84	  (4.5-‐370)	   0.94±0.61	  
Donadille	  et	  al[48]	   52±77	  (4-‐644)	   1.0	  
Kim	  et	  all	  2008[49]	   170-‐439	   /	  
Vanoet	  al	  [50]	   170	  (53-‐460)	   3.3-‐6.0	  
Efstathopoulos	  et	  al[19]	   13	   1.37	  
Bor	  et	  al	  [44]	   72	  (32-‐107)	   0.86	  (0.46-‐1.25)	  
Mar'n	  [16]	   66	  (5-‐439)	   1.0	  
Vanhavere	  et	  al	  [40]	   /	   1.0	  
Prae	  et	  al	  [47]	   15-‐53	   /	  
Jacob	  et	  al	  [14]	   14-‐439	   /	  
Oydis	  et	  al	  [30]	   44	  (10-‐223)	   0.6	  (0.2-‐2.6)	  
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y	  =	  0.011x	  -‐ 0.036
R²	  =	  0.845
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Recommendations 

•  Use of active dosimeter is most appropriate 
option for periodic assessment  

•  If a dedicated eye dosimeter is not available: 
•  estimation of eye dose from  patient dose 
 

Rehani. ICTP Radiation Cataract & 
Dosimetry 

66 



Future challenges 

•  Development of practical methods for regular 
monitoring of individual eye doses 

•  Development of better techniques to estimate 
eye dose from measurements at some 
reference points 
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•  Lens of the eye, threshold in absorbed dose is 
now considered to be 0.5 Gy (against 0.5 to 2 for 
detectable opacities and 5 for visual impairment) . 

•  Occupational Exposure Lens of Eye Limit 
•  20 mSv in a y (against 150), averaged over 

defined periods of 5 y, with no single y exceeding 
50 mSv 
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Recap 

•  What is cataract, radiation cataract, PSC 
•  Earlier ICRP recommendations  
•  Newer studies (including IAEA) necessitating 

revision of ICRP recommendations  
•  New recommendations of ICRP 
•  Material from IAEA to support 

implementation  
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