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Introduction

* Radiation-induced eye injuries are matter of current
research interest

* Evidence on eye injuries associated with exposure to
ionizing radiation®

* The duration of the latency period is inversely
dependent on dose

* |CRP

— Decrease the threshold for the eye lens from 5 Gy to 0.5 Gy (o-
>0.8 Gy)

— Decreased the dose limit form workers 150 mSy ->20 mSv

ICRP Publication 113 and 120 (interventional
procedures)

Vinca Institute of Nuclear Sciences
Radiation and Environmental Protection Laboratory
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Eye dosimetry: Why is it important?

* Important for correlation of observed radiation effects with
dose

 Contribute to better radiation protection

* Verification of compliance with regulatory dose limits

Radiation and Environmental Protection Laboratory

WWW.vinca.rs
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ol dosibbey fn midical flled.

o Eye dose in quoroscopy gmded procedures in radlology, e
~cardiology and other areas (orthopedics, urology,
-anesthesiology, vascular surgery, CT ﬂuoroscopy,

- gastroenterology...)

B Eye dose in nuclear medlcme
e Photon and beta radlatlon

Radiation and Environmental Protection Laboratory

Vinea Institute of Nuclear Scienees ;
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Motivation for this review

* Eye lens dosimetry is currently not well established
— Hp(3) hardly used in practice
— Accuracy and practicality in medical field

ICRU 47, search “eye”, only 4 times in
general phrases, as ” ... for one of the
organs, lens of the eye, or skin”,
or...”” 0.07 mm for the skin and 3 mm
for the eye are employed with
analogous notation”
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Objective

. To review:

— Eye lens dose Ievels in clmlcal practlce that may occur
from the use of ionizing radiation in ﬂuoroscopy guided
_interventional procedures

— Eye lens dose monitoring arrangements and dose
assessment methods

— Impact of potent|a| dose reduction faci%ors l J 1
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A problem: Eye lens dose assessment

* Active research area
e (linical studies

— to review the methodology for assessing eye lens dose
levels

— to investigate monitoring arrangements using different
types of dosimeter

— to study correlation of eye lens dose with patient dose
indices
— to perform retrospective eye lens dose assessment

Radiation and Environmental Protection Laboratory

Vinca Institute of Nuclear Sciences
WWW.vinca.rs
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Passive dosimetry

Active dosimetry

Retrospective dosimetry

Scatter dose levels
9 Correlation between patient dose indices and eye dose




e Hp(o 07) can be used for eye dose assessment (Vanhavere
- 2011; Lie, 2009; Martm 2011; Domemtk 2011, IAEA, 2013)

— Adequate for photons, not OK for beta radiation (Behrens 2012)
SEECE Hp(1o)_somet|mes is the onIy available optlon e

— Hp(3)/Hp(10) in NM 0.7-1.1 (Kopec, 2011) 5
g
— Hp(1o) badge on the Ieft S|de of the body at collar level (Farah 2013) L
kO
U5
m— 51
T Area monitors Individual dosimerters ety S
yvpe of 5 £
Eadanon active passive acove pPassive % g
Bk
Phoron and e 54035146-1 IEC 62387 [49] IEC 62387 [49] g -'.E E
LFa T . I = ] S _g.g.;
Btar paiticles E'(0.07) and = '-g;f h‘:}?““ IEC 61526 [50] H?‘-':’f hs fg‘i‘" " 5B 3
EF*(10) et FL(0.07) and ST £i8iE
FL,(10) e
. IEC 61005 [51] ISO 21909 [52] \ .
Neutron EF*(10) e FZ(10)

13 EURe . . . _ e




_ Passive dosimetry

* Dedicated individual dosimetry designed to provide Hp(3)
el Calibration in terms O_f Hp(3) (Bordy, 2011; Daures, 2011; Behrens, 2011; Ferrari, -
2007; Gualdrini, 2011...)

— Type test for eye dosimeters (Bordy, 2015; Bilski, 2011) -

~* Double dosimetry
— Chest levels under the apron
— Collar level above the apron

Radiation and Environmental Protection Laboratory
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Double dosimetry

e C'ollar' level ove'r the 'a_pron -> éye dose asseSsmeht (ICRP
139, 2018)
~* Eyedose = Collar dose x F, F =0.75 (0.4-0. 9)

+ Hp(3)/Hp(0.07) at collar level within * 15/ (>50 pSV)*

~* Practical issues
— Unavailable double dosimetry
— Unknown position of the dosimeters
— Irregular or erratic use, overuse
— Variability in practice among the countries

Radiation and Environmental Protection Laboratory

- Vinca Institute of Nuclear Sciences
WWW.ViNnca.rs
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Dosemeters have to be tested and suitable for use in clinical
environment: beam quality, dose rate, pulsed radiation
(Struelens, 2011, Hupe 2018, ICRP 1 39, 2019)




Dosimetry in real time

(Omar, et al, JRP,2017)
e Scatter dose levels in real time (Vano, et al, Rad Meas 2011):
— Educational role

— Backup to personal dosimetry

— Retrospective information and cumulative dose

— Assessment of working habits, staff comparison

— Correlation of dose rate with cumulative dose to staff
— Correlation to patient dose for different procedures

Radiation and Environmental Protection Laboratory
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Assessmg the need for addltlonal protectlon

Computatlonal technologles (not requmng d05|meters) ..... §
together W|th personnel p05|t|on sensmg to assess i




Issues with passive and active dosimeters

* ldeally, dosimeters should be type tested and calibrated in
terms of Hp(3) using an appropriate phantom

* The best position:

— On the side of the head nearest to the radiation source
— Behind the glasses (not very convenient)
— Above the glasses (correction factor)

* However,...

nvironmental Protection Laboratory

Vinca Institute of Nuclear Sciences
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Issues with passive and active dosimeters

* Must not interfere with the wearer’s vision
* Use of 3 or more dosemeters (reliability and consistency ?)

w

* |f the radiation field is well known, Hp(3) can be estimated
by the use of dosimeters calibrated in terms of Hp(o 07)
and Hp(10) (ICRP 139,2018)

nvironmental Protection Laboratory

Radiat
WWW.ViNnca.rs

Appropriate dosimetry arrangements:
accuracy vs practicality
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©% Retrospective dose assessment

~+ General assumptions on scattered dose levels
1. Correlation to patient dose '
2. Scatter dose rate and typical exposure parameters
(mainly in H*(10))
~* Position of the operator and other staff members
(modifying factors 0.2-1.0)
“» Large uncertainty (order of magnitude):
— Technical and physical factors, social desirability and
memory bias...
— Protective tools and their use...

— Validation by means of measurements is needed

(Pirchio et al, 2014)
13t EURADOS Winter School, Florence , 30 January 2020
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Normahzed eye dose per unit KAP based on Iocal

practlce as dommant mﬂuencmg factors are (Anttc, 2012;
Krtm2011 S e e

Eyedose [pSv)
|
|
|
|
|
|

Kerma-area product (Gy-em?)
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X ray tube
configuration,
beam
collimation,
access route

Use of protective
tools

If kept constant,
correction is of
practical use

Correlation of eye dose with patient dose

Radiation and Environmental Protection Laboratory
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 Eye dose normalized to respective KAP for interventional

121484 (4.5-370)

- Eye dose/ B (oviltGyami)): o foo

0.94+0.61

52+77 (4-644)

|Vano, 2013

10-11 (unprotected)

R N

| Efstathopoulos, 2012
1Bor, 2009

72(32-107)

| ' Martin, 2009

| Vanhavere, 2011

i 66{5-439)

| Pratt, 1993 -

'J'acob,'2013 s

| Koukorava, 2011

0

| Duer, 2010

: 35'132.(pre'y'ear)' '

4.2 (unprotected)

| Lie, 2008

23 (10-230)

0.4 (0.2-2.6)

Vano, 2009

7 (unprotected)
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e Correlatlon of eye dose W|th patlent dose

; AL{“ ‘(3'?:3 Ty N ycome s o Sl P o i oo o hom e B g R Pl s el o P B

e Useful as a surrogate measure of eye dose lf measured
~dose usmg eye dosimeter is unavailable

| patlent resulted in:
210 pSv to the: _
~ unprotected eyes of the 06
primary operator ' |
1 uSv when protectlve
tools are used
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ﬂﬁrm Retrospectlve dose assessment

Related to a “typlcal” procedure and antlclpated scatter _j 5:
dOSE. . : e e e L
L ConSIder past actlv1ty of an |nd|v1dual

- Accuracy of information prov1ded and assumptlons made i

~ — Dose reduction factor due to use of protectlve tools (statlc vs _  G
clinical condltlons) - i 1 _

e Professional group Cumulative dose Reference Gl

~ Cardiologists 25-1600 MSv Jacob, 2012 IEE

- Cardiologists 0.1-18.9 Sv Vano, 2013 ; +

 Cardiologists and support staff 0.1to 21Sv Ciraj-Bjelac, 2010 B

 Cardiologists and support staff 0.1-27 Sv Vano, 2010 E Eg
S

e S W T ST T el B AR MY U S R R e P S M R S e el B S T WL 1 R R % ST ety ST e R AN .."'/h‘n-&{%
: 13th EURADOSWlnterSchool Florence 30January2020} : 3_'_ R e 3_'_ e S SR SR i ‘_ t




Current status of eye lens dose levels

* Eye doses vary considerably
— Various dose methodologies and dose assessment approaches
— Various combinations of protective tools

— Reported mainly for the first operator and in some cases for nurses
and radiographers

Vinca Institute of Nuclear Sciences
Radiation and Environmental Protection Laboratory

WWW.vinca.rs
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Current status of eye lens dose levels

 Doserate

~ Totaldose

-from1tozzmsv/h sl

¢ rangefromlessthano.ito

R moousy

 (fluoroscopy) S

_» from 12to235msvh |

D Af
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Typicaldose leves

Table 1. Typical measured eye lens dose levels and eye lens dose normalized to respective kerma-area product in interventional

radiology procedures with additional information about the use or not of protective tools

Eye Lens Dose per Eye Lens Dose / Pka
Type of Procedure Procedure (11Sv) (uSv/Gy cm?) Measurement Details Reference
Various interventional radiology 47 (0-557) 119 25 procedures, few cases [15]
procedures, with protective tools per procedures
Hepatic chemoembolization 670-1,070 / 16-64\ - With phantom, different [36]
(unprotected / acquisition modes
protected)
lliac angioplasty 250-1,110 / 15-66 - [36]
(unprotected /
protected)
Neuroembolization I.,380-5,600 / 83-336 - [36]
(head) (unprotected /
protected)
TIPS creation 410-1,860 / 25-112 - [36]
(unprotected/
protected)
Anesthethesiology, various \ 44 ) 0.278-1.305 Simulations, 31 cases 371
procedures
Gastroeneterology, ERCP 90/10 (unprotected, 0.98-1.4/14-21 62 cases [38]
overcouch/undercouch) (unprotected,
undercouch/overcouch)
Vascular surgery, EVAR 10 (unprotected) - 149 cases [39]
Urology, various procedures 26 (unprotected) - 20 cases [40]
Urology, percutaneous renal 100 (unprotected) - 102 cases [£41]
calculus removal
Orthopedic surgery, various S0 (unprotected) - 204 cases [42]
procedures
CT fluoroscopy, various procedures 7-48 - 220 cases [17]
CT-guided interventions 3.5 (0.2-399) - 89 cases [1&]
Various procedures - 0.47-0.84 1,300 cases [43]

Note: EVAR = Endovascular aneurysm repair; ERCP = Endoscopic retrograde cholangio-pancreatography; Pxa = kerma-area product;
TIPS = Transjugular intrahepatic portosystemic shunt.

Radiation and Enviranmental Protection Labbratory

Vinca Institute of Nuclear Sciences
WWW.vinca.rs- -

' Ciraj-Bjelac, O, JACR,2016



Tyvical dose levels

Table 2. Typical measured eye lens dose levels and eye lens dose normalized to respective kerma-area product in interventional
cardiology procedures with additional information about the use or not of protective tools

Eye Lens Dose Per Eye Lens Dose /

Type of Procedure Procedure (1Sv) Pga (1SV/Gy cm?) Measurements Details Reference
Interventional cardiology, 121 + 84 (4.5-370) 084 + 0.61 35 cases [13]
first operator, various procedures, 52 + 77 (4-644) 1.0 646 cases [44]
dose with protective tools 3.3-1,040 - Literature survey, phantom and [34]
clinical, 3-1,532 cases per survey
170 (53-460) 3.3-6.0 83 cases [45]
13 (0-61) 1.37 7 cases [15]
72 (32-107) 0.86 (0.46-1.25) 166 cases 4] §
66 (5-439) 1.0 Literature survey, 26 studies [12] i
included o
- 1.0 1,300 cases [32] e E
15-53 ’ 164 cases [46] g8
23 (10-230) 0.4 (0.2-2.6) 144 cases [47] R g
35 + 32 (per year) 42 using collar dosimeter (48] g %
Interventional cardiology, first operator, - 10-1 EPD, 1,969 cases [49] % E
various procedures, dose without 300-2,500 3.2-3.4 Multicentric phantom study, [35] f“'é Y
protective tools different complexities % ‘%%
- NOTE: EPD = electronic personal dosimeter; Pxa = kerma-area product. E E E

- Ciraj-Bjelac, O; JACR,2016



e Clinical problem [EESEEEJB «Geometry of the X [EESESEE M Use of protective
(fluoroscopy time [EEEEoW ray tube pRnro  toOls
e I o) e (undercouch/overcou g =4 ° Position vs. x-ray
images) e tjh) _ S tube and patient,
e Size of the *Use of biplane S A projections used,

systems NN < B cXxposure setting,

patient BRI TH « Performance IR Tl collimation, access
PR~ characteristics of X  [EEEEENL -4 route...
ray system, including [EEaes-—4 ¢ Workload and
the settings Rmpueee. A physician’s
o The scatter radiation [HESSSSSPoe experience and skill
distribution POBOOOONM )
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~ Favorable undercouch configuration: dose reduction factor: 2-27 (Carinou, 2011) |

hlem]

220

2 -
18(]-:
160
140—-
120
100-
80

60+

40

et : ¥ et

-

h[cm]

"""""
""""
"""""

400

600 80O 1000

200
180
160 -
140
120 A
100
80

60

40

== 100 cm
80 cm
B0 cm

10 20 30 40 50
Dose rate [uSwh]

Vinca Institute of Nuclear Sciences

Radiation and Enviranmental Protection Labbratory e

X-ray tube geometry & scatter radiation

{4




roy tube geometry i eyedose

Radiat :
O A M e S M B SR Ol L B M e e e oo oo s o R S ez
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D

L %, 9
L 8.4,
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- Endoscopic retrograde cholangiopancreatography (ERCP) ~ ————————778




= The highest values are related to the overcouch x-ray tube geometry

and the absence of celllng suspended screens and glasses




rotective tols @ overcosch eometry

'ﬁ_ﬁGastromtestlnal procedures scentmg and
.-enterocIyS|s* '

: Wlthout protectlonff-: s
-830'0'5:__ Wlth protectlon | e

CHp@) WS

s *Clinical center of Serbla, unpubllshed data

Yy =00707x-26,374 -
L Re=08592 s

- y=‘0;0636>'<:-'27',464" L e

S Res 0,7882; ;

y 0,0335x +.5, 6041
R2 0, 9765

'.'- el el e > s

: S KAP (uGym?)
3“‘ EURADOSWlnterSchool Florence , 30 January 2020

10000 112000

.' *Chmcal center of Serbla, unpubhshed data_ ol
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Practice related factors: protective tools

* Positioned just above Key factors:
patients and position of the e Position and head of
operator behind - ~ orientation

* Dose reduction factor: 2-7* « Beam projection

* For LLAT projectionmove the « Scatter radiation from gaps
screen towards the operator  beneath the glasses and BS
(x-ray tube)** from the head

* Biplane systems: additional * Dose reduction factor: 1.4 —
lateral shielding 10%

~ | |
[ )] e

*Carinou, E, et al, 2011, **Koukorava, C, et al, 2014
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ciciney of protectontools

9, (SturChIO 2o1 3)

~ Rule of thumb s i
o f' — Use of leaded glasses alone reduced the Iens dose rate by a factor of

~ 5t010; scatter-shielding screens alone reduced the dose rate DY 5 :

~ factor of 5 to 25. Use of both simultaneously is even more efficient

 than either used alone reducmg the dose rate by factor of 25 or i 5 T

more.

Should be used by staff members in the mterventlonal room

g 3”‘ EURADOSWlnterSchool Florence , 30 January 1IDNE R KSR

Radiation and Enviranmental Protection Laboratory -
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- .

P05|t|on of the operator i X-ray tube angulatlon

|   ; . ;Largely determlned by the o Technlque related factors

' -procedures performed Left Iateral prolectlon

~ — Radial vs femoral access in - 3ssociated with h|gher
~cardiology procedures doses (Kong, 2014)

- — Percutaneous procedures in
mterventlonal radlology Q i

~+ Radial artery route vs
-~ femoral access route

e Not well deﬂned geometry

| . "'_Dose dlfference by A
““factor 2-7(Carionu, 2011.) &

Vinca [nstitute of Nuclear Scienees :
~ ' Radiation and Environmental Protection Laboratory

=
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Dose management strategy

* Useof , undercoach x-ray tube geometry,
keep away from the X ray tube and patient
* Maintaining
(pulsed fluoroscopy, minimizing fluoroscopy
time, limiting radiographic images, collimation and
reduced use of magnification)

in radiation protection (use of active dosimeters
and awareness of the radiation dose levels)

Radiation and Environmental Protection Laboratory

Vinca Institute of Nuclear Sciences
WWW.vinca.rs
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i Number of SItuatlons requmng
~ specific eye lens monltormg is
likely to increase

o www.vincalrs
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. | Workpiace monitoring
{ | Literature data
g Simulations

4 Individual monitoring
for G I|m|ted tlme




When is monitoring needed:

» Recommendation of 'dfo'se '
| monltorlng (I\/Iartm 2011)

e g s oo mSv/month initial: e naat
2 monltormg to estabhsh dose s
crniilevels i -

:  — 23mSv/month regular

= omonitoring should be

: considered:-

g 3“‘ EURADOSWlnterSchool Florence 30January 2020': v

. ?;Rec'o'mmendatien of dose =
~ monitoring (IAEA 2011
~ IRPA, 2017): '

i annual equwalent

~dose to the lens is I|ker
“to exceed a dose of the :
order of (5 6) mSv S

Radiation and Environmental Protection Laboratory

~
’_WWW.VihC'a;I'S""""””""
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-

'« Recommendation of dose * Recommendation of dose |

Table 6. Indicators for deriving dose estimates for use in risk assessments

Organ Dose/DAP DAP per month?
WGy Gy 'em ) (Gy cm?)

Dose per cardiology
procedure (uGy)

No. of cardiology
procedures per
month?®

Eye 1 2000
Thyroid® 1.5 (0.2

Hand (percutaneous procedures) 40 120
Hand (femoral access) 5 1000
Leg® 10 (2)

80
100

300
(40)

25

16
(100)

DAP, dose-area product.

®Doses in brackets relate to where protection is being used.

“Workload for which dose monitoring should be considered. It is likely to be required for an individual with aworkload double thisvalue.

ceq3h EURADOS Winter School, Florence , 30 January 2020

- Martin, BIR, 2011 °
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Fluoroscopy guided procedures

382 Interventlonal cardlology '°; Interventional
| = neuroradlology

— Eye dose per procedure _
'248/18 pSv, with and Wlthout
glasses

- — Number of procedures for
Sy} mSv/y 119/602, with and
W|thout glasses :

FIuoroscopy (gastro
gyneacology, urology. )

B (0105)mSv/procedure e
|I| 13 InI e

:::\.'lrh'lilII\\'u:Il.lln'.\’r.!l!ll?\l&h].h]d:\uluﬂIk-IUﬂriplm!lllg.‘lllI\’II#tlm[hi'rl\-‘\.ﬂ\l"Id'.llﬂr.w/-ﬂ\:ri'ununt‘ﬂ!nahPlln:dlr_ilﬂfcr\lrﬂllnndI)L o : ! y Tavares, lnt Neurorad 2016 y
o Bettiy EIMB, 3019 hnnn nmn -Bahruddin, [JP, 2016 TR
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Routine eye lens monitoring

* May be necessary in:

* Take into account:
— Energy and angle of incident radiation
— Geometry of the radiation field

— Use of personal protective equipment

13t EURADOS Winter School, Florence , 30 January 2020
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How to use of a dedicated eye lens
dosimeter?

* The position should be as close as possible to the eye
(preferably in contact with the skin)

e Detector should face the radiation source

* Ininterventional procedures:
— On the side closest to the x-ray tube
— Behind the glasses (not very convenient)
— Above the glasses (correction factor)

nvironmental Protection Laboratory

Vinca Institute of Nuclear Sciences
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If use of a dedicated eye lens dosimeter
is impractical?

* Dosimeter at trunk or thyroid level above the protective
tools

* Large uncertainty

» (Caution, if the measured dose levels are close to the dose
limits

13t EURADOS Winter School, Florence , 30 January 2020
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In the absence of any dose measurement

* Eye lens dose could be estimated from patient dose, using
the conversion from P, to eye lens dose of:

* Even larger uncertainty and variability
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Conclusions

are a prerequisite for
investigation of low dose effects to the lens of the eye

e Question of for an
interventional facility is not straightforward

* Possible options: active, passive dosimetry and link to
patient dose indices (with larger uncertainty)
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Conclusions

o Optlmlstlc SItuatlon Wlth eye protectlon S N
i 3[ — If radiation protection deVIces (most |mportantly protectlve screens
or Iead glass barrlers) are not used the r|sk for eye m;urles I

-
i

f'ﬁ

2 If radlatlon protectlon dev1ces and technlques are properly _
@Q;-:?_;:fﬁ used one can keep the radlatlon dose to eye Iens at -------- =
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