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What are the implications of the proposed
revision of the eye dose limit for
interventional operators?

The Editor,

The International Commission on Radiological Protection
(ICRP) has reviewed epidemiological evidence on tissue
reactions and concluded that the threshold dose for
observable effects in the lens of the eye is an absorbed
dose of 0.5 Gy. Following this, the ICRP have issued a
statement proposing that the occupational dose limit for
the eye is reduced from 150 mSv to 20 mSv, averaged over
a defined period of 5 years, with no single year exceeding
50 mSv [1]. Staff who are likely to exceed a dose constraint
equal to three-tenths of the dose limit would need to be
classified as radiation workers; however, the limit is
applied to an average dose over a period of 5 years, which
allows some flexibility in single years. If a reduction of this
magnitude were introduced it could have major implica-
tions for operators performing interventional radiology
and cardiology procedures.

I published a paper in the British Journal of Radiology
earlier this year reviewing dosimetry studies for inter-
ventional radiologists and cardiologists that gave indica-
tive levels of workload in terms of dose-area product
(DAP) and number of cardiology procedures on which
assessments of doses to various parts of the body could be
based [2]. Workloads derived using a similar approach
based on the proposed limits are compared with the
current situation in Table 1. The DAP to eye dose con-
version factors were based on the third quartile of data
from the studies reviewed [2]. Results are also included in
Table 1 using eye dose conversion factors based on the
median doses from the reported studies. Application of
the third quartile value suggests that a cardiologist
performing more than six procedures per month would
be required to be a classified worker. Even if the median
value is applied, this would only allow an intervention-
alist to perform 15 cardiology procedures per month
before classification was required (Table 1). Thus, the
proposed change in dose limit is likely to result in the

need for most interventionalists to become classified
radiation workers. Under the Ionising Radiations Regula-
tions 1999, assessments will then be required for doses to
the eye and body received by the interventionalists and
those to the hand where these are likely to be significant
[3]. The dose records must be kept by an approved
dosimetry service. Where an interventionalist works in
both the National Health Service and private practice, co-
operation is required between the employers to establish
the total dose received. The interventionalists must also
have an annual health review by an appointed doctor to
certify they are fit to work. Copies of the dose and health
record must be obtained from the previous employer
when an individual starts work for a new employer.
Arrangements must be in place for both records to be kept
for a period of at least 50 years from the time an individual
ceases to be a classified worker.

Eye dose can be reduced through the use of ceiling
suspended shields or the wearing of lead glass spectacles.
In fact the majority of studies reviewed included use of
eye protection. However, doses up to 400 uSv have been
reported from single complex interventional cardiology
and radiology procedures when no protection is used [4,5],
so there is the potential that an eye dose at the level
requiring classification could be reached after only 15 to 20
procedures per year. Ceiling suspended shields can reduce
eye doses by factors of between two and seven and wearing
lead glass spectacles with side shields by a factor of ten [6].
Thus, there is a need to encourage all interventionalists to
use the protective devices available and for protection
equipment suppliers to develop protective devices for the
eye that interventionalists find more acceptable.

In addition there are major issues relating to monitor-
ing eye doses for interventionalists. Firstly, the dose for
monitoring should be equivalent dose to the crystalline
lens of the eye at a depth of 3 mm or Hp(3). The quantity
recorded by current personal dosemeters is Hp(0.07) at a
depth of 0.07 mm for skin monitoring. This should be
similar for diagnostic radiographs, but can differ by a
factor of two or more. A component of the ORAMED
(Optimisation of RAdiation protection for MEDical staff)
project funded by EU Euratom is the development of a
dosemeter suitable for recording the dose to the eye [6,7].

Table 1. Workload for which interventionalists would be likely to approach dose limits or constraints for the eye

Category of Dose constraint/ Dose/DAP DAP per Dose per cardiology No. of cardiology

radiation worker limit (mSv) (nGy Gy ' cm ?) month? procedure procedures per month?
(Gy cm?) (nGy)

Non-classified 45> 1¢ 3500 80¢ 50

Classified 150° 1¢ 12500 80¢ 150

Non-classified 6%° 19 500 80 6

Classified 20¢ 1¢ 1600 80¢ 20

Non-classified 6<e 0.4° 1200 34f 15

Classified 20° 0.4° 4000 34f 50

2Workload for which individual would be likely to approach dose constraint or limit; °current annual dose limit; “dose constraint
equal to three-tenths limit, “dose conversion factors based on the third quartile of the distributions from review [2], annual
dose limit of 20 mSv proposed by ICRP [1], fdose conversion factors based on the medians of the distributions from review [2].
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Secondly positioning of dosemeters to obtain accurate
eye dose measurements is problematic and recent
studies using sets of 10 thermoluminescent dosemeters
located in a line across the foreheads of cardiologists
showed that doses to the eyebrow ridge on the side
nearest to the X-ray tube were 3—5 times greater than
those in the middle of the forehead [6,8]. Thus,
dosemeters should be worn towards the side of the head
or neck adjacent to the X-ray tube, if monitoring is to be
effective. Information on the findings of the ORAMED
project, together with presentations and training material
relating to dosimetry and protection for interventional
radiologists and cardiologists is available via the
ORAMED website [6]. Gaining compliance from inter-
ventionalists in using protective devices effectively in
order to restrict doses to below 20 mSv per year and
wearing dosemeters consistently in the correct position
will present major challenges. Especially since lack of
diligence in wearing dosemeters appears to demonstrate
lower doses and hides protection problems.

C ] MARTIN, PhD

Health Physics

Gartnavel Royal Hospital

1055 Great West Road

Glasgow

G12 OXH

UK

E-mail: colin.martin@ggc.scot.nhs.uk

962

C J Martin

(Received 22 June 2011, Revised 11 July 2011, Accepted 13 July 2011)
DOI: 10.1259/bjr /17012242

References

1. International Commission on Radiological Protection.
Statement on tissue reactions. ICRP 4825-3093-1464, April
2011.

2. Martin C J. Personal dosimetry for interventional operators:
when and how should monitoring be done? Br ] Radiol
2011,;84:639-48.

3. Health and Safety Commission. Working with radiation:
Ionising Radiations Regulations 1999, Approved code of
practice and guidance. Sudbury, UK: HSE Books. 2000.

4. Vano E, Gonzélez L, Guibelalde E, Ferndndez ] M and Ten
J L. Radiation exposure to medical staff in interventional and
cardiac radiology. Br ] Radiol 1998;71:954-60.

5. Hidajat N, Wust P, Kreuschner M, Felix R and Schroder.
Radiation risks for the radiologist performing transjugular
intrahepatic portosystemic shunt. Br ] Radiol 2006;79:
483-6.

6. EU-ORAMED (Optimisation of Radiation protection for
MEDical staff) 7" EU Framework Programme, EURATOM,
http:/ /www.oramed-fp7.eu/en (Accessed July 2011).

7. Gualdrini G, Mariotti F, Wach S, Bilski P, Denoziere M,
Daures ], et al. Eye lens dosimetry: task 2 within the
ORAMED project. Rad Prot Dosim 2011;144:473-7.

8. Jankowski, J. Methods of radiation exposure estimation of
patient and medical staff during some cardiology proce-
dures. 5" Int. Workshop on Individual Monitoring of
Ionising Radiation. Orai Japan 2009.

The British Journal of Radiology, October 2011



