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Short Communication
Radiation protection in the use of ionizing radiation in medicine is
becoming more and more important because of its increasing use for
imaging and therapy and because of complex procedures and
technology. The US study showed that the population dose due to
medical uses of ionizing radiation increased to about 49% of the total
population radiation dose in year 2006 [1]. The increase is due to the
wide use of medical man-made sources of radiation in computed
tomography (CT) imaging, interventional radiology and nuclear
medicine. Justification of medical exposures and optimization of
patient and staff protection are the thrust of the International Atomic
Energy Agency (IAEA) and other international communities and
regulatory bodies.
A review of the International Commission on Radiological
Protection (ICRP) Report No. 60 (1990 Recommendations of the
ICRP) was started in 1999 for new updates, consolidation and
additional protection guidance [2]. A new ICRP recommendation was
released in year 2007 in its ICRP Report No. 103. One of the major
changes in ICRP 60 is the new values for tissue weighting factors [3].
Based on epidemiological evidences and consultations, ICRP changed
the annual occupational equivalent dose limit to the lens of the eye in
2011 from 150 mSv to 20 mSv averaged over 5 years but not to exceed
50 mSv in a single year. This new dose limit was adopted by IAEA in its
interim basic safety standards and in its final edition which was issued
in 2014 [4]. IAEA also published TECDOC 1731 incorporating the
new eye lens dose limit and the clinical implications of the change [5].
The new ICRP eye lens dose limit can have some impacts on clinical
practices of interventional radiologists, cardiologists and positron
emission tomography (PET) staff. Our study on occupational doses
showed that staff involved in angiography and cardiac catheterization
procedures in Saudi Arabia belong to the high dose category [6]. The
study of Struelens showed that interventional radiology and cardiology
eye lens doses could be in the range of 0.01 mSv to 4 mSv [7]. Vano et
al. [8] specified that eye lens doses could reach 11 mSv per procedure if
typical protective tools are not used; about 0.4 mSv when such tools are
used; about 1 mSv when personal dosimeter has not been regularly
used. These figures are in agreement with the measured doses per
procedure (1.1 mSv maximum) at the eye level over personal protective
devices [9]. However, Holmberg et al. [10] reported that interventional
radiologists and cardiologists can have annual eye lens doses in the
range of 1 mSv to 200 mSv and this wide range is due to the large
coverage of the study. In PET, the annual eye lens dose of the staff
could be about 4 mSv [11].
The drastic change in the eye lens dose limit brings challenges in the
implementation. One of these challenges is the development of
standard dosimetry and methods for dose monitoring. The work of

J Nucl Med Radiat Ther, an open access journal
ISSN:2155-9619

Carinou et al. [12] summarized the different reports on the calibration,
protocols and conversion coefficients when using Hp(10) and Hp(0.07)
operational quantities for estimating eye lens doses. They stated that
calibration of dosimeters with photons using slab phantom and
cylindrical phantom can give a difference in the eye lens dose of about
± 5% except for angles greater than 75 degrees for which the cylinder
phantom can provide a better estimate. Following the meeting of the
German Commission on Radiological Protection in February 2010, the
Commission stated that the operational dose equivalent quantity
Hp(0.07) adequately estimates the eye lens dose at energies less than
200 kev and Hp(10) for energies greater than 100 kev . In addition, the
operational quantity Hp(3) can accurately estimate the eye lens dose
for beta radiation fields provided the dosimeter is placed very close to
the lens of the eye to avoid underestimation [13]. A Monte Carlo
modeling to determine the air kerma to Hp(3) conversion coefficient at
a depth of 3 mm using energies from 10 kev to 10 mev was performed
by Gualdrini et al. [14] to improve the overall quality of eye lens dose
assessment procedures. The work of Vano et al. [8] on the use of a
reference dosimeter placed in the C-arm allows the assessment of the
eye lens doses when the personal dosimeters are not frequently used
but this would give an underestimation due to the different X-ray tube
orientation.
The availability of different conversion coefficients using Hp(10),
Hp(0.07) and Hp(3) for assessing eye lens doses does not lead to the
conclusion of what the best dosimetry protocol is to be used.
Development of Hp (3) dosimeters is underway but calibration and
type testing are being standardized [15]. The development of a
standard protocol for eye lens dose monitoring is a big task and
challenge.
Another challenge is the clinical practices of interventional
radiologists and cardiologists and PET/CT staff. Our study [16] on
using the Hp(0.07) to estimate the eye lens doses of staff (cardiologists,
nurses and technologists) involved in cardiac catheterization
procedures in Saudi Arabia showed that cardiologists could approach
or exceed the new dose limit (Figure 1). It showed that introduction of
new clinical protocols and increase in patient workload can greatly
increase the eye lens doses of cardiologists (Table 1). The knowledge
gap on radiation safety was also a contributory factor for high eye lens
doses. Our study on the occupational doses in PET/CT showed that
the measured mean staff whole body dose is 12.4 µSv per procedure
[17]. For a conservative number of 5 patients per day, the estimated
annual whole body dose is 15 mSv per year. Doubling the patient
workload will increase the whole body dose by factor of about 2 and
hence it is possible that PET/CT staff eye lens doses can approach or
possibly exceed the new dose limit if workload is increased. The study
showed the lack of training on radiation safety.
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Figure 1: Scatter plot of the calculated eye lens doses from Hp(0.07)
values for the five year monitoring period (2008-2012). The highest
dose value belongs to a cardiologist.
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Category

Year 2008

2009

2010

2011

2012

Nurses

0.28 (0.45)

1.21 (1.33)

0.82 (1.68)

0.83 (1.38)

0.83 (1.38)

Technologists

0.63 (0.78)

1.2 (1.24)

0.29 (0.57)

0.17 (0.50)

0.17 (0.50)

Cardiologists

1.36 (1.61)

1.82 (2.11)

3.88 (3.52)

4.21 (4.37)

2.12 (0.50)

Table 1: Average eye lens dose (Hlens) in mSv of staff in different
categories with the standard deviation. The increase in dose for years
2010 and 2011 is due to the introduction of new clinical protocols.
Although the use of protective tools is in place, knowledge of the
radiation protection program can reduce the eye lens dose by 50% to
70%. With this new eye dose limit, there is also a need to identify
competencies of staff for the different procedures from simple to
complex. When new procedures will be implemented, it is necessary to
perform staff eye lens dose assessment using phantoms to simulate
patients before the clinical use of the procedure and established
protocol needs to be followed as part of the radiation protection
program to reduce staff eye lens doses.
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