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ABSTRACT

The relationship between patient dose (PD) and occupational dose (OD) is not easily predictable in
interventional radiology installations due to a large number of factors which can modify the occupational
risk (OR). In the present work an analysis is made of the four main aspects which influence OR, namely,
x-ray beam used, radiation protection (RP) tools available (aprons, thyroid protectors, gloves, screens, etc)
and their regular use, type and number of procedures performed (diagnostic or therapeutic, complexity
level, etc), and RP training level of the specialists.

High filtration x-ray beams can entail a decrease of 20% in OD. A regular use of ceiling mounted faceplates
can involve dose savings up to 65%. Mean values of dose per procedure for interventional radiologists are
something greater (about 15%) than those recorded for cardiologists, except for the dosimeters placed on
left forearm and shoulder. The ratio between OD and PD range around 100 uSv/1,000 cGy.cm2. The
influence of the staff RP training level on OD is difficult to assess. In the IC Service from the Madrid San
Carlos University Hospital (SCUH), PD have been reduced in above 30% and OD in a factor of 3, after
running some training programmes.

1. INTRODUCTION

OD values for interventional radiology (IR) and interventional cardiology (IC) specialists may increase
significantly unless suitable RP tools (aprons, thyroid protectors, glasses, gloves and ceiling articulated
screens) are used on a regular basis [1-5]. Even when using them regularly, the large workload undergone
by some staff give rise to noticeable doses. Some authors have suggested than dose to lenses could be the
key factor to restrict the activity of these specialists, so that OD values keep below OD limits established
by the regulatory bodies [2].

A correct estimation of effective doses (ED) to this staff requires dose measurements on at least two
locations, under and outside the leaded apron. Mateya et al. [6] have published recently results from a
simulation carried out on a phantom, using x-ray beams of 76 and 104 kVp, showing that ED estimates
made from the under apron dosimeter readings undervalue notably its actual value.

Manufacturers of x-ray systems for IR and IC are including features (as beam high filtration with some
tenths of mm of copper) which allow to reduce PD and OD level provided the correct operation and proper
use of the equipment [7, 8]. Safety aspects convey an outstanding relevance, therefore the International
Electrotechnical Committee has created a working group to develop a rule [9] (now in draft version) which
will regulate in the future the construction of this equipment.

The relationship between PD and OD is not easily predictable in IR installations, given the large number
of factors which influence the OR. Great changes can be expected from variations in x-ray machine types
and working protocols. Sometimes, neglecting the use of the ceiling suspended screen reduces the
intervention time, as comfort improves the working rate, but it entails an increase in OD, while PD can be
reduced. Conversely, the use of protective gloves helps to decrease OD, but PD may raise, since hand
tactile perception is decreased and the procedure may become enlarged in time [10],

Another key aspect to take into account is the RP training. Different international bodies have insisted on
the importance of training and the World Health Organization, in a recent workshop held in Munich [11],
has suggested to settle a second level of RP training, specific for IR specialists.
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It is advisable to study OR estimators independent on some clinical protocol features (use of different arc
orientations, use of articulated screen, etc) to obtain information about dose changes between specialists
performing a given intervention type. In this scope, the Medical Physics Group from the Madrid
Complutense University is developing a research project, with support of the Nuclear Safety Council, in
which OD are being studied, using results from personal dosimetry and environmental dose data, together
with the number and type of procedures performed in various installations.

2. MATERIALS AND METHODS

Several IC and IR laboratories, equipped with different x-ray systems and protective elements have been
searched throughout our study, appraising the four aspects on which OR level depends, that is, x-ray beam
used, RP available tools and their use, type and number of procedures carried out, and RP training level.

OR level has been determined from thermoluminiscent dosimetry (TLD), by placing individually calibrated
TLD-100 chips from Harshaw/Bicron/NE-Technology (BICRON-NE, Solon, OH, 44139 USA) at different
locations on the specialist. TLD readings were obtained for every single procedure, together with the dose-
area product measured to assess PD. To this aim and to relate PD and OD values, transmission ion
chambers type DIAMENTOR from PTW (PTW, Freiburg, Germany) were used.

Records from one or more direct reading electronic dosimeters located in different sites on the C-arm x ray
system have been another valuable dosimetric indicator. Their readings after each intervention, virtually
independent on both beam incidence angles and use made of protective elements (articulated screen,
particularly), allowed to estimate the maximum OR levels in the various IR facilities with a sensitivity in
the uSv range. Some different electronic devices were used, though the results presented here are arisen
from dosimeters SIEMENS - NRPB EPD1 (Siemens, Erlangen, Germany).

3. RESULTS

3.1) Influence of the x-ray beam

The IC service from the SCUH has two Philips equipment, an Integris system equipped with the
"spectrabeam" feature [7] (enabling to place in the beam different copper filters between 0.1 and 0.4 mm
thick, plus 1.5 mm aluminum) and other conventional system (Optimus M200), used by the same staff and
for similar procedures, what has allowed a comparison between both systems in routine clinical use
conditions. An analysis of 1,700 procedures leads to obtain mean values of dose, at a distance of 1 m from
the scatterer volume, of 0.41 ± 0.05 mSv/intervention for the Optimus and of 0.33 ± 0.05 mSv/intervention
for the Integris, that is, a dose saving of 20% for this last system [10]. Similarly, dose-area product mean
values for coronariography were 4772 cGy.cm2 in the Optimus system and a 14% below [12,13] (4127
cGy.cm2) in the Integris.

3.2) Available RP tools and their use level.

Proper use of the ceiling articulated faceplate is not possible in the most suitable position throughout all
the procedure, even being available in IR theatres. Our data of dose per procedure to left shoulder of the
specialist (outside the leaded apron) from TLD on a sample of 83 procedures in six different rooms supply
averaged values of 382 uSv (without regular use of the screen) and 136 uSv (a practical decrease of 65%).
However, these values are very affected by x-ray equipment type, procedure and specialist skillness.

3.3) Type and number of procedures performed.

OD distributions due to scatter radiation, measured by TLD at nine different sites on the specialist have
resulted more homogeneous in IR than in IC. Cardiologists become more irradiated on their left hand side,
while radiologists use to work at a lower distance to the patient and in variable positions. Except for the
dosimeters located at left shoulder and forearm, averaged doses per procedure are something larger for
radiologists than for cardiologists (around 15%). Doses to hands have reached until 2.2 mSv/procedure in
IC and 3.0 mSv/procedure in IR.
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TABLE I: Annual Effective Dose (derived from under-apron dosimetry) in the Interventional
Cardiology Service of the San Carlos University Hospital (Medical Staff values)

Year

Number of
Cardiologists

Range
(mSv/year)

Mean ± Std
(mSv/year)

Median
(mSv/year)

1988

4

0.8- 17.5

8.0 ±7.1

6.80

1989

6

1.1 -27.8

9.1 ±9.2

5.85

1991

8

1.9-26.5

9.0 ±9.3

5.05

1992

11

0.9-24.2

7.4 ±8.3

3.70

1993
RP

TRAINING

7

1.0-4.40

1.9±1.0

1.55

1994
RP

TRAINING

12

0.6- 13.0

3.0 ±3.3

1.60

1995

10

0.7-4.10

1.8± 1.2

1.30

1996

13

0.4-5.80

1.5±1.6

0.90

Ratios between OD and PD have furnished values between 84 and 120 uSv/1,000 cGy.cm2 to shoulder of
the specialist when no articulated screen is used. A professional using a x-ray equipment specifically
designed for IR, which performs 3 procedures a day with a mean value of 8,000 cGy.cmVprocedure may
receive 50 mSv/month to shoulder (and something lower to eyelens). These results should be used
carefully, keeping in mind their dependence on x-ray facility type, procedure and specialist skillness. For
example, performing an intracoronary ecography in IC increases both PD and OD of 30% [14].

3.4) Specialist RP training level.

This is one of the most difficult aspects to assess, since it requires an inspection time interval long enough
and available detailed dose data before and after running RP training programmes directed to staff [15,16].
However, it is recognized as the most important item in RP optimization programmes [11, 15]. It can be
worth to quote data from the SCUH. Its IC service meets variable number of specialists (around eight staff
usually) which received a specific training during 1993 and 1994. Before the programme several cases of
exceeding OD limits had been observed, and protective screen were seldom used. In the last dosimetric
assessments, PD values have decreased of above 30% and median values of OD are about 1/3 of the
previous ones, and no occupational overexposure incident has been observed ever since. Protective screens
and other RP tools are now regularly used in the service. Table I shows OD values measured since 1988
in the IC laboratories of the SCUH.
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