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Abstract

During the last years coronary endovascular brachytherapy has been extensively explored as a new treatment to
prevent restenosis after percutaneous coronary interventions. While clinical and physical aspects of such
treatments are addressed in literature, there is little information available on radiation protection and radiation
safety aspects. In this paper we estimate the radiation risk for the patient using analytical methods and Monte
Carlo calculations for three delivering systems currently used in clinics. Additionally, radiation risk to personnel
involved in such treatments is investigated. For gamma emitting sources the radiation exposure to patients is in
the order of magnitude of the exposure due to diagnostic angiography. Doses to organs at risk when applying
beta emitting sources are significantly lower. Measured doses for the intervention personnel are consistent with
the estimated whole body dose. They are smaller than 7,5 ^Sv per intervention, which is a dose much less than
0,1% of the annual radiation worker's Maximum Permissible Dose (MPD) recommended by EC regulations, and
less than 1% of the general public's MPD.

1. Introduction

Ischemic heart disease due to narrowing is a significant cause of morbidity and mortality in
the Western world. Restenosis is severely limiting the clinical outcome of percutaneous
vascular interventions. Clinical studies have shown the possibility to apply endovascular
irradiation for the prevention of restenosis [1-5]. Depending on trial protocol and source
design, respectively, prescribed doses are between 7 and 20 Gy. The dose specification point,
however, differs. For example, a point at 2 mm distance from the source axis has been used in
some studies while others used a specified depths (e.g. 1 mm) into the vessel wall.

Detailed knowledge about the dose-distribution around endovascular brachytherapy sources is
essential for retrospective analysis of dose-response relationship, to perform accurate
treatment planning and to estimate the possible impact on radiation protection for the treated
patients. However, since endovascular brachytherapy is a new field in brachytherapy, little
information is available on dose distributions for treatment planning and estimations of the
dose to organs at risk.

Additionally, detailed knowledge about the magnitude of the whole body dose received by the
interventional staff (radiation oncologist, physicist, interventionalist) involved in coronary
endovascular brachytherapy is needed in order to limit the dose to staff members according to
the ALARA principle.

2. Methods

We studied three different sources designs currently applied for intracoronary brachytherapy
treatments: (1) a seed ribbon consisting of six 192Ir seed sources, each 3 mm length, (2) a 32P
wire source of 40 mm length, and (3) a 90Sr/90Y seed train of 40 mm total length.

Precision dosimetric studies have been performed for these different source geometries and
nuclides using Monte Carlo calculations with EGSnrc [6] code. Beta and gamma emitting
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sources were simulated in a plane-cylinder geometry model, using accurate energy emission
spectra. We calculated the relative dose at various radial distances from the source center.

For distances beyond 1 cm from a 192Ir source center line it is also possible to calculate the
dose following the formalism described in the AAPM TG43 protocol [7]. Using the air kerma
rate constant for a Ir-192 seed (0.109 uGy m2/MBq/h) and the dose rate constant
(1.12 cGy/h/U) the dose rate at 1 cm from the source center can be calculated based on a given
activity.

The quantity Total Reference Air Kerma can be used to specify brachytherapy applications
[8]. It is the sum of the products of the Reference Air Kerma Rate and the irradiation time for
each source, expressed in Gy (or convenient multiples). The TRAK is fast and easy to
calculate and should be used in endovascular brachytherapy for the following reasons, (i)
doses to all organs and thus to the integral dose to the patient are directly proportional to the
TRAK, and (ii) the TRAK provides an estimation of the kerma (dose) rate at one meter from
the source which can be useful for radiation protection purposes, and (iii) the inverse square
law allows to estimate the dose delivered during the treatment to the organs at a distance from
the source(s) down to 10-20 cm.

The dose rate distribution in the standard cardiac catheterization laboratory is measured using
suitable dosimeters and survey meters. In order to obtain the dose to individuals the measured
dose rate is multiplied by the treatment time, for each relevant location in the catheterization
laboratory. The doses to individuals are estimated by applying the inverse square law and
taking into account shielding by the human body. Additionally, area monitoring inside and
outside the cardiac catheterization laboratory is performed using dosimeters and survey
meters [9].

3. Results

Figure 1 presents Relative dose variation in radial direction from the source axis for the three
different source design investigated.

In order to further compare the different nuclides concerning radiation exposure a dose
prescription of 20Gy is presumed at 2 mm distance from to source axis. Table 1 summarizes
the respective dose values at lcm distance.

Based on a calculation using the TG 43 calculation formalism the dose rate at 1 cm distance
1 GO

from the source is 11.28 Gy/h for a 9250 MBq (250 mCi) Ir source. For a typical treatment
time of 18 min the resulting dose is 338 cGy at lcm distance. This value confirms the Monte
Carlo result presented in table 1.

Relevant organs, such as bones, lung tissue, spinal cord, thyroid, breast (women) are located at
in distances from the source of 10cm and more. Therefore, the doses to these organs at risk
can be estimated using the inverse square law and neglecting absorption or scatter. Following
this theory, for beta emitting sources the dose to relevant organs at risk at 10cm distance is
lower than O.OlcGy, for gamma sources it is lower than 4cGy, respectively.
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FIG. 1. Relative dose variation in radial direction from the source axis for the three different
source design investigated

Table 1. Dose at 1 cm distance from the source axis (dose of 20 Gy at 2 mm) for the three
sources types

Factor Dose

Ir-192

Sr-90/Y-90

P-32

0,16

0,0003

0,0001

320 cGy

0.6 cGy

0.2 cGy

The Total Reference Air Kerma (TRAK) for the Ir-192 source specified above is 302uGy. Air
Kerma Rate for beta sources are only due to Bremsstrahlung and cannot be defined precisely.

The doses measured for the intervention personnel are less than 7,5 |aSv per treatment which
is a dose less than 0,1% of the annual radiation worker's Maximum Permissible Dose (MPD)
recommended in EC regulations. The measured dose for a single individual of the general
public outside is the cardiac catheterization laboratory is less than l%o of the general public's
MPD.

4. Discussion and conclusion

Pattee et al. [9] estimated the organ dose during an 'average' coronary angioplasty procedure,
which are 2.29 cGy for Bone, 9.35 cGy for lung, 0.99 cGy for thyroid and 4.89 cGy for breast
(women). According to the results presented above the additional organ doses resulting from
endovascular brachytherapy applications are far below this values when using beta emitting
sources and in the same order of magnitude for for gamma emitting sources.
The dose at larger distance resulting from a beta emitting nuclei is due to Bremsstrahlung
production. Therefore doses to organs at risk are much lower when applying beta emitting
sources as compared to gamma sources.
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The TRAK value presented for the Ir-192 source applied in intravascular brachytherapy is
about one order of magnitude lower than the values reported for 'conventional' brachytherapy
applications. It has been shown in several clinical trials that restenosis can be avoided by
intracoronary brachytherapy. The possible re-narrowing without brachytherapy have to be
treated by another coronary intervention including further angiography exposure. Although
there is an additional radiation exposure to patients and personnel by this single treatment the
values are much smaller than those caused by a second angiography (ALARA principle).

The personal dose measurements and calculations showed that all principles of ALARA are
fulfilled within the clinical trials. Safety and effectiveness is demonstrated for localized
radiation therapy with endovascular brachytherapy sources during cardiovascular
interventions for the treatment of patients with in-stent restenotic lesions.
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