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Abstract

Intravascular Brachytherapy (IVB) is a very promising technique for reducing restenosis rates. However, neither
the exact absolute dose needed nor the optimal spatial and temporal distribution of dose inside the vessel wall for
a successful treatment, nor the physical dosimetry of the various radioactive sources and devices for dose
delivery, are well known. In this paper, an overview will be given of the design strategy, the dosimetric and
radiation protection-related problems that we have met during the implementation of this technique at San Carlos
hospital, adopted or foreseen solutions, and future research fields that we intent to carry out in order to reduce
uncertainties and to achieve a deeper knowledge of the parameters that have an influence on the treatment.

1. Introduction

Ionising radiations have been used recently to reduce restenosis rates after percutaneous

vascular interventions in technique generically known as Intravascular Brachytherapy. This
new technique, consisting of the irradiation with y or p sources to reduce restenosis rates after
angioplasty, is being widely investigated [1].

IVB procedures are radiotherapeutic procedures if we consider them as every process of
therapeutic irradiation as stated in the Spanish legislation [2] derived from the European
Directive on Medical Exposures [3].

However, there are some aspects different from classic radiotherapy that should be taken into
account. The important uncertainties involved in this kind of treatment should not be an
excuse to give up this technique as, even taking them into account, the results in patients
treated are encouraging. Nevertheless, researching and elaboration of Quality Assurance
Programs in this area of Radiotherapy must be encouraged and supported.

2. Objectives

> To list the problems that we have found in the implementation of IVB techniques in the
San Carlos University Hospital (SCUH).

> To show the available alternatives and research fields that we have envisaged to solve
these problems.

3. Material and methods

The Interventional Cardiology Service of the SCUH is licensed to use one IVB system which
consists of a train of Sr-90/Y-90 sealed sources that are hydraulically positioned through a
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non-centering catheter1. Before long we will be licensed to use another system of afterloading
brachytherapy in which a wire with a P-32 source on its tip, advances through a especial
balloon2.

The aim of these IVB systems (and of any other) is to uniformly irradiate the target volume,
which is usually very irregular, with the suitable dose. However there are some challenging
technical and organisation difficulties that are studied hereafter.

4. Discussion

From the experience obtained in the design and implementation of our IVB installation, we
have realised the importance of the following aspects:

1. Coordination between the professional groups involved (cardiologists, radiooncologists,
medical physicists). The creation of multidiscipMnary task groups that work to
overcome the problems and uncertainties in IVB is advisable.

2. Difficulties to gather and bring documentation to the Regulatory Authority because
of the fast introduction of many new and different systems.

3. Feasible incidents analysis and emergency plans design. This analysis is specially
difficult due to the variety of systems and to the limited experience with them.

4. Design of operation procedures that intend to avoid errors and emergency situations.

5. Redesign needs of cath labs to use y sources. The extra necessary shielding weight
would lead, in our case, to structural problems. Therefore, we expect the implementation
of IVB with y sources in a properly equipped radiotherapy room.

6. Evaluation of uncertainties in imparted dose. These uncertainties are greater than the
ones of conventional Radiotherapy and Brachytherapy due to the steepness of the depth
dose curve for p radiation, the positioning errors, the movement with heart beat, the
asymmetry in the target volume, etc.

7. Even if we have full certainty of the target volume (the latest studies indicate that the
target volume should be the adventitia), this is accurately known not before the balloon
dilatation and later imaging with IVUS3, which means that dosimetry must usually be
retrospective. Since a previous dosimetry (before the dilatation) can not be made, we will
attempt to make an on-line dosimetry (right after post-dilatation ultrasound imaging) in
order to decide the suitable treatment parameters. Afterwards, a more accurate dosimetry
will be made retrospectively. The option to make angioplasty and IVUS imaging one day
before the brachytherapy treatment, would allow us to make an accurate dosimetry
planification in advance. Nevertheless, this would increase the catheterization-related
risks, and remodeling in the period from dilatation to treatment would introduce more
uncertainties than those that we attempt to avoid with this option.

1 (Beta-Cath System. Novoste Corporation. Brussels, Belgium).
2 (Galileo. Guidant S.A. Diegem, Belgium).
' IVUS: Intravascular Ultrasound.
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8. Increasing occupational protection needs, because the use of some of the systems
available requires that the professionals involved stay in the cath lab during the treatment.

9. Difficulties in the calibration of new sources. This difficulty worsens because of the
important number of different systems available, that are appearing in the market, with
different y and (3 sources and in very different forms (wires, seeds, radioactive liquids or
gas that fills the balloon, radioactive stents,...).

In conventional brachytherapy, dose typically stated at 1 cm from the source and the
effects of low energy photons and secondary electrons are belittled. However, in IVB the
target volume can be 1-3 mm wide, and therefore it is essential to know the distribution
dose in the millimetre range in areas of high dose gradient. This is certainly difficult at
present and the uncertainties in dose calculations are greater than those usually found in
external beam Radiotherapy or conventional brachytherapy. The dosimetry and
calibration procedures that we will use will be basically the ones of AAPM TG-60 [4]
using radiochromic films [5]. The activity verification for the Galileo system will also be
made with a properly calibrated activimeter.

10. Difficulties in the target volume definition. We can get detailed images of the lumen
from coronariography, but they give us no information of the vessel wall, and therefore
this does not allow us to accurately define the target volume. A detailed information of the
vessel wall can be obtained through IVUS imaging. These images allow us to accurately
define the target volume and constituted a necessary step to get a 3D dosimetry and to the
dose-volume histograms calculation.

Dose volume definition will be made adjusting ICRP-50 [6] definitions to IVB:

> GTV (Gross tumour volume): Stenosated Area.
> CTV (Clinical Target Volume): Stenosated Area plus margin injured by the

balloon.
> PTV (Planning Target Volume): Area injured by the balloon plus a certain safety

margin to take into account the reduction of dose on the edges, the dosimetric
uncertainties, the source movements relative to the vessel wall, etc.

11. Dose Prescription. AAPM TG-43 [7] recommends that dose is prescribed at 2 mm from
the catheter in water for intracoronary applications. We have assumed this
recommendation and we have made a dose prescription form to be filled in by the
radiotherapist.

12. Source localisation into the lumen. Centering effect. There is an asymmetry in the
thickness of the vessel wall in a slice and along the treatment area. Source centering
implies an additional technical problem but provides a greater dosimetric precision and a
reproducibility not attainable with a non-centering system. As we will have IVUS images,
we will be able to compare the dosimetry with both methods (with the "real" position of
the catheter and simulating the result that we would get with the catheter centered). In
addition, as we will have, at first, two systems with two different radionuclides, we could
compare their dosimetric "effectiveness".
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13. The edge effect can be defined as the appearance of a higher restenosis rate on the lesion
edges. The explanation for this effect can be:

> On the edges of the treatment area, where dose rates are lower, radiation could
stimulate cellular proliferation in areas of subclinical disease.

> "Geographical Miss" or inadequate positioning related to the lesion, so that the volume
treated with a proper dose does not cover the target volume (PTV).

In order to avoid this problem we have anticipated these measures:

> Definition of PTV with an adequate safety margin over the stenosated area.
> Elaboration of an adequate working methodology to position the source properly.
> Evaluation and documentation of the tridimensional dose distribution in order to

assess the coverage of the target volume with the suitable dose.

14. Higher absorption of radiation in calcifications and stents than in normal tissue (specially
in the case of p radiation). Initially we will suppose that all the tissue that surrounds the
source is water. In a following step we will try to enhance the dosimetry taking this effect
into account.

15. We have selfimposed making 3D dosimetries as one of our main goals, that is, to
calculate the dose in the whole target volume instead of the calculation in a single point as
usually happens in current IVB. We will produce dose-volume histograms (HDV) of the
adventitia and the lumen of all the treatments from the target volumes outlined on IVUS
images and the determination of the tridimensional dose rate distribution that surrounds
the sources employed.

16. Increase in occupational doses (mainly in hands and fingers of the specialists) because of
the implementation of the technique.

5. Conclusions

1. It is advisable to create multidisciplinary task groups with the three kind of specialists
involved in IVB, as well as the design of initial and continuous training programs.

2. The different systems available in the market should be assessed in advance and a
polyvalent implementation strategy should be put forward (that could be applicable and
valid for several systems), taking into account the limiting factors to use gamma sources.

3. It is advisable to promote more and more efficient patient dosimetry systems. Only by
looking for a more accurate dosimetry, could IVB treatment and therefore its results be
optimised.

4. More and better occupational dose data should be recorded, mainly in hands and fingers of
the specialists.

5. Feasible incidents analysis and emergency plans design should be made.

6. An accurate definition of the target volume and a 3D dosimetry require imaging, and
IVUS seems to be the adequate technique.
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