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Abstract

Percutaneous transluminal coronary angioplasty is a well-accepted method for nonsurgical myocardial
revascularization. However the long-term success of this method is limited by the occurrence of restenosis.
Endovascular brachytherapy has been put forward as means to avoid restenosis. Since this technique involves the
placement of a radioactive source in a catheter in the patient's arteries, the possible radiation risk should be
considered. In this paper the effective dose of the patient associated with the use of Iridium-192 for IRT
treatment has been calculated using Monte Carlo techniques. To put the results into perspective the effective dose
form the PTCA procedure was also calculated using the same techniques. Calculations were based on the
measurement of DAP( Dose Area Product) for the procedure. We found a mean effective dose of 9 mSv for both
the PTCA procedures as for the IRT treatment. Thus leading to the conclusion that, from the perspective of
radiation burden, the elimination of one PTCA procedure through the use of IRT is a benefit for the patient.

1. Introduction

Percutaneous transluminal coronary angioplasty is a well-accepted method for nonsurgical
myocardial revascularization. However the long-term success of this method is limited by the
occurrence of restenosis. Restenosis is seen in approximately 30% of patients undergoing
PTCA and usually occurs within 6 months after angioplasty. A number of pharmaceutical
approaches have been tested to limit the rate of restenosis, none with sufficient success.
Implantation of a stent can only reduce the rate of restenosis for a number of patients.
Restenosis can be attributed to three components: recoil of the vessel, late remodelling of the
vessel and intimal hyperplasia. The first two components are adequately remedied through the
use of stents. The last component however, which is the growth of smooth muscle cells,
fibroblasts and intercellular matrix into the lumen of the vessel as a reaction to the injury of
the PTCA procedure, is not solved by stent placement. A promising approach is the use of
ionising radiation. This can be applied in different ways : implantation of radioactive stents
and catheters with gamma or beta sources. This paper focuses on the use of gamma sources, in
particular Iridium-192. Data from the SCRIPPS, WRIST and GAMMA I trial suggest that this
will be a useful technique to reduce restenosis. The main problem associated with the use of
gamma radiation is the range of the photons, which might pose a problem towards staff
dosimetry. A second point of interest is the extra dose the patient receives from this IRT
treatment. In order to evaluate these risks the RABAS (Radiation Burden Assessment) study
has been setup. In this study extensive dosimetry will be done for patients and staff in the
treatment of patients with Iridium sources. This paper describes the partial results for the
patient radiation burden.

2. Materials and methods

2.1. Catheterisation room and treatment procedure

All patients were treated in the catheterisation room of the University Hospital Ghent,
Belgium. The catheterisation room is a bi-plane room and consists of two Philips (Philips,
Hamburg, Germany) cardiovascular X-ray units. A DAP meter is attached to the tube housing.
These DAP meters are calibrated in situ using a Farmer NE2571 ionisation chamber and
Kodak X-Omat V film. The calculation of the calibration factor was done according to the
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simplified method described by Shrimpton et al [1]. In this method the calibration factor is
taken as the ratio between the actual DAP, calculated as the dose in the centre of the field
multiplied with the field size as measured from the film, and the DAP reading. The usefulness
of these devices in the calculation of X-ray doses has already been investigated by a number
of authors [2-4]. To estimate the additional risk for both patient and staff an IRT-treated and a
control group of patients will be studied. Only male patients aged over 40 and satisfying
severe inclusion criteria are considered in the study. Prior to the IRT-treatment, the patients in
the treatment group are treated with normal PTC A procedures. When the cardiologist is
satisfied with the success of the PTCA procedure, the IRT treatment is started. Using
fluoroscopy and a dummy ribbon the length of the source is determined. Next the actual
source is moved in to the treatment position by a radiation oncologist. At this time only the
radiation oncologist is allowed in the room. During the actual treatment time, nobody is
allowed in the catheterisation room. After the IRT treatment has ended the cardiologist makes
the finals images to ascertain the initial success of the procedure. The patients in the control
group are treated with normal PTCA procedures.

2.2. Patient dose study

To calculate patient dose a number of parameters are recorded during the procedures. These
include DAP separately for every fluoroscopy and cine run. The position of the X-ray tubes,
indicated as a set of two angles: rotation and skew. These angles as well as the tube
parameters (tube potential, current, SID, II-field) are registered automatically for every cine
run. The values for fluoroscopy are copied from the first cine run following a series of
fluoroscopy. In the case of the IRT treated group the DAP and associated tube parameters are
divided in two parts. A first part consists of all radiation before the IRT-source placement, the
second is everything later on. In this way the additive X-ray patient dose associated with the
IRT-treatment can be assessed.

Patient dosimetry is divided in three components. The first component is the entrance skin
dose associated with the use of X-rays in interventional radiology. This part was measured
with TLD's (LiF, Harshaw TLD-100 chips) attached to the body. A major problem associated
with the use of TLD's ,as noted in a previous study [4], is the fact that is difficult to predict
the location on the skin where the highest dose will be delivered. The only way to overcome
this problem is through the use of an array of TLD chips. For this study 100 TLD's are used
per patient. These TLD's are spaced over an array of 95 cm by 20 cm leading to an equal
spacing of 5 cm in both the horizontal and vertical direction.

The second and third part are the organ and effective dose from the X-rays and 192-Iridium
source respectively. As measurement of these components is difficult or impossible Monte
Carlo calculations were done. The effective dose is then calculated using the tissue weighting
factors given in ICRP60 [5]. The dose to the bone-marrow is calculated using the method of
Rosenstein [6] to divide the energy deposited in the skeleton in two parts. Consequently
kerma-to-dose conversion factors calculated by Kerr et al [7] were used to calculate the dose
to the marrow. The dose to the bone surface is taken as the dose to the skeleton excluding the
marrow.

2.3. Monte Carlo calculations

In the literature different sets of conversion factors relating DAP to effective dose are
available. The factors used by most authors are those given in NRPB-R262 [3]. As tabulations
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are always limited, we preferred to use our own Monte Carlo calculations. The Monte Carlo
code used was MCNP4b2 [8]. The kerma approximation with the following interactions were
considered: Rayleigh scattering, Compton Scattering, photoelectric effect and pair production.
The patient table is included in the model to compensate for additional attenuation. In the case
of X-ray simulation, the source position is calculated from the X-ray tube angles and from the
assumption that the iso-center of the bi-plane X-ray set-up is located at the heart for all
incidences. For the calculations of IRT doses the source is takes as a curved line source in
contact with the heart surface. The position was calculated to closely match the position of the
lesion treated in the patient. The IRT sources used in this study (Cordis) have three possible
lengths 23 mm, 39 mm and 55 mm. For calculation of the organ dose we used the
mathematical phantom developed by Christy and Eckerman [9]. For the calculation of the X-
ray dose the phantom has been adjusted for the above head position of the arms during the
PTCA procedure. For every patient a Monte Carlo simulation has been done for every tube
incidence and field-size used in the PTCA procedure.

2.4. Heart phantom and source position

We used the heart phantom as described in the mathematical phantom [9] which is the model
described by Coffey [10]. The surface of the heart is represented by four quarter ellipsoids.
Inside the heart a division is made between heart-wall and contents. The heart is described in
an auxiliary coordinate system that is related to the phantom coordinate system by a rotation
matrix. In this model the groove between atrium and ventricle can be approximated as the YZ-
plane, similarly the division between the left and right side of the heart can be approximated
as the XY-plane. The cardiovascular blood flow is supplied by two main coronary arteries, the
Left and Right coronary artery. Both these arteries have their offspring in the aorta. The RCA
(Right coronary artery) runs in the groove between the right atrium and ventricle. The Left
coronary artery almost immediately divides into two branches the LAD (left anterior
descending) which runs along the division between the left and right ventricle towards the tip
of the heart, and the CX (circumflex) that runs along the groove between the left ventricle and
atrium. All of these branches are divide in proximal, middle and distal parts.

3. Results and discussion

Table I gives some relevant dose determining parameters for the dose calculations. These
include total treatment IRT-dwell time, source activity, source length and source position.

Table 1. Relevant dose determining parameters for IRT procedure

Patient

A( l )
B(2)
C(3)
D(4)
E(10)

Dwell time
(min)
17.150
17.150
18.088
17.450
15.106

Activity
(MBq)
10748.5
10748.5
6315.90
14737.1
12202.6

Source
length (mm)
39
39
23
55
39

Source
Position
Prox LAD
Prox CX
Prox LAD
Prox LAD
Prox RCA

Table II gives the dosimetric results for all patients. These include maximum skin dose ,
effective X-ray dose, effective X-ray dose after IRT treatment, effective dose from IRT
treatment.
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Table 2. Dosimetric results

Patient

A
B
C
D
E

Maximum
skin dose
(mGy)

863
501
853
442
368

Total
Effective
dose X-
ray (mSv)

16.0
7.13
16.9
7.73
6.09

Effective
dose X-
ray after
IRT
(mSv)
5.63
1.30
1.22
1.14
1.28

Effective
dose from
IRT
(mSv)

7.73
9.55
4.70
10.4
6.99

Effective dose
per
disintegration
(mSv/dis)

6.99 10"13

8.64 10"13

7.11 10'13

6.94 10'13

6.33 10"13

Patient

F
G
H
I
J

Maximum
skin dose
(mGy)

241
818
753
352
473

Total
Effectiv
e dose
X-ray
(mSv)
3.07
11.1
11.9
7.51
7.43

-20.00 -15.00 -10.00 -5.00 0.00 5.00 10.00 15.00 20.00

20.00—

15.00-

10.00-

5.00-

0.00-
-20.00 -15.00 -10.00 -5.00 0.00 5.00 10.00 15.00 20.00

Figure 1: Skin dose distribution for patient C. The horizontal axis indicates the position on the
back in cm , 0 is the centre and -20 is the right side. The color bar indicates the skin dose in
mSv

3.2. Effective dose

The higher dose found for patient A is due to stent placement. For patient C additional images
before the PTCA procedure were needed to determine the exact location of the lesion. It is
important to notice the dose after IRT-treatment in Table II, which has a mean value of
1.24 mSv excluding patient A, since a stent was placed after the IRT treatment. The effective
dose from the Iridium source itself seems to depend strongly on the source length and hence
the total activity. The dose for patient C for whom the longest source was used, is almost
twice that of patient B for whom the shortest source was used. This is logical since the total
activity on the longer source is also higher. If however we look at the dose per disintegration
we find that this value depends on source position and also on source length. Both aspects
have the same reason: the proximity to radiosensitive organs. If we compare the dose per
disintegration value for a 23 mm source in the prox LAD with that for a 55 mm source in the
same position, we find that the dose per disintegration is higher for the shortest source. This
can be explained if we look at the orientation of the heart and hence the source in the body.
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Because the heart is tilted in the body, the average distance from the source to ,for example,
the oesophagus is longer for the longest source. If we compare the values per disintegration
with the MIRDOSE 3.0 value of 9.34 10"13 mSv/dis we find that this value is 30% higher than
the mean (7.2 10"13 mSv/dis) of the values given in table II. This can also be explained by the
geometrical effect. The calculation in MIRDOSE is based on activity uniformly distributed in
the hearth wall. The values in table II are for distinct locations on the hearth surface. If we use
our model to calculate the dose per disintegration for a source located posterior we find a
value of 10.69 10'13 mSv/dis, which is 17% higher than the MIRD value.

4. Conclusions

When considering the use of IRT-treatment in the fight against restenosis, one has to take the
potential radiation risk into consideration. To determine this risk Monte Carlo calculations
were done to calculate the effective dose associated with these procedures. The mean effective
dose found for a PTCA procedure was 9.29 mSv. The mean effective dose found for the IRT-
treatment was 9.14 mSv, consisting of 1.24 mSv from the additional X-ray use and 7.90 mSv
from the IRT source. It can thus be concluded that the extra radiation burden to the patient
from the IRT-treatment is comparable to the PTCA. Thus if one PTCA procedure can be
avoided through the use of IRT, then we can conclude that from the perspective of radiation
burden, the treatment is justified.
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