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The asymmetric CIA and CIB/CIB-2 model applicators containing the beta emitters '%Ru/'%Rh are used in radiotherapy to treat ciliary body melanomas or melanomas close
to the iris. A serious drawback in the use of these sources is the difficult determination of absorbed dose distributions around them, mainly because of the short range of the beta
particles and the steep dose gradients. Furthermore, this symmetry makes the measurements and calculations even harder and may explain the very low quantity of data on them. In
this work a simple numerical method was implemented to estimate the dose rates along the central and lateral axis of curved and asymmetric '°Ru/'%Rh plaques and results have

shown to differ in less than 19% compared to the only Monte Carlo simulation available.

ABBREVIATION
MC: Monte Carlo
INTRODUCTION

The spherical and asymmetric CIA and CIB/CIB-2 plaques
containing the parent beta emitter °Ru in secular equilibrium
with his daughter 1°°Rh have important applications in ophthalmic
brachytherapy [1]. The '°Ru nuclide transforms to the '°°Rh
nuclide by emission of a beta minus particle (half-life of 373.6
days, maximum energy of 39.4 keV, mean energy of 10 keV). The
daughter °Rh also decays via beta minus emission to the °°Pd
(half-life of 29.8 seconds, maximum energy of 3.546 MeV, mean
energy of 1.428 MeV). These applicators are concave and have a
cut-out section designed to allow the treatment of ciliary body
melanomas or melanomas close to the iris and this symmetry
makes the measurements and calculations of dose distributions
around the plaques even harder. This fact may explain the very
low quantity of published data and a difficult comparison among
them [2-6]. In reference [2] radiochromic film was used for the
measurement of isodoses at a plane perpendicular to the plaque
central axis at a 4.5 mm depth for the CIB plaque, and on the
minimum and maximum central vertical planes; in reference
[3] is presented a patch source model to carry out dosimetric
calculations for the CCB and CIB model plaques. It is shown the
isodose curves on the minimum central vertical plane of the CIB-
type plaque and no results of depth-dose calculations along the
central axis of the plaque were shown to allow a comparison
with other data; in [4] the Monte Carlo (MC) code PENELOPE

was used to study the dose distributions around the CIA and
CIB/CIB-2 plaques, and a large discrepancy was found between
calculations and measurements reported in [2] for the CIB model;
in [5] arecent study by Hermida-L6épez and Brualla the influence
of the "°Rh gamma spectrum on the MC simulation of 1°°Ru/!°Rh
plaques was investigated for the plaque models CCA, CCC, CCX
and CIA. Finally, in another recent study by Trichter et al. [6] a
partial characterization of the CIA-type plaque is made; they
measured the dose rate distributions at a 3.5 mm depth from the
inner surface of the plaque and once again no results of depth-
dose along the plaque central axis are shown. Furthermore, the
pronounced dose gradient and the short distances involved
as compared with the dimensions of detectors, the complex
geometry of the plaques, and a non-uniform distribution of the
beta emitting material on the applicator surface may present
some extra difficulties to carry out the dosimetry of these sources.

Thus, in this scenario theoretical estimations play an
important role. Using MC is possible to simulate various
geometries and media, and obtain results with an accuracy as
good as or better than measurements, but may consume a large
time of programming and computation and its implementation
in a daily clinical routine may be not a simple task. On the other
hand, analytical and numerical methods can also be used. They
are based on the beta point-kernel dose function integration, and
may give accurate results of dose distributions in a negligible
time of computation as compared with MC simulation, but are
applicable only for water as a medium and to a simple geometry
[7,8].

Cite this article: de Paiva E (2020) Relative Depth-Doses of Curved and Asymmetric Ruthenium/Rhodium CIA and CIB/CIB-2 Model Applicators Used In Eye

Brachytherapy. J Radiol Radiat Ther 7(1): 1085.



de Paiva E (2020)

@SCiMedCentra]

In this work this last approach was used and a numerical code
was developed to estimate the dose rates along the central axis of
CIA and CIB/CIB-2 1°°Ru/*°*Rh applicators (produced by Eckert &
Ziegler BEBIG, GmbH, Berlin, Germany) by integration of the beta
point-source dose function and the results are compared to the
unique available MC calculations [4,5].

MATERIALS AND METHODS

The absorbed dose rate J(f) around a point beta source as
a function of the distance f is given by [9]
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where p is the density of the homogeneous medium, v is the
absorption coefficient, and c and fare dimensionless parameters,
with

[1*%«56"?(1*%‘@]}50 for pvé2c and J(£)=0 for pvé2 f.

The constant B denotes a normalization term given by B =
0.046p2v3EBa, where E is the mean kinetic energy of the beta
particles, and the constant « is expressed as a function of ¢ and
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Equation (1) is a modification suggested by Vynckier and
Wambersie [9] of the initial expression proposed by Loevinger
[10] in order to match new experimental and theoretical data. In
this sense, the parameter f was introduced and f/pv represents
the distance from which the beta-particle dose is required to be
zero (J(&) = 0).

Thus, the absorbed dose rate D at point P is obtained by
integration of (1) over the plaque surface,

D= [[1()ds, ()

where a, is the surface activity and dS is the area element. In
the above integration we assume that the eye is formed only by
water; the beta-emitting material is uniformly deposited on the
concave surface of the applicator, and the presence of the metallic
material used to encapsulate the radionuclide is not considered.
Initially let us not consider the cut-out section, and in this case
the plaque has spherical symmetry as shown in Figure 1 (top)
and the dose rate D inside the eye can be written as

D=a,R’ [[J(£)singdgdo, 4)
where R is the constant radius of curvature; the angle 6 is the
azimuthal angle in the xy-plane from the x-axis (0 < 6 < 2m); is
the polar angle from the positive z-axis (0 < @ < @, where @ _
defines the size of the plaque), and the distance gg‘ from a point
on the source to a point P(0,0,z,) located on z-axis is given by

E=\R*+Z; —2RZ,cos¢ (5)

Now, the problem of the asymmetry of the actual sources

N

Figure 1 Geometry of the asymmetric CIA and CIB/CIB-2 ruthenium/
rhodium plaques used in calculations (top). Depths increase from
source surface to the origin of the system of coordinates. A xy-plane
view of the plaques showing the position of the eyelets is also shown
(bottom).

was overcome by discarding the contribution of points on the
source located in the cut-out section. In this work we consider
the cut-out section aligned with the x-axis as depicted in Figure
1 (bottom) and Figure 2, which means that we do not take into
consideration the points in the xy-plane on the right of the curves
(see the dashed lines in Figure 2):

y=r —(x=x,) 6)
with r;=0.70 cm and x, = 0.80 cm for the CIA plaque, and r, = 1.18
cm and x, = 1.36 cm for the CIB/CIB-2 plaque.

The double integration outlined above was implemented by
means of a Fortran code based on the trapezoidal rule and for
the sake of comparison results are compared to available data
obtained by MC simulations [4,5].

RESULTS AND DISCUSSION

The Fortran code was used to the numerical integration of the
beta-point dose function (1) to obtain the relative absorbed dose
rates along the central axis of the CIA (R = 12 mm, active diameter
d =13 mm) and CIB/CIB-2 (R = 12 mm, active diameter d = 17.8
mm) concave and asymmetric ophthalmic applicators containing
106Ru/1Rh. The CIB and CIB-2 plaques differ only in the number
and position of eyelets used to suture the plaques to the sclera, 2
for CIB and 4 for CIB-2 (see Figure. 1, bottom), and for this reason
they present the same dose distributions. In Equations. (1) to (4)
the absorbing medium is water; the coefficient v is 3.57 cm?/g;
E,is 1.43 MeV; the parameters c and f are respectively 0.88 and
5.07, and let us consider that the surface activity a, is 10 MBq/
cm? for both applicators.

In Figure 3 the absorbed dose rates in water are shown for
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Figure 2 A xy-plane view of the ruthenium/rhodium plaques showing
the cut-out section aligned with the x-axis. Top: CIA plaque, with
active diameter = 13 mm and radius of curvature = 12 mm. Bottom:
CIB or CIB-2 plaque, with active diameter = 17.8 mm and radius of
curvature = 12 mm.
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Figure 3 Relative dose rates as a function of the depth along the
central axis of the CIA (top) and CIB/CIB-2 (bottom) model plaques.
Squares, this work; circles, MC simulation [4]; solid line (only '*Rh
beta spectrum) and dashed line (gamma plus °°Rh beta spectrum),
MC simulations [5].

the asymmetric °Ru/!*Rh plaques for the CIA (top) and CIB/
CIB-2 (bottom) models. They are plotted as a function of the
depth along the z-axis and are normalised at 1 mm depth from
the source surface and are compared to relative dose rates
obtained by MC simulations [4,5] (with and without the inclusion
of the Rh gamma spectrum, although this contribution to the
depth-dose curves is important only at depths out of the clinical
interest [5]. A maximum disagreement about 19% was found for

both plaques at 5-6 mm depth range. The observed disagreement
may be assigned to the various simplifying hypotheses adopted.
For example, the plaque (apart from the cut-out section) is
considered spherically symmetric; the plaque is formed only by
radioactive material; no encapsulation is considered, and the
medium is homogeneous and constituted only of water.

We should note that the results obtained with MC codes
may also present several sources of uncertainties. For example,
in the cross sections data included in the code; in the choice of
simulation parameters; the assumption that the radioisotope is
uniformly distributed over the plaque surface; the assumption
that the radioactive layer is infinitely thin; the assumption that
the metal layer of the encapsulation has constant thickness,
and the geometric modeling of the applicators. It should also be
noted that large discrepancies can be observed when results of
MC calculations are compared with experimental measurements
for other 1°Ru/1°Rh ophthalmic plaques, and there may still be
inconsistencies among the results of MC calculations with each
other (see for example Figures. 2, 5, 6, 8, 9 and 11 of the work
by Hermida-Lépez [4]. Another point to be noticed is that the
manufacturer provides the plaques with a calibration certificate
that contains dose rate measurements along central axis with an
uncertainty of +20%.

Finally, in Figure 4 are shown the lateral dose rate
distributions along x-axis and at 1, 2, 3, 4, 6 and 8 mm depths
for the two plaques. Results are normalized to 1 at a point on
the central z-axis at a 1 mm depth, and from the figure it can be
clearly seen the effect of the cut-out section on dose distributions
at greater positive values of x.

CONCLUSION

In this work we present numerical calculation results of
relative dose rates along the central and lateral x-axis of the
curved and asymmetric CIA and CIB/CIB-2 ruthenium plaques.
In spite of the simplicity and limitations of the method used it
was capable to reproduce the general behavior of dose rate
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Figure 4 Relative dose rates along the lateral x-axis and at 1, 2, 3, 4,
6 and 8 mm depths for the CIA (top) and CIB/CIB-2 (bottom) model
plaques.
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around the applicators and it is in a moderate accordance with
previously reported data obtained by means of MC simulations.
Furthermore, due to the lack of data on dose distributions around
these plaques, the results presented here may be useful to aid in
dose planning and mainly as a guide to future experimental and
theoretical studies on the CIA and CIB/CIB-2 model plaques.
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