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Abstract

Multi-channel cylindrical applicators for high dose-rate (HDR) brachytherapy are utilized mainly
for special gynecology cases often involving image-guidance high dose-rate (IG-HDR or IGBT) bra-
chytherapy. In these cases, doses are prescribed to partial vaginal wall/depth where the disease is
indicated by an MRI study scanned on the same day. These novel IG-HDR procedures are logistical
challenges comparing to typical HDR out-patient treatments due to the complexity of planning for
asymmetrical prescriptions as well as the extension of the whole procedure. Indeed the main ad-
vantages of HDR over LDR brachytherapy would be significantly weaken unless the IG-HDR pro-
cedures become more efficient in time, thus timely treatment planning becomes crucial. Based on
our clinical experience, we propose the pseudo central-catheter method to reduce errors, to mi-
nimize uncertainty and to ensure efficiency. In this method, the central hollow path of the mul-
ti-channel cylindrical applicator is digitized into a pseudo catheter similar to other active catheters,
and the asymmetrical prescription points could be generated corresponding to the pseudo dwel-
ling points in the pseudo central-catheter. The pseudo dwelling points are later deleted after gene-
rating the prescription point arrays. This method is robust with minimal chance of errors or un-
certainties, and demonstrates high efficiency with much less chance of uncertainty, which is sig-
nificant for IG-HDR brachytherapy procedures utilizing multi-channel applicators.
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1. Introduction

High dose-rate (HDR) brachytherapy with vaginal cylinder applicators are commonly performed for patients
with early stage vaginal carcinomas, endometrial or cervical carcinomas. The typical treatment regions are either
vaginal cuff or upper one-third of vagina, with prescription either to vaginal surface or a certain depth (e.g. 5
mm) beyond the surface. However, in recent development of image-guided high dose-rate brachytherapy (G-
HDR, or IGBT), an MRI scan is taken on the same day as the CT scan with the applicator in place, and the MRI
scan is subsequently registered to the CT, thus the disease could be clearly contoured on the fused image set.
The major advantage of IG-HDR brachytherapy is the healthy part of vaginal wall which could be possibly
spared while treating the local disease. In these cases, the prescriptions are dose points only at the disease side of
vaginal wall rather than to the whole cylindrical vaginal wall. Since doses are prescribed asymmetrically with
respect to the center of cylindrical applicator, implementing a single-channel applicator is incapable to achieve
this goal as since dose distribution is always symmetrical to the catheter, thus a multi-channel applicator must be
implemented.

The idea on multi-channel cylindrical applicator for high dose-rate (HDR) brachytherapy was initially pro-
posed by University of Miami [1] more than 2 decades ago, and was later adopted by vendors such as Nucle-
tron™, thus these applicators are often called a Miami Applicator. Prevalent multi-channel cylindrical applicator
normally consists of a central channel (or a hollow path to allow a tandem applicator going through) with sur-
rounding channels distributed at regular intervals outside of the central channel (Figure 1). In most situations,
the HDR source will not dwell inside the central channel because there is no catheter; the source will only dwell
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Figure 1. Aligning TPS axis to the center of applicator.



K. Wang et al.

in the surrounding catheters, though the time at each dwelling positions are often optimized. The advantages of
the multi-channel design for cylindrical applicator was recognized in the later time [2] [3], and until recent a
step-by-step treatment methodology with multi-channel (Miami) applicators was reported following the guide-
line of American Brachytherapy Society [4]. Nevertheless, the original purpose for multi-channel applicator was
for treatments of cervical cancer rather than vaginal cancers [1]. However, with recent utilization of im-
age-guidance, i.e. a same day MRI acquisition registered to the planning CT, the use of multi-channel applica-
tors meets a significant increase because asymmetrical prescriptions to vaginal wall become more common,
presenting novel topics for medical physicists in planning such HDR procedures.

HDR brachytherapy with multiple independent catheters has been mature for many years. The most typical
cases would be a) sarcoma treated with HDR brachytherapy of multiple catheters, and b) accelerated partial
breast irradiation (APBI) with brachytherapy. Due to the complexity of planning, these cases typically require
significant treatment planning time, and the first treatment is typically delivered on the following day. However,
for image-guided vaginal cases with multi-channel applicators, the whole procedure is required to be completed
on the same day even though an extra MRI scan is added as well as much more complicated planning is also
expected. It is fairly challenging to create a timely plan with precision, especially in medical centers of high pa-
tient volume. For this reason, novel treatment planning techniques are highly expected and demanded for plan-
ners to significantly shorten planning time and reduce potential for errors in the timely planning procedure.

2. Materials and Methods
2.1. Traditional Planning for Typical Single-Catheter GYN Cylinder

Treatment planning for single-catheter GYN cylindrical applicator has become standardized and mature in HDR
brachytherapy. For instance, a typical prescription is to deliver a fractional dose (5 - 10 Gy) to vaginal surface or
to a certain depth (e.g. 5 mm) for 3 - 5 fractions. Regardless the number of treatment fractions, the total dose
from HDR treatments is typically less than 30 Gy.

As usual, a typical HDR brachytherapy for GYN cylindrical applicator planning include the following steps: a)
contouring all structures; b) digitizing all catheters; ¢) applying virtual dwelling positions in each catheter; d)
generating prescription points or volume; e) prescribing doses and fractionations; f) dose normalizing, g) opti-
mization and review. In the whole procedure of planning, all steps could be considered standardized except for
step d), since the treatment planning system (TPS) provides multiple tools to generating the prescriptions. In
GYN vaginal cylinder cases, the prescription is typically to point arrays (e.g. an array of points at 5 mm depth in
vaginal wall, parallel to the catheter) rather than volumes.

Based on our clinical experiences, the most convenient way to achieve timely planning with good precision is
to align the planning coordinate system (i.e. z-axis) along the applicator-defined coordinates system (i.e. axis of
catheter), and then directly generate a prescription point array at a certain depth of vaginal wall parallel to the
catheter axis, by utilizing the TPS to define points radially from the central catheter (the distance should be pre-
scription depth + radius of applicator). In this method, each prescription point in the point array is corresponding
to a dwelling point in the catheter with the same fixed distance, though the number of points in the array is ad-
justable.

Clinically, if the cylindrical applicator is properly selected to fit the patient, prescription points at vaginal sur-
face are deemed identical to the applicator surface. Though multiple arrays of points could be generated accor-
dingly, this option is virtually unnecessary because the dose is always symmetrically distributed around the ap-
plicator for single catheter treatments.

Given the method above, it is our experience that the time to plan for single-catheter GYN vaginal cylinder
cases, excluding the contouring time, is typically 3 - 4 minutes for seasoned medical physicists. For busy radia-
tion oncology centers with serial HDR brachytherapy cases daily, this method ensures precision of efficient
planning.

A frequently performed alternate method is to visualize the vaginal wall or depth from the CT slices, and then
manually generate the points one-by-one. Another method is to generate the volume of the cylindrical applicator,
and then extract some points from the applicator volume. These methods are complicated, both introducing un-
certainties in creating prescription points in addition to taking longer to define. We highly recommend the
axis-point method since it minimizes the uncertainty and reduces planning time.
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2.2. Novel Planning for IGBT with Multi-Catheter GYN Cylinder

For vaginal case of IG-HDR brachytherapy, a gross tumor volume (GTV) can be contoured based on the MRI
information, and this volume is then transferred to the planning CT through the MRI/CT image registration.
Therefore, a typical prescription for IG-HDR vaginal cases is an array of points at the disease side of vaginal
wall, parallel to the applicator axis, plus a clinical treatment volume (CTV) beyond this point array to be cov-
ered by the prescription dose.

From the above review for single-catheter applicator planning, the axis-point method is convenient. However
in the multi-channel applicator, the center of the applicator is typically hollow with no catheter, thus the axis-
point method above will not work because there are no dwelling points in the center. We propose the pseudo
central-dwelling (PCD) method to resolve the difficulties in implementing the convenient axis-point approach.
All figures listed below are extracted from Nucletron™ Oncentra TPS (v4.3).

A typical vaginal case of IG-HDR brachytherapy is shown in Figure 1. The patient was diagnosed early stage
vaginal carcinomas. The disease can be visualized with sufficient contrast on the MRI scan and hence was con-
toured on the right side of vagina. The MRI was then registered to the planning CT of typical 2.0 mm slice
thickness, and the contoured structures were copied to the CT for planning with Nucletron™ Oncentra TPS. The
cylindrical multi-channel applicator has 6 catheter channels distributed evenly, and the center is hollow path
with no catheter.

The initial setup parameters (step size 2.5 mm, starting from tip-end etc.) are illustrated in Figure 1. The TPS
coordinate system (illustrated by ECS view) is first aligned to the center of the multi-channel applicator, in
which the center is a hollow path.

Since the left side of the vagina should be spared as the early-stage disease is only at right side, the source
should not dwell in the catheters at the left side of applicator, and hence those catheters may not be digitized. In
this case, only the 3 catheters at the right side are digitized, marked as Upper-right, Middle-right and Lower-
right. Or, to be more precise, planners may use Anterior-right, Right and Posterior-right to name those catheters.

To be efficient in planning, the central hollow path of the applicator is also digitized, as a pseudo-catheter.
The digitization is straight-forward since the hollow path is a straight line, thus no markers are needed. The digi-
tized hollow path can be numbered as the 4™ catheter with an assigned name “Central”, as illustrated in Figure 2.
Please note, as the multi-channel applicator is not standardized, the lengths measured by the source position si-
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mulator (SPS) are not 1500 mm, as indicated in the figure. The non-zero offsets are also due to this non-stan-
dardization.

All digitized catheters are then activated with the given step-size of source dwelling (e.g. 2.5 mm in this case).
The pseudo catheter is also activated, as if it is a normal catheter, as shown in Figure 3. This is necessary be-
cause the prescription points are based on the pseudo dwelling positions in the pseudo catheter.

For these multi-channel cylinders the prescription is typically on one side of vagina, either at vaginal surface
or at certain depth (e.g. 5 mm depth), such that the other side of vaginal wall can be spared. Though there are
multiple ways to generate the prescription point array our experiences favor the axis-points approach. To
achieve this, use the dwelling points in the pseudo catheter as references (by choosing the “Axis points” in TPS),
and assigning the distance from the array to the axis to be the radius of the applicator. In Figure 4, the prescrip-
tion points array is named as RT_Cylinder_Surface. As needed in the prescription, another reference point array
at certain depth (e.g. 5 mm in the illustrated case) can also be generated similarly, as illustrated in Figure 5.

The final step is to delete the pseudo dwelling points after the prescription points were generated, since the
pseudo catheter does not even exist and hence will not be used for treatment. After deleting all the dwelling
points in the pseudo catheter, the remaining dwelling points as well as the iso-dose lines (IDLs) are real, as illu-
strated in Figure 6. The IDLs then can be normalized to the prescription points (Figure 7), and the optimization
could be performed in later steps.

Comparing to other planning techniques to generating prescription points, the pseudo-catheter method
achieves quality, robust and timely HDR plans with minimal uncertainties, primarily due to the simplicity of
axis-point approach as well as the pseudo dwelling points technique.

3. Discussions
The major advantages for HDR brachytherapy over low dose-rate (LDR) brachytherapy have been: 1) HDR is
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applicable to outpatients; and 2) a typical HDR procedure is short in time—it only takes a few hours, which in-
cluding a) applicator installation and patient recovery; b) CT scan or orthogonal films; c¢) planning; d) dose de-
livery and e) applicator removal. Compare to the lengthy LDR treatment procedure which typically takes several
days for inpatients, those advantages are extremely significant. However, with the application of image-guidance,
IG-HDR has weakened those advantages to some extent, because an extra MRI scan is added to the HDR pro-
cedure with corresponding image registration, and the asymmetrical prescription become more difficult to plan,
which make the whole procedure lengthy and intolerable by patients. For this reason, IG-HDR would be less
applicable than it was expected.

The solution for the issues in prevalent IG-HDR may focus on 2 parts. First, the CT scan could be removed
from the whole procedure since an MRI scan alone is sufficient for target & critical organ delineations; in addi-
tion, the CT numbers are useless in dose calculations because water-equivalent approximation is always taken in
brachytherapy treatment planning system. In another word, an MRI-based procedure would be more applicable
to prevalent IG-HDR. However, this concern is out of the scope of this study. The second option is to signifi-
cantly shrink the planning time without causing medical errors in typical 1IG-HDR procedure, even though
asymmetrical prescriptions demand more complicated planning. The ideal planning time for IG-HDR proce-
dures should be the same or at least compatible to that in typical GYN cases with vaginal cylinder applicators.
The results of our study, though primitive, seem to fulfill this approach with good significance.

4. Conclusions

IG-HDR (or IGBT) brachytherapy utilizing multi-channel (Miami) applicator has been increasingly imple-
mented in recent years, mainly for early stage vaginal carcinomas. The purpose of this approach is to deliver
dose more precisely to the disease such that the healthy part of vagina wall can be spared. To achieve this, the
patient needs an extra MRI scan in the morning to delineate the areas to be treated, preferably the scan is ac-
quired with a MRI compatible HDR applicator in place to ensure accurate registration between the MRI and the
planning CT. The planning CT is typically collected shortly after the MRI to ensure the precision of image reg-
istration. Due to the complexity of planning asymmetrical proscription, as well as the extra MRI scan, the whole
IG-HDR procedure becomes lengthy and less tolerable by patients, which has weaken the major advantages of
HDR over LDR brachytherapy, and hence potentially significantly reduced the applicability of IG-HDR tech-
niques. For this reason, novel planning techniques for IG-HDR planning is highly demanded.

Planning for IG-HDR cases utilizing multi-channel applicators is novel and challenging to medical physicists
involved in the typical HDR brachytherapy procedures. The planning procedure involving in asymmetrical pre-
scription has been difficult to execute with good efficiency and minimal uncertainties. Based on extensive expe-
rience on single-catheter and multi-channel applicator for HDR procedures, we propose the step-by-step pseudo
central-catheter method in generating point arrays for asymmetrical prescription, which robustly achieves qual-
ity treatment plans with minimal uncertainties in a timely manner.
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