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Introduction

In modern Radiation Oncology, Stereotactic Radiosurgery
has played an ever-increasing role as a therapeutic
modality since the late 1980s. This steady increase, for
treatment of both malignant and benign conditions, can be
attributed to careful documentation by clinicians,
particularly in peer-reviewed literature, reporting such data
as prescription details, target and symptom control
effectiveness, and normal tissue complications, leading to

the development of effective and safe clinical protocols. (1]
[2] [3]

This study focuses on the radiosurgical treatment planning
for Trigeminal Neuralgia (TN). Stereotactic radiosurgery
(SRS) is an ablative technique often used in patients who

Method

Various stereotactic radiosurgery treatment plan approaches
used for TN were recreated based on the same set MRI scans
using Fast Imaging Employing Steady-state Acquisition
(FIESTA). All plans were calculated on the same CT and MRI
data sets to reduce anatomical variations that could affect
dose calculation and distribution. The treatment planning
ensemble included a Gamma Knife Radiosurgery plan, cone-
based multiple-arc LINAC plans with common arc
arrangements and cone sizes, and a static MLC-based multi-arc
techniqgue commonly referred to as “Virtual Cone” (7,
comprising a total of eight distinct treatment plans.

The Gamma Knife (Leksell GammaPlan 11.4, Elekta Instrument
AB, Stockholm, Sweden) plan for this study used a 4-mm

Results

There are significant differences in the dose profiles and gradients

between plans.

Variations in isodose shape are observed across techniques, as shown in
Figure 2. Focusing specifically on the 80% isodose lines (yellow) in Figure
2b, the placement of isocenter may affect the nerve coverage significantly,
especially with the 4 mm physical cone plans and the virtual cone plan.

Figures 3, 4 and 5 demonstrate dose line profiles across isocenter in two
orthogonal planes, created to similarly visualize and compare each
planning technique in terms of dose coverage and fall off. From these
dose profiles, it is apparent that collimator size selection results in the
largest variation between the different planning strategies. The (4 mm)
Gamma Knife techniqgue has broadest coverage, falling to approximately

4 mm cone

Results (continued)

TABLE 4
Brainstem Dose (Gy)

Plan Type 0.1 cc Dose
Gamma Knife 8.5
5arc4mm 5.0
7 arc 4mm 7.0
11 arc4 mm 2.5
5arc5 mm 8.1
7 arc 5mm 9.5
11 arc 5 mm 3.5
Virtual Cones 9.7

TABLE 5

Minimum dose to hypothetical nerve (Gy)
Nerve Width

3 mm
Gamma Knife 73

5arc4dmm 66

7 arc4mm 67

11 arc4 mm 65

5arc5 mm 77

Plan Type

50% and 30% of maximum dose at 3 mm and 4 mm from isocenter,
respectively. Contrastingly, the narrowest coverage is provided by the 4
mm physical cone LINAC plans, falling to approximately 60% and 30% of
maximum dose at 2 mm and 3 mm from isocenter, respectively.

7 arc 5mm 75
11 arc5 mm 75
Virtual Cones 68

4 mm
collimator

are not good candidates for more invasive surgical
procedures, such as elderly patients with concurrent
medical illnesses, that require a minimally invasive
approach.

conical collimator. The plan was calculated with a 0.5 mm dose
grid.

Figure 2. Cross-section dose distributions (Figure 2b) across the
trigeminal nerve with each of the eight planning techniques, visualizing

For LINAC-based treatment planning, several iterations of the same slice of the singular MRI dataset (amplified in Figure 2a).

commonly cited treatment techniques were produced. In all
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Conclusion
The selection of radiosurgery for treatment of TN should
be considered in context of the differences in dose
distribution between available delivery techniques

Rationale and Objectives
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The radiosurgical treatment of TN requires a very high
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treatment dose to a small volume of the trigeminal nerve : s 3 | S |
near the pons, and so has warranted the publication of | s = There are distinct differences between even this sample
many reports, clinical guidelines, and protocols. For these | of eight treatment plan types.
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treatments, the prescription has historically been to a point
dose within the trigeminal nerve as visualized on MRI
imaging data, such that an actual target volume is rarely
defined. Consequently, the minimum and maximum doses
to the cross section of the nerve are seldom determined,
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Comprehensive and uniform planning information and
dose characteristic reporting is needed to objectively
compare studies and outcome data for TN radiosurgery.
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Figure 4. Anterior to posterior dose profiles

Figure 3. Lateral dose profiles Figure 5. Cranial caudal dose profiles

It is a recommendation of this study to contour the

Figure 1. Arc arrangements for cone-based LINAC treatment plans.

and even the total volume of the prescribed dose coverage A com.mon.quantitativej measure for comparing dose gradients between plans is the Gradient Index (Gl) entire cross section of the triggminal nerve that is to be
and actual dose profiles are usually not documented. For the cone-based LINAC treatment plans, three plan Plan Type Gl 81, defined in the equation below. targéted to accurately determlne the integral dose and
Furthermore, treatments are diversely delivered via templates were employed (see Figure 1), one with 5 non- e T 15 Gl= (50% Isodose Volume)/(Prescription Isodose Volume) minimum dose to that section of the nerve.

modalities such as Gamma Knife and static-MLC, dynamic- coplanar arcs, one with 7 non-coplanar arcs, and one with 11 7 arc 4mm 4.18 _ . o . . o | | tis also recommended to document and report volume-
MLC, or cone-based linear accelerator (LINAC) collimated non-coplanar arcs. The 5-arc plans comprise 5 equally spaced 151;?:,:,",: iiﬁ For th|.s c.alcu.latlon, a.prescrlptlon isodose volume is requwed.— | compllca’flon for this study since the pased dose and maximum dose received by the

olans. arcs, covering 120 degrees at table angles of 30, 60, 90, 300 - ore Smm vt prescription is tc? the |soc§ntgr. As a result, for the Gl calculation, the 80% isodose volume was selected rainstem.

Today, LINAC-based radiosurgery has several variables that and 330 degrees. The 7-arc plans comprise 7 equally spaced \::t?;;cli::\:‘s 2:23 as a representative prescription isodose volume. The Gl was calculated for each plan type and presented

arcs, each covering 100 degrees at table angles 15, 40, 65, 90, in Table 1.

295, 320, and 345 degrees. The 11-arc plans contain 11 arcs
with variable lengths selectively chosen to minimize dose to
the brainstem. Each of the three cone-based linear accelerator
templates were planned with (separately) a 4-mm and 5-mm
conical collimator. Cone-based plans were created with iPlan
Dose 4.5.5 treatment planning system (Brainlab AG, Munich,
Germany) using 0.5 mm dose grid and the RT Dose Monte

can be altered, such as couch rotation, gantry arc length,
dose rate modulation and more, that can shape the dose
delivered to the trigeminal nerve via MLC- or cone-based
collimation. However, along with this increased treatment
flexibility, it becomes increasingly difficult to decipher
exactly how radiation doses and anatomic target location
affect patient outcomes. Recent Gamma Knife studies have

The lengths in the three orthogonal axes as well as the volumes encompassed by the 80% and 50% isodose lines are displayed in Tables
2 and 3, respectively. The brainstem maximum dose to 0.1 cc volume was compared and results in Table 4, using a prescription dose of
85 Gy. The minimum dose at 1.5 mm and 2 mm away from isocenter was compared for each planning technique. These two distances
were chosen to simulate what the minimum edge dose to a hypothetical 3 mm or 4 mm trigeminal nerve would receive, since the true
nerve volumes were not created. Results for this comparison are displayed in Table 5.

TABLE 2 TABLE 3
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